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ABSTRACT

A general computer program is given for the linear elastic

static analysis of complex structural systems. These elements have

special advantages for the analysis of massive underground structures

such as mine structures and above ground structures such as arch dams.

New finite elements are developed which are useful in the analysis of

two and three dimensional solids. Examples are given which illustrate,

the accuracy of the elements. A description on the use of the program

and a FORTRAN IV listing are given in the Appendices.

3





ACKNOWLEDGEMENT

In addition to the author, the following people participated in

the computer program development: Lindsay R. Jones programmed parts of

the main program and the beam element subroutines. Peter G. Smith

participated in the initial organization of the program and in the

development of the two-dimensional plane element. Te-ming Hsueh

incorporated Dr. Carlos A. Felippa1s quadrilateral shell element into

the program. H. H. Dovey modified the three-dimensional solid element

initially programmed by Kenneth T. Kavanagh. William P. 'Doherty

programmed parts of the equation solver, beam element, plane stress

~lement and axisymmetric solid element. J. Ghaboussi developed the 16

node thick shell element.

During the past several years many organizations have sponsored

various phases of the development of this computer program. The most

recent additions to the program which are described in this report have

been sponsored by the U. S. Department of the Interior, Bureau of Mines,

under Contract No. HOl10231 with the University of California, Berkeley.

Mr. Fun-Den Wang of the Denver Mining Research Center served as the

Contracting Officer1s representative. Work at the University of

California was conducted under the direction of Professors R. W. Clough

and E. L. Wilson.

- ii -

4





TABLE OF CONTENTS

ABSTRACT . . . .

ACKNOWLEDGEMENTS

i

i i

5

I. INTRODUCTION . . . . . . . . . . . . . . . . . 1

II. EQUILIBRIUM EQUATIONS FOR STRUCTURAL SYSTEMS

2.1 The Direct Stiffness Method

2.2 Boundary Conditions ...

III. THREE DIMENSIONAL TRUSS ELEMENT

3

3

5

8

IV. THREE DIMENSIONAL BEAM ELEMENT

4.2 Master and Slave Degrees of Freedom

4.1 Definition of Principal Axes .

12

12

14

V. SOLID FINITE ELEMENTS.

5.1 I~troduction .•

5.2 Source of Errors .

17

17

18

5.3 Addition of Incompatibile Modes For Two-Dimensional
Isoparametri c El ements . . . . . . 21

VI. PLATE AND THIN SHELL ELEMENT

VII. BOUNDARY ELEMENT •.•.•••.

VIII. COMPUTER PROGRAM ORGANIZATION

6.1 Solution of Equations .

6.2 Formation of Equilibrium Equations.

6.3 Joint Input Data and Degrees of Freedom

6.4 Calculation of Element Stiffness Matrices

6.5 Evaluation of Element Stresses •....

44

46

47

48

48

49

49

50



6

REFERENCES . . . . . . . . . . . . . . . . . . . . . 51

APPENDICES

A THE STATIC CONDENSATION ALGORITHM .

B DESCRIPTION OF INPUT DATA FOR SOLID-SAP

C PROGRAM CAPACITY.......•.••

o FORTRAN IV COMPUTER PROGRAM LISTING • .

E ANALYSIS OF TYPICAL MINE STRUCTURE

· · · · A-1

· · · · B-1

C-1

0-1

· · · · E-1



I. INTRODUCTION

The purpose of this computer program is to perform static,

linear, elastic analyses of three dimensional structural systems. The

structural systems to be analysed may be composed of combinations of a

number of structural element types. The present version contains the

following element types:

l) three dimensional truss

2) three dimensional beam

3) plane stress and plane strain

4) two dimensional axisYmmetric solid

5) three dimensional solid

6) plate and shell

7) boundary

8) thi ck shell elements

Since several of these elements have not been published it

will be necessary to present their development in this report. Only

an outline and the unique characteristics of the program will be given;

no attempt is made to present internal documentation of the program •

Systems composed of large numbers of joints and members may

be analysed. The capacity of the program depends mainly on the total

number of joints in the system. There is practically no restriction on

the number of elements, number of load cases, or the "bandwidth" of the

equations to be solved. Note, that while the program has the capacity

to analyse very large systems, there is no loss of efficiency in the

solution of smaller problems as compared to several special purpose

programs presently available. The program is machine independent and

is coded in standard FORTRAN IV.

- 1 -
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The program presented tn thts report is an extensive

modification of a previous computer program [8]. New elements have been

introduced which have special advantages for the analysis of massive

underground structures such as mine structures and above ground structures

such as arch dams. Also, new coding techniques have been utilized which

improve the speed of the program and reduce low speed storage requirements.

In addition, the dynamic options have been removed in order that the

program can be used with a minimum of effort for static analyses.

Finally, this report contains a more complete discussion of the use of

incompatible displacement modes within solid elements and of the static

condensation algorithm.

- 2 -



II. EQUILIBRIUM EQUATIONS FOR COMPLEX STRUCTURAL SYSTEMS

2.1 The Direct Stiffness Method

The governing joint equilibrium equations for a structural

system can be derived by several different approaches. All methods yield

a set of linear equations of the following form:

9

K u = R (2.1)

These equations set the sum of the internal element forces, f ~,

expressed in terms of joint displacements, ~, to the generalized loads,

R, acting at the joints. The matrix ~ contains all the joint

displacements (degrees of freedom) of the system. The stiffness matrix

K can be formed by the direct addition of element stiffness matrices; or

K = E K (2.2)- ~

For a typical element m the element stiffness matrix is

given by

K = f-m
Vol

(2.3)'

The stress-strain relationship for the element is of the form

(J =c £ +1"-m -m -m -m (2.4)

where ~m are the element strains produced by the displacements ~

and !m are the initial stresses in the element before deformation.

- 3 -
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Within each ~lement the strains are expressed (approximately) by the

following equation:

§:m = em u (2.5)

Note that a appear to be a very large matrix since u contains all-m
degrees of freedom of the system. However, within the computer program

only the non-zero columns of ~m are stored and their column numbers

are stored as a separate identification array. The advantage of this

notation is that the IIdirect li addition of element stiffness matrices as

implied by equation (2.2) is correct.

The generalized loads, R, are given by

R = P + T F (2.6)

where P is a matrix of concentrated joint loads and T is a matrix of

generalized loads due to distributed surface stresses and is given by a

summation of boundary element forces, or

T = L: T-m

in whi ch

T = J bT
~m dSm-m m

Area

The surface stresses are t and the relationship between surface-m
displacements !dm and joint displacements u is

(2.7)

(2.8)

~m (s) = b u-m

- 4 -
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F is a matrix of generalized loads due to the initial stresses T and-m
is given by a summation of element forces, or

11

F = L Em

in which

F =
J

l T dVm-m -m -m
Vol

(2.10)

(2.11)

(2.12)

The matrix ~m is the basic displacement field approximation within

the element:

~m (x, y, z) = ~m u

2.2 Boundary Conditions

Equation (2.1) represents the relationship between all joint

forces and all joint displacements and can be rewritten in partitioned

form as:

~aa ~a + ~ab ~b = ~a

~ba ~a + ~bb ~b = ~b

where R = the specified joint loads-a

~b = the unknown joint reactions

~a = the unknown joint displacements

~b = the specified joint displacements

- 5 -
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The normal approach to the solution to this problem is to rewrite

Eq. (2.13) in the following form:

*
~aa ~a = ~a - ~ab ~b = ~a (2.15)

*Since ~a can be calculated directly, Eq. (2.15) can be solved for the

unknown displacement.

In this report another approach is used which has certain

programming advantages. If a displacement component, ub' is zero,

the stiffness coefficients ~ab' ~ba and Kbb are not added to the

total stiffness matrix and that particular degree of freedom is

disregarded in the equilibrium equations. If, however, a non-zero

displacement is to be specified, ub = x, Eq. (2.14) ;s modified by

the addition of an equation of the following form:

where k is an arbitrary number. The resulting equation is:

(2.16)

K u +-ba -a (2.17)

If k is selected to be several orders of magnitude greater than the

stiffness coefficient ~b the solution of this· equation will be

ub = x. This may also be interpreted physically as adding a spring of

largestiffness k to the structure; a large load kx is then applied;

therefore, the relatively flexible structure will move along with the

spring in order to produce the displacement x.

.. 6 -



This technique of adding a stiff spring to the structure may also be used

to specify skew boundary conditions. It may also be used to obtain

support reactions by specifying zero displacement at the support node.

- 7 -
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III. THREE DIMENSIONAL TRUSS ELEMENT

The three-dimensional truss element will be explained in detail

in order to illustrate the calculation of the stiffness matrix for a

typical element.

A typical truss element connected to joints i and j is

shown below. All dimensions are assumed positive; however, the

development is correct for elements of different orientation.

z

x

FIGURE 3-1 TYPICAL TRUSS ELEMENT

- 8-



The length of the element is given by

L = IL2 + L2 + L2
x y z

where

Lx = x. x.
J 1

L = y. y.
Y J 1

Lz = z. z.
J 1

The axial displacement in the s~direction is assumed to be linear

(constant strain).

Us = u. + LS (u. - u.)
Sl SJ Sl

where S equals zero at joint i. Therefore, the axial strain is

(3.1)

(3.2)

(3.3)

(3.4)

15

The axial displacement Us is given in terms of the global displacements

ux' uy ' and Uz by

u +x (3.5)

The evaluation of equation (3.5) at joints i and j and the

substitution into equation (3.4) yields the following expression for

element strain:
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"xil
u .yl

uzi I
u .

XJ

u .
YJ

(3.6)

Therefore, the strain-displacement matrix for the truss element is a

1 x 6 matrix and is given by

The axial stress is expressed in terms of axial strain by

(J = E E:
S S

Therefore, the stress-strain relationship is a 1 x 1 matrix, or

~ = [E]

(3."7)

(3.8)

(3.9)

where E is the modulus of elasticity of the truss material.

From equation (2.3) the element stiffness can be calculated

directly. Since the volume of the element is equal to the cy'oss­

sectional area of the element, A, times the length of the element, L,

the element stiffness is of the form:

~ 10 ...



- L [ - Lx - L - Lz Lx Ly Lz ]x Y

- L
Y

- L
AE z

K =
L3

Lx

Ly

Lz

From equations (3.8) and (3.6) the axial stress in terms of global

displacements is

(3.10)

17 .

[ - L - L - L L L L ]x Y z x Y z u .
Xl

u .yl

u .
XJ

u .
YJ

(3.11)

Within the computer program the stress-displacement relationship is

always calculated at the same time as the element stiffness is evaluated;

it is then placed on tape storage and is used later in the determination

of element stresses after the joint displacements are determined •

.. 11 ...
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IV. THREE DIMENSIONAL BEAM ELEMENT

The beam element included in this program considers torsion,bending

about two axes, axial and shearing deformations. The element is prismatic

and the development of its stiffness properties is standard and is given

in many modern texts on structural analysis. Only the unique character-

istics will be discussed in this section.

4.1 Definition of Principal Axes

The geometric location of a typical element is defined by joint

numbers i and j. The place which locates the principal axis of the

beam is defined by a third joint number k as shown in Figure 4.1. The

relationship between the local coordinate system, sl' s2 and s3 is

most conveniently developed by the use of vector notation. The unit

vectors in the 51 and 9 directions are given by

A A A A

Sl = Slx x + Sly Y + Slz z

A A A
A

g = gx x + gy Y + gz Z

A A A

where x, y, and z are unit vectors in the x, y and z directions,

respectively. The direction cosines are

L
= ....:L

L

G
gy = i; 9z

'" 12 ....



in which

x.
1 Ly = Yj - Yi z.

1

19

and

A

The unit vector in the s3 direction is given by the vector product of
A A

sl and g divided by the length of the vector in that direction

A A

51 x g

53 = I~l x §I =
A A A

S3x x + S3y Y + S3z z

where the vector product is by definition the evaluation of the determinant

A A

X Y

a x b = ax ay

bx by

z

A

The unit vector in the 52 direction is given by the vector product

A A A

= S2x x + S2y Y + S2z z

The three unit vectors may be summarized by the following matrix

equations:

A A

51 Slx Sly Slz x

A A

52 S2x S2y S2z Y

A A

53 S3x S3y S3z z

- 13-
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Within the computer program local displacements, forces and moments are

transformed to the global system by this 3 x 3 matrix.

z

/
y

x

FIGURE 4-1 THREE DIMENSIONAL BEAM EL E MENT

4.2 Master and Slave Degrees of Freedom

The joints of three dimensional beam elements can be connected-

to slave degrees of freedom. Slave degrees of freedom are eliminated

from the formulation and replaced by the degrees of freedom of the

master joint. This technique reduces the total number of joint

equilibrium equations, in the system and greatly reduces the possibility

of numerical sensitivities in many types of structures.

- 14 -



The geometry of the master and slave joints is shown in

Figure 4.2. A beam node may be connected directly to either a master or

a slave joint. Anyone of the six degrees of freedom of the slave joint

may be eliminated. If all six degrees of freedom at a given beam node

are made into slaves then the physical effect is that the master and

beam joint are connected with a rigid link.

If the x displacement of the slave joint is defined as a

slave of the master joint the displacements will be transformed as

follows:

For the y-disp1acement

For the z-disp1acement

and for the rotations

8xS = 8xm

8ys = 8sm

8zs = 8zm

.,. 15'"

21



?J.
For the beam elements those transformations automatically take place for

all elements connected to slave degrees of freedom. The computer program

allows a joint to be a slave to more than one master; however, this is

an incorrect use of the option.

z

DISP LACEM ENTS

x

y
/

/
/

/ Xs
/

/
--'00 .J/

Ys

FIGURE 4-2 MAST E R AND SLAV E JOINTS
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v. SOLID FINITE ELEMENTS

The following type of solid finite elements are included in

SOLID SAP:

1. Two-dimensional membrane plane stress elements of speci­

fied thickness and located in an arbitrary plane.

2. Two-dimensional plane stress, plane strain and axi-

symmetric elements located in the Y-Z plane.

3. Eight node three-dimensional solid elements.

4. Sixteen node three-dimensional thick shell elements.

All of these elements are based on an isoparametric formula­

tion with the addition of incompatible displacement modes. Since this

type of element has not been explained previously it is necessary to

present the basic method in this report.

5.1 Introduction

One of the most significant developments in the numerical

solution of solid structures was the introduction of isooarametric

finite elements [lJ. As a result, many elements with a high degree of

accuracy have been developed [2J. In addition, the technique has been

extended to curved shell elements [3J. The purpose of this paper is to

present a modification of this approach which results in a further im­

provement in accuracy.

Other attempts have been made to improve the basic accuracy of

these elements. In general they involve the use of approximate integra­

tion techniques which disregard part of the shear strain energy associ­

ated with pure bending modes [4J, [5J, [6J. However, these methods have

been limited to idealized geometries and isotropic materials. Also,

convergence may not be assured.

- 17 -
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The method presented in this paper formally introduces incom­

patible displacement modes at the element level in order to improve the

element accuracy. These unknowns are eliminated by requiring that the

total strain energy within the element is minimum. Convergence of the

solution is assured. Examples are presented for two and three dimen­

sional solids and for thick shells.

5.2 Source of Errors

One of the main causes of inaccuracies in lower order finite

elements is due to their inability to represent certain simple stress

gradients. This is clearly illustrated by subjecting a simple rec­

tangular element to a pure bending stress as shown in figure (la). The

exact displacements for this type of loading are illustrated in

figure (lb) and are given by the following equations:

2 2 2 2uy = 1/2 al (a -x ) + a2 (b -y )

(5.l)

(5.2)

It is clear that these displacements satisfy the pure bending condition

of zero shear strain; or

au x ~
Exy = ay + ax = 0

The constant a 2 is a function of the material properties - for

Poisson's ratio equal to zero a 2 = O.

For a finite element displacement model the only displacement

activated for this type of loading is shown in figure (lc) and is

given by

Therefore, the form of the error in the solution is

uy = S2 (a2_x2) + S3 (b2_y2)

- 18 -
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y

O. SIMPLE BENDING STRESS

25

b. EXACT DISPLACEMENTS

1_1
C. FINITE ELEMENT DISPLACEMENTS

d. SHEAR STRESSES

, , , , ,

, , , , ,
e. y STRESSES

FIGURE 5-1 ERRORS DUE TO PURE BENDING STRESSES
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The errors in stresses associated with equation (5) are shown in

figures (ld) and (le).

Previous attempts to reduce these errors have involved

selecting integration formulas which disregard the strain energy

associated with the stresses shown in figure (ld). One point integration

applied at the center of the element will accomplish this. However,

this technique can produce a stiffness matrix which has directional

properties. For shell type structures the normal stresses shown in

figure (ld) have been disregarded by making the assumption of plane

stress in the stress-strain equations. It is clear that these

approximate methods are difficult to apply in the general case of

curved anisotropic elements.

In this paper the approach adopted to minimize these errors is

to add extra displacement modes to the elements which have the same form

as the errors in the simple displacement approximation. In general

these extra displacement modes violate inter-element compatibility. The

magnitudes of the modes are selected by requiring that the total strain

energy of the element be a minimum. In the following sections of this

report, the method will be presented as an addition to the basic

isoparametric method. Specific examples to various types of elements

will be given.

- 20 -



5.3 Addition of Incompatible Modes for Two-Dimensional Isoparametric
Elements

A two dimensional isoparametric element will be used to illus-

trate the method in detail. For a general quadrilateral element, as

shown in figure (2), the local and global coordinate systems are

related by

27

4
x = L:

i =1
h. x.

1 1
(5.6a)

4
Y = L: h. y.

i =1 1 1

where the interpolation functions are given by

(5.6b)

(5.7c)

(5.7d)

(5.7a)

(5.7b)

hl = 1/4 (1-s) (1-t)

h2 = 1/4 (l+s) (l-t)

h3 = 1/4 (l+s) (l+t)

h4 = 1/4 (l-s) (l+t)

Strain-Displacement Equations

In order to ensure rigid body displacement modes the same inter-

polation functions are used in the displacement approximation.

Ux (s,t) = L: hi uxi
uy (s,t) = L: hi uyi

For two dimensional analysis the strain-displacement equations are

- 21 -
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(5.8b)

(5.9a)

(5.9b)
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'-------------~X

a. GLO SAL SYSTEM

t
Y i ( I t I )

I
I
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I .....-

.....-...r""'-
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I
I
I

(-I t - I )

X

b. LOCAL SYSTEM

FIGURE 5-2 TWO-DIMENSIONAL ISOPARMETRIC ELEMENT
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Or equation (9) can be written in matrix form as

.!i.,x 0 [:JE = a (s,t) 1!. = 0 !:!.,y (S.lO)
!:!.,y !:!.,X

In this case the three strains are related to the eight nodal point

displacements by a 3 x 8 matrix. The submatrices in equation (10) are

given by

29

H = [h h h h ]-'y l,y 2,y 3,y 4,y

(S.lla)

(5.11b)

Since the functions h. are in terms of sand t the chain rule is applied
1

in order to compute the derivatives with respect to the global x - y

system.

h. = h. s, + h. t t,
1 ,x 1 , S Xl, X

h. = h. s, + h. t t,1,y 1,S Y 1, Y

In general, the chain rule can be written as

(S. 12a)

(S. 12b)

a
x's y's

a
3S ax

= (S.13)
a

X't y't
a

at ay
or inverted as

a s,x t,x aax as
= (S.14)

a s, t,y a
ay y at

- 23 -
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Therefore, the derivative required in equation (12) is given by

(5.15)

where the Jacobian J is

J = x's y't - X't y's

From equations (6a) and(6b)

x = E h. x.'s 1,S 1

X't = E h. t x.1 , 1

y's=I:h. y.1 ,s 1

y't = I: h. t Y·1 , 1

(5.16)

(5.17)

(5.18)

For given numerical values of sand t the derivatives of the inter­

polating functions can be evaluated. Then from equations (17) and (15)

all required derivatives for the numerical evaluation of the strain

displacement matrix, equation (10) can be calculated.

Element Stiffness and Numerical Integration

For unit thickness the element stiffness matrix is given by

K= f aT c a dA
Area

in which c is the stress-strain matrix and the integration is carried

out over the area of the element.

For the purpose of numerical integration, equation (18) is written

in the sand t system as

aT c a J ds dt

- 24 -
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The direct application of one-dimensional numerical integration formulas

[7] yi el ds

31

K= E E W. Wk J aT(s., t k) c a (s., t k)
- j k J - J -- J

in which Sj and t k are integration points and Wj and Wk are the

appropriate weight functions.

(5.20)

Addition of Incompatible Modes

The basic method is the same when internal degrees of freedom are

added at the element level. For the quadrilateral element the displace­

ment approximation may be of the following form:

Ux = E hi uxi + h5 al + h6 a2

uy = E hi uyi + h5 a3 + h6 a4

The functions h5 and h6 must be zero at the four nodes. The displace­

ment amplitudes ai are additional degrees of freedom; therefore, the

resulting element stiffness will be 12 x 12. However, if the strain

energy within the element is minimized with respect to ai four

additional equations can be generated and the additional displacements

can be eliminated and a reduced 8 x 8 stiffness matrix developed.

This is identical to the standard static condensation procedure. An

alternate approach is to consider a i Lagrange multipliers.

The functions h5 and h
6

can be selected to be of the same form as

the errors in the bending deformation which is given by equation (5).

Or
2h5 = (l-s )
2h6 = (l-t )

- 25 -
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If the element is rectangular only the y displacements would need

to be modified. However, for the general quadrilateral these modes

must be added to both components of displacements.

These incompatible modes are plotted in figure (3). It is

apparent that the energy associated with these modes is large compared

to the constant strain modes. It is also clear that they will not

participate significantly in areas of low stress gradients since they

are added to the basic constant strain modes. The net result of the

addition of the incompatible modes is that microscopic equilibrium is

better satisfied within the element.

Two-Dimensional Examples

A. Cantilever Beam - A cantilever beam with the dimensions

shown in figure (4) will illustrate the accuracy of the element for

plane stress structures. Results for two different loading conditions

and for two different meshes are shown in Table 1. They are compared

with exact solution and with a finite element solution without

incompatible modes. For this case the improvement is significant. The

Q6 is the element presented in this paper. The Q4 is the standard

isoparametric quadrilateral element.

B. Axisymmetric Cylindrical Shell - The same basic expansion

is used for the analysis of axisymmetric solids. An infinite cylindrical

shell is idealized by 17 axisymmetric elements as shown in figure (5).

In Table 2 results are compared with a theoretical solution and to two

other types of finite elements. The Q4CST is composed of four constant

strain triangles and the QM5 is quadrilateral with a restricted

integration on the shear strains.

- 26 -
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FIGURE 5-3 INCOMPA11BLE OlSPLACEMENl MOOES FOR
GENERAL QUAORILAIERAL ELEMENI

- 2.7 -



34

56.25 +% ~IOOO t 56.25

18750 +~ t 187.50%
~ 1000. t 56.25%

LOAD B MESH 2 LOAD A LOAD B

FIGURE 5-4 CANTI LEVER BEAM - PLAN E STRESS
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Displacement at i Bending Stress at j

Load A Load B Load A Load B

Beam
Theory 10.00 103.0 300.0 4050

04 Mesh 1 6.81 70.1 218.2 2945

04 Mesh 2 7.06 72.3 218.8 2954

Q6 Mesh 1 10.00 101 .5 300.0 4050

06 Mesh 2 10.00 101.3 300.0 4050

TABLE 5-1 RESULTS OF CANTILEVER BEAM ANALYSIS

- 29 -
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r,u
~\167.7051

I

FINITE
ELEMENT
IDEALIZATION

M =2000 PER UNIT OF
ARC LENGTH

En = Es= E8 = 11,250

Vns =Vn8 =Vs8 =0.25

Gns =4,500.0

17@3=51

THEORETICAL RESULTS
BASED ON INFINITELY
LONG SHELL

FIGURE 5-5 CYLINDRICAL SHELL ANALYSIS
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LATERAL DISPLACEMENTS u

7 04CST OM5 04 06HI:UK.Y

a 100.00 39.97 98.56 46.47 100.01

3 48.88 26.04 47.87 29.17 48.98

6 14.31 14.98 13.49 15.69 14.19

9 -6.57 6.56 -7.29 5.69 -6.54

12 -17.16 0.47 -17.77 -1.31 -17.15

15 -20.68 -3.65 -21 .17 -5.82 -20.70

18 -19.85 -6.16 -20.21 -8.35 -19.88

21 -16.75 -7.40 -16.97 -9.39 -16.83

24 -12.82 -7.68 -12.92 -9.33 -12.85

27 -8.95 -7.27 -8.98 -8.55 -9.00

30 -5.63 -6.40 -5.65 -7.32 -5.72

33 -3.06 -5.27 -3.12 -5.87 -3.23

HOOP STRESSES

7 THEORY n4CST OM5 04 06

1.5 4846 2210 4903 2536 4837

4.5 1991 1369 2050 1507 1986

__7_, s__ 159 716 201 718 154

10.5 -868 230 -846 147 -873-- '-

13.5 -1316 -120 -1311 -238 -1320

16.5 -1386 -334 -1392 -475 -1390

19.5 -1240 -459 -1250 -595 -1243

22.5 -994 -510 -1006 -627 -996

25.5 -727 -505 -738 -599 -729

28.5 -483 -462 -493 -532 -487

31. 5 -285 -395 -297 -442 -293

34.5 -138 -315 -155 -344 153

TABLE 5-2 RESULTS OF CYLINDRICAL SHELL ANALYSIS

- 31 -

37



38

THREE DIMENSIONAL ELEMENTS

The same basic method of introducing incompatible displacement

modes in order to improve the bending properties can be used in three

dimensions. For an arbitrary eight point brick element shown in

figure (6) the appropriate displacement approximations are

8
U = i: uxi + hg axl + hlO ax2 + hl1 ax3x . 11=

8
U = i: U . + hg ayl + h10 ayZ + hll ay3y ;=1 Y1

8
u = l: u . + hg azl + hl 0 azZ + hll az3z i=l Zl

where

h1 = 1{8 (1 + tJ (1 + n) (1 + 1;)

hZ = 1/8 (l - t;) (l + n) (1 + 1;)

h3 =1/8 (1 - t;) (1 - n) (1 + 1;)

h4 = 1{8 (l + t;) (l - n) (l + 1;)

h5 = 1{8 (1 + t;) (1 + n) (1 - 1;)

h6 = 1/8 (1 - t;) (l + n) (l - 1;)

h7 = 1{8 (l - t;) (l - n) (l - 1;)

h8 = 1{8 (l + t;) (l - n) (l - 1;)

hg = (1 - t;Z)

h10 = (l - nZ)

h
ll

= (l - 1;Z)

- 3Z -
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FIGURE 5-6 EIGHT POINT THREE DIMENSIONAL ELEMENT
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The first eight are the standard compatible interpolation functions.

The last three are incompatible and are associated with linear shear

and normal strains. The nine incompatible modes are eliminated at

the element stiffness level by static condensation.

Since the three-dimensional element degenerates to the same

approximation as in the two-dimensional element the same general improve-

ment in accuracy is obtained. Therefore, additional examples of its

behavior will not be given here.

This element has been found to be extremely effective in the

analysis of massive three-dimensional structures subjected to bending.

One element in the thickness direction of arch dams or thick pipe

joints have been found to be adequate. Hence, the three-dimensional

analysis of this class of structure involves a reasonable amount of

computer time.

Extension to 20 Node Elements

The modified eight node three-dimensional element has been found

to be comparable in accuracy with the standard 20 node element. This

is because the stresses associated with constant moment are included

in the normal 20 node approximation. It is apparent that the addition

of incompatible modes to the 20 node elements will improve its behavior.

Three interpolation functions which are associated with linearly varying

moments are

h
2l

= ~ (1 _ ~2)

2h22 = n (l - n )

h23 = S (1 - s2)

- 34 -



At this time the author does not have experience with this type of modifi­

cation. It is possible that the increase in computational effort to form

a 69 x 69 matrix and to reduce it to a 60 x 60 matrix will not be justified.

- 35 -
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THICK SHELL ELEMENT

It is possible to use standard three-dimensional elements for the

analysis of shell type structures. Practically, this has not been

possible because of the following three problems:

1. Most three-dimensional solid elements have not had the

ability to represent bending moments. (Elements with four

nodes along each edge have this property).

2. Errors in the shear and normal strains cause the element to

be very stiff.

3. Because of the relatively large stiffness coefficients in

thickness direction numerical problems are introduced for

thin shells.

The first two problems can be overcome by the introduction of

incompatible modes. The third problem can be minimized by the use of

a computer with high precision or by restricting the application of

the element to thick shells.

The shell element presented in this paper is a 16 node curved

solid element shown in figure (7). Each node has three unknown dis­

placements. Therefore, if the shell is considered as a two-dimensional

surface there are six unknowns per point. It is apparent that this type

of formulation avoids the problems associated with the sixth degree of

freedom - the normal rotation is set to zero when certain finite

elements are used in the idealization of shells.

The locations of the nodes are defined by the orthogonal, right­

handed coordinate system (x, y, z) which is referred to as a global

- 36 -
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FIGURE 5-7 THREE DIMENSIONAL THICK-SHELL ELEMENT
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system. Within the element a local coordinate system (~, n, ~) has

been chosen such that S, n, s vary from -1 to +1; CO, 0,0) is located

at the centroid of the element.

The local and global coordinate systems are related through a set

of interpolating functions:
16

X=l: h.x.
;=1 1 1

16
Y = L:

;=1

16
z = l:

;=1
h. z., ,

where hl = 1/8 (1 + ~) (1 + n) (1 + s) (s + n - 1)

hZ = 1/8 (1 - ~) (1 + n) (1 + ~)(-s + n - 1)

h3 = 1/8 (1 - ~) (1 - n) (1 + s)(-s - n - 1)

h4 = 1/8 (1 + s) (1 - n) (1 + s) (s - n - 1)

hS = 1/8 (1 + s) (1 + n) (1 - s) (s + n - 1)

h6 = 1/8 (1 - s) (1 + n) (1 - ~)(-s + n - 1)

h] = 1/8 (1 - s) (1 - n) {1 - ~)(-s - n - 1)

h8 = 1/8 (1 + s) (1 - n) (1 - s) (s - n - 1)

hg = 1/4 (1 - s2) (1 + n ) (1 + s)

hlO =1/4 (1 - s ) (1 - n2) (1 + s)

h11 = 1/4 (1 - s2) (1 - n ) (1 + s)
•

h12 = 1/4 (1 + ~ ) (1 - n2) (1 + s)

h13 =1/4 (1 - ~2) (1 + n ) (1 - s)

h14 = 1/4 (1 - ~ ) (1 - n2) (1 - ~)

h15 =1/4 (1 - s2) (1 - n ) (1 - s)

h16 - 1/4 (1 + s ) (1 - n2) (1 - s)

- 38 -



The displacements within the element are assumed to be of the

following form:
16

Ux = L: hi uxi + h17 ax1 + h18 ax2 + h19 ax3 + h20 ax4 + h21i =1
ax5

16
u = L: h. u . + h17 ayl + h18 ay2 + h19 ay3 + h20 ay4 + h21 ay5y i =1 1 yl

16
Uz = i~l hi uzi + h17 azl + h18 a z2 + h19 a z3 + h20 a z4 + h21 a z5

where;

h17 = S; (1 - S;2)

h18 = n (l - n2)

h19 = (l - z: 2)

h20 = S;n (1 - S;2)

2h21 =ns (1 - n )

The motivation for addition of the interpolation functions

h17 to h21 is to increase the capability of the element in producing

closer approximations to the exact displacements under simple loadings,

thereby increasing the convergence to the exact solution. The

incompatible interpolation functions h17 to h21 have zero values at

the nodes and produce incompatibilities in the displacement field along

the inter-element boundaries.

- 39 -
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THICK SHELL EXAMPLES

The following examples are intended to demonstrate the range of

applicability of this element. Two parameters were recognized to have

significant effect on the behavior of the element, namely: the ratio of

thickness to the length along the surface (t/a) and the ratio of the

length along the surface to the radius of curvature (~ =aIR). The

effect of the first parameter is studied by the example of square simply

supported plate and the effect of the second parameter is studied by a

series of curved cantilever beam examples.

A. Square Simply SuppottedP1ate -- The center deflection of a

square simply supported plate for three different meshes and two values

of thickness to length ratio is shown in figure (8). It is seen that

this element is more appropriate for moderately thick to thick shell

problems with thickness to length ratio of more than 1/20, although final

convergence is assured for thin shell problems also.

It is worthwhile to mention that the finite element result in

figure (8) exceeds that of Poisson-Kirchhoff which ignores the shear

deformation. This is due to the fact that the thick shell element is

capable of undergoing shear deformation.

B. Curved Cantilever Beam -- The results of these examples are

shown in figure (9). It is seen from these examples that the accuracy

is only slightly affected by curvature for moderately thick to thick

shell problemS,whereas the high curvature affects the accuracy of the

thin shell problems rather drastically.

The effect of the curvature can be explained by the fact that

the number of terms of polynomial expansion of the displacement field

- 40 -



47

-. -
t>

- -
I 1\Cf.­
I
i

• ..
I

.
I J\. ~

t>

Cf. --.,----t~-.. I

I 1\
Cl

tlO =1/10

u.. 1.0u..
0
:I:
:I:
<..)
a::
~

z 0.750
CJ)
CJ)

0
0-

x
0
E

<l 0.50
.......

w
LL

x
0
E

<l 0.25

2 3
NUMBER OF ELEMENTS
ALONG EACH SIDE OF THE
QUARTER OF THE PLATE

FIGURE 5-8 SIMPLY SUPPORTED SQUARE PLATE WITH

A CONCENTRATED LOAD AT THE CENTER

- 41 -



48

e:p =aiR

W
l1:

)(

o
E

<]

t; 1.0 r-----=:::::a:::======:e::=====--- EXACT
«
x
w

)(

o
E

<] 0.5
........

FIGURE 5-9 CURVED CANTI LEVER BEAM

- 42 -



included in the displacement expansion of the element is limited, whereas

the significance of the higher order terms in the polynomial expansion

of the exact displacement increases with curvature. This effect is also

reduced to zero at the limit as the mesh is refined, thereby assuring

the convergence.

- 43 -
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50
VI. PLATE AND THIN SHELL ELEMENT

The thin shell element included in this report is a quadri­

lateral of arbitrary geometry formed from four compatible triangles.

The bending properties of this element are completely described in

reference [9J. The element employs a partially restrained linear strain

triangle to represent the membrane behavior. As shown in Figure 6-1,

the central node is located at the average of the coordinates of the

four courner nodes. The element has 17 interior degrees of freedom

which are eliminated at the element level prior to assembling; there­

fore, the resulting quadrilateral element has 20 degrees of freedom,

five per node, in the local element coordinate system.

For flat plates the stiffness associated with the rotation

normal to the shell surface is not defined; therefore, the appropriate

boundary condition must be enforced. For curved shells, the normal

rotation can be included as an extra degree of freedom; or, it can be

restrained by the addition of a "Boundary Element" which would add

normal rotational stiffness to the node.
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VII. BOUNDARY ELEMENT

The boundary element can be used for the following:

1. In the idealization of an external elastic support at a

joint.

2. In the idealization of an inclined roller support.

3. To specify a joint displacement

4. To eliminate the numerical difficulty associated with the

"sixth ll degree of freedom in the analysis of shells.

The element is a one dimensional element with an axial and torsional

stiffness. These element stiffness coefficients are added directly to

the total stiffness matrix. If a displacement is to be specified a

load must be applied in the direction of the stiffness. If the boundary

element stiffness is large compared to the stiffness of the structures

it is possible to apply a load to produce the desired displacement.

- 46 _



VIII. COMPUTER PROGRAM ORGANIZATION

The computer program is coded in standard FORTRAN IV and is

practically machine independent. All storage is allocated at the time of

execution; therefore, the minimum storage required will depend on the

size of the structure. To increase the capacity of the program it is

necessary to change two cards as described in Appendix C.

For static analysis the program is divided into four phases. A

machine dependent overlay system is not used; instead, a COMMON storage

area is used in each phase. These four are executed in the following

sequence:

1. Data Input - Joint coordinates and loads are read or

generated. As element properties are read or generated

the element stiffness matrices are formed and placed on

tape (or other low speed storage).

2. Formation of total stiffness is accomplished by reading the

element stiffness tape and forming the joint equilibrium

equations in blocks.

3. Equilibrium equations are solved for joint displacements,

all load conditions are treated at the same time.

4. From the joint displacements, element stresses are

calculated for all load conditions.

In the following sections these are explained in greater detail.

- 47 -
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6.1 Solution of Equations

The computer program is built around a large capacity linear

equation solver, USOL. The procedure used to solve the equations is not

significantly different from the method developed by Gauss in 1827. The

banded characteristics of the equations are recognized. Operations with

zero coefficients are skipped. Data is transferred in and out of high

speed storage in large blocks; therefore, a small amount of time is lost

in the transfer of data.

The equilibrium equations (the stiffness matrix and loads) are

stored in blocks on tape (or other low speed storage units). During the

solution phase two blocks must be in high speed storage at any time.

Therefore, the physical storage restriction is that there must be high

speed storage available for at least two equations. For example, if the

stiffness matrix has a band width of 250 and if there are 20,000 high

speed storage locations available, the number of equations in a block

will be 40. Hence, for this example all data transfer will be in blocks

of 10,000. The block size is automatically determined at the time of

solution. Therefore, storage is utilized in the most efficient manner

for a particular structure.

6.2 Formation of Equilibrium Equations

Before the total stiffness matrix is formed the element stiff­

ness matrices are calculated and stored in sequence on low speed storage.

The total stiffness matrix is formed two blocks at a time by making a

pass through the element stiffness matrices and adding in the appropriate

coefficients. In order to minimize the effort in searching through all

the element stiffnesses the element stiffness matrices for several blocks

are transferred to another storage unit; therefore, in the formation of

- 48-



the next several blocks the time to search for the contributions to

these blocks is reduced significantly.

6.3 Joint Input Data and Degrees of Freedom

The capacity of the program'is controlled by the number of

joints(nodal points) of the structural system. All joint data is

retained in high speed storage during the formation of the element stiff­

ness matrices. For each joint three coordinates and six boundary

condition codes are required; therefore, the minimum required storage

for a given problem is nine times the number of joints in the system.

Immediately after the joint data is supplied to the program a

relationship between each joint degree of freedom and the corresponding

equation number is established. Each of the six boundary condition codes

for a given joint is replaced by the equation number for that degree of

freedom. Restrained boundary conditions are identified by a zero

equation number. Slave degrees of freedom (for beam elements) are

identified by the negative joint number of the master node.

6.4 Calculation of Element Stiffness Matrices

After the coordinates of the joints are supplied and the

equation numbers of the degrees of freedom established the stiffness and

stress-displacement transformation matrices are calculated for each

structural element in the system. Very little additional high speed

storage is required for this phase since these matrices can be formed

and placed on tape storage as the element properties are read. In

addition to the element matrices the corresponding equation numbers are

written on tape. After all element matrices are formed the joint

coordinates and boundary condition information are not required; hence,
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this storage area can be used subsequently for storage for the two blocks

of the equilibrium equations. It is now possible to form and solve these

equations as previously described.

6.5 Evaluation of Element Stresses

After the joint displacements are evaluated a pass is made

through the element stress-displacement matrix tape and the element

stresses are calculated and printed .

.,. 50 -
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APPENDIX A - THE STATIC CONDENSATION ALGORITHM

The application of the static condensation method is discussed

in general. The technique is presented as an extension of the Gauss

elimination algorithm. An efficient Fortran subroutine is given which

simultaneously reduces both the stiffness matrix and the stress­

displacement transformation matrix.

A-l Introduction

The static condensation method was initially used to eliminate

the internal degree of freedom in a quadrilateral finite element

constructed from four triangles [lJ. The method is more general then

the application at the element stiffness level and can be used to reduce

the number of degrees of freedom of the complete structural system. In

many cases, it is similar to the substructure technique, frontal

solution method, or matrix partitioning. However, all of these methods

appear to be an application of the basic Gaussian elimination procedure.

The elimination of internal degrees of freedom at the element

stiffness level reduces the overall size and band width of the resulting

set of equations. In the case of dynamic analysis the elimination of

the massless degrees of freedom reduces the size of the resulting

eigenvalue problem. The terminology "static" condensation was coined

in the application of the method to dynamic analysis [2].

A-l
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The purpose of this paper is to present the static condensation

procedure as an efficient numerical algorithm. In addition, the

procedure is extended to the condensation of the stress-displacement

transformation matrix; therefore, the calculation of the eliminated

degrees of freedom is not required in the subsequent evaluation of the

element stresses.

A-2 Matrix Formulation Of The Static Condensation Method

The basic static condensation procedure can be illustrated by

the use of matrix notation. The equilibrium equations can be written in

matrix partitional forms as

[:aa
-ba

~ab]
~bb [::] = (A.l)

where ~a indicates the degrees of freedom to be eliminated and ~b

indicates the degrees of freedom which are associated with the reduced

stiffness matrix.

yields

The solution of the first submatrix equation for u-a

~a = C - ! ~b (A.2)

in which

C = K- l Ea (A.3)-aa

T = K- l K (A.4)-aa -ab

A-2



Substitution of Equation (2) into the second submatrix equation results

in a set of equilibrium equations with respect to the IIb ll degrees of

freedom.

60

where

* *
~ ~b = P

*K = ~bb - K T-ba -

*P = ~b K C-ba -

(A.5)

(A.6)

(A.7)

Physically, the term ~ba! indicates the stiffness modification due to

the release of the lI a ll degrees of freedom and ~ba ~ represents the

forces carried over from the lI a ll to the IIb ll degrees of freedom.

The stresses within the elements may be expressed by an

equation of the form

(A.8)

where T are the initial stresses before the system is subjected to the

displacements ~a and ~b' The displacement ~b may be eliminated

from Equation (8) by the substitution of Equation (2). Or

* *0 = A u + T-a

where
*A = ~b - A T-a -

T* = T + A C- -a

(A.9)

(A. 10)

(A.11 )

A-3
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As an example of the application of this procedure, consider a

quadrilateral element formed by the combination of four six-node triangles

as shown in Figure 1. In the case of two-dimensional stress problems

this element has 13 nodes or 26 degrees of freedom; however, the 10

degrees of freedom associated with the interior points may be eliminated

before the element stiffness is added to the total stiffness of the

*structure. If the stress matrices A and T* are evaluated at the

*same time the reduced stiffness matrix K is formed, the internal

displacements u need not be calculated. Of course, this will require-a
*that the matrices A and T* be saved on a low speed storage unit

until after the displacements ~b are evaluated.

A-3 The Static Condensation Algorithm

The matrix notation used in the previous section serves to

illustrate the basic concept of the technique; however, the matrix

operations of multiplication and inversion are not efficient within a

computer program. Equation (1) can be written as

Ku = P (A.12)

If this set of equations is for the element shown in Figure 1 and if

the first ten unknowns are associated with the internal points, we can

apply the Gauss elimination procedure directly to the system to

eliminate these degrees of freedom. Also, if the stress-displacement

equation is written as

o = A u + T

A-4

(A.13)



FIGURE A-I QUADRILATERAL ELEMENT
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the appropriate unknowns can be eliminated at the same time. If we

consider three components of stress, the application of the Gauss

algorithm to these equations can be summarized as follows:

for n = 1, 10

1. Solve for un

26
L:

j=n+l
T . u.

nJ J

where

* *Cn = Pn/Knn

* *T . = Kll/KnnnJ

2. Substitute into remaining equations will result in the

modification of the coefficients

** * *K.. = K.. K. T .
lJ lJ ln nJ i = n+1, 26

** * *
j = nfl, 26

P. = P~ K. C
1 1 1n n

3. Substitute into the stress-displacement equations

** *A.. = A~. A. T .
lJ lJ ln nJ i 1, 3=

*
j = n+1, 26

** * A. CnT. = T.
1 1 ln

The * indicates the repeated modification of the coefficients for

each value of n. Within the computer program these coefficients

are modified and stored at the same storage location.

A-6



The Fortran statements which apply to the elimination of these ten

degrees of freedom are

DO 500 N=l,lO
NN=N+l
C=P(N)/S(N,N)
DO 300 J=NN,26
p(J)=p(J)-S(J,N)*C
T=S(N,J)/S(N,N)
DO 200 I=NN,26

200 S(1,J)=S(1,J)-S(1,N)*T
DO 300 1=1,3

300 A(1,J)=A(1,J)-A(1,N)*T
DO 400 1=1,3

400 TAU(I)=TAU(I)-A(I,N)*C
500 CONTINUE

where the stiffness term K.. is indicated in Fortran as S(1,J). In
lJ

this case, it is apparent that the Fortran statements are a very

efficient summary of the algorithm. The results of the reduction are

stored in the same area as the original matrices, with the first ten

columns of the S and A array and the first ten rows of the S array

eliminated.

A more convenient form for computer programming is to store

the coefficients to be eliminated in sequence after the coefficients

which are to be modified; then, the subscripts for the reduced stiffness

start with one and rearrangement of the reduced coefficients is not

required.

A-7
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APPENDIX B - DESCRIPTION OF INPUT DATA

B-1 Introduction

The purpose of this computer program is to perform linear,

elastic analyses of three dimensional structural systems. The structural

systems to be analysed may be composed of combinations of a number of

structural element types. The present version contains the following

element types:

(1) Three-dimensional Truss Elements

A uniform temperature change and inertia loads in three
directions can be considered as the basic element loads. Axial
forces and stresses are computed.

(2) Three-dimensional Beam Elements

Beam elements are straight, prismatic beam members. Inertia
loading (e.g. gravity) in three directions and specified fixed
end forces form the element load cases. Forces (axial and shear)
and moments (bending and torsion) are calculated in the beam
local co-ordinate system.

(3) Plane Stress and Plane Strain Elements

An arbitrary quadrilateral (or triangular) element is used.
The plane of the element is arbitrary with respect to a three
dimensional coordinate system. Gravity, inertia, and temperature
loadings may be considered. Stresses may be computed at the
center of the element and at the center of each side.

(4) Axisymmetric Quadrilateral Elements

An arbitrary quadrilateral (or triangular) element is used.
The element is axisymmetric about the global Z-axis and the Y
direction is considered radial. Temperature, surface pressure
and inertia (Z direction) loading are included. Stresses may
be computed at the center of the element and at the center of
each side.

B-1
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(5) Three-dimensional Solid Elements

A general 8 nodal point "brick" element, with 3 translational
degrees of freedom per nodal point, is used. Isotropic material
properties are assumed, and element loading consists of tem­
perature, surface pressure and inertia loads in three directions.
Stresses (6 components) may be computed at the center of the
element and at the center of each face.

(6) Plate and Shell Elements

An arbitrary quadrilateral element is used. Gravity, inertia,
pressure and temperature loadings may be considered. Stresses
are computed at the center of the element.

(7) Boundary Elements

This element is used to impose displacement boundary con­
ditions and to compute support reactions.

(8) Thick Shell Elements

A 16 node curved solid element can be used for the analysis
of thick shells or plates.

Systems composed of large numbers of joints and members may be

analysed. The capacity of the program depends mainly on the total number

of joints in the system. There is practically no restriction on the

number of elements, number of load cases, or the "bandwidth" of the

equations to be solved. Note, that while the program has the capacity to

analyse very large systems, there is no loss of efficiency in the solution

of smaller problems as compared to several special purpose programs

presently available. For restrictions of program capacity see APPENDIX C.

B-2 Joints

Each joint in the system may have from 0 to 6 degrees of freedom

as required. The user must ensure that the degrees of freedom specified

for a given joint are compatible with the element-types which are adjacent

to it.
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Optimum solution efficiency is obtained by minimizing the

number of degrees of freedom of the system. Also, joints connected only

to Beam elements may use a special Slave-Master geometric constraint

option to eliminate unnecessary degrees of freedom. (see Beam section)

A right-handed orthogonal co-ordinate system, shown below, is

used to describe the geometry of the structure. All joint loads and

displacements are defined with reference to this system. A local

co-ordinate system is used for each element type.

Z

zz
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GLOBAL COORDINATE SYSTEM

B-3 Loading

Loads may be applied by means of both point loads acting at the

joints and by element loading (e.g. gravity, temperature). Each element

has four different load cases called A, B, C, D. Loading for one solution

consists of specified joint loads plus a linear combination of element

load cases A, B, C and D. The types of loading which make up the element

load cases A, B, C and Dare defined in the description of each individual

element type. Imposed displacement loading is possible by means of a

special boundary element.
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B-4 Input Data

The geometry of the joints, the boundary conditions, and the
joint concentrated loads are numerically defined by a sequence of
punched cards. The properties of the different structural elements are
described separately.

I. Heading Card (12A6)

Columns 1 - 72 Contain information to be printed with output

II. Control Card (415)

Columns 1 - 5 Number of joints in system
6 - 10 Number of element groups

11 - 15 Number of load conditions
16 - 20 Number of frequencies (= 0 for static analysis)

III. Joint Data (715,3F10.0,I5,F10.0)

The following information must be given for each joint in the system:

Joint Temperature

Boundary Condition Codes:
Zero or blank indicates
that the joint is free to
move in that direction and
loads may be applied.
One indicates that the
joint is fixed in that
direction.

Joint Number
X-direction
V-direction
Z-direction
Rotation about X-axis
Rotation about Y-axis

Rotation about Z-axisJ
X-ordinate
V-ordinate
Z-ordinate

1 - 5

6 - 10
11 - 15
16 - 20
21 - 25
26 - 30
31 - 35
36 - 45
46 - 55
56 - 65
66 - 70 KN
71 - 80

Columns

Joint cards need not be in joint-order sequence. If cards are
omitted, the joint data for a series of joints is generated. KN
is a mesh generation parameter on the last card of a mesh
generation sequence. KN is the increment to be added to the previous
nodal point number. The intermediate joints are located at equal
intervals along the straight line. The boundary condition codes for
the generated joint data are set equal to the boundary condition
codes on the first joint card in the series.

B-4



If a particular degree of freedom is fixed for a series of cards,
this may be indicated by a boundary condition code of -1 on the first
joint card in the series and +1 on the last joint card in the series.
See element descriptions for determination of temperature dependent
material properties and thermal loads from joint temperatures.

IV. Element Data
A sequence of cards is required for each type of element in the
structure. The form of this data for each type is described in
section 8-5.

V. Concentrated Load Data (215,6F1O.O)
One card per load case for each joint which has nonzero concentrated
loads or moments applied. The cards must be in joint-number sequence.
Columns 1 - 5 Joint number

6 - 10 Load condition number
11 - 20 Load X-direction
21 - 30 Load V-direction
31 - 40 Load Z-direction
41 - 50 Moment X-axis
51 - 60 Moment Y-axis
61 - 70 Moment Z-axis

This sequence of cards (if any) must be terminated with ONE BLANK CARD.

VI. Element Load Multipliers (4F10.0)
Four different types of loads associated with the element are possible.
These element loads are referred to as load cases A, B, C and D. By
the use of "Element Load Multipliers," it is possible to add fractions
of the basic element loads to any of the concentrated load conditions.

One card must be supplied for each load condition which contains the
following information:

Columns 1 - 10 Multiplier for element load A
11 - 20 Multiplier for element load B
21 - 30 Multiplier for element load C
31 - 40 Multiplier for element load D

These cards must be in load-order sequence. The definitions of the
element loads associated with a particular element type are discussed
in detail under the section "Element Data".

B-5
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B-5 Element Data

Type 1 - Thtee-DimensionalTtuss Members

Truss elements are identified by the number 1. Axial forces and
stresses are calculated for each member. A uniform temperature
change and inertia loads in three directions can be considered as the

basic member load conditions. The truss members are described by the

following sequence of cards:

A. Control Card (3I5)

Columns 1 - 5 The number 1
6 - 10 Number of truss members

11 - 15 Number of members with different properties

B. Member Property Cards (I5,5F10.0)

One card is required for each member which has a different cross­
section or different material properties.

Columns 1 - 5 Material identification number
6 - 15 Modulus of elasticity

16 - 25 Coefficient of thermal expansion
26 - 35 Blank

36 - 45 Cross-sectional area
46 - 55 Weight per unit length (used to calculate gravity

loads)
C. Element Load Factors (4F10.0) Four cards

Three cards specifying the fraction of gravity (in each of the
three global coordinate directions) to be added to each element
load case.

Card 1: Multiplier of gravity load in the +X direction
Columns 1 - 10 Element load case A

11 - 20 Element load case B
21 - 30 Element load case C
31 - 40 Element load case D

Card 2: As above for gravity in the +Y direction

Card 3: As above for gravity in the +Z direction

Card 4: This indicates the fraction of the thermal load to be
added to each of the element load cases.
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D. Member Data Cards (415,F10,0,I5)

One card per member in increasing numerical order starting with
one.

Columns 1 - 5 Member number (n)
6 - 10 Joint number I

11 - 15 Joint number J
16 - 20 Member identification number
21 - 30 Reference temperature for zero stress

31 - 35 Optional parameter K causing automatic
generation of number data.

71

If a series of elements exist such that the member
one greater than the previous member number (i.e.
and the joint number can be given by

number, Ni , is

N. = N. 1 + 1)
1 1-

1.
1

= 1. 11-
+ K

J. = J. 1 + K
1 1-

Then only the first element in the series need be provided. The
member identification number and the temperature for the generated
elements are set equal to the values on the first card. If K is
input as zero it is set to 1 by the program.

The member temperature increase liT used to calculate thermal loads
is given by

liT = (T. + T.)/2.0 - T
1 J r

where (T. + T.)/2.0 is the average of the nodal temperatures
1 J

specified on the joint data cards for nodes i and j; and Tr is the
zero stress reference temperature specified on the element card.
For truss elements it is generally more convenient to set
T. = T. = 0.0 such that liT = - T (note the minus sign). Other

1 J r
types of member loadings can be specified using an equivalent liT.
If a truss member has an initial lack of fit by an amount d (positive
if too long) then liT = d/(aL) If an initial prestress force P
(positive if tensile) is applied to the member ends that is released
after the member is connected to the rest of the structure then
liT = - P/(a A E). In the above formulas A = cross section area, L =

member length and a = coefficient of thermal expansion.
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Type 2 - Three-Dimensional Beam Elements

Beam elements are identified by the number 2. Forces (axial and
shear) and moments (bending and torsion) are calculated (in the beam
local coordinate system) for each beam. Gravity loadings in each
coordinate direction and specified fixed end forces form the basic
member load conditions.

The beam members are described by the following sequence of cards:

A. Control Card (515)

Columns 1 - 5 The number 2

6 - 10 Number of beam elements
11 - 15 Number of geometric property cards
16 - 20 Number of fixed end force sets
21 - 25 Number of different materials

B. Material Property Cards (I5,3F10.0)

Columns 1 - 5 Material identification number

6 - 15 Young's modulus

16 - 25 Poisson's ratio

C. Geometric Property Cards (I5,6F10.0)

Columns 1 - 5 Geometric property number
6 - 15 Axial area

16 - 25 Shear area associated with shear forces in
local 2-direction

26 - 35 Shear area associated with shear forces in
local 3-direction

36 - 45 Torsional inertia
46 - 55 Flexural inertia about local 2-axis
56 - 65 Flexural inertia about local 3-axis

One card is required for each unique set of properties. Shear
area is included only if shear deformations are to be included
in the analysis.
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LOCAL COORDINATE SYSTEM FOR BEAM ELEMENT
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D. Element Load Factors (4F10.0)

Three cards specifying the fraction of gravity (in each of the
three global coordinate directions) to be added to each element
load case.

Card 1: Multiplier of gravity load in the +X direction

Columns 1 - 10 Element load case A
11 - 20 Element load case B

21 - 30 Element load case C

31 - 40 Element load case D

Card 2: As above for gravity in the +Y direction

Card 3: As above for gravity in the +Z direction

Fixed-End Forces are not computed within the program for gravity loads

E. Fixed-End Forces (I5,6F10.OjI5,6F10.0)
Two cards are required for each unique set of fixed-end forces
occurring in the analysis. Distributed loads and thermal loads are
input using fixed end forces.

Card 1:

Columns 1 - 5 Fixed-end force number
6 - 15 Fixed-end force in local l-direction at Node I

16 - 25 Fixed-end force in local 2-direction at Node I
26 - 35 Fixed-end force in local 3-direction at Node I
36 - 45 Fixed-end moment about local l-direction at Node I
46 - 55 Fixed-end moment about local 2-direction at Node I
56 - 65 Fixed-end moment about local 3-direction at Node I

Card 2:

Columns 1 ­

6 ­

16
26
36 ­
46 ­
56 -

5 Blank
15 Fixed-end force in local l-direction at Node J

25 Fixed-end force in local 2-direction at Node J

35 Fixed-end force in local 3-direction at Node J

45 Fixed-end moment about local l-direction at Node J

55 Fixed-end moment about local 2-direction at Node J

65 Fixed-end moment about local 3-direction at Node J
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Note that values input are literally fixed-end values.
Corrections due to hinges and rollers are performed within the
program. Directions 1, 2 and 3 indicate principal directions in
the local beam coordinates

F. Beam Data Cards (1015,216,18)

75

Fixed-end force identification for
element load cases A, B, C, and
D respectively

Columns 1 - 5

6 - 10

11 - 15
16 - 20
21 - 25

26 - 30
31 - 35
36 - 40
41 - 45
46 - 50
51 - 56
57 - 62
63 - 70

Identification - beam number
Node I number
Node J number
Node K number - see Figure 4-1.

Material number

Geometric property number
A

B

C

D

End release code - Node I
End release code - Node J

Optional parameter k used for automatic
generation of element data. This option is
described below under a separate heading. If
the option is not used, the field is left blank.

The end release code at each node is a six digit number of ones
and/or zeros. The 1st, 2nd, .... 6th digits respectively
correspond to the force components Rl, R2, R3, Ml, M2, M3 at
each node.

If anyone of the above member end forces is known to be zero
(hinge or roller), the digit corresponding to that component is
a one.

Automatic Element Data Generation

If a series of elements occurs in which each element number NE. is one
1

greater than the previous number NE. 1
1-

i . e. , NE. = NE. 1 + 1
1 1-
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only the element data card for the first element in the series need be

given as input.

IF The end nodal point numbers NI. = NI. 1 + k
1 1-

NJ. = NJ. 1 + k
1 1-

AND THE a) material identification number
b) geometric property identification number
c) fixed-end force identification numbers for each

element load case

d) element code

e) orientation of local 2-axis

are the same for each element in the series.

The generator option is the value of k and if left blank is taken to be
one. The element data card for the last element in the structure must
always be given.

*Where successive beam elements have the same stiffness, orientation and
element loading, the program automatically skips recomputation of the
stiffness. Note this when numbering the beams to obtain maximum
efficiency.
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Type 3 - Plane Stress Membrane Elements

Quadrilateral and triangular elements can be used for plane

stress membrane elements of specified thickness which are oriented in

an arbitrary plane. All elements have temperature dependent orthotropic

material properties. Incompatible displacement modes can be included at

the element level in order to improve the bending properties of the

elements.

A general quadrilateral element is shown below:

z
u K

\~
I

+v

y

A local element coordinate system is defined by a U-V system. The v-axis

coincides with IJ side of the element. The u axis is normal to the v-axis

and is in the plane defined by nodal points I, J and L. Node Kmust be in

the same plane if the element stiffness calculations are to be correct. The

following sequence of cards define the input data for a set of TYPE 3 elements.

A. Control Card (615)
Columns 1 - 5 Number 3

6 10 Number of elements
11 15 Number of different materials
16 20 Maximum number of temperature cards for any

one material see Section B below.
30 Non-zero nurerical punch wi 11 suppress the

introduction of incompatible displacement
modes.

B-13



78

B. Material Property Information

Orthotropic, temperature dependent material properties are

possible. For each different material the following group of

cards must be supplied.

1. Material Identification Card (21S,3F10.0)

Columns 1 - 5 Material identification number

6 - 10 Number of different temperatures for which
properties are given. If this field is
left blank the number is taken as one.

11 - 20 Weight density of material (for gravity
loads only)

21 - 30 Blank

31 - 40 Angle 8 in degrees measured counter-clockwise
from the v-axis to the n-axis.

K

I

~v

The n-s axes are the principal axes for the orthotropic material.

Weight and mass densities are listed only if gravity and inertia

loads are to be considered.
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2. Material Property Cards - Two cards for each temperature.

Card 1: (8F10.0)

Columns 1 - 10 Temperature

11 - 20 Modulus of Elasticity - En

21 - 30 Modulus of Elasticity - Es

31 - 40 Blank

41 - 50 Strain Ratio - vns
51 - 60 Blank

61 - 70 Blank

71 - 80 Shear Modulus - Gns

Card 2: (3F10.0)

Columns 1 10 Coefficient of Thermal expansion - exn
11 20 Coefficient of Thermal expansion - exs

C. Element Load Factors

Four cards are used to define the element load cases A, B, C and

D as fraction of the basic thermal, pressure and acceleration loads.

First card, load case A: Second card, load case B, etc.

Columns 1 - 10 Fraction of thermal load

11 - 20 Fraction of pressure load

21 - 30 Fraction of gravity in X-direction

31 - 40 Fraction of gravity in V-direction

41 - 50 Fraction of gravity in Z-direction

D. Element Cards (615,2F10.0,215,F10.0)

One card per element must be supplied (or generated) with the

following information:

Columns 1 - 5 Element number

B-15
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6 - 10 Node I

11 - 15 Node J

16 - 20 Node K

21 - 25 Node L (Node L must equal Node Kfor triangular elements)

26 - 30 Material identification number

31 - 40 Reference temperature for zero stresses within elenent

41 - 50 Normal pressure on I-J side of element

51 - 55 Stress evaluation option II n.1I

56 - 60 El ement data generator IIk. 1I

61 - 70 Element thickness

Element Data Generation - Element cards must be in element number

sequence. If cards are omitted data for the omitted element data

will be generated. The nodal numbers will be generated with respect

to the first card in the series as follows:

I = I + kn n-l
I n = I n_l + k .

Kn = Kn_l + k

L = L 1 + kn n-
All other element information will be set equal to the information on

the last card. The mesh generation parameter IIk ll is specified on the

last card.

Stress Print Option - See element type 4

Thermal Data - See element type 4
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Type 4 - Two Dimensional Finite Elements

Quadrilateral and triangular elements can be used for the

following purposes:

(i) Axisymmetric solid elements symmetrical about the Z-axis.

The radial direction is specified as the V-axis. Care must

be exercised in combining this element with other types of

elements.

(ii) Plane strain elements of unit thickness in the V-Z plane.

(iii) Plane stress elements of specified thickness in the V-Z plane.

All elements have temperature dependent orthotropic material

properties. Incompatible displacement modes can be included at the

element level in order to improve the bending properties of the element.

A general quadrilateral element is shown below:

z,u

L--------- J
I

'------------.. y, v
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A. Control Card (615)

Columns 1 - 5 Number 4
6 - 10 Number of elements

11 - 15 Number of different materials
16 - 20 Maximum number of temperature cards for anyone

material - see Section B below.
o axisymmetric analysis

25 1 plane strain analysis
2 plane stress analysis

30 Non-zero numerical punch will suppress the
introduction of incompatible displacement modes.
Incompatible modes cannot be used for triangular
elements and are automatically suppressed.

B. Material Property Information

Orthotropic, temperature dependent material properties are
possible. For each different material the following group of
cards must be supplied.

1. Material Identification Card (2I5,3F10.0)

Columns 1 - 5 Material identification number
6 - 10 Number of different temperatures for which

properties are given. If this field is left
blank the number is taken as one.

11 - 20 Weight density of material (for gravity
loads only)

21 - 30 Blank
31 - 40 Angle 8 in degrees measured counter­

clockwise from the v-axis to the n-axis.

s

J

~m==-_..L-_-----l~ y, v
I

PRINCIPAL MATERIAL AXES
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The n-s axes are the principal axes for the orthotropic
material. Weight density is listed only if gravity and
inertia loads are to be considered.

2. Material Property Cards - Two cards for each temperature.

Card 1: (8F10.0)
Columns 1 - 10 Temperature

11 - 20 Modulus of elasticity - En
21 - 30 Modulus of elasticity - Es
31 - 40 Modulus of elasticity - Et
41 - 50 Strain ratio - vns
51 - 60 Strain ratio - vnt
61 - 70 Strain ratio - vst
71 - 80 Shear modulus - Gns

83

Card 2:
Columns

(3F10.0)
1 10

11 20
21 - 30

Coefficient of thermal
Coefficient of thermal
Coefficient of thermal

expansion
expansion
expansion

- a n
- a s
- a t

For plane stress analysis the values of Et , vnt ' vst and
at are automatically set to zero by the program.

C. Element Load Factors

Four cards are used to define the element load cases A, B, C and
'.'-"".

o as fraction of the basic thermal, pressure and acceleration loads.

First card, load case A: Second card, load case B; etc.

Columns 1 10 Fraction of thermal load
11 - 20 Fraction of pressure load
21 - 30 Fraction of gravity in X-direction
31 - 40 Fraction of gravity in V-direction
41 50 Fraction of gravity in Z-direction

D. Element Cards (615,2F10.0,215,F10.0)

One card per element must be supplied (or generated) with the
following information:
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Columns 1 - 5 Element number
6 - 10 Node I

11 - 15 Node J
16 - 20 Node K
21 - 25 Node L (Node L must equal Node Kfor triangular

elements)
26 - 30 Material identification number
31 - 40 Reference temperature for zero stresses withing

element
41 - 50 Normal pressure on I-J side of element
51 - 55 Stress evaluation option II nll

56 - 70 Element thickness (For plain strain set equal
to 1.0 by program)

Element Data Generation - Element cards must be in element number

sequence. If cards are omitted the omitted element data will be

generated. The nodal numbers will be generated with respect to the

first card in the series as follows:

In = I + kn-1

I n = Jn-1 + k

Kn = K + kn-l

L = Ln-1 + kn

All other element information will be set equal to the information

on the last card. The data generation k is given on the last

card in the sequence.
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Stress Print Option - The following description of the stress print

option applies to both element types 3 and 4. The value of the stress

print option "n" can be given as 1, 0, 8, 16 or 20.

IJ3I

\---P:-~Ls

t

o = origin of natural s-t coordinates (Figure 5-2l Points 1, 2,

3 and 4 are midpoints of sides. The points at which stresses are

output depend on the value of n as described in the following

table.

n Stresses output at

1 None

0 0

8 0, 1

16 0, 1, 2, 3

20 0, 1, 2, 3, 4
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The stresses at a are printed in a local Y-Z coordinate system.

For element type 3, side I-J defines the local Y-Z axes in the

plane of the element. For element type 4 the local Y-Z axes are

parallel to the global V-Z axes.

L K

'S22

~S12

~~8\~S"

1" STRESSES AT
o FOR ELEMENT

TYPE 3

Y
I

LOCAL Y-Z
COORDINATES

GLOBAL
COORDINATES

L K

,S22

---A. SI2

'-JEJi-+SII
~ STRESSES AT

~ o FOR ELEMENT

TYPE 4
Z

I

Y

LOCAL AND GLOBAL

Y-Z
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For both element types 3 and 4 the stresses at each midpoint are

output in a rectangular n-p coordinate system defined by the

outward normal to the edge (n axis) and the edge (p axis). The

positive p axis for points 1, 2, 3 and 4 is from L to I, J to K,

I to J and K to L respectively (counterclockwise positive about

el ement).

n
p

Lr--------4I-......-----------,K

87

COORDINATE SYSTEMS
FOR OUTPUT OF
EDGE STRESSES

4
\
\
\ 2

+-----­------ ,
\,
'3

n

POSITIVE STATE
OF STRESS AT
THE MIDPOINT
OF A SIDE
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The stresses for an element are output under the following headings:

511,522,512,533, 5-MAX, 5-MIN, ANGLE. The normal stresses 511

and 522 and the shear stress 512 are as described above. S-MAX and

5-MIN are the principal stresses in the plane of the element and 533

is the third principal stress acting on the plane of the element.

ANGLE is the angle in degrees from (1) the local Y axis at point

0, or (2) the n axis at the midpoints, to the axis of the

algebraically largest principal stress.

For triangular elements the stress print option is as described

above except that n=20 is not valid. If n=20 is input, n will

be set to 16 by the program.

Thermal Data - Nodal temperatures as specified on the joint data

cards are used by element types 3 and 4 in the following two ways:

(1) Temperature dependent material properties are approximated by

interpolating (or extrapolating) the input material properties

at the temperature To corresponding to the origin of the local

s-t coordinate system (see Figure 5.2 for description of local

element coordinates). The material properties throughout the

element are assumed constant corresponding to this temperature.

t

I

s

J
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(2) For computation of nodal loads due to thermal strains in the

element a bilinear interpolation expansion for the temperature

change &T (s,t) is used.

89

&T (s,t) =
4
l: h. (s,t) T. - T

i=l 1 1 r

where Ti are the nodal temperatures specified on the joint

data cards, Tr is the reference stress free temperature and

hi (s,t) are the interpolation functions given by equation 5.7.
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Type 5 - Three Dimensional Solid Elements: 8 Nodal Brick

General three-dimensional, 8 node, isoparametric elements with

three translational degrees of freedom per node are identified by the

number 5. Isotropic material properties are assumed. The element load

cases (A, B, C and D) are defined as a combination of surface pressure,

hydrostatic loads, inertia loads in three directions and thermal loads.

The six components of stress and three principal stresses are computed

at the center of each element. Also, surface stresses are evaluated.

Nine incompatible displacement modes are assumed in the formation of

element stiffness matrices.

A. Control Card (4I5)

Columns 1 - 5 The number 5

6 - 10 Number of 8-node solid elements

11 - 15 Number of different materials

16 - 20 Number of element distributed load sets

B. Material Property Cards (I5,4F10) -- One card for each
different material

Columns 1 - 5 Material identification number

6 - 15 Modulus of elasticity (only elastic,
isotropic materials are considered)

16 - 25 Poisson's ratio

26 - 35 Weight density of material

36 - 45 Coefficient of thermal expansion

C. Distributed Surface Loads (2I5,2F10,2I5) -- One card is
required for each unique set of uniformly distributed
surface loads and for each reference fluid level for
hydrostatically varying pressure loads. See notes IV and
V for sign convention.
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Columns 1 - 5 Load set identification number

6 - 10 LT (load type)

LT = 1 if this card specifies a uniformly
distributed load.

LT = 2 if this card specifies a
hydrostatically varying pressure.

11 - 20 P

If LT = l! P is the magnitude of the
uniformly distributed load

If LT = 2! P is the weight density of the
fluid causing the hydrostatic pressure

21 - 30 Y

If LT = l! leave blank

If LT = 2! Y is the global Ycoordinate
of the surface of fluid causing hydrostatic
pressure loading

31 - 35 Element face number on which surface load
acts. Face numbers are from 1 to 6 as
described in note IV for uniformly
distributed loads and can be only faces
2! 4 or 6 for hydrostatically varying
pressures.

D. One Blank Card

E. Element Load Case Multipliers (5 cards of 4F10) -­
Multipliers on the element load cases are scaling factors
in order to provide flexibility in modifying applied loads.

91

Card 1: Columns 1 - 10 PA

11 - 20 PB

21 - 30 PC

31 - 40 PD

B-27

Pressure load
multipliers



92

PA is a factor used to scale the complete set of distributed
surface loads. This scaled set of loads is assigned to
element load caseA. Note that zero is a valid multiplier.
PB, PC and PD are similar to PA except that scaled loads
are assigned to element load cases B, C and D respectively.
For the majority of applications these factors should be
1.0
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Gravity loads are computed from the weight density of the
material and from the geometry of the element. GXA is a

multiplier which reflects the location of the gravity axis
and any load factors used. The program computes the weight

of the element, multiplies it by GXA and assigns the
resulting loads to the + X direction of element load case A.

Consequently GXA is the product of the component of gravity
along the + X global axis (from - 1.0 to 1.0) and any desired
load factor. GXB, GXC and GXD are similar to GXA and refer

to element load cases B, C and D respectively. GYA and GZA
refer to the global Y and Z directions respectively.

F. Element Cards (1215,412,21l,F10)

1

2

3

4

5

6

7

8

(See note I II)

Global node point
numbers corresponding
to element nodes

Element number

Integration Order

Material Number

Generation Parameter (INC)
LSA LSA is the distributed surface
LSB load set identification number

of the distributed load acting
LSC on this element to be assigned
LSD to element load case A. LSB,

LSC and LSD refer to element
load cases B, C and D
respectively

69 - 70 Face numbers for stress output
71 - 80 Stress free element temperature

1 - 5

6 - 10

11 - 15
16 - 20
21 - 25
26 - 30

31 - 35

36 - 40
41 - 45

46 - 50
51 - 55

56 - 60

61 - 62
63 - 64

65 - 66

67 - 68

Columns

B-29·
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G. Notes

I. Element Generation

1. Element cards must be in ascending order
2. Generation is possible as follows:

If a series of element cards are omitted

a. Nodal point numbers are generated by adding INC to
those of preceding element. (If omitted, INC is set
equa1 to 1.)

b. Same material properties are used as for the preceding
element.

c. Same temperature is used for succeeding elements.

d. If on first card for the series the integration order is:

. >0 Same value is used for succeeding elements

= 0 A new element stiffness is not formed. Element
stiffness is assumed to be identical to that
of the preceding element.

< 0 Absolute value is used for the first element of
the series, and the same element stiffness is
used for succeeding elements.

e. If on first card for the series, the distributed
load number (for any load case) is:

. >0 Same load is applied to succeeding elements

< 0 The load case is applied to this element but
not to succeeding elements in the series.

3. Element card for the last element must be supplied.

II. Integration Order

Computation time (for element stiffness) increases with the
cube of the integration order. Therefore, the smallest
satisfactory order should be used. This is found to be:

2 for rectangular element
3 for skewed element
4 may be used if element is extremely distorted in shape,

but not recommended.
Mesh should be selected to give "regular" elements as far as
possible.
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III. Element Coordinate System

Local element coordinate system is a natural system for this
element in which the element maps onto a cube. Local element
numbering is shown in Figure 1.

c

2

b

7

5 t£-----;---.

a

IV. Identification of Element Faces

Element faces are numbered as follows:

Face 1 corresponds to + a direction Faces 1,3,5 are positive faces
2 corresponds to - a direction Faces 2,4,6 are negative faces
3 corresponds to + b direction
4 corresponds to - b direction
5 corresponds to + c direction
6 corresponds to - c direction
a corresponds to the center of the element

B-31
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V. Distributed Surface loads

Two types of surface loadings may be specified; load type 1
(IT = 1), uniformly distributed surface load and load type 2 (IT = 2),
hydrostatically varying surface pressure (but not surface tension).
Both loading types are for loads normal to the surface and do not
include surface shears. Surface loadings that do not fall into these
categories must be input as consistent nodal loads on the concentrated
load data cards (see Section B4).

(1) IT = 1: A positive surface load acts in the direction of

the outward normal of a positive element face and along the inward

normal of a negative element face as shown in the following diagram.

NEGATIVE
FACES 2,4,6

----I•• a OR b OR c
AXIS

POSITIVE
FACES 1,3,5

POSITIVE SURFACE LOADI NG P

If the uniformly distributed surface loading P is input as a positive
quantity then it describes pressure loading on faces 2, 4 or 6 and
tensile loading on faces 1, 3 or 5. If P is input as a negative
quantity then it describes tensile loading on faces 2, 4 or 6 and
pressure on faces 1, 3 or 5.

(2) IT = 2: A hydrostatically varying surface pressure on
element faces 2, 4 or 6 can be specified by a reference fluid surface
and a fluid weight density y as input. Only one hydrostatic surface
pressure card need be input in order to specify a hydrostatic loading
on the complete structure. The consistent nodal loads are calculated
by the program as follows. At each numerical integration point lIi ll

on an element surface the pressure Pi is calculated from
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where Yi is the global Y coordinate of the point in question

and Yref specifies the fluid surface assuming gravity acts along

the -Y axis

Y

,
I

Yref I
I Yl

I .X

If Pi > 0, corresponding to surface tension the contribution is

ignored. If an element face is such that Yi > Yref for all i

(16 integration points are used by program) then no nodal loads

will be applied to the element. If some Pi > 0 and some

Pi < 0 for a particular face then approximate nodal loads are

obtained for the partially loaded surface.
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VI. Thermal Loads

Thermal loads are computed assuming a constant temperature
increase ~T throughout the element.

~T

Tavg

VII. Element Load Cases

= T - Tavg 0

= the average of the 8 nodal point
temperatures specified on joint data
cards

= stress free element temperature
specified on the element card.

Element load case A consists of all the contributions from
distributed loadings, thermal loadings and gravity loading for
all the elements taken collectively.

Load case A = ~ PA x pressure loading
+ TA x thermal loading
+ GXA x gravity X loading
+ GYA x gravity Y loading
+ GZA x gravity Z loading

Element load case A for the set of three dimensional solid
elements is added to element load case A for the other element
types in the analysis. Element load cases B, C and 0 are
analogous to element load case A. The loading cases for the
structure are obtained by adding linear combinations of
element load cases A, B, C and 0 to the nodal loads specified
on the joint data cards.

B-34



VIII. Element Stresses are Output as Follows

1. At the centroid of the element stresses are referred to the
global axes. Three principal stresses are also presented.

2. At the center of an element face stresses are referred to a
set of local axes (x, y, z). These local axes are individually
defined for each face as follows: Let nodal points I, J,
K and L be the four corners of the element face. Then

x Specified by LI - JK, where LI and JK are midpoints
of sides L-I and J-K

z Normal to x and to the line joining midpoints IJ and
KL.

y Normal to x and z to complete the right handed system.

K

J

The corresponding nodal points I, J, Kand L in each face are
given in the table.

B-35
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NODAL POINTS
FACE

I J K L

1 1 2 6 5

2 4 3 7 8

3 3 7 6 2

4 4 8 5 1

5 8 5 6 7

6 4 1 2 3

Two surface principal stresses and the angle between the

algebraically largest principal stress and the local x axis

are printed with the ~utput. It is optional to choose one

or two locations of an element where stresses are to be

computed. In the output, face zero designates the centroid

of the element.
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Type 6 - Plate and Shell Elements (Quadrilateral)

A. Control Card (315)

Columns 1 - 5 The number 6
6 - 10 Number of shell elements

11 - 15 Number of different materials

B. Material Property Information

Anisotropic material properties are possible. For each different
material, two cards must be supplied.

Card 1: (I10,20X,4F10.0)

Columns 1 - 10 Material identification number
31 - 40 Mass density
41 - 50 Thermal expansion coefficient ax
51 60 Thermal expansion coefficient ay
61 - 70 Thermal expansion coefficient az

Card 2: (6F10.0)

Columns 1 - 10

11 - 20
21 - 30
31 - 40
41 - 50
51 - 60

Elasticity element Cxx
Elasticity element Cxy
Elasticity element Cxs
Elasticity element Cyy
Elasticity element Cys
Elasticity element Gxy

Elements in plane stress
material matrix [C]

axx Cxx Cxy Cxs £xx

ayy = Cxy Cyy Cys £yy

Txy Cxs Cys Gxy Yxy

C. Element Load MUltiplers (5 cards)

Card 1: (4F10.0)

Columns 1 - 10 Distributed lateral load multiplier for load case A
11 20 Distributed lateral load multiplier for load case B
21 - 30 Distributed lateral load multiplier for load case C
31 - 40 Distributed lateral lnad multiplier for load case D

Card 2: (4F10.0)
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Columns 1 - 10 Temperature multiplier for load case A
11 - 20 Temperature multiplier for load case B
21 - 30 Temperature multiplier for load case C
31 - 40 Temperature multiplier for load case D

Card 3: (4FlO.0)

Columns 1 - 10 X-direction acceleration for load case A
11 - 20 X-direction acceleration for load case B
21 - 30 X-direction acceleration for load case C
31 - 40 X-direction acceleration for load case D

Card 4: (4F10.0) Same as Card 3 for V-direction

Card 5: (4F10.0) Same as Card 3 for Z-direction

D. Element Cards (8I5,F10.0)

One card for each element

Columns 1 - 5 Element number
6 - 10 Node I

11 - 15 Node J

16 - 20 Node K
21 - 25 Node L

26 - 30 Node 0*
31 - 35 Material identification (If left blank, taken

as one)
36 - 40 Element data generator Kn**
41 - 50 Element thickness
51 - 60 Distributed lateral load (pressure)
61 - 70 Mean temperature variation T from the reference

level in undeformed position
71 - 80 Mean temperature gradient aTjaz across the shell

thickness (a positive temperature gradient
produces a negative curvature).

* When columns 26 - 30 are left blank, mid-node properties are computed
by averaging the four nodes. .

** Element cards must be in element number sequence. If element cards
are omitted, the program automatically generates the omitted
information as follows:
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The increment for element number is one

i.e. NEH 1 = NE. +
1

The corresponding increment for nodal number is Kn

i.e. NIH1 = NI. + K
1 n

NJ Hl = NJ. + Kn1

NKi+1 = NK. + K
1 n

NL i+l = NL. + Kn1

Material identification, element thickness, distributed lateral
load, temperature and temperature gradient for generated elements
are the same as the first element in the series. The last
element card is always needed.

NOTE

The nodal point numbers I, J, K and L are in sequence in a counter­
clockwise direction around the element. The local element coordinate
system (x, y, z) is defined as follows:

x Specified by LI - JK, where LI and JK are midpoints of sides
L-I and J-K.

z Normal to x and to the line joining midpoints IJ and KL.

y Normal to x and z to complete the right-handed system.

This system is used to express all physical and kinematic shell
properties (stresses, strains, material law, etc.), except that the
body force density is referred to the global coordinate system (X, Y, Z).

8-39

103



104

z

J

For the analyses of smooth shells, rotational constraints
normal to the surface may be imposed by the addition of Boundary elements
at the nodes (element type #7).
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Type 7 - Boundary Element

This element is used to constrain nodal displacements to

specified values, to compute support reactions and to provide linear

elastic supports to nodes. If the boundary condition code for a

particular degree of freedom is specified as 1 on the joint data cards

(section B-4) the displacement corresponding to that degree of freedom

is zero and no support reactions are obtained with the print out.

Alternatively, a boundary element can be used to accomplish the same

effect except that support reactions are obtained since they are equal

to the member end forces of the boundary elements which are printed.

In addition the boundary element can be used to specify non-zero nodal

displacements in any direction which is not possible using the joint

data cards.

The boundary element is defined by a single directed axis

through a specified nodal point, by a linear extensional stiffness along

the axis and by a linear rotational stiffness about the axis. The

boundary element is essentially a spring which can have axial displace­

ment stiffness and axial rotational stiffness. There is no limit to the

number of boundary elements which can be applied to any joint to produce

the desired effects. Boundary elements have no effect on the size of

the stiffness matrix.

INPUT DATA

A. Control Card (215)

Columns 1 - 5 The number 7.

6 - 10 Total number of boundary elements.
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B. Element Load Multipliers (4F1O.O)

Columns 1 - 10 Multiplier for load case A

11 - 20 Multiplier for load case B

21 - 30 Multiplier for load case C

31 - 40 Multiplier for load case D

C. Element Cards (815,3F1O.0)

One card per element (in ascending nodal point order) except
where automatic element generation is used.

Columns 1 - 5 Node N, at which the element is placed

6 - 10 Node I

11 - 15 Node J

16 - 20 Node K

21 - 25 Node L

Leave columns 11 - 25 blank
if only node I is needed.

26 - 30 Code for displacement

31 - 35 Code for rotation

36 - 40 Data generator Kn.

41 - 50 Specified displacement along element axis

51 - 60 Specified rotation about element axis

61 - 70 Spring stiffness (set to 1010 if left blank)
for both extension and rotation.

EXPLANATION OF INPUT DATA

(1) Direction of boundary element

The direction of the boundary element at node N is specified

in one of two ways.

(i) A second nodal point I defines the positive direction of the

element from node I to node N.
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(ii) Four nodal points I, J, Kand L specify the positive direction
of the element as the normal to the plane defi.ned by two
intersecting straight lines (vectors ~ and e)

107

n

b

n=oxb
ROTATIONAL CONSTRAINT
IN THIN SHELL ANALYSIS

The four points I, J, Kand L need not be unique. A useful
application for the analysis of shallow thin shells employs
the boundary element to approximate rotational constraint
about the surface normal as shown above.

~ is given by the vector cross product ~ = ~ x ~

The positive direction of the boundary element corresponds

to the direction of n. The point of application is

independent of ~

Note that node I in case (i) and nodes I, J, Kand L in case (ii) are

used only to define the direction of the element and if convenient may

be any nodes used to define other elements. However 'artificial nodes'

may be created to define directions of boundary elements. These

'artificial nodes' are input on the joint data cards (section B-4) with

their coordinates and with all the boundary condition codes specified as

1 (oneL
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The posi.tive direction of boundary elements is needed to

interpret the direction of forces in the element and hence of reactions.

Positive force P and
torque T acting on
boundary element

P is +ve in direction of n
T is +ve by right hand rule

about n

N

Positive reactions at
node N

(2) Displacement and rotation codes

These codes are either a 0 (zero) or a 1 (one) punched in

columns 30 and 35.

If displacement code = 0: The boundary element acts as an

extensional spring at node Nwith stiffness as specified in columns

61 - 70. Nodal loads applied to joint Nare specified on the joint

data card for node N (section 6-4).

If displacement code = 1: When this code is used the

displacement 0 specified in columns 41 - 50 and the spring stiffness k

specified in columns 61 - 70 are used by the program in the following

way. The load P evaluated from P = k 0 is applied to node N in the

positive direction of the element if 0 is positive. If k is much

greater then the stiffness of the structure at node Nwithout the
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boundary element then the net affect is to produce a displacement very

nearly equal to <5 at node N. If <5 = 0 then P = 0 and the stiff

spring approximates a rigid support. Note that the load P will

contribute to the support reaction for nonzero 6. The boundary

condition codes specified on the joint data cards (section B-4) must be

consistent with the fact that a load P is being applied to node N to

effect the desired displacement (even when this displacement is zero)

If rotation code = 0: The boundary element provides

rotational spring stiffness about the axis of the element to node N.

The stiffness is specified in columns 61 - 70 and arbitrary nodal loads

at node Nare specified on the joint data card for this node.

If rotation code = 1: This case is completely analogous to

the situation described above where the displacement code is.J. A torque

T evaluated from T = k e is applied to node Nabout the axis of the·

element. The rotation e is specified in columns 51 - 60.

(3) Data generator Kn

When a series of nodes are such that:

(i) All have identical boundary elements attached

(ii) All boundary elements have same direction

(iii) All specified displacements and rotations are identical

(iv) The nodal sequence forms an arithmetic sequence, i.e. N,

8-45 .
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(4) Element load multipliers

Each of the four possible element load cases A, B, C and D

associated with the boundary elements consists of the complete set of

displacements as specified on the boundary element cards factored by the

element load multiplier for the corresponding load case. As an example

suppose that displacement of node N is specified as 1.0, spring stiffness

as lOla and no other boundary element displacements are specified. Let

case A multiplier be 0.0 and case B multiplier be 2.0. For element load

case A the specified displacement is 0.0 x 1.0 = 0.0 while that for B is

2.0 x 1.0 = 2.0. Linear combinations of element load cases A, B, C and D

for all types of elements collectively for a particular problem are

specified on the joint data input cards (section 8-4). As far as the

boundary element is concerned this device is useful when a particular

node has a support displacement in one load case but is fixed in others~
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Type 8 - Three-Dimensional Thick Shell Element (16 Nodes)

Three-dimensional 16 node, curved isoparametric elements with

three translational degrees of freedom per node are identified by the

number 8. Isotropic material properties are assumed. The element load

cases (A, B, C and D) are defined as a combination of surface pressure,

hydrostatic loads, inertia loads in three directions and thermal loads.

The six components of stress and three principal stresses are computed

at the center of each element. Also, surface stresses are evaluated.

Five incompatible displacement modes are assumed in the formation of

element stiffness matrices in addition to the sixteen isoparametric

interpolation functions.

A. Control Card (415) --

Columns 1 - 5 The number 8

6 - 10 Number of thick shell elements

11 - 15 Number of different materials

16 - 20 Number of element distributed load sets

B. Material Property Cards (I5,4F10) -- One card for each
different material

Columns 1 - 5 ~1a teri a1 identification number

6 - 15 Modulus of elasticity (only elastic,
isotropic materials are considered)

16 - 25 Poisson's ratio

26 - 35 Weight density of material

36 - 45 Coefficient of thermal expansion

C. Distributed Surface Loads (2I5,2F10,215) -- One card is
required for each unique set of uniformly distributed
surface loads and for each reference fluid level for
hydrostatically varying pressure loads. See notes III and
V for ~ ~ -~ ~~~ ..~~ol-~ ~~

III
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Columns 1 - 5 Load set identification number

6 - 10 LT (load type)

LT = 1 if this card specifies a uniformly
distributed load.

LT = 2 if this card specifies a
hydrostatically varying pressure.

11 - 20 P

If LT = 1, P ;s the magnitude of the
uniformly distributed load

If LT = 2, P is the weight density of the
fluid causing the hydrostatic pressure

21 - 30 Y

If LT = 1, leave blank

If LT = 2, Y is the global Ycoordinate
of the surface of fluid causing hydrostatic
pressure loading

31 - 35 Element face number of which surface load
acts. Face numbers are from 1 to 6 as
described in note IV for uniformly
distributed loads and can be only faces
2, 4 or 6 for hydrostatically varying
pressures.

O. Reference Temperature (lF10)

Columns 1 - 10 Stress free temperature

E. Element Load Case Multipliers (5 cards of 4F10)
Multipliers on the element load case are scaling factors
in order to provide flexibility in modifying applied loads.

Card 1: Columns 1 - 10 PA

11 - 20 PB

21 - 30 PC

31 - 40 PO

B-48

Pressure load
multipliers



PA is a factor used to scale the complete set of distributed
surface loads. This scaled set of loads is assigned to
element load case A. Note that zero is a valid multiplier.
PB, PC and PO are similar to PA except that scaled loads
are assigned to element load cases B, C and 0 respectively.
For the majority of applications these factors should be
1.0

Card 2: Columns 1 - 10 TA

11 - 20 TB Thermal load
21 - 30 TC multipliers

31 - 40 TO

TA is a factor used to scale the complete set of thermal
loads. The scaled set of loads are then assigned to element
load case A. TB, TC and TO are similar and refer to element
load cases B, C and 0 respectively.
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Card 3: Columns 1 - 10 GXA

11 - 20 GXB

21 - 30 GXC

31 - 40 GXO

Card 4: Columns 1 - 10 GYA

11 - 20 GYB

21 - 30 GYC

31 - 40 GYO

Card 5: Columns 1 - 10 GZA

11 - 20 GZB

21 - 30 GZC

31 - 40 GZO

Gravity load
multipliers for + X
global direction

Gravity load
multipliers for + Y
global direction

. Gravity load
multipliers for + Z
global direction
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Gravity loads are computed from the weight density of the
material and from the geometry of the element. GXA is a
multiplier which reflects the location of the gravity axis
and any load factors used. The program computes the weight
of the element, multiplies it by GXA and assigns the
resulting loads to the + X direction of element load case A.
Consequently GXA is the product of the component of gravity
along the +X global axis (from - 1.0 to 1.0) and any desired
load factor. GXB, GXC and GXD are similar to GXA and refer
to element load cases B, C and D respectively. GYA and GZA
refer to the global Y and Z directions respectively.

F. Element Cards (4I5,4I2,2X,F10/16I5) Two Cards for each element
are needed.

Card 1: Columns 1 - 5

6 - 10
11 - 15
16 - 20
21 - 22
23 - 24
25 - 26
27 - 28

31 - 40

Element number
Integration order
Material number
Generation parameter (INC)

LSA} LSA is the distributed surface
LSB load set identification number

of the distributed load acting
LSC on this element to be assigned
LSD to element load case A. LSB,

LSC and LSD refer to element
load cases B, C and 0
respectively

Element temperature

Card 2: Columns 1 - 5
6 - 10

11 - 15
16 - 20
21 - 25
26 - 30
31 - 35
36 - 40
41 - 45
46 - 50
51 - 55
56 - 60
61 - 65
66 - 70
71 - 75
76 - 80

B-50

Global nodal point
numbers corresponding
to element nodes

(See note II)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16



G. Notes

I. Element Generation

1. Element cards must be in ascending order.

2. Generation is possible as follows:

If a series of element cards are omitted

a. Nodal point numbers are generated by adding INC to
those of preceding element. (If omitted, INC is set
equal to 1).

b. Same material properties are used as for the
preceding element.

c. Same temperature is used for succeeding elements.

d. If on first card for the series the integration
order is:

. >0 Same value is used for succeeding elements

= 0 A new element stiffness is not formed. Element
stiffness is assumed to be identical to that of
the preceding element.

< 0 Absolute value is used for the first element of
the series, and the same element stiffness is
used for succeeding elements.

e. If on first card for the series, the distributed
load number (for any load case) is:

> 0 Same load is applied to succeeding elements

< 0 The load case is applied to this element but
not to succeeding elements in the series.

3. Element Card for the last element must be supplied.
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II. Local element coordinate system is a natural system for this element
in which the element maps onto a cube. Local element numbering
is shown below. t

6

s

r

III. Element Face are Numbered as Follows:

Face 1 corresponds to + r direction
Face 2 corresponds to - r direction
Face 3 corresponds to + s direction 1, 3, 5 are positive faces
Face 4 corresponds to - s direction 2, 4, 6 are negative faces
Face 5 corresponds to + t direction
Face 6 corresponds to - t direction

IV. Integration Order

Computation time (for element stiffness) increases with the cube of
the integration order. Therefore, the smallest satisfactory order
should be used. This is found to be:

3 for regular shape

4 for irregular shape
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V. Distributed Surface Loads

Two types of surface loadings may be specified; load type 1
(LT = 1), uniformly distributed surface load and load type 2 (LT = 2),
hydrostatically varying surface pressure (but not surface tension).
Both loading types are for loads normal to the surface and do not
include surface shears. Surface loadings that do not fall into these
categories must be input as consistent nodal loads on the concentrated
load data cards (see Section B4).

(1) LT = 1: A positive surface load acts in the direction of
the outward normal of a positive element face and along the inward
normal of a negative element face as shown in the following diagram.
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NEGATIVE
FACES 2,4,6

-----I•• r OR s OR t
AXIS

POSITIVE SURFACE LOADING P

If the uniformly distributed surface loading P is input as a positive
quantity then it describes pressure loading on faces 2, 4 or 6 and
tensile loading on faces 1, 3 or 5. If P is input as a negative
quantity then it describes tensile loading on faces 2, 4 or 6 and
pressure on faces 1, 3 or 5.

(2) LT = 2: A hydrostatically varying surface pressure on
element faces 2, 4 or 6 can be specified by a reference fluid surface
and a fluid weight density y as input. Only one hydrostatic surface
pressure card need be input in order to specify a hydrostatic loading
on the complete structure. The consistent 'nodal loads are calculated
by the program as follows. At each numerical integration point "i"
on an element surface the pressure Pi is calculated from
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where Vi is the global V coordinate of the point in question

and Vref specifies the fluid surface assuming gravity acts along

the -V axis

Y

T
I

Yref I
I Yj
I .X

If Pi > 0, corresponding to surface tension the contribution is

ignored. If an element face is such that Vi > Vref for all i

(16 integration points are used by program) then no nodal loads

will be applied to the element. If some Pi > 0 and some

Pi < 0 for a particular face then approximate nodal loads are

obtained for the partially loaded surface ..
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VI. Thermal Loads

Thermal loads are computed assuming a constant temperature
increase ~T throughout the element.

~T = Te - Tr

Te = element temperature specified on element data card
(see F above)

Tr = reference stress free temperature (see Dabove)

VII. Element Load Cases

Element load case A consists of all the contributions from
distributed loadings, thermal loadings and gravity loading for
all the elements taken collectively.

Load case A = L: PA x pressure loading

+ TA x thermal loading

+ GXA x gravity X loading

+ GYA x gravity Y loading

+ GZA x gravity Z loading

Element load case A for the set of three dimensional solid
elements is added to element load case A for the other element
types in the analysis. Element load cases B, C and Dare
analogous to element load case A. The loading cases for the
structure are obtained by adding linear combinations of
element load cases A, B, C and D to the nodal loads specified
on the joint data cards.

VII 1. Stresses

The stresses are computed at 7 points, the center of each
face and the center of the element. The stresses computed and
output are with respect to the global coordinate system.
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APPENDIX C - PROGRAM CAPACITY

C-l High Speed Storage Reguirements

The high speed storage requirements of the program can be

changed depending on the size of the problem to be solved. This is done

by changing the two Fortran statements at the start of SAP2, i.e.

COMMON A(n)

MTOT = n

The minimum value of n needed is computed as follows:

n = 10* (number of joints) + M

where

M= the maximum value of each of the following:

(1) Truss elements

M= 5* NMAT NMAT = number of material types

(2) Beam elements

M= 3*NMAT+12*NFIX+6*NPROP

NFIX = number of fixed end force sets

NPROP = number of different beam
properties

(3) Plane stress and plane strain elements.

M= 4*NMAT+ll*NMAT*NTC

NTC = number of material temperatures

(4) Axisymmetric quadrilateral

M= 4*NMAT

(5) Three-dimensional solid elements

M=4*NMAT+4*NLD+2475

c~1 ..

NLD = number of element load sets
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(6) Plate and shell elements

M= l2*NMAT

(7) Boundary elements

M = 0

(8) Solid thick shell element

M= 4*NMAT+4NLD+6615

Note: (1) A convenient general rule for computing a minimum value of

n (except for solid elements) is:

n = 11* (number of joints)

(2) For optimum efficiency, however, a value of n, considerably

greater than the minimum, should be used.

(3) If the value of n is set too small an error message is

printed and program execution is terminated.

C-2 Low Speed Storage Requirements

For very large problems, the amount of low speed backup storage

on the computer will govern the maximum size of structure which can be

solved. Six temporary storage files are used with the following maximum

storage requirements:

Tape 1

For element stress-displacement transformation matrices

Number of locations on Tape 1 =

Ne
l:

i =1
[(N + 2) * Nd + N * 4 + 2].s s,
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Tape 2

Where Ne = total number of elements

Ns = number of output stresses associated with an
element

Nd = number of displacement degrees of freedom
associated with an element

For element stiffness matrices

Number of locations on Tape 2 =

Ne
I [Nd * (Nd + 6) + 1J ii =1

or for temporary storage during solution of equations

Number of locations on Tape 2 =

Where Nband = half band width of equations

Neb = number of equations in a block

= (MTOT - 4 * Nt)
(N band + Nt + l)* 2

Nt = number of load conditions

or, for storage of displacements

Number of locations on Tape 2 = Neq * Nt

Where Neq = total number of equations

C-3
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Tape 3

Tape 4

Tape 7

Tape 8

For temporary storage during solution of equations

Number of locations on Tape 3 =

For storage of total stiffness and load matrices.

Number of locations on Tape 4 =

For temporary storage in the formation of the total stiffness
matrix

Number of locations on Tape 2 =

or, for temporary storage during solution of equations; same as
second option for Tape 2.

For storage of boundary condition array and load multipliers

Number of locations on Tape 8 =

6 * Nj + 4 * N~

where Nj = total number of joints in the system

C-4



C-3 Solid-SAP Common Storage Allocation

COMMON A (MTOT)

COMMON/ELPAR/NPAR (14), NUMNP, MBAND, Nl, N2, N3, N4, N5, NEQ

COMMON/EM/2594 locations max.

COMMON/JUNK/222 locations max.

C-5
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APPENDIX D

FORTRAN IV COMPUTER PROGRAM LISTING
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C

C
C COMPUTE STRESSES
C

C
C PRINT D[SPLACEMENT
C

N2~N1+NUMNP*6

N3=~2+6*LL

CALL PRINTOIAINII,AIN2I,AIN3/,NEQB,NUMNP,LL,N8LOCK,NEO,21

~

o
...;

?:J
rn
-0
?:J
o
o
c:
o
OJ
r­
rn

,FB.211
,F8.211
,F8.211
,F8.211
,FB .211
,FB.2111
,F8.21

=,15,
:::.,[5,
==,15,
=,15l

lao FORMATI12A6/6151
200 FORMATIIHI,12A6111

2BH NUMBER OF NODAL POINTS ~ ,15/1
2BH NUMBER OF ELEMENT 1YPES = ,151/
2BH NUMBER OF LOAD CASES = ,15)

201 FORMATI34H2 TOTAL NUMBER OF EQUATIONS
I 13~H 8ANOWIOTH
2 134H ~UM8ER OF EOUATIC~S IN A BLOCK
3 13~H NUMBER OF BLOCKS

203 FORMAT 1 12H20VERALL LOG II
33H NODAL POINT INPUT •••••••••••••
33H FORM ELEMENT STIFFNESSES ••••••
33H INPUT NODAL LOADS •••••••••••••
33H FORM TOTAL STIFFNESS••••••••••
33H EQUATION SOLVING••••••••••••••
33H ELEMENT STRESSES••••••••••• ; ••
33H TOTAL SOLUTION TIME •••••••••••

C

C
C---- READ OR GENERATE N004L POINT OATA-------------------------------­

WRITE 16,20001
WR ITE 16, 200ll
NOLO=O

10 READ (5010001 N,(IOI"l,I)ol=I,6I,XINI,YINI,lINI,KN,TlNI
WRITE 16,2002) N,IIDli,II,I=I,6I,XINI,YINI,ZINI,KN,TINI
IFINOLD.EO.OI GO TO 50

C-----CHECK IF GENERATION IS REQUIREO-------------------------------~--­

~O 20 [=1,6
IF II 01 N,II .EQ.O. AND. IOlNOLO,ll, LT .01 101 N, [1= 10( NOLO, II

20 CONTINUE
IFIKN.EO.OI GO TO 50
NUM= I N-N(\LDI IKN
NUMN=NUM-1
[FINUMN.LT.II GO TO 50
XNUM=NUM

C
1001 FORMAT 114151

END

30 N2~NI+4*LL

N3~N2+NEOB*LL

LB~IMTOT-N31/(NEQ +121
NOYN~O

CALL STRESSI4INII,AIN2I,AIN3I,NEQB,LB,LL,NEQ,NBLOCK/

CALL SECCNO lTI111
00 40 l~l,6

40 Tl I I~T( [+11-111/
117/=TIII+7121.TI31+TI41+TI5)+TI61
WR ITE 16,2031 T

GO TO 5

SUBROUTINE INPUTJIIO,X,y,l,T,NU~NP,NEQI

C-----E. WILSON JULY 1971
DIMENSION Xll1,YIII,ZIII,I0INUMNP,61,Tl11

NSBB~NEQB*LL*12+IMBA~D-II/NEQBI

IF(NSB5.LT.NSBI NSBS-NSS
N4~N3+NSBB

CALL USOLIA(NII,AIN31.AIN4I,NEQB.MBANO,LL,NBLOCK,NSB,~,3,7,2,21

CALL SECONCIT(6)1

SSAP 76
SSAP 77
SSAP 78
SSAP 79
SSAP SO
SSAP 81
SSAP 82
SSAP 83
SSAP 84
SSAP 55
SSAP 86
SSAP 87
SSAP 88
SSAP 89
SSAP 90
SSAP 91
SSAP 92
SSAP 93
SSAP 94
SSAP 95
SSAP 96
SSAP 97
SSAP 98
SSAP 99
SSAP 100
SSAP 101
SSAP 102
SSAP 103
SSAP 104
SSAP 105
SSAP 106
SSAP 107
SSAP lOB
SSAP 109
SSAP 110
SSAP 111
SSAP 112
SSAP 113
SSAP 114
SSAP 115
SSAP 116
SSAP 117
SSAP 118
SSAP 119
SSAP 120
SSAP 121
SSAP 122
SSAP 123

SSAP 124
SSAP 125
SSAP 126
SSAP 127
SSAP 128
SSAP 129
SSAP 130
SSAP 131
SSAP 132
SSAP 133
SSAP 134
SSAP 135
SSAP 136
SSAP 137
SSAP 138
SSAP 139
SSAP I~O

SSAP 141
SSAP 142
SSAP 1~3

C
C PROGRAM CAPACITY CONTROLLED BY THE FOLLOWING TwO STATEMENTS •• ,

COMMON A17000)
MTOT~7000

CALL SECONOITI211
MBAND=O
NUMEL~O

REWIND I
REWIND 2
DO 900 M=I,NELTYP
READ 15,10011 NPAR
WRITE III NPAR
NUMEL=NUMEL+NPARI21
MTYPE~NPARlll

CALL ELTYPEIMTYPEI
900 CONTI NUE

NSB~IMBANO+lLI*NEOB

PROGRAM SAP2 IINPUT,OUTPUT,TAPE5~INPUT.TAPE6~OUTPUT,TAPE1,

1 TAPE2,TAPE3.TAPE~,TAPE7.TAPE8)

C ** ** ** ** ** .* ** .* ** ** .* ** ** .* ** ** .* *C SAP2 A STATIC ANALYSIS PROGRAM FOR THREE-0IMENSI0NAL STRUCTURES
C REV1SEO MARCH 1972
C ** ** ** ** .* ** *. ** ** ** ** ** ** ** ** *. .* *

COMMON IJUNK I HEOl121,JUKI21CI
COMMON IELPARI NPARll~I,NUMNP,M8ANO,NELTyp,Nl,N2.N3,N4,N5,MTOT,NEQ

COMMCN I EM I OQQ(25941
DIMENSION TI71

NEQB=IMTOT-4*LLI/IM8ANO+lL+11/2
NBLOCK-INEO-II/NEQ8 +1
IF INEQ8.GT.NEQ) NEQB=NEO
N3=N2+NEOB*LL
N4=N3+6*Ll
WRITE 16.2011 NEQ,M8AND,NEQB,NBLOCK
CALL SECONOITI311
CALL INLIAINII,AlN21,AIN31,AIN41,NUMNP,NEQB,LLI
CALL SECONOITI411

NE2B-2*NEOB
N2=NI+NEOB*MBANO
N3-N2+NEQB*LL
N4~N3+4*LL

NN2=N1+NE2B*~BANO

NN3=NN2+NE2B*LL
NN4=NN3+4*LL
CALL AOOSTFIAINII,AINN2I,AINN31,AINN4I,NUMEL,NBLOCK,NE28,LL.MBANOI
CALL SECONClTl511

NI-l
N2~N1+6$NUMNP

N3~N2+NUMNP

N4~N3+NUMNP

N5-N4+NUMNP
N6-N5+NUMNP
IFIN6.GT.MTOTI CALL ERRORIN6-MTOTI
CALL INPUTJIAINI1,AIN2I,AIN3I,AIN4I,A1N5I,NUMNP,NEO)

C
C SOLVE FOR DISPLACeMENT UNKNOW~S

C
C FORM ELEMENT STIFFNESSES--STIFF. ON TAPE 2 -STRESS MATRIX ON TAPE I
C

C
C PROGRAM CONTROL DATA
C

c

CALL SECONOITl111
READ 15,1001 HEO,MJ~NP,NElTYP,LL,NF,NOYN

IF INUMNP.EQ.OJ .STOP
WRITEl6,2001 HEO,NUMNP,NELTYP,LL

C
C INPUT JOINT OATA--ID ARRAY ON TAPE 8
C

C
C FORM TOTAL STIFFNESS MATR[X --ON TAPE 4
C

C
C INPUT NODAL LOADS AND JOINT MASSES --- WRITE ON TAPE 3
C

SSAP I
SSAP 2
SSAP 3
SSAP ~

SSAP 5
SSAP 6
SSAP 7
SSAP 8
SSAP 9
SSAP 10
SSAP 11
SSAP 12
SSAP 13
SSAP 14
SSAP 15
SSAP 16
SSAP 17
SSAP 18
SSAP 19
SSAP 20
SSAP 21
SSAP 22
SSAP 23
SSAP 24
SSAP 25
SSAP 26
SSAP Z7
SSAP 28
SSAP 29
SSAP 30
SSAP 31
SSAP 32
SS.AP 33
SSAP 34
SSAP 35
SSAP 36
SSAP 37
SSAP 38
SSAP 39
SSAP 40
SSAP 41
SSAP 42
SSAP 43
SSAP 44
SSAP 45
SSAP 46
SSAP 47
SSAP 48
SSAP 49
SSAP 50
SSAP 51
SSAP 52
SSAP 53
SSAP 54
SSAP 55
SSAP 56
SSAP 57
SSAP 58
SSAP 59
SSAP 60
SSAP 61
SSAP 62
SSAP 63
SSAP 64
SSAP 65
SSAP 66
SSAP 67
SSAP 68
SSAP 69
SSAP 70
SSAP 71
SSAP 72
SSAP 73
SSAP 74
SSAP 75

~
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SSAP 200 SUBROUTINE ELTYPEIMTYPEI
SSAP 201 GO TO 11,2,3,4,5,6,7,81 MTYPE
SSAP 202 C
SSAP 203 C THREE DIMENSIONAL TRUSS ELEMENTS
SSAP 204 C
SSAP 205 I CALL TRUSS
SSAP 206 GO TO 900
SSAP 20T C
SSAP 20S C THREE DIMENSIONAL BEAM ELEMENTS
SSAP 209 C
SSAP 210 2 CALL BEAM
SSAP 21t GO TO 900

I-'
N
-...l

SSAP 212 C
SSAP 213 C PLANE STRESS ELEMENTS
SSAP 214 C
SSAP 215 3 CALL PLANE
SSAP 216 GO TO 900
SSAP 217 C
SSAP 21B C AXISYMMETR IC SDLIO ELEMENTS
SSAP 219 C
SSAP 220 4 CALL PLANE
SSAP 221 GO TO 900
SSAP 222 C
SSAP 223 C THREE DIMENSIONAL SOLID ELEME~TS

SSAP 224 C
SSAP 225 5 CALL THREE 0
SSAP 226 GO TO 900
SSAP 227 C
SSAP 22B C PLATE BENDING ELEMENTS
SSAP 229 C
SSAP 230 6 CALL SHELL
SSAP 231 GO TO 900
SSAP 232 C
SSAP 233 C
SSAP 234 7 CALL 80UNO
SSAP 235 GO TO 900
SSAP 236 C
SSAP BT C THICK SHELL ELEMENTS
SSAP 23S C
SSAP 239 8 CALL THKSHL
SSAP 240 C
SSAP 241 900 RETURN
SSAP 242 END

c
C INPUT NOOAL LOAOS AND MASSES
C

'i'
'"

SSAP 144
SSAP 145
SSAP 146
SSAP 147
SSAP 14B
SSAP 149
SSAP 150
SSAP 151
SSAP 152
SSAP 153
SSAP 154
SSAP 155
SSAP 156
SSAP 157
SSAP ISB
SSAP 159
SSAP 160
SSAP 161
SSAP 162
SSAP 163
SSAP 164
SSAP 165
SSAP 166
SSAP 167
SSAP 16B
SSAP 169
SSAP 170
SSAP 171
SSAP 172
SSAP 173
SSAP 174
SSAP 175
SSAP 116
SSAP 171
SSAP 178
SSAP 119
SSAP IBO
SSAP I Bl
SSAP IB2
SSAP IB3
SSAP IB4
SSAP ISS
SSAP 186
SSAP IB7
SSAP 18B
SSAP IS9
SSAP 190
SSAP 191
SSAP 192
SSAP 193
SSAP 194
SSAP 195
SSAP 196
SSAP 197
SSAP 198
SSAP 199

OX-lX1Nl-XlNOLOII/XNUM
OY-lYINt-YINQLDII/XNUM
DZ-IZINI-Z1NOLDII/XNUM
DT= I Tl NI-T lNOLD I II XNUM
K-NOLO
00 30 J-l,NUMN
KK=K
K=K+KN
XIKI-XIKKI'OX
YI KI-Yl KK I+OY
ZIKI-ZIKK).OZ
TlK)=TIKKI+DT
DO 30 1==1.6
10 IK, 11-10 IKK, II
IF IIDlK,II.GT.11 IDlK,II-IDIKK,I).KN

30 CONTINUE
C

50 NOLD-N
IFIN.NE.NUMNPI GO TO 10

C
C---- PRINT ALL NOCAL POINT DATA---------------------------------------­
C

WRITE 16,2003)
WRITE 16,20011
WRITE 16,20051 IN, 1101 N,!I ,I-t, 6) ,XI I'll, YI I'll, Zl NI ,TIN 1,1'1-1, NUMNPI

C
C-----NUM8ER UNKNOWNS AND SET MASTER NODES NEGATIVE--------------------­
C

NEQ·O
DO 60 N'I,NUMNP
00 60 1=1,6
10IN,II-IABSIIOIN,111
IFIIDIN,II-I) 57,5B,59

57 NEQ-NEQ>!
10IN,1I-NEQ
GO TO 60

5B !OIN,II-O
GO TO 60

59 10IN,1I--IOIN,I1
60 CONTINUE

WRITE 16,20041 IN,IIDlN,II,I-I,61,N-I,NUMNPI
REWINO B
WR HE 181 10

C
RETURN

1000 FORMAT 1715,3FI0.0,15,FIO.01
2000 FORMAT 11123H NODAL POINT INPUT DATA)
2001 FORMAT 15HONOOE 3X 24HBOUNCARY CONDITION COOES llX

• 23HNOOAL POINT COOROINATES I 7H NUMBER 2X IHX 4X IHY 4X 1HZ 3X
• 2HXX 3X 2HYY 3X 2HZZI2X IHX 12X IHY 12X 1HZ 12X IHT I

2002 FORMAT 115,615,3FI3.3,15,FI3.31
2003 FORMAT 11121H GENERATED NOCAL DATAl
2004 FORMAT IIIITH EQUATION NUMBERSI

1 35H N X Y Z XX YY ZZ 1171511
2005 FORMAT 115,615,4FI3.31

ENO

SSAP 243
SSAP 244
SSAP 245
SSAP 246
SSAP 247
SSAP 24B
SSAP 249
SSAP 250
SSAP 251
SSAP 252
SSAP 253
SSAP 254
SSAP 255
SSAP 256
SSAP 257
SSAP 25B
SSAP 259
SSAP 260
SSAP 261
SSAP 262
SSAP 263
SSAP 264
SSAP 265
SSAP 2H
SSAP 267
SSAP 26S
SSAP 269
SSAP 210
SSAP 271
SSAP 27Z
SSAP 273
SSAP 274
SSAP 275
SSAP 276
SSAP 277
SSAP 21B
SSAP 2T9

C

C

C

SUBROUTINE INLlID, B,TR, TMASS,NUMNP,NEQB, LLI

01 MENS ION 10 lNUMNP, 6 I, BlNEQB, LL I, TRI6,LLl, TMASS I NEQB)
COMMON I JUNK I R161,TXM161

NT=3
REWIND NT
KSHF-O
WRITE 16,2002'
00 750 1= 1 ,NEQB
TMASSll'-O.
DO 750 K.l,LL

750 BII,KI=O.O

DO 900 NN'I,NUMNP

DO 100 1.1,6
TXMIII-O.
DO 100 J·I,LL

100 TRII ,JI·O.O

IFlNN.EQ.11 GO TO 300
ISO IFIN.NE.NN) GO TO 400

DO 200 1=1,6
IF IL' IBO,IBO,190

IBO TXMI t1'R 111
GO TO 200

190 TRlI,Ll-RIII
200 CONTINUE
300 REAO 15010011 N,L,R

IF IN.EQ.O) GO TO 150
WRITE«6,2001) N,L,R
GO TO 150

400 DO BOO J-I,6



NSHIFT-O
REWIND 3
REWIND 4

READ ELEMENT LOAD MULTIPLIERS

00 1000 M=I,NBLOCK ,2
00 100 1=I,NE28
00 100 J'I,MBAND

100 AlIoJI=O.
READ 131 IIBII,LI,I=I,NEQ8I,L'I,LLI,ITMASSIII,I-I,NEQBI
IF IM.EQ.NBLOCKI GO TO 200

SU8ROUTINE AODSTFIA,B,STR,TMASS,NUMEL,NBLOCK,NE28,LL,MBANDI
FORMS GLOBAL EQUILIBRIUM EQUATIONS IN BLOCKS
DIMENSION AINE2B,MBANOI,BINE2B,LLI,STRl4,LLI,TMASSlNE281,SSIII
COMMON IEMI LRO,NO,L ~125921

EQUIVALENCE ISS,NOI
NEQB=NE2B/2
K=NEQB+l
X=NBLOCK
MB=SQRTIXI
M8-MB/2+1
NEBB=MB*NE2B
MM-I

SUBROUTINE ERRORINI
WRITE 16,20001 N

2000 FORMAT III 20H STJRAGE EXCEEDEO 8Y 161
STOP
END

SUBROUTINE PRINTOIIO,O,B,NEQB,NUMNP,LL,NBLOCK,NEO,NTI

OIMENSICN IDlNUMNP,6l,BINEQB,LLI,DI6,Lll

DO 500 KK=I,~UMNP

REWIND NT
REWIND 8
READ (BI 10
M=NEQ
NN=NEQB*NBLOCK
WRI TE 16,20031
N=NUMNP

READ (3) CCBCI,Lt,I=K,NE2B),lzl,lU,CTMASS(I),I=K,NE2B)
200 CONTINUE

REWIND 7
REWIND 2
NA=7
NUME=NUM7
IF lMM.NE.11 GO TO 75
NA=2
NUME=NUMEL
NUM7 =0

75 DO 700 N=I,NUME
READ INAI LRO,ISSIII,I=I,LROI
00 ()OO 1=1, NO
LMN=I-LMI II
II=LMIII-NSHIFT
IF 111.LE.0.OR.II.GT.NE2BI GO TO 600
00 300 L=I,LL
DO 300 J=I,4
KK-NC*INC+JI +1

300 BIll ,11 =BI II ,L1 +SS I I+K KI*S TRI J ,11
00 500 J= I ,NO
JJ=LMI JI+LMN
IFIJJI 500,500,390

390 KK=NO*J+I
400 AIII,JJI=AIII,JJI+SSII+KKI
500 CONTINUE
600 CONTINUE

C

IF IMM.GT.1I GO TO 700
00 650 I=I,NO
II-LMIII -NSHIFT
IFIII.GT.NE2B.ANO.II.LE.NEBBI GO TO 660

650 CONTINUE
GO TO 700

660 WRITE 171 LRO,ISSClI,I=I,LROI
NUM7-NUM7+1

C

C

C

C
700 CONTINUE

WRITEI41 IIAII,JI,I=I,NEQBI,J=I,MBANDI,IIBII,LI,I=I,NEQBI,L=I,LLI
IFIM.EQ.NBLOCKI GO TO 1000
WRITEI41 IIAII,JI,I=K,NE2BI,J=I,MBANOI,IIBII,LI,I-K,NE2BI,L=I,LLI
IF IMM.EQ.MBI MM=O
MM=MM+I

1000 NSHIFT=NSHIFT+NE2BC -- -- -

~ru~

1002 FORMAT 14FIO.OI
2000 FORMAT IlOH2STRUCTURE 12X 25HELEMENT LOAD MULTIPLIERS

• 10H LOAD CASE 9X IHA 9X IHB 9X IHC 9X IHO/I
2002 FORMAT 116,7X,4FIO.31

~O

C

C
C DETERMINE IF STIFFNESS IS TO BE PLACED ON TAPE 7
C

341
342
343
344
345
346
347
34B
349
350
351
352
353
354
355
356
357
35B
359
360
361
362
363
364
365
366
367
36B
369
370
371
372
313
374
375
376
377
378
379
380
381
3B2
3B3
384
385
386
3B7
3B8
3B9
390
391
392
393
394
395

396
397
39B
399
400
401
402
403
404
405
406
407
40B

SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP

SSAP
SSAP
SS~P

SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP

BX

I 2 BLOCKS AT A TIMEI

POINT LOAOS II 10H NODE LOAD 23X
I 10H NO. CASE 6X 2HRX

8X 2HMY 8X 2HMl I

ISTRII,LI,I'I,41
L, I STRI I,ll ,1=1,41

16,20001
L=I,LL
15010021
16,20021
IBI STR

FORM EQUATIONS IN BLOCKS

WRITE
00 50
READ

50 WR ITE
WRITE

II=IDINN,JI-KSHF
IF 1III 800,800,500

500 00 600 K=I,LL
6C0 811I,KI=nIJ,KI

TMA SSI III=TXMI J I
610 IFIII.NE.NEQ81 GO TO 800

WRITE INTI B,TMASS
KSHF=KSHF+N:QB
DO 700 1=I,NEQ8
TMASSIII=O.
DO 700 K=I,LL

700 BII,KI=O.D
800 CONTINUE
900 CONTINUE

WR ITE INTI B,TMASS

RETURN
1001 FORMAT 1215,7FIO.41
2001 FORMAT 1215,7FIO.31
2002 FORMAT 123H2 ••••• NOOAL

• 14HAPPLIED LOADS
2HRY BX 2HRl BX 2HMX

~O

C

C
C
C

C

C

C
C
C

280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302

303
304
305
306
307

308
309
310
311
312
313
3i4
315
316
317
31B
319
320
321
322
323
324
325
326
327
32B
329
330
331
332
333
334
335
336
337
338
339
340

SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP

SSAP
SSAP
SSAP
SSAP
SSAP

SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
S-SAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP

.~
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I-'
N

'"

C

C

C

C

M-Nl
NI-N2

900 NZ-M

690 II=II-INC
700 Il=ll+NEQB

IFlNBR.NE.l1 GO TO 150
DO 740 I=I,NSB

740 AlII-BIll
GO TO BOO

750 WRITE IN21
600 CONTI NUE

KK=J-II
'1AX=MAXBI tl
DO 150 JJ=II,MAX,NEQB

150 AIJJ+KKI=AIJJ+KKI-C-AIJJI

lS=ll-NEOB
NEB2NEQB* (N8R+lt
NUM=NBR*NE<lB
MAXlIINEB*ll
flO Q05 J=l,MAX

C
KK=J +NfilB
JJ-I+NMB
DO 175 l=l,ll
AlKKI=AlKKI-C-AIJJI
KK=KK+NEOB

175 JJ=JJ+NEQB
200 CONTI NUE
300 CONTINUE

WRITE INBKSI A,MAXB

C

C

DO 800 NN=l,NBR
IFIN+NN.GT.NBlOCKI GO TO 600
NI=Nl
IFIN.EQ.l1 NI=NORG
IFlNN.EQ.NBRI NI=NORG
READ lN11 B
Il=l+NN-NEQB-NEQB
DO 700 l-l,NEQB
1I=ll
00 690 K=l,NEQB
IF lII.GT.NMBI GO TO 690
C-AI II I
IF IC.EQ.O.OI GO TO 690
C-CUlKI
MAX-MAXBIKI

KK=I-II
DO 640 JJ=II,MAX,NEQB

640 BIJJ+KKI=BIJJ+KKI-C-AIJJI
C

KK-I+NMB
JJ-K+NMB
00650 l=l,ll
BIKKI=BIKKI-C-AIJJI
KK=KK+NEQB

650 JJ=JJ+NEQB

JL-I+l
IF IJl.GT.NEQBI GO TO 300
11=1
DO 200 J=Jl,NEQB
lI=tI+NEQB
IFlll.GT.NMBI GO TO 200
C=AI til
IF IC.Ea.O.OI GO TO 200
C-C-AIII

C
C---- BACKSUBSTITUTION - RESULTS ON TAPE NRST ----------------------­
C

C

C

C
C---- SUBSTITUTE INTO REMAINING EQUATIONS ---------------------------­
C

SSAP 477
SSAP 418
SSAP 479
SSAP 480
SSAP 481
SSAP 462
SSA.P 463
SSAP 484
SSAP 485
SSAP 466
SSAP 487
SSAP 486
SSAP 469
SSAP 490
SSAP 491
SSAP 492
SSAP 493
SSAP 494
SSAP 495
SSAP 496
SSAP 497
SSAP 498
SSAP 499
SSAP 500
SSAP 501
SSAP 50Z
SSAP 503
SSAP 504
SSAP 505
SSAP 506
SSAP 507
SSAP 508
SSAP 509
SSAP 510
SSAP 511
SSAP 512
SSAP 513
SSAP 514
SSAP 515
SSAP 516
SSAP 517
SSAP 518
SSAP 519
SSAP 5Z0
SSAP 5Z1
SSAP 5ZZ
SSAP 5Z3
SSAP 5Z4
SSAP 5Z5
SSAP 526
SSAP 5Z7
SSAP 5Z8
SSAP 5Z9
SSAP 530
SSAP 531
SSAP 532
SSAP 533
SSAP 534
SSAP 535
SSAP 536
SSAP 537
SSAP 538
SSAP 539
SSAP 540
SSAP 541
SSAP 54Z
SSAP 543
SSAP 544
SSAP 545
SSAP 546
SSAP 547
SSAP 546
SSAP 549
SSAP 550
SSAP 551

IPE12.41

120 11=1
DO 125 J-2,NC
II-I I +NEQB

125 Al TIl-AI IT 110

DO 130 J-I,NMB,NEQ6
IF lAIJI.NE.O.1 MAXBlIl=J

130 C'JNTI~UE

DO 900 N=l,NBlOCK
IF IN.GT.l.AND.NBR.EQ.l1 GO TO 110
IF INBR.EQ.II GO TO 105
REWINO Nl
REWIND N2

105 NI-Nl
IFIN.EQ.11 NI-NoRG
READ INIl A

110 DO 300 l-l,NEQB
o=A I II
IFlol 115,300,lZ0

115 M=NEQB-IN-ll+1
WRITE 160116114,0

116 FORMAT 133HOSET OF EQ~ATIONS ~AY BE SINGULAR I
26H olAGCNAl TE~M OF EQUATION IB, BH EQUALS

C

C
2003 FORMAT 140Hl ••••••• NODE DISPLACEMENTS AND ROTATIONSII

5H NODE 5H LOAD llX IHX llX IHY llX 1HZ 9X ZHXX
9X 2HYY 9X 2HZZI

2004 FORMAT 11HO,14,15,lP3EIZ.3,3El1.Z/II10,3ElZ.3,3EI1.211
END

C
C---- REDUCE EQUATIONS BlOCK-BY-BlOCK ------------------------------­
C

500 N=N-l

1=6
DO 250 11=1,6
DO 100 l=I,ll

IDODII,L1=O.
IF(~.GT.NNI GO TO 150
IF IM.EQ.OI GO TO 150
PEAD INTI 6
NN=NN-NEQ8

150 IFIIDIN,II.lT.lI ~O TO 250
K:s~-NN

14=14-1

RETURN

DO ZOO l=l,lL
200 DII,L)=6IK,LI
250 1=1-1

WRITE 16,20041 N,IL,IDII,LI,I=I,6I,L=l,LLI

SU8ROUTINE USOL IA,8,MAX8,NEQ8,M8,LL,N8LOCK,NS8,NORG,N8KS,NTl,
NT2,NRSTI

DIMENSION AINSBI,BINSBI,MAXBINEQBI

C---------------------------------------------------------------------NC-MB+ll
NBR-IMB-II/NEQB+1
INC-NEQB-l
~MB-NEQB-MB

NZ=NTZ
NI-NTl
REWIND NORG
REWIND NBKS

SSAP 437
SSAP 438
SSAP 439
SSAP 440
SSAP 441
SSAP 442
SSAP 443
SSAP 444
SSAP 445
SSAP 446
SSAP 447
SSAP 448
SSAP 449
SSAP 450
SSAP 451
SSAP 452
SSAP 453
SSAP 454
SSAP 455
SSAP 45.6
SSAP 457
SSAP 458
SSAP 459
SSAP 460
SSAP 461
SSAP 462
SSAP 463
SSAP 464
SSAP 465
SSAP 466
SSAP 467
SSAP 468
SSAP 469
SSAP 410
SSAP 471
SSAP 472
SSAP 413
SSAP 414
SSAP 475
SSAP 476

SSAP 409
SSAP 410
SSAP 411
SSAP 412
SSAP 413
SSAP 414
SSAP 415
SSAP 416
SSAP 417
SSAP 418
SSAP 419
SSAP 420
SSAP 421
SSAP 422
SSAP 423
SSAP 424
SSAP 425
SSAP 426
SSAP 427
SSAP 428
SSAP 429
SSAP 430
SSAP 431
SSAP 432
SSAP 433
SSAP 434
SSAP 435
SSAP 436

.'1"...
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SSAP 552
SSAP 553
SSAP 554
SSAP 555
SSAP 551>
SSAP 557
SSAP 55B
SSAP 559
SSAP 560
SSAP 561
SSAP 51>2
SSAP 563
SSAP 564
SSAP 51>5
SSAP 561>
SSAP 567
SSAP 56B
SSAP 569
SSAP 570
SSAP 571
SSAP 572
SSAP 513
SSAP 574
SSAP 575
SSAP 571>
SSAP 577
SSAP 57B
SSAP 579
SSAP 5BO
SSAP 5BI
SSAP 5B2
SSAP 5B3
SSAP 5B4
SSAP 5B5
SSAP 5BI>
SSAP 5B7
SSAP 5BB
SSAP 5B9
SSAP 590
SSAP 591
SSAP 592
SSAP 593
SSAP 594
SSAP 595
SSAP 591>
SSAP 597
SSAP 59B
SSAP 599
SSAP 600
SSAP 601

905 BIII=O.
REWIND NRST

C--------------------------------------------------------------------
00 1000 N=I,NBLOCK
BACKSPACE ~BKS

READ INBKSI A,MAXB
BACKSPACE ~BKS

00 910 L=I,LL
K=L*NEB
00 910 J=I,NUM
I=K-NEOB
BI KI=BIII

910 K=K-I

I=NMB
00 920 L=I, LL
K= I L-II*NEB
00 920 J=I,NEOB
1=1+1
K'lI:K+l

no BIKI=AII)
C

00 955 I=I,NEOB
J=NEQB+I-I
MAX=MAXBIJ I
IF IAIJI.EO.O.I GO TO 955
00 950 L=I,LL
KK=J+IL-lI*NEB
JJ =KK+l
IL=J+NEOB
C=BIKKI
00 940 II=IL,MAX,NEOB
C=C-AI I II*BI JJ'

940 JJ=JJ+I
950 BIKKI=C
955 CONT INUE

C
1=0
DO 960 L=l,LL
K=IL-lI*NEB
DO 960 J=I,NEQB
K=K+I
1= 1+1

960 AIIl=BIKI
C

WRITE INRSTI (AIII,I=I,LSI
1000 CONTINUE

C--------------------------------------------------------------------"RETURN
END

SSAP 620
SSAP 1>21
SSAP 622
SSAP 623
SSAP 624
SSAP 625
SSAP 626
SSAP 627
SSAP 62B
SSAP 629
SSAP 630
SSAP 631
SSAP 632
SSAP 633
SSAP 634
SSAP 635
SSAP 636
SSAP 637
SSAP 63B
SSAP 639
SSAP 640
SSAP 641
SSAP 642
SSAP 643
SSAP 644
SSAP 645
SSAP 646
SSAP 647
SSAP 64B

SSAP 649
SSAP 650
SSAP 651
SSAP 652
SSAP 653
SSAP 654
SSAP 655
SSAP 656
SSAP 657
SSAP 65B
SSAP 659
SSAP 660
SSAP 661
SSAP 662
SSAP 663
SSAP 664
SSAP 665

C MOVE DISPLACEMENTS INTO CORE FOR LB LOAD CONDITIONS
C

REWIND 2
IFINDYN.EO.31 READ 121
NQ=NEOB*NBLOCK
00 200 NN=l,NBLOCK
READ 121 B
N::-NEQB
IF INN.EO.l1 N=NEQ-NO+NEOB
NO=NO-NEeB
00 200 J=l,N
I=NO+J
00 200 L=LT,LH
K=L+LLT

200 OII,KI=BIJ,Ll
lK~LH-lT+1

C
C CALCULATE STRESSES FOR ALL ELEMENTS FOR LB LOAD CONDITIONS
C

REWIND 1
00 1000 M=I,NELTYP
READ III NPAR
MTY PE=NPAR I II
NPAR 111 =0
CALL ELTYPEIMTYPEI

1000 CONTI NUE
C

RETURN
END

SUBROUTINE CALBANIMBANO,NDIF,LM,XM,S,P,ND,NDMI
C-----CALCULATES BAND WIDTH AND WRITES STIFfNESS MAT~IX ON TAPE 2

DIMENSION LMIII,XMIII,SINDM,NOMI,PINOM,41
MIN=IOOOOO
MAX-a
00 BOO L=I,NO
IF ILMILl. Eo.OI GO TO BOO
If ILMILI.GT.MAXI MAX=LMILI
IF ILMILI.LT.MINI MIN=LMILI

BOO CONTINUE
NDlf=MAX-MIN+l
If INOIf.GT.MBANDI MBAND=NDIf
LRD=I+ND* i NO+61 . . "
WRITE 121 LRC,ND,ILMIII,I=I,NCI,IISII,JI,J=I,NDI,J=I,NDI,

IIIPII,JI,I=I,NDI,J=I,4I,(XMIII,I=l,NOI
RETURN
END

;:::
o
-I

:::0
fTI
'"tl
:::0
o
o
c:::
o
co
r­
fTI

SSAP 602 SUBROUTINE STRESSISTR,B,O,NEoB,LB,LL,NEO,NBLOCKI
SSAP 603 C
SSAP 604 DIMENSION 0INEO,LBI,BINEoB,LLI,STR(4,LLI
SSAP 605 COMMON IELPARI NPARI14I,NUMNP,MBAND,NELTYP,NI,N2,N3,N4,N5.MTDT,MEO SSAP 666 SUBROUTINE STRSCISTR,D,NEo,NT'GI
SSAP 606 COMMON IJU~KI LT,LH SSAP 667 DIMENSION STR(4,II,OINEo,11
SSAP 607 C SSAP 66B COMMON IJUNKI LT,LH,L,SGI20I,SIGI71.EXTRAI1501
SSAP 60B READ IBI STR SSAP 669 COMMON IEMI NS,NO.LMI4BI,BI4B,4BI,TI14B,41
SSAP 609 NT=ILL-II/LB +1 SSAP 670 C
SSAO 610 LH=O SSAP 671 If INTAG.EO.OI GO TO BOD
SSAP 611 REWIND 3 SSAP 672 LL=L-L T+l
SSAP 612 C SSAP 673 DO 300 I=I,NS
SSAP 613 00 1000 II=l,NT SSAP 674 SGIII=O.O
SSAP 614 C SSAP 675 00 300 J=I,4
SSAP 615 LT =LH+l SSAP 676 300 SGIII=SGIII+TIII.JI*STRIJ,LI
SSAP 616 LLT=l-LT SSAP 677 DO 500 J=I,ND
SSAP 617 LH=L T+LB-I SSAP 67B JJ=LMIJI
SSAP 61B IfIL~.GT.LLI LH=LL SSAP 679 IFIJJ.Eo.OI GO TO 500
SSAP 619 C SSAP 6BO DO 400 I=I.NS

f-l
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SSAP 681
SSAP 682
SSAP 683
SSAP 684
SSAP 685
SSAP 686
SSAP 687
SSAP 688

400 SGI !laSGIIl+8II,JI*0IJJ,LLI

500 CONTI NUE
GO TO 900

800 READ 111 NO,NS,cLMIII,I=I,NOI, II 8II,JI,I=I,NSI,Ja l,NO',
1 HTICI,J),1=1,NS),J=1,4)

900 RHURN
END

SSAP 735
SSAP 736
SSAP 737
SSAP 738
SSAP 739

FUNCTION OOTlA,B'
DIMENSION A141,8141
00TaAll'*Blll+AI2'*BI21+AI3,*eI31
RETURN
END

I-'
W
I-'

SSAP 689 SUBROUTINE PCSINVlA,NMAX,NOOI
SSAP 690 C
SSAP 691 DIMENSION AINOO,NOOI
SSAP 692 C
SSAP 693 DO 200 N=I,NMAX
SSAP 694 C
SSAP 695 O=AlN,NI
SSAP 696 DO 100 J=I,NMAX
SSAP 697 100 AlN,J'a-AlN,JI/O
SSAP 698 C
SSAP 699 DO 150 I=I,N~AX

SSAP 700 IFIN-ll 110,150,110
SSAP 701 110 DO 140 J=I,NMAX
SSAP 702 IFIN-JI 120,140,120
SSAP 703 120 All,JI=AII,JI+AII,NI*AIN,JI
SSAP 704 140 CONTINUE
SSAP 705 150 AII,NlaAlI,NI/O
SSAP 706 C
SSAP 707 AIN,Nl a l.0/0
SSAP 708 C

?
SSAP 709 200 CONTINUE
SSAP 710 C

." SSAP 711 RETURN
SSAP 712 END

SSAP 713
SSAP 714
sSAPtis
SSAP 716
SSAP 717
SSAP 718
SSAP 719
SSAP 720
SSAP 721
SSAP 722
SSAP 723

SSAP 724
SSAP 725
SSAP 726
SSAP 727
SSAP 728
SSAP 729
SSAP 730
SSAP 731
SSAP 732
SSAP 733
SSAP 734

SUBROUTINE VECTORIV,XI,YI,ZI,XJ,YJ,ZJI
DIMENSION Vl41
X~XJ:'xl

YaYJ-YI
ZaZJ-ZI
VI41=SQRTlX*X+Y*Y+Z*ZI
V131=ZlV141
V121-Y/V141
VI !I=X/VI 41
RETURN
E'lO

SUBROUTINE CROSSIA,B,CI
OIMENSION Al41,Bl41,Cl41
X-AI21*BI31-AI31*BI21
YaAI31*Bll'-Alll*BI3'
Z-Alll*8121-AI21*Blll
CI41-SQRTlX*X+Y*Y+Z*Z,
C13'aZlCI41
C121-Y/C141
CIII-X/CI41
RETURN
END



c

C

c
RETURN

C
1001 FORMAT 1I5,5FID.0)
1003 FORMAT 14FI0.0)
1004 FORMAT 1415,lFI0.0,I51
ZOOO FORMAT IIIIZ5H1NUMBER OF TRUSS MEMBERS= 151

00 350 l-I,4
TTIZ,l)-EMUlIL,41*FT
TTll,LI-TTIZ,LI/AREAIHTYPEI
Pll,ll-EMULIL,II*F-EMULIL,41*FX
PIZ,LI=EMUlIL,Z)*F-EMUlIL,41*FY
PI3,LI=EMULIL,31*F-EMULIL,41*FZ
PI4,LI-EMULIL,11*F+EMULIL,41*FX
PI5,LI-EMULIL,21*F+EMULIL,41*FY

350 PI6,L'-EHUlIl,3,*F+EMULIL,4.*FZ
F-DENIMTYPEI*AREAIMTYPEI*XL/Z.
00 375 L=I,6

375 XMILI=F

REFT=TEM
KKK-KK

WRITE 16,Z004) N,I,J,HTYPE,REFT,NDIF
IF IN.EQ.NUMEI RETURN
NtN+l
lal+KKK
J=J+KKK
IFIN.GT.MI GO TO 100
GO TO lZ0

NO-6
NS=Z
NOM-Z4
CALL CALBAN IMBANO,NDIF,LM,XM,S,P,NO,NDMI
WR ITE 111 ND,NS, ILMIU,L-I,No), 1I STlL, K' ,L-l,NS I,K-l,Nol,

1 IIT1lL,KI ,L-I,NSI,K-I,4)

200 DX=XIII-XIJI
DY=YIII-VIJI
DZ=ZII I-Zl JI
XL2=DX*DX+CV*DY+DZ*DZ
XL=SQRTlXL21
XX=EIMTYPEl*AREAIMTYPEI*XL
STI1,lI~DX/XLZ

STrI,ZI=DY/XlZ
STll,31=DlIXL2
STl 1,41=-STI 1,11
STll,51--STll,ZI
STII,61=-S111,31

C
C 4. CHECK FOR MORE ELEMENTS
C

DO 400 L-l,3
l'llLI=IDII ,LI

"DO LMIL+31-IDIJ,LI

C

C

C
C 1. FORM ELEMENT STIFFNESS ANO STRESS MATRICES
C

c

00 300 L=l,6
VY-STll,L I*XX
DO Z50 K=l,6
SIK,Ll=STII,KI*VY

Z50 SIL,KI=SIK,LI
STll,LI=EIMTYPEI*STII,LI

300 STIZ,ll=AREAIMTYPEI*STll,ll
C
C 2. INERTIA AND THERMAL LOADS
C

F=WTIM1YPE)*Xl/2.
TEMP=ITIII+TIJII*0.5 - REFT
FT=TEMP*THERMIMTYPEl*EIMTYPEI*AREAIMTYPEI
FX-DX*FT/XL
FY=DY*FTIXl
FZ-DZ*FT/XL

C
C 3. FORM LOCATION MATRIX AND COMPUTE 8AND WIDTH
C

69
70
71
72
13
74
75
76
77
7B
79
80
81
82
B3
84
85
86
8T
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
lOT
108
109
110
111
112
113
11"
115
116
ilT
118
119
lZ0
lZl
lZZ
lZ3
lZ4
IZ5
lZ6
121
lZB
lZ9
130
131
13Z
133
134
135
136
137
138
139
140
141
14Z
143

TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
nus
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TR\!S
TRUS

FORCE

SUBROUTINE RUSS IID,X,Y,Z,T,E,THERN,DEN,AREA,WT,NUMNPI

500 WRITE 16,20021
NUME=NPAR 121
00 800 MM=l,NUME
CALL STRSC IAINI),AIN3I,NEQ,OI
WRITE 16,20011
00 800 L=LT,LH
CALL STRSC IAINl1,AlN31,NEQ,11
WRITE 16,30021 MM,L,SIGlll,SIG(2)

BOO CONTINUE
R~TURN

C
2001 FORMAT III
2002 FORMAT IIIZ3H TRUSS MEMBER ACTIONS II

• 46HO MEM8ER LOAC STRESS
300Z FORMAT IZI8,FI5.5,FI5.31

ENO

NUME=NPARI21
NUMMAT-NPA R131
WRITE 16,2000) NUME,NUMMAT
WR lTE 16, ZOO 11
00 10 I=I,NUMMAT
READ 15,10011 N,EINI,THERMIN),DENINI,AREAINI,WTINI

10 WRITE 16,20021 N,EINI,THERMINI,DENINI,AREAIN),WTINI

C
C CONTROL INFORMATION AND MEMBER PROPERTIES
C

DIMENSION Xll1,Ylll,ZI1I,IDINUMNP,ll,Elll,THERMll',DENlll,AREAllI
• ,Till ,~TI II

COMMON IELPARI NPARII4),NNNNN,MBAND,NELTYP,Nl,N2,N3,N4,N5,MTOT,NEQ
COMMON IEM/LMI24I,ND,NS,SIZ",Z,,),PI24,4I,XMI24I,STI12,Z4I,TTIlZ,41

COMMON IJUNK/. EMULI 4,41, I, J.,K,L, M,N,.II, JJ,KK ,MTY.PE ,TEMP, OX, OY, OZ,
1 XL2,XL,XX,yy,F,FT,FX,FV,FZ,MIN,MAX,NDIF,KKK,TEM,MTYP

N-l
100 REAO 15,10041 M,II,JJ,MTYP,TEM,KK

IFIKK.EQ.OI KK-l
120 IFIM.NE.NI GO TO ZOO

1= II
J=JJ
~TYPE=MTYP

SUBROUTINE TRUSS

COMMON All)
COMMON IELPARI NPARI14I,NUMNP,M8ANO,NELTVP,Nl,N2,N3,N4,N5,MTOT,NEQ
COMMON I JUNK I LT,LH,L,SIGIZOI

IFINPARlll.EQ.OJ GO TO 500
N6=N5+NUMNP
NT -N6+NPARI3I
N8 -N7+NPAR(3)
N9 =N8+NPAR131
NI0-N9+NPARI31
MM-NI0+NPAR(3)-MTOT
IFIMM.GT.OI CALL ERRORIMMI
CALL RUSSIAINl),AIN2I,AIN3I,AIN4I,AIN5I,AIN6I,AIN7I,AIN8I,AIN91,

AINI0I,NUMNP)

C
C ELEMENT LOAD MULTIPLIERS
C

C

READ 15,10031 EMUL
WR lTE 16,20031 EMUL

C
C ELEMENT INFORMATION

WRITE 16,20051

C

1
Z
3
4
5
6
7
8
9

10
11
lZ
13
14
15
16
17
18
19
20
ZI
ZZ
23
24
25
26
27
Z8
29
30
31
32
33
34

35
36
3T
38
39
40
41
4Z
43
44
45
46
4T
48
49
50
51
5Z
53
54
55
56
5T
5B
59
60
61
6Z
63
6"
65
66
6T
68

TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS

TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS

.~
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TRUS 144
TRUS 145
TRUS 146
TRUS 147
TRUS 148
TRUS 149
TRUS 150
TRUS 151
TRUS 152
TRUS 153

1 25H NUMBER OF OIFF. ~EM8ERSs 151
2001 FORMAT 1IIIIX,4HTYPE,14X,IHE,10X,5HALPHA,12X,3HDEN,11X,4HAREA

1 llX,4HWT/L I
2002 FORMAT 115,5E15.71
2003 FORMATIII125H ELEMENT LOAD MULTIPLIERS I 20X,IHA,14x,lH8,14X,lHC,

1 14X,lHD,/6H X-DIR4E15.61 6H Y-CIR4E15.61 6H Z-DIR4EI5.61
2 6H TEMP4E15.61

2004 fORMAT 1416,FIO.2,171
2005 fORMAT 1II142Hl N I J TYPE TEMP BAND

END

....
V-l
V-l
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BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
B"EAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

SUBROUT INE BEAM
C

COMMON IELPARI NPAR(14),NUMNP,MBANO,NELTYP,Nl,N2,N3,N4,N5,MTOT,NEQ
COMMON I JUNK I LT,LH,L,SIGI201
COMMON Alii

C
IFINPARlll.EQ.OI GO TO 500
N6 zN5+NPARI51 + NUMNP
N7zN6+NPARI51
N8=N7+NPARI51
N9=N8+12*NPARI41
NIO=N9+6*NPARI31
IFINI0.GT.MTOTI CALL ERRORINIO-MTOTI
CALL TEAMINP~RI21,NPAR(3),NPARI41,NPARI51,AINll,AIN2I,AIN3I,

1 AIN41,AIN5),AIN61,AIN71,AIN8I,AIN91,NUMNP.MBANol
RETURN

C
500 WRITE 16,2002)

NUMEzNPARI21
00 800 MM=l,NUME
CALL STRSC IAIN11,AIN3I,NEQ,01
WRITE 16,20011
00 800 L=LT,LH
CALL STRSC IAINll,AINlI,NEQ,11
WRITE16,30021 MM,L,ISIGlIl ,1=1,121

800 CONTINUE
RETURN

2001 FORMAT 1/1
2002 FORMATI/29HO ••••• BEAM FORCES ANO MOMENTSII

• 10HOBEAM LOAD 5X 5HAXIAL 217X,5HSHEARI,5X 7HTORSION
215X,7HBENOINGII 10H NO. NO. BX 2HRl lOX 2HR2 lOX
2HR3 lOX 2HMI lOX 2HM2 lOX 2HM31

3002 FORMAT 115,14,lPEll.3,5E12.3/8X,6E12.3/1
END

SU8ROUTINE TEAMINBEAM,NUMETP,NUMFIX,NUMHAT,IO,X,Y,Z,E,G,RO,
.SFT, COPROP,NUMNP,HBANOI

C
C FORMS 3-0 8EAM STIFFNESS AND STRESS ARRAYS
C

COHHON/EH/LHI241,No,NS,ASAI24,241,RFI24,4I,XMI24I,SAI12,241,
• "....SFI12,41

olliENS iolli xi 11, YIii ,zi U tloINUMNP, 1I,E I i I ,Gl1f'-SFTINUMFIX, 11
• ,CoPROPINUHETP,11,ROl11,EMULI3,41

COMMON INEWBI LCI41,TI3,31,JKI61,HELTYP,oL,MATTYP
01 MENS ION ILCI41 ,TI 13,31,TJI3 ,31, STIF1722I ,TSI2, 21 ,LS141
EQUIVALENCE ISTIF,LMI

C
C INITIALIZATICN
C

WRITE 16,20051 NBEAH,NUMETP,NUMFIX,NUMMAT
N-O
CD 5 1-1tl058
STIFIII-O.

C
C READ AND PRINT MATERIAL PROPERTY DATA
C

WRITE 16,20011
DO 10 I=l,NUHMAT
REAO 15,10011 N,EINI,GINI,ROINI
WRITE 16,20021 N,EINI,GINI,ROINI

10 GINl zO.5*EINI/11.+GINII
C
C READ AND PRINT GEOMETRIC PROPERTIES OF COMMON ELEMENTS.
C

WRITE 16,20031
DO 3D I-I,NUHETP
READ 15,10021 N,ICOPROPIN,JI,J z I,61
IFIICOPROPIN,11.NE.0.OI.ANO.ICOPROPIN,41.NE.0.01.ANo.

BEAM 69
BEAM 70
8EAM 11
BEAM 72
BEAM 73
BEAM 74
BEAM 75
BEAM 76
BEAM 77
BEAM 78
BEAM 79
BEAM 80
BEAM 81
BEAM 82
BEAM B3
BEAM 84
BEAM 85
BEAM 86
BEAM 87
8EAM 88
BEAM 89
BEAM 90
BEAM 91
BEAM 92
BEAM 93
8EAM 94
BEAM 95
BEAM 96
8EAM 97
8EAM 98
8EAM 99
BEAM 100
BEAM 101
BEAM 102
BEAM 103
BEAM 104
BEAM 105
BEAM 106
BEAM 107
BEAM lOB
BEAM 109
BEAM 110
BEAM III
BEAM 112
BEAM 113
BEAM 114
BEAM 115
BEAM 116
B"fAM il7
BEAM 118
BEAM 119
BEAM 120
BEAM 121
BEAM 122
BEAM 123
BEAM 124
BEAM 125
BEAM 126
BEAM 127
BEAM 128
BEAM 129
BEAM 130
BEAM 131
BEAM 132
BEAM 133
BEAM 134
BEAM 135
BEAM 136
BEAM 137
BEAM 138
BEAM 139
BEAM 140
BEAM 141
BEAM 142
BEAM 143

C
C
C

C
C
C

C
C
C

C

C
C
C

C
C
C

1 ICOPROPIN,51.NE.0.01.ANO.ICOPROPIN,61.NE.0.011 GO TO 20
WRITE 16,20131
CALL EXIT

20 WRITE (6,20041 N,ICOPROPIN,J),J=1.61
30 CONTINUE

ELEMENT LOAD MULTIPLIERS

READ 15,10061 IIEHULll,JI,J=1,41,1=1,31
WRITE 16,20061 IIEMULlI,JI ,J=1,41 ,1=1.31

READ AND PRINT FIXED END FORC~S IN LOCAL COORDINATES

IFINUMFIX .EQ. 01 GO TO 56
WRITE 16,2010)
DO 55 I=l,NUMFIX
READ 15,10051 N,ISFTlN,JI,J-1,121

55 WRITE 16,20111 N,ISFTIN,JI,J-1,121
56 CONTINUE

READ AND PRINT ELEMENT DATA. GENERATE HISSING INPUT.

WRITE 16,40001
L=O

60 KKK=O
RE AD 15,30001 I NEL ,INI ,I NJ ,INK, IMAT, IMEL, ILC, INELKI, INELKJ, INC
IF IINEL.NE.11 GO TO 15
NI=INI
NJ=INJ
NK-INK

15 IF IINC.EQ.OI INCzl
65 LsL+l

KKK-KKK+!
ML-INEL-L
IF IMLI 66,67,68

66 WRITE 16,40031 INEL
CALL EXIT

67 NEL-INEL
NI =INI
NJ -INJ

NK=INK
MATTYP-IMAT
MEL TYP-IMEL

DO 90 1-1,4
90 LCIII=HClI)

NLOAD=LClll+LCI21+LCI31+LCI41
NEKOoI-INELKI
NEKOoJ-INELKJ

olJ"Cji" I"~1,3"""

91 TI2,I'=TI12,II
GO TO 69

68 NEL=INEL-ML
NI =IN+KKK*INCR
NJ =IN+KKK*INCR

69 CONTINUE
WRITE 16,40011 NEL,NI,NJ,NK,MATTYP,MELTYP,LC,NEKOol,NEKOoJ

74 oX-XINJI-XINII
OY-YINJI-YINII
oZ=ZINJI-ZlNII
oL-SQRTIoX*oX+oy*oy+oZ*oZI
IF lOll 75,75,76

75 WRITE 16,40051 NEL
CALL EXIT

FORM GLOBAL TO LOCAL COORDINATE TRANSFORMATION.

76 Tlltll=OX/OL
Tl1,21=OY/DL
TIl,31-oZloL

COMPUTE DIRECTION COSINES OF LOCAL Y-AXIS

Al=XINJI-XINII
A2=YINJI-YINII

......
w
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C
NS-IZ
ND-12

C
C FORM ELEMENT LOCATION MATRIX
C

C
C CHECK IF NEW STIFFNESS NEEOEO
C

lOX
NO

MASS
DENS lTV

Z
Z

AREA

POISSON
RATIO

MATL 514 GEOM 5X loHELEM LOADS 4X
'oX 1141 'oX IHJ 4X IHK 5H NO 5H

1HD 9X 1141 9X 1HJ 1

DIMENSION EIII,GIII,ROI11,COPROPINUMETP,II,SFTINUMFIX,11
COMMON/EM/LMIZ'o1,ND,NS,ASAIZ4,241,RFI24,4I,XMI241,SAII2,241,

SFl12,41
COMMON INEWBI LCI41,TI3,31,JKI61,MELTYP,OL,MATTYP
DIMENSION RI12I,SI12,IZI,CIIZI

C
C FORM NEW BEAM STIFFNESS
C

C

C
C CHECK FOR LAST ELEMENT
C

IF INBEAM-NELI 66,500,260
260 CONTINUE

IF IML.GT.OI GO TO 65
IN -INI
IN -INJ

INCR-INC
GO TO 60

500 RETURN

NOM-Z4
CALL CALBAN 1MBAND,NDIF,LM,XM,ASA,RF,NO,NOMI
WRITE III NC,NS,lL"'IIl,I-I,NDI,IISAII,JI,I-I,NSI,J-1,NDI,

I lISFlI,JI,I-I,NSI,J-1,41

C
1001 FORMAT1I5,3FIO.01
1002 FORMATlI5,6F10.01
1005 FORMATI15,6FIO.O/FI5.0,5F10.01
1006 FORMAT 14FIO.OJ
ZOOI FORMATI55HIMATERIAL YOUNG S

1 155H MOOULUS
Z002 FORMATIIH ,15,3X,F1Z.0,F14.5,F14.51
Z003 FORMATlIH11

• 26H BEAM GEOMETRIC PROPERTIESII
I 4BH ELE MENT AREA AREA
Z 60H INERTIA INERTIA INERTIA
3 I 48H TYPE X Y
4 30H X Y

2004 FORMATIIH ,15,ZX,6FIZ.31
Z005 FORMATI39HI •••••••THREE DIMENSIONAL BEAM ELEMENTSII

36H NUMBER OF BEAMS -,151
36H NUMBER OF GEOMETRIC PROPERTY SETS-,I51
36H NUMBER OF FIXEO END FORCE SETS -,151

• 36H NUMBER OF MATERIALS -,151
Z006 FORMATIIIIZ5H ELEMENT LOAD MULTIPLIERS I ZOX,IHA,14X,IHB,14X,IHC,

1 14X,IHD,/bH X-01~4E15.61 6H Y-OIRItE15.61 6H Z-OIR4EI5.61 )
ZOIO FORMATIIH1,lH ,

I 30X40H FIXED END FORCES IN LOCAL COORDINATES
21153H TYPE NODE . FORCE X FORCE Y FORCE
3 35H MOMENT X MOMENT Y MOMENT

Z011 FORMATI1H ,13,6X,lHI,3X,6F1Z.3/1H ,9X,lHJ,3X,6FI2.3/J
Z013 FORMATILHOI "

1 6014 SECTION PROPERTIES OTHER THAN SHEAR AREAS MAY NOT BE SPECIF
Z 34HIEO AS ZERO. EXECUTION TERMINATED. I

3000 FORMAT 11015,216,IBI
4000 FORMATIIHII
. ~ 5HOBEAM5X 5HN"OOeS 5X 5H

• IZH ENO COOES I 5H NO
• 'oX 1HA 4X IHB 4X 1HC 'oX

4001 FORMAT 11015,Z1101
400Z FOR"'AT 19HOBEAM NO ,15, 2614 K NOllE ON BEA'" X-AXIS

• Z6H ••••••EXECUTION TERMINATED I
4003 FORMAT 136HOELEMENT CARD ERROR, ELEMENT NUMBER- 161
4004 FORMATI1H ,31HNOOAL POINT NUMBERS FOR ELEMENT,15,36HARE IDENTICAL.

I EXECUTION TERMINATED. 1
'0005 FORMATlBHOELEMENT,15,39H HAS ZERO LENGTH. EXECUTION TERMINATED. 1

END

SUBROUTINE NEWBMlE,G,RO,COPROP,SFT,NUMFIX,NUMETPIBEAM 278
BEAM Z79
BEAM 280
BEAM 2BI
BEAM 2BZ
BEAM Z83
BEAM 2B4
BEAM Z85
BEAM Z86

BEAM 219
BEAM 2Z0
BEAM 221
BEAM ZZZ
BEAM Z23
BEAM 224
BEAM 225
BEAM Z26
BEAM 227
BEAM ZZB
BEAM 229
BEAM 230
BEAM 23L
BEAM 23Z
BEAM 233
BEAM 234
BEAM Z35
BEAM Z36
BEAM 237
BEAM Z38
BEAM 239
BEAM 240
BEAM 241
BEAM 24Z
BEAM 243
BEAM Z44
BEAM Z45
BEAM 246
BEAM 247
BEAM 24B
BEAM 249
BEAM Z50
BEAM 251
BEAM 252
BEAM 253
BEAM 254
BEAM 255
BEAM 256
BEAM 257
BEAM Z5B
BEAM 259
BEAM Z60
BEAM Z61
BEAM 26Z
BEAM Z63
BEAM 264
BEAM 265
BEAM 266
BEAM 267
BEAM 26B
BEAM 269
BEAM Z70
BEAM Z71
BEAM 272
BEAM 273
BEAM 274
BEAM Z75
BEAM 276
BEAM 277

IF INEL.GE.II GO TO Bo
IF lABSl OS-OLl.GT .OLILOO.I GO TO BO
IF IlMT.NE.MATTYPI.OR.IME.NE.~ELTYPIIGO TO BO
IF lIJKl11.NE.NEKODII.OR.lJKI21.NE.NEKOOJII GO TO 80
00 BI 1-1,4
IF ILSIII.NE.LCIIII GO TO 80

B1 CONTINUE
00 82 1-1,2
00 82 J-lt Z
IF IABSITSII,JI-TII,JII.GT.ABSITII,JI/100.11 GO TO BO

8Z CONTINUE
GO TO IB5

80 OS-OL
MT-MATTYP
ME-MELTYP
00 77 1-1,2
00 77 J-1,Z

77 TSII,JI-TII,JJ
00 7B 1-1,4

78 LS I II=LClII
JK II I-NEKOOI
JKI21-NEKODJ

A3-ZINJI-llNII
BI-XlNKI-XINII
B2-YINKI-YlNII
B3-Z1NKI-llNII
AA-AI*AI.AZ*AZ.A3*A3
AB-AI*BI.AZ*BZ.A3*B3
U1-AA*BI-AB*H
UZ-AA*BZ-AB*A2
U3-U*B3-AB*A3
UU-UI*UI.UZ*UZ.U3*U3
UU- SQRTl UU I
IF IUU.GT.O.I GO TO 40
WRITE 16,400ZI INEL
STOP

40 TI2,LI-ULlUU
Tl 2, 21=lZlUU
Tl2,31-U3/UU
TI3,11-Tll,ZI*TI2,31-Tl1,31*TI2,21
TI3,21-TII,31*TI2,II-TII,II*TI2,31
TI3,31-Tll,II*TlZ,ZI-TII,21*TI2,11

00 180 1-1,3
CO IBO J-1,4
RFll,JI-RFII,JI.EMULII,JI*XMIII

180 RFII.6,JI-RFII.6,JI.EMULII,JI*XMII.61

I B5 CONTINUE
00 170 M-1,6
LMIMI-IOlNI,MI
L"IIM.1ZI-0
LMlMH81-0

170 LMlM.6J-IOINJ,MI

CALL SLAVE IX,y,Z,ID,~UMNP,NI,NJI

C
C WRITE ELEMENT INFORMATION ON TAPE

C
C TRANSFORM TO MASTER OEGREES OF FREEOOM
C

CALL NEWBM IE,G,RO,COPROP,SFT,NUMFIX,NUMETPI
C
C AOD GRAVITY LOAOING ••• POINT LOAOS ONLY COMPUTEO
C

C

C
C FORM NE_ STIFFNESSC ---

BEAM 144
BEAM 145
BEAM 146
BEAM 147
BEAM 14B
BEAM 149
BEAM 150
BEAM 151
BEAM 15Z
BEAM 153
BEAM 154
BEAM 155
BEAM 156
BEAM 157
BEAM 15B
BEAM 159
BEAM 160
BEAM 161
BEAM 16Z
BEAM 163
BEAM 164
BEAM 165
BEAM 166
BEAM 167
BEAM 16B
BEAM 169
BEAM 170
BEAM 171
BEAM 17Z
BEAM 173
BEAM 114
BEAM 175
BEAM 176
BEAM 177
BEAM 17B
BEAM 179
BEAM 180
BEAM 181
BEAM 18Z
BEAM 183
BEAM 184
BEAM 1B5
BEAM 186
BEAM 1B7
BEAM 18B
BEAM 189
BEAM 190
BEAM 191
iiE-AM i92
BEAM 193
BEAM 194
BEAM 195
BEAM 196
BEAM 197
BEAM 19B
BEAM 199
BEAM ZOO
BEAM ZOI
BEAM ZOZ
BEAM Z03
BEAM Z04
BEAM Z05
BEAM Z06
BEAM Z07
BEAM ZOB
BEAM Z09
BEAM ZIO
BEAM ZLL
BEAM ZIZ
BEAM Z13
BEAM 214
BEAM Z15
BEAM ZI6
BEAM ZI7
BEAM ZIB
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FOR" MASS MATRIX

XXH-ROC"ATTYPI*AX*OL/2.
DO IBO M=l,3
XHIMI-XXM
XMIM+31-0.
XMCM+91-0.

180 XHIM+61=XXH
RETURN
END

:::0
I'TI
-0
:::0
o
o
c::
C")

co
r­
I'TI

:z
o
-t

DO 165 LA-I. 10.3
LB=LA-I
00 165 1l=1.3
I-IL+LB
00 165 N-t,4
XX=O.
DO 162 X=1.3

162 XX=XX-TIX,ILI*SFIK+LB.NI
1~5 RF CI ,NI-XX

CIMI-SIM,IIISll
DO 130 N= I , 12

130 SIM,NI=SIM,NI-CIMI*RINI
DO 135 N=l,4
SFI-SFII.NI
DO 135 M=I,IZ

135 SFIM.NI=SFIM,NI-CIMI*SFI
136 KK=KK-XC
140 KD=KD/lo
145 CONTINUE

OBTAIN SAI12,I21 RELATING ELEMENT END FORCES ILOCALI AND
JOINT DISPLACEMENTS IGLOBALI.

DO 31 I-l,2B8
31 SAllJ=O.

00 150 LA:1,10,3
LB=LA+2
DO 150 MA=l,IO,3
MB=MA-I
DO ISO I=LA,LB
DO ISO JM=1.3
J=JM+MB
XX=O.
00 lSI X=1.3

lSI xX=XX+SII,X+MBI*TIX,JMI
150 SAII,JI=XX

ELEM STIFF ASAI12,121 AND FIXED END FORCES RFI1Z1 IN GLOBAL COOROS

DO 32 1=1.516
32 ASAlllsO.

DO 160 LA-I,lO.3
LB=LA-1
00 160 MAs 1.10,3
MB::lIHA+2
DO 160 IL=1.3
I-IL+LB
00 160 J-MA. "B
XX-O.
DO 161 X-I,3

161 XX-XX+TIX,ILI*SAIX+LB,JI
160 ASAll.JlsXX

BEAM 362
BEAM 363
BEA" 364
BEAM 365
BEAM 366
BEAM 367
BEAM 368
BEA" 369
BEAM 370
BEAM 311
BEAM 3 72 C
BEA" 313 C
BEAM 374 C
BEAM 315 C
BEAM 316
BEAM 311
BEA" 378
BEAM 379
BEAfI 3BO
BEAM 381
BEA" 382
BEAM 383
BEAM 384
BEAM 385
8EAM 3B6
BEAM 387
BEAM 38B
BEAM 389 C
8EAM 390 C
BEAM 391 C
BEAM 392
BEA" 393
BEAM 394
BEAM 395
BEAM 396
BEAM 391
BE A" 398
BEAM 399
BEA" 400
BEA" 401
BEAM 402
BEA" 403
BEAM 404
BEA" 405 C
BEAM 406
BEAM 401
BEAM 408
BEAM 409
BEAM 410
BEAM 411
BEA" 412
BEAM 413
BEA" 4l1t
BEAM 415 C
BE A" 416 C
BEAM 411 C
BEAM 418
BEAM 419
8EAM 420
BEA" 4Z1
BEAM 422
BEAM 4Z3
BEAM 4Z4
BEAM 425IF IIJKII.+JKIZII.EQ.OI GO TO 145

00 140 K-I,2
KK-JKIKI
KD-I00000
11-6* I K-II+I
1Z=II+5
DO 140 I-II, 12
IF IKK.LT.KDI GO TO 140
SII-SII,lI
00 lZ5 N-1,lZ

125 RINI-51I,NI
DO 130 1'1-1,12

DO 13 N=I.4
"-LCIN.
IF IM.GT.OI GO TO 7I
DO 10 1-1,12

10 SFlI.NI-O.
GO TO 13

71 DO 1Z 1-1.12
12 SFII.NI-SFTIM,I.
13 CONT INUE

SII,l'= EIMATTYPI* AX/DL
SI".41- GIMATTYPI*AAX/DL
SIZ.ZI- COMMZ*12./DL
SI3.31- COMMV*IZ./DL
SI5.51= COMMY* 4.*DL*II.+0.5*SHFZI
516,61- COMMZ* 4.*oL*II.+0.S*SHFYI
S12,61= COMMZ* 6.
SI3.51--eOMMY* 6.
DO 102 1-1.6
J-I+6

102SIJ.JI-SII,II
00 104 1-1,4
J-I+6

104 SII,JI--SII,lI
5! 6,12 '.- S16'6 !*.ll.~.SH~'n!C2.+SHFYI
515,111- SI5,51*U.-SHFZII12.+SHFZI
SIZ,I21- SIZ,61
516, BI--SI2.61
SIB,lZI-SI2,61
SI3,11I- SI3,51
SIS, 91--SI3,SI
SI 9 tlll--S 13,51
DO 106 I-Z ,12
K-I-1
DO 106 J-I,K

106 SII,JI-SIJ,II

DO 5 1-1.144
5111=0.
AX=COPROPlflELTYP.ll

AY-COPROPIMELTYP.21
AZ=COPROPIMELTYP,31

AAX=COPROP IMEL TYP ,4 1
AAY=COPROPI~ELTYP.51

AAZ=COPROPIMELTYP,61
SHFY=O.O
SHFZ=O.O
ZY=EI"ATTYPI/IDL*DLI
EIY-ZY*AAY
E1 Z=ZY*AAZ
IFIAY.NE.O.OI SHFY-6.*EIZ/IGIMATTYPI*AYI
1FIAZ.NE.D.01 SHFZ-6.*EIY/IGIMATTYPI*AZI
COM"Y=EIY/ll.+2.*SHFZI
COMMZ=EIZ/II.+Z.*SHFYI

C

C
C FORM ELE"ENT STIFFNESS IN LOCAL COORDINATES
C

C
C FIXED ENO FORCES IN LOCAL COoRDS
C

C
C MODIFY ELEMENT STIFFNESS ANO ELEMENT FIXED END FORCES FOR KNOWN
C ZERO MEMBER END FORCES.
C

BEAM Z87
8EAM Z88
BEAM Z89
BEAM Z90
8EAM Z91
BEAM Z92
BEAM Z93
BEAM Z94
BEAM Z95
BEAM Z96
BEAM Zq
BEAM 29B
BEAM 299
BEAM 300
BEAM 301
BEAM 302
BEAM 303
BEAM 304
BEA" 305
BEAM 306
BEA" 301
BEAM 308
BEAM 309
BEA" 310
BEAM 311
BEA" 312
BEA" 313
BEA" 314
BEAM 315
BEA" 316
BEAM 311
BEAM 318
8EAM 319
BEA" 320
BEAM 321
8EA" 322
8EAM 323
BEA" 324
BEAM 325
BEAM 326
BEAM 321
BEAM 3ZB
BEA" 329
BEA" 330
BEAM 331
BEAM 332
BEA" 333
BEAM ~3"

BEA" 335
BEAM 336
BEAM 331
BEAM 338
BEAM 339
BEAM 3"0
BEA" HI
BEAM 3"2
BEA" 3"3
BEAM 3ltlt
BEA" 3"5
BEA" 3"6
BE A" 3lt1
BEAM 3"B
BEAM 3"9
BEAM 350
BEAM 351
BEAM 352
BEA" 353
BEA" 35"
BEAM 355
BEAM 356
BEAM 357
BEA" 35B
BEAM 359
BEA" 360
BEAM 361
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BEAM 4Z6
BEAM 4Z7 C
BEAM 428 C
BEAM 429 C
BEAM 430 C
BEAM 431
BEAM 432
BEAM 433 C
BEAM 434 C
BEAM 435 C
BEAM 436
BEAM 437
BEAM 43B
BEAM 439
BEAM 440
BEAM 441
BEAM 44Z
BEAM 443
BEAM 444
BEAM 445
BEAM 446
BEAM 447
BEAM 44B
BEAM 449
BEAM 450
BEAM 451
BEAM 452
BEAM 453
BEAM 454
BEAM 455
BEAM 456
BEAM 457
BEAM 458
BEAM 459
BEAM 460 C
BEAM 461 C
8EAM 462 C
BEAM 463
BEAM 464
BEAM 465
BEAM 466
BEAM 467
BEAM 468
BEAM 469
BEAM 470
BEAM 471 C
BEAM 472
BEAM 473
BEAM 414
BEAM 475 C
BEAM 476
BEAM 477
BEAM 478
BEAM 479
BEAM 4BO
BEAM 481
BEAM 48Z C
BEAM 483 C
BEAM 484 C
BEAM 485
8EAM 486
BEAM 4B7
BEAM 4B8
BEAM 489
BEAM 490
BEAM 491
BEAM 492
BEAM 493

SUBROUTINE SLAVE IX,V,Z,lD,NU~NP,NI,NJI

PERFORMS SLAVE ••• MASTER DISPLACE~ENT TRANSFORMATION
I FOR NODES CONNECTED TO 8EAM ELEMENTS ONLVI

DIMENSION Xlll,Vlll,Zlll,IDINUMNP,ll
COMMON IEMI LMlZ41,NO,NS,Sl24,Z41,Rl961,XMIZ41,SAlIZ,Z41 ,TTlIZ,41

DETERMINE RE~UIREO TRANSLATIO~ DEGREES OF FREEDOM

DO 54 NF-l,12,6
NOo-NI
IF INf.EQ.71 NOD-NJ
00 30 K-t,3
I =K+NF-l
IF ILMIII.GE.OI GO TO 30
M--LMIII
LMIII-IoIM,KI
IFIK-21 35,45,55

35DI--IVINOOI-VIMII
OZ- ZINOCI-ZIMI
LMINo+II-IDIM,61
LMIND+21-IDIM,51
GO TO 50

4501s-IZINOOI-ZIMII
02- XINOol-XIIO
LMINo+II-IDIM,41
LMINo+21=IDfM,61
GO TO 50

5501--IXfNODI-XIMII
02- YINODI-YIM I
LMINO+II-ICfM,51
LMINO+ZI=IOIM,41

50 CONTINUE

TRANSFORMATION••• ARRAYS INCREASE IN SIZE

DO 60 II-I ,NO
SfNO+l,III-SII,III*OI
SINO+2,III-SII,III*02
XMINO+II-XMIII*Ol*Ol
XMINO+ZI-XMfll*OZ*02
SIII,No+ll-SfII,II*ol
SIII,No+21-SIII,II*02

60 CONTINUE

DO 70 II-l,NS
SAII~,NO+ll-SAIII,II*Ol

70 SA'-l f,NO'i I;'S'AIIi,II*DZ

SINO+l,NO+ll-SII,II*01**2
SfNO+Z,NO+ZI-SII,II*OZ**2
SINO+l,ND+ZlsSII,II*Ol*OZ
SfND+Z,ND+ll-SfNo+l,NO+ZI
ND=ND+Z

30 CONTINUE

SET ROTATIONS

DO 54 J-l,3
K-NF+J+l
IFfLMIKI.GE.OI Gu TO 54
M--LMI KI
LMIKI=IOfM,J+31

54 CONTINUE

RETURN
END
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200 NUHE=NPARI21
00 800 MM=I,NUME
CALL STRSClAINll,~IN3I,NEO,OI

IFlNS.EQ.l1 GO TO BOO
wRITE 16,30001 MM
DO 100 L=L T,LH
CALL STRSCIAINl1,AlN31,NEQ,l1
ITAG-O

510 DO 600 KK=l,NS,4
!TAG-ITAG+l
DO 520 1=1,4
II -KK-l+1

520 SIGIII=SGI II I
CC-I SIGlll +SIGI21112.0
B8=ISIGll1-SIGI211/2.
CR-SQRTIBS**2+SIGI41**21
SIGI51=CC+CR
SIGI61=CC-CR
SIGI1l-0.0
IF IIB8.EQ.0.Ol.ANO.ISIGI41.EQ.0.011 GO TO 600
SIGI11-28.648*ATAN2ISIGI41,BBI

600 WRITE 16,30011 L,STRLABIITAGI',ISIGIII,I=l,71
100 CONT INUE ' , '.
800 CONTINUE

RETURN
2000 FORMAT 122HIAXISYMMETRIC ANALYSIS
2001 FORMAT 122HIPLANE STR~IN ANALYSIS
2002 FORMAT 122HIPLANE STRESS ANALYSIS
2003 FORMAT 11BH HEMBRANE ELEMENTS I
2004 FORMAT 130H INCOMPATIBLE MODES SUPPRESSED I
3000 FORMATllX,14HELEMENT NUMBER,I5,5X,84HlCENTER STRESSES IN LOCAL Y-Z

• COOROS,80UNCARY STRESSES NOR~AL AND PARALLEL TO SIDESI,
• IlX,5H LOAO,17X,3HSl1,12X,3HS22,12X,3HS33,12X,3HS12,10X,
• 5HS-MAX,10X,5HS-MIN,5X,5HANGLEI

3001 FORMATIIX,I5,2X,A3,IP6EI5.6, OP IFI0.31
END

c
. .!..

PLAX 1
PLAX 2
PLAX 3
PLAX 4
PLAX 5
PLAX 6
PLAX 1
PLAX 8
PLAX 9
PLAX 10
PLAX 11
PLAX 12
PLAX 13
PLAX 14
PLAX 15
PLAX 16
PLAX 11
PLAX 18
PLAX 19
PLAX 20
PLAX 21
PLAX 22
PLAX 23
PLAX 24
PLAX 25
PLAX 26
PLAX 21
PLAX 28
PLAX 29
PLAX 30
PLAX 31
PLAX 32
PLAX 33
PLAX 34
PLAX 35
PLAX 36
PLAX 31
PLAX 38
PLAX 39
PLAX 40
PLAX 41
PLAX 42
PLAX 43
PLAX 44
PLAX 45
PLAX 46
PLAX 41
PLAX 48
P'LAX '49
PLAX 50
PLAX 51
PLAX 52
PLAX 53
PLAX 54
PLAX 55
PLAX 56
PLAX 51
PLAX 58
PLAX 59
PLAX 60
PLAX 61
PLAX 62

PLAX 63
PLAX 64
PLAX 65
PLAX 66
PLAX 61
PLAX 68

C

SUBROUTINE PLANE
COMMCN AliI
COMMON IELPARI NPARI141,NUMNP,MBANO,NELTYP,Nl,N2,N3,N4,N5,MTOT,NEO
COMMON IEMI NS,NO,LMI481,8148,481,TII48,41
COMMON IJU~KI LT,LH,L,SGI20l,SIGl11,EXTRAllS01
OIMENSION STRLABISI
OATA STRLA8/3HCEN,3HL-I,3HJ-K,3HI-J,3HK-LI
IFINPARIII.EO.OI GO TO 200
IFINPARIII.EO.31 NPARI51=2
IFINPARI51.EO.01 WRITE 16,20001
IFINPARI51.EO.11 .RITE 16,20011
IFINPARI51.EO.21 WRITE 16,20021
IF INPARlll.EO.31 WRITE 16,20031
IF lNPARI61.NE.01 WRITE 16,20041
IFINPARI41.EQ.01 NPARI41=1
N6=N5+NUMNP
N1-N6+NPARI31
N8=N1+NPARI31
N9=N8+NPAR 131
NI0=N9+NPARI31
MM=NI0+ll*NPARI41*NPARI31-MTOT
IFIMM.GT.OI CALL ERRORIHMI
CALL PLNAXlAINl1,AIN21,AlN3l,AIN41,AlN51,AlN61,AIN71,AIN81,AlN91,

UINI0l, NPARI41,NUMNPI
RETURN

SUBROUTINE PLNAXlIO,X,Y,Z,T,NTC,WT,RO,WANG,E,NUMTC,NUMNPI
01 MENS ION XII), YIll ,ZI 11 ,101 NUMNP,I),NTC IlI,WT 1II, ROlli, WANG Ill,

EINUMTC,ll,ll,Tlll
COMMCN IELPARI NPARI141,NUHNN,MBANO,NELTYP,Nl,N2,N3,N4,N5,MTOT,NEQ
COMMON IfMI LM1121, S1l2,121,P 112 ,41 ,XM 1121 ,BI 20,12 I, BB 120,121,

1 TI I 20,41, IX 141, IEl5 I, CI4,41,EMULl4,5I,RR 141,ZZI 41,HI61,HS 161,

PLAX 69
PLAX 70
PLAX 11
PLAX 72
'LAX 13
PLAX 14
PLAX 75
PLAX 16
PLAX 17
PLAX 18
PLAX 19
PLAX 80
PLAX 81
PLAX 82
PLAX B3
PLAX B4
PLAX 85
PLAX 86
PLAX 87
PLAX 8B
PLAX 89
PLAX 90
PLAX 91
PLAX 92
PLAX 93
PLAX 94
PLAX 95
PLAX 96
PLAX 97
PLAX 9B
PLAX 99
PLAX 100
PLAX 101
PLAX 102
PLAX 103
PLAX 104
PLAX 105
PLAX 106
PLAX 101
PLAX 108
PLAX 109
PLAX 110
PLAX III
PLAX 112
PLAX 113
PLAX 114
PLAX 115
PLAX 116
PLAX 111
PLAX 118
PLAX 119
PLAX 120
PLAX 121
PLAX 122
PLAX 123
PLAX 124
PLAX 125
PLAX 126
PLAX 121
PLAX 128
PLAX 129
PLAX 130
PLAX 131
PLAX 132
PLAX 133
PLAX 134
PLAX 135
PLAX 136
PLAX 131
PLAX 138
PLAX 139
PLAX 140
PLAX 141
PLAX 142
PLAX 143

2 HTI6I,HRI6I,HZI6I,FAC,XMM,PRESS,NS,EEII0I,TTI14I,PPI12,41,THICK
3 ,TMPI41,TPl121,ALPI41

COMMON IJU~KI MAT,NT,TEHP,REFT,BETA,Ul41,VI41,wl41,GI41
C

NUHE=NPARI21
NUMMAT=NPAR131
WRITE 16,20001 NUHE,NUMHAT

C
C READ ANO PRI~T OF HATERIAL PRCPERTIES

DO 60 H=l,NUMMAT
READ 15,10101 HAT,NTClMATl,wTIHATl,ROIMATl,WANGIHATI

IF INTCIHATI.EQ.OI NTCIHATI=1
WR ITE 16,20201 HAT ,NTC lMATl,W1I HATI,ROIHATl ,WANG lHATI
NT =NTC 1HA T I
READ IS,10051 (IE{I,J,HATI,J=I,lll,I=I,NTI
WRITE 16,20101 IlEII,J,HATI,J=I,111,I=I,NTI
IF 1 NPARI51 .NE. 2 I GO TO 60
DO 50 I=l,NT
EI 1,4, MAT 1=1.0
EI I, 6,MATI=0.0
E( I, 1, MATI=O.O

50 EII,II,~ATI=O.O

fO CONTINUE
READ (5010021 IIEMULlI,JI,J=I,5I,I=I,41
WRITE 16,20041 lIEMULlI,JI,J=l,51,I=I,41

C
C READ AND PRINT OF ELEMENT PRCPERTIES
C

WRITE 16,20021
N=O

130 READl5,10031 M,IIEIII,I=I,5I,REFT,PRESS,NS,KG,THICK
MAT=lEI51
IFIKG.EQ.OI KG=l
IF INPARI51.EQ.1l THICK=1.0
lFINS.EQ.OI NS=4
IFINS.LT.41 NS=l
IFI IIEl31 .EQ. IEl411 .AND. lNS.EQ.201 I NS=16

140 N=N+l
IFIM.EQ.NI GO TO 145
DO 142 1=1,4

142 IXlll=IXIII+KG
GO TO 149

145 00 148 1=1,4
148 IXIII=IEI I I

C
C FORM CONSTITUTIVE LAW AND COMPUTE THERMAL STRESSES
C

149 NT=NTCIMATI
WRiTE 16,20031 N,IX,MAT,REFT,FRESS,NS,KG,THICK
I-Ulll
J= IXI21
K=IXI3I
L=lX141
TEMP = ITlII+TIJI+TIKI+TILII/4.0
BETA=WANGIMATI
XMM=RO I MATI
IIG T=w1l HA TI
CALL ELAW INUMTC,EE,E,D,TTI,ALPI

C
C CALCULATE ELEMENT STIFFNESS MATRIX
C

IFINPARI11.EQ.31 GO TO 160
NO-8
00 155 1=1,4
l!=IXI I I
RRll'=YlIII
ZZIII=ZII I I
TMPlll=TlIII
LMI I 1=101 I 1,21

155 LMII+41=IDIII,31
CALL QUAD
DO 158 1=1,4
DO 157 L=I,4
PlI,LI=PII,LI+XMIII*WGT*EHULIL,41

151 PI I+4,Ll=Pll+4.Ll+XMlI I*WGT*EMULlL,51

f-I
W
00



I-'
W
\0

XMl II:XMl II*XMM
158 XMlI+41=XMlil

GO TO 300

C
1002 FORMAT 15FIO.0)
1003 FORMAT 16I~,2FIO.O,215,FI0.01

1005 FORMAT 18FI0.0/3FIO.01
1010 FORMAT 121~,3FIO.01

C
C CALCULATION OF 8AND WIDTH AND WRITES ELEMENT MATRICES ON TAPES
C

300 CALL CALSA~I~8AND,NOIF,LM,XM,S,P,ND,121

WRITE III ND,NS,ILMllI,I=I,NOI, II BII,JI,I-I,NSI,J-l,NDI,
IIIT!II,JI,I:I,NSI,J-l,41

IFlN.EO.NUMEI RETURN
IFIN.EO.MI GO TO 130
GO TO 140

C
C FORM STRESS DISDLACEMENT MATRIX
C

LL-NS/4
DO 530 L-I,LL
CALL FORMBISSSILI,TTTILI,BBI

TEMP=O.
00 515 Ka l,4

515 TEMP-TEMP+HIKI*TMPIKI

DO 170 J=1,12
XMI JI-O.O
TPIJI=O.
DO 160 I-1,lO
8BII,JI-0.0

160 Bl1,JI-0.0
DO 110 1-1,12

170 SII,JI=O.O

00 500 II-1,2
00 500 JJ=1.2
CALL FORMBISSIIlI,SSIJJI,BI
TEMP-O. . - .
DO 200 1-1,4

200 TEMP-TEMP+HI II*TMPI I I
FAC-FAC*HHIJJI*HHIIII
FTP-TEMP-REFT
DO 400 J=I,12
D1=IOll,ll*Bl1,JI+Dl1,ll*Bll,JI+Oll,31*BI3,JI+0Il,41*814,JII*FAC
D2:IDI2,l)*BII,JI+DI2,21*sI2,JI+OIl,31*BI3,JI+Dt2,41*B{4,JII*FAC
D3-IOI3,ll*Bl1,JI+DI3,21*BI2,JI+013,31*Bt3,JI+013,41*B14,JII*FAC
04-1 DI4,lI*Btl, J 1+014, l I*B 12, J 1+014, 31*B{ 3,J )+014, 41*Bl 4,J II*FAC
TPIJI=TPIJI+FTP*IDI*ALPI11+D2*ALPlll+D3*ALPI31+04*ALPI411
DO 400 I-J,ll
Sl I.JI-SI I,J I+SI 1,11*0 l+BI l,II*Ol+B 13,II*DHBI 4, II *04

400 SIJ,lI-SII,JI
DO 450 1-1,4

450 XMIII:X~III+FAC*HIII

500 CONTINUE

SUBROUTINE ~UAD

COM MeN IELPARI NPARI14I,NUMNP,MBANO,NELTYP,NI,N2,N3,N4,N5,MTOT,NEO
COMMON IEMI LMI12I,SI1l,lll,PIIl,4I,XMI121,8t20,121,88120,12I,

I TI 120,41, IX 141,IE I 51,01 4, 41, EMULl4,5I,RRI41 ,ZZ 141 ,HI61, HSI 61,
l HTl61 ,HR I 61 ,HZ 161,FAC ,XMM, PRESS, NS ,EE tlO I, TTl 141, PP 112, 41, THICK
3,TMPI41,TP(12),ALPI41

COMMON IJUNKI MAT,NT,TEMP,REFT,8ETA
01 MENSION SS 121, TTl21, HHI21 ,SSS 151, TTT 151 ,IVECT 141 ,JVECT 141 ,VI 41
DATA 555/0.,-1.,1.,0.,0.1, TTT/O.,O.fO.,-I.,l.1
DA TA S5I-O .5173502 6918963,0.51135026918963/
DATA TTI-0.57135D2691S963. O. 511350169189631
DATA HH/1.0,l.0/,IVECT/4,2.1,3/,JYECT/1,3,2,41

2000 FORMAT 134HOWMBER OF ~LEMENTS = 15/
I 34HO~MBER OF MATERIALS = 151

2002 FORMAT 11/50H EL.NO. I J K L TYPE TEMPERATURE
1 ,7X,8HPRESSURE ,14H NO. STRESSES 20H KG THICKNESS I

20C3 FORMAT III0,515,2E15.6,2I10,E15.51
2004 FORMATl23H2ELE'~ENT LOAD FRACT IONS 110H LOAD CASE TEMPERATURE PRES

ISURE X-DIRECTION Y-OIRECTION Z-DIRECTION 19X IHA 5F12.31
2 9X IH8 5F12.31 9X 1He 5FIl.31 9X IHO 5F12.31

2010 FORMAT tl5HO TEMPERATURE 11X 4f'EINlollX,4HEISlollx,4HEITI,
1 9X,6HNU{NSI,9X,6HNUI~TI, 9X,6H~UISTI,IOX,5HGINSI/26X,4HAINI,

211X,4HAISlolIX,4HAITl,
3 IIFl5.2,3Fl5.2,3F15.4,Fl5.0IllX,3Fl5.911

2020 FORMAT 1111116H MATERIAL NUMBER 1311
I 30H NUMBER OF TEMPERATURE CARDS =I3,5X,15H WGT. DENSITY =EI2.4,
2 15H MASS DENSITY :E12.4,13H ANGLE BETA =F6.11

END

C

C

C

PLAX 219
PLAX 220
PLAX 221
PLAX 222
PLAX 223
PLAX 224
PLAX 225
PLAX 226
PLAX 227
PLAX 228
PLAX 229
PLAX 230
PLAX 231
PLAX 232
PLAX 233
PLAX 234

PLAX 235
PLAX 236
PLAX 237
PLAX 238
PLAX 239
PLAX 240
PLAX 241
PLAX 242
PLAX 243
PLAX 244
PLAX 245
PLAX 246
PLAX 241
PLAX 248
PLAX 249
PLAX 250
PLAX 251
PLAx 252
PLAX 253
PLAX 254
PLAX 255
PLAX 256
PLAX l51
PLAX 258
PLAX l59
PLAX 260
PLAX l61
PLAX 26l
PLAX 263
PLAX 264
PLAX 265
PLAX 266
PLAX 261
PLAX l68
PLAX 269
PLAX 270
PLAX 271
PLAX 272
PLAX l73
PLAX 214
PLAX l75
PLAX 276
PLAX 211
PLAX 278
PLAX l19
PLAX 280
PLAX 281
PLAX l82
PLAX 283
PLAX 284
PLAX 285
PLAX 286

160 ND=12
CALL VECTCRlV,XIII,YIII,ZIII,XIJI,YIJI,ZIJII
CALL VECTDRIG,XIII,YII),ZIII,XILl,YILI,ZlLlI
CALL CROSSIV,G,WI
CALL CROSSI.,V,UI
CALL VECTDRlW,XlII,Ylll,ZIII,XIKI,YIKI,ZIKII
RRlll=O.O
ZZllI=O.O
RR121:V141
ZZI21-0.0
RR(3):WI41*DOTlW,VI
ZZI31=WI41*DCTIW,UI
RRI41-GI41*DCTlG,VI
ZZI41-GI41*DOTIG,UI

DO 110 1:1,4
II=IXI II
TMPI II-Tl III
LMI 11-101 Il,lI
LMII+41-IOIII,21

110 LMlI+81=IOIII,31
CALL ~UAD

DO 196 I-I,ll
DO 194 L:1,4

1~4 PII,LI-PPII,LI
DO 196 J-I,ll
Sl I,JI-SSI I,JI

H6 SIJ,II:S1 I,JI

DO 210 K=l, NS
DO lDD L=l,4
DO lOO J=I,3
lL-i,*IJ-II+L

200 B8IK,LL)-BIK,LI*VIJI+BIK,L+41*UIJI
00 210 J-l,ll

210 BIK,JI=BBIK,JI

DO 190 1:1,3
DO 190 K:l,4
KK s 4*1 I-II +K
DO ISO L-l,4

ISO PPIKK,LI:YIII*PIK,LI+UIII*PIK+4,LI
DO 190 J:I,3
DO 190 L-l,4
LL-4*IJ-1I+L

190 SSIKK,LLI-YlII*ISIK,LI*VIJI+SIK,L+41*UIJII
1 +UIII*ISIK+4,LI*VIJI+SIK+4,L+41*UIJII

00 210 1-1,4
00 l15 L=I,4
PII ,LI:Pli ,LI+XMIII*WGT*EMULIL,31
PlI+4,L):PII+4,L)+XMIII*WGT*EMULIL,41

215 PII+B,LI=PII+8,LI+XMII)*WGT*EMULIL,51
XMI II=XMI II*XMM
XMII+41=XMIlI

l20 XMII+81-XHIII

C

C

C

C

C

C

PLAX 144
PLAX 145
PLAX 146
PLAX 147
PLAX 148
PLAX 149
PLAX 150
PLAX 151
PLAX 152
PLAX 153
PLAX 154
PLAX 155
PLAX 156
PL AX 151
PLAX 158
PLAX 159
PLAX 160
PLAX 161
PLAX 162
PLAX 163
PLAX 164
PLAX 165
PLAX 166
PLAX 167
PLAX 168
PLAX 169
PLAX 170
PLAX 171
PLAX 172
PLAX 173
PLAX 11't
PLAX 175
PLAX 116
PLAX 177
PLAX 178
PLAX 119
PLAX 180
PLAX 181
PLAX 182
PLAX 183
PLAX 184
PLAX 185
PLAX 186
PLAX 181
PLAX 188
PLAX 189
PLAX 190
PLAX 191
PLAX 192
PLAX 193
PLAX 194
PLAX 195
PLAX 196
PLAX 191
PLAX 198
PLAX 199
PLAX 200
PLAX 201
PLAX 202
PLAX 203
PLAX 204
PLAX 205
PLAX 206
PLAX 201
PLAX 208
PLAX 209
PLAX 210
PLAX 211
PLAX 212
PLAX 213
PLAX 214
PLAX 215
PLAX 216
PLAX 211
PLAX 218

~...



~

PLAX 287
PLAX 288
PLAX 289
PLAX 290
PLAX 291
PLAX 292
PLAX 293
PLAX 294
PLAX 295
PLAX 296
PLAX 297
PLAX 298
PLAX 299
PLAX 300
PLAX 301
PLAX 302
PLAX 303
PLAX 304
PLAX 305
PLAX 306
PLAX 307
PLAX 308
PLAX 309
PLAX 310
PLAX 311
PLAX 312
PLAX 313
PLAX 314
PLAX 315
PLAX 316
PLAX 311
PLAX 318
PLAX 319
PLAX 3Z0
PLAX 3Z1
PLAX 322
PLAX 3Z3
PLAX 3Z4
PLAX 325
PLAX 326
PLAX 327
PLAX 3Z8
PLAX 3Z9
PLAX 330
PLAX 331
PLAX 332
PLAX 333
PLAX 334
PLAX 335
PLAX 336
PLAX 337
PLAX 338
PLAX 339
PLAX 340
PLAX 341
PLAX 342
PLAX 343
PLAX 344
PLAX 345
PLAX 346
PLAX 347
PLAX 348
PLAX 349
PLAX 350
PLAX 351
PLAX 35Z
PLAX 353
PLAX 354
PLAX 355
PLAX 356
PLAX 357
PLAX 358
PLAX 359
PLAX 360
PLAX 361

530
C
C
C

535

540

550
C
C
C
C

560

110
720
730

C

6CO

660
C
C
C

FAC=TEMP-REFT
00 53011=1,4
I=II+4*(L-l)
TIII,4/=-TTI 11l1*FAC
00 530 J=1012
8IId/=0.0
DO 530 K=I,4
8II.Jl=811,J)+DIII,K)*BBIK,J,

ELIMINATE EXTRA DEGREES OF FREEOCM

IF I IX13' .EQ. IXI41 , GO TC 560
IFINPARI61.NE.O' GO TO 560
00 550 N~=I,4

L=IZ-N~

K"'l+l
C*TPIKIISIK,KI
00 535 J=I,~S

71IJ,4'=T!IJ.41+C*BIJ.K'
00 550 I=I,L
C*SIIoKl/SIK,K,
TP II '=TP I I '-C*TPI KI
00 540 J=l,NS
BI J,I '=BI J, Il-C*BIJ, K'
00 550 J-l,L
511, J' =SII,J I-C*SIK, JI

ROTATE STRESS-OISPLACEME~T TRA~SFORMATION TO GIVE STRESSES
NORMAL AND PARALLEL TO SIDES - SIMILARILV ROTATE INITIAL STRESSES

NSET=LL-l
IF I ~SFT .LE. 0 I GO TO 730
00 720 L=l ,~SET
IV-IVECTI LI
JV-JVECTlLl
CALL VECTORIV,RRIIVI,ZZIIV),O.O.RRIJVI,ZZIJYI,O.OI
S2=YIlI*V III
CZ-YIZI*VI21
SC--YI1l*VI21
Ils4*L+l
12*11+1
14*11+3
n-n lilt 41
T2=TI I 12,41
T4*TII14,41
T5*2.0*SC*T4
Tllll,41*C2*Tl+S2*TZ+T5
71 (l2,4'*S2*71+C2*T2-T5
TliI4,41*SC*ITZ-Tli+ic2~S21*T4
00 no J-I,8
BI-8111.Jl
BZ=BIIZ,JI
B4=BI14,JI
85-2.0*5C*84
Blll,JI-C2*BI+SZ*BZ+B5
BIIZ,JI-SZ*BI+CZ*82-B5
8114,JI-SC*182-811+1CZ-SZ'*B4
CONTI~UE

CONTINUE

00 660 L-I,4
00 600 I-I,~S

TI II ,L1 =TI II ,41*EMULI L,II
00 660 1=1,8
PII,LI-TPII/*EMULIL.II

CALCULATE PRESSURE LOADS ON I-J FACE

OR-RRI2/-RRIIl
OZ-ZZIl'-HIZI
Rr-PRESS*12.*RRIII+RRI211/6.
RJ=PRESS*12.*RRIZ'+RRI111/6.
IFINPARI51.EQ.01 GO TO 670
RI=PRESS*THICK/Z.
RJ=RI

PLAX
PL~X

PLAX
PLAX
PLAX
PLAX
PLAX

PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX

362
363
364
365
366
367
368

369
370
371
372
373
374
375
376
377
378
379
380
381
38Z
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
~07

408
409
410
411
41Z
413
414
415
416
417
418
419
~ZO

421
422
4Z3
424
4Z5
4Z6
427
428
429

C

C

C

C

C

C

C
C
C

610 DO 700 L-I,4
PII,L'=PII,L)+OZ*RI*E~ULIL,2)

PI5.L)=PI5.LI+OR*RJ*EMULlL,21
PIZ,Ll=PIZ,LI+OZ*RI*E~ULIL.ZI

700 PI6.L'=PI6,L'+OR*RJ*EMULIL,21
RETURN
~O

SU8ROUTINE FORMBIS,T,BI
COMMON IELPARI ~PARI141,NUMNP,MBANO,~ELTVP,~I.~2,N3,N4.N5.MTOT,~EQ

COM~ON IEMI LMI121,UI12,12I,PIIZ.4',XMIIZI,QI20,lZI,BBI20,121.
I T1120,4/. IXI41.IEI 5 ),014,4),EMULl4.5' ,RR141 ,ZZI 4',HI6' ,HS 16',
2 HTI6/,HRI6"HZI61.FAC,XMM,PRESS.NS,EEII0/,TTI141,PPI12,4/,THICK
3 ,TMPI4"QPI12/,ALPI4/

OIMENSICN 8120,IZ'
OIMENSICN 1I16',JJI61
DATA Il/l,2,3,4,9,lO/,JJ/5,6,1,8,ll,121

SM=1.0-S
SP=l.O+S
TM=l.D-T
TP=l.O+T

HIlI=SM*TM/4.
HIZI=SP*TM/4.
HilI - SP*TP 14.
HI41=SM*TP/4.
HI51=ll.0-S*SI
HI61=1l.D-T*T1

HSIlI=-TM/4.
HSI21*-I'SI1l
HSI3'-TP/4.
HS 141=-HSI 31
HS 151=-2.*5
HSI61=0.0

HTll'=-SM/4.
HTlZ'=-SP/4.
HT 131=-HTlZ'
HTl41=-HTI1l
HTI51=0.0
HTi6J=-Z.*T

PZT=HTlll*ZZI11+HTIZ'*ZZIZI+HTI31*ZZI3'+HTI4'*ZZI41
PZS=HSlll*ZZIII+HSIZ'*ZZIZI+HSI3'*ZZI3,+HSI41*ZZI4'
PRS-HSll'*RRlll+HSIZI*RRIZI+HSI31*RRI3/+HSI41*RRI4'
PRT=HTIII*RRIII+HTIZI*RRI21+HTI3/*RRI31+HTI41*RRI4/
XJ-PRS*PZT-PRT*PZS

PSR=PZT/XJ
PTR--PZS/XJ
PSZ--PRT/XJ
PT Z-PRS/XJ

00 100 1=1,6
HRIII-PSR*~SII'+PTR*HTIII

100 HZII,=PSZ*HSIII+PTZ*HTIII
R=HIII*RRIll+HIZI*RRIZ'+HI31*RRI31+HI4'*RRI41
IFINPARI51.NE.01 R=THICK

FORM STRAIN DISPLACEMENT MATRix

DO 200 K=1,6
1-IIIKI
J=JJIKI
B( I, 1I.~RI Kl
B12, JI=HZlKI
IFlNPARISI.EQ.OI BI3,II=HlKI/R

......

.j::'­

o



PLAX 430 B14,I I-HZ I KI
PLAX 431 200 BI4,JI'HRIKI
PLAX 432 e
PLAX 433 FAC"IIXJ*R
PLAX 434 RETURN
PLAX 435 END

C

.~

PLAX 436
PLAX 431
PLAX 438
PLAX 439
PLAX 440
PLAX 441
PLAX 442
PLAX 443
PLAX 444
PLAX 445
PLAX 446
PLAX 441
PLAX 448
PLAX 449
PLAX 450
PLAX 451
PLAX 452
PLAX 453
PLAX 454
PLAX 455
PLAX 456
PLAX 451
PLAX 458
PLAX 459
PLAX 460
PLAX 461
PLAX 462
PLAX 463
PLAX 464
PLAX 465
PLAX 466
PLAX 461
PLAX 468
PLAX 469
PLAX 410
PLAX ';11
PLAX 412
PLAX 413
PLAX 414
PLAX 415
PLAX 416
PLAX 411
PLAX 418
PLAX 419
PLAX 480
PLAX 481
PLAX 482
PLAX 483
PLAX 484
PLAX loBS
PLAX 486
PLAX 481
PLAX 4B8
PLAX 489
PLAX 490
PLAX 491
PLAX 492
PLAX 493
PLAX 494
PLAX 495
PLAX 496
PLAX 491

SUBROUTINE ELAW lNUHTe,EE,E,C,P,ALPI
COHHON/JUNK/HAT,NT,TEHP,REFT,BETA,TAUI4I,OI4,41,CCI4,4I,XXl41
01 HENSION ElNUHTe,11,11,EEI101,CI4,41,PI4I,ALPI41

C
e STRESS-STRAIN LAW IN N-S-T SYSTEH

IF lNT.NE.l1 GO TO 220
00 210 KK.l, 10

210 EEIKKI-EII,KK+I,HATI
GO TO 260

220 DO 230 1-2,NT
T!=Ell-l,I,HATI
T2'Ell,I,HATI
IFIT2.GE.TEHPI GO TO Z40

230 CONTINUE
240 CONTINUE

RI-ITZ-TEHPI/IT2-TII
RJ-ITEHP-TlI/1T2-Tll
00 250 KK=I,10

250 EEIKKI-EII-I,KK+I,HATI.RI+EII,KK+I,HATI.RJ
260 CONT INU~

00 Z65 1I-1,4
00 265 KK-l,4
CIII,KKI-O •

265 DllI,KKJ-O.
Cll,II-1.0/EElll
Cll,21--EEI41·Cll,11
Cll,31--EEI51·Cll,11
CI2,1I-Cll,21
CI2,ZI-l.0/EEI21
CI2,3J--EEI61·CI2,21
CI3,1I-Cll,31
CI3,21-CI2,31
CI3,31-1.0/EEI31
CI4,41-EEI7I
CHL PCS.lIIVIC,3.,:4.1

00 210 H-l,3
ALPIHI-EEIH+11

Z10 PIHI-CIM,II.EEI81+CIH,21.EEI91+CIH,31.EEII01
ALPI41-0.
PI41-0.0

C
C ROTATE MATERIAL PROPERTIES TO R-Z-T SYSTEH
C

IFIBETA.EQ.O.OI GO TO 500
ANG-BETA/57.2951195
SS-SINIANGI
CC 'COS lANG 1
SZ-SS·SS
C2-CC·CC
SC-SS·CC
011,1I-C2
011,21-52
011,41-SC
0IZ,1I-S2
012,21-C2
0IZ,41--SC
013,31-1.0
O( 4, l);II-2.*SC
014,ZI--014,1I
014,41-C2-S2
00 Z81 JJ'1,4

PLAX 498
PLAX 499
PLAX 500
PLAX 501
PLAX 502
PLAX 503
PLAX 504
PLAX 505
PLAX 506
PLAX 501
PLAX 508
PLAX 509
PLAX 510
PLAX 511
PLAX 512
PLAX 513
PLAX 514
PLAX 515
PLAX 516
PLAX 511
PLAX 51B
PLAX 519

C

C

01=C II, U.Ol loJJ I.e I 1,21.0 IZ, JJ I+Cll,31.013, JJI+C 11,41.014, JJI
02=CI2,ll.011.JJI+CI2,21.012,JJI+CI2,3'.013,JJI+CI2,41.014.JJI
03=CI3,11.011,JJI'CI3,Z'.012,JJI+CI3,31.013,JJI'CI3,41.014,JJI
04=C 14, U.Oll,JJ I+C 14, 2 '.0 12, JJ I +Cl 4. 31.013, JJ I+CI4,41.014, JlI
00 281 II-JJ,4
CClll,JJI-011,111·01+012,111.02+013,111·03+014,111.04

281 CCIJJ,II'-CCIII,JJI
DO 290 11:1:1,4
TAUI 1I1-0.0
XXllll-O.
00 290 KK z l,4
XXllll=XXIIII+OIKK,III·ALPIKKI

290 TAUllll·TAUIIII+OIKK,III.PIKK'

00 300 1-1,4
ALPI II-XXIII
PIII-TAUI II
DO 300 J=1,4

300 CII,JI·CCII,J'

500 RETURN
END

.....
-J::'­.....



SU8ROUTINE THREEO

SUBROUTINE 8RICK8 IS,STR,NBRKa,NMAT,NLO,IO,X,Y,Z,T,EE,ENU,RHO,
ALPT,KTYPE,PR,YREF,NFACE,NUMNPI

C
C STIFFNESS SU8ROUTINE FOR 24 O.F. ISOPARAMETRIC HEXAHEORON
C LINEAR ELASTIC ISOTROPIC MATERIAL
C #NINT*NINT*NINT# GAUSSIAN INTEGRATION RULE USED ININT-I,2,3,41
C

DIMENSION KTYPEIII,PRIII,YREFIII,NFACEIII
DIMENSION Till
DIMENSION XIII,YIIl,ZIII,I0lNUMNP,61
COMMCN/EM/LMI241,NO,NS, SSI24,241,RFI24,41,XMI241,SAl12,241,

SFI12,41
EQUIVALENCE IISI,SFI411 , IIS2,SFI611
DIMENSION EEIII,ENUIII,RHOIII,ALPTIII
COMMON IGASSI XKI4,41,WGTI4,41,IPERMl31
COMMeN IJUNKI El,E2,E3,OET,MLCl41,KLDI41,MULTI4l,NPl81,INPI8l,

AI 3, 31, PIli, 310 e (3,31 ,XX I 8,310 QI 111, OLlal ,
TTI24l,XLFI4l,YLFl41,ZLFI41,TLFI41,PLFl41,

C
2000 FORMAT III
2005 FORMAT 136H ••••• 8-NOOE SOLID ELEMENT STRESSES II

• 24H ELEMENT LOAD NO. FACE ,5X,
104H SIG-XX SIG-YY SIG-ZZ SIG-XY

SIG-ZX SIG-MAX SIG-MIN S2/ANGLEI
3005 FORMAT 116.19,IB,2X,IP9El2.21
30isFORHAT ~li5X;· iii,2X,IP9Ei.z~il

END

0.,
O. ,
0.,

.B6113631159411
D.,
O. ,
0.,

.34785484513751

, o. ,
, O.
,-1.

O. ,
o. ,

.7745966692415,

.3399810435849,
O. ,
0.,

.5555555555556,

.6521451548625,

, o. , o.
,-1. , o.
, o. , 1.

ELEMENT OISTRI8UTEO LOAD CARDS

ZERO EM

MATERIAL PROPERTIES

WRITE 16,13001
DO 1 1=I,NMAT
READ 15010011 N,E[INI,ENUINI,RHOINI,ALPHNI
WRITE 16,20011 N,EElNl,ENUINl,RHOINl,ALPTINI

DATA XK I 0., D.,
1 -.5773502f91896, .5773502691896,
2 -.7145966692415, .0000000000000,
3 -.BfI136311594I,-.3399810435849,

DATA WGT 1 2.000, 0.,
1 1.0000000000000,1.0000000000000,
2 .5555555555556, .888B888888889,
3 .3478548451375, .652145154B625,

DATA IPERM 12,3,1 I
DIMENSION STPTSI7,31
DATA STPTS I O. , I. ,-I. , O.

o. , o. , o.• 1.
o. , o. , o. , o.

WRITE 16,30001 N8RKB,NMAT,NLD
DO 9 1-1,1058

9 LMlII-O

REFr,INEL,ININT.I~AT,IINC.TTEMPtNEL,ML,NINT,M4T,

I~C,TAGtTE~P,SKIP,I,J,K,l,FAC,CCl,CC2,CC3,CC4,G,

OEN,FACT,GT,GG,C1,C2,C3,C,Kl,K2
COMMON IELPARI NPARl141,NUMN ,MBANO,NELTYP,NI,N2,N3,N4,N5.MTOT,NEQ
DIMENSION SI33,331,STRl12,331
OIMENSION EI3,31
DIMENSION ISI2J,ISPl21

IFINLOI 23,23,15
15 WRITE 16,13021

DO 16 1-1,NLD
READ 15,10021 N,KTYPEINI,PRINI,YREFINI,NFACEINI

16 WRITE 16,20021 N,KTYPEINI,PRINI,YREFINI,NFACEINI

23 READ 15,10031 GRAV,PLF,TLF,XLF,YLF,ZLF
WRITE 16,20031 PLF,TLF,XLF,YLF,ZLF
GRAV=I.0
WRiTE 16,130il
NEL=O

30 READ 15,10001 INEL,INP,ININT,I~AT,IINC,MLD,ISP,TTEMP

00 39 1-1,4
39 MULTlll-1

IFIIINC.EQ.OI lINC=l
IFIIMAT.EQ.OI IMAT=l

40 NEL-NEl.I
ML- INEL-NEL
IFIMLI 50,55,60

50 WRITE 16,40031 INEL
STOP

55 DO 56 1-1,8
56 NPClI=INPI II

NINT=ININT
MAT-IMAT
INC-IINC
TAG-IH*
REFT-rrEMP
ISUI=ISPlll
IS121-ISP121
SKI P,=9999Q.
IFININTI 33,33,57

33 NINT-IAeSlNINTI
SKIP-I.
IFININT.EQ.OI SKIP-O.

57 CONTINUE

C
C
C
C
C

C
C
C

C
C
C

C

69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
B5
B6
B7
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

SOL8
SOL8
SOL8
SOL8
SOL8
SOLa
SDL8
SOLS
SOL8
SOLa
SOLa
SOLa
SOLa
SOLa
SOL8
SOL8
SOL8
SOL8
SOL8
SOLa
SOLa
SOLa
SOL8
SOL8
SOLa
SOLB
SOL8
SOLa
SOL8
SOLa
SOL8
SOLa
SOL8
SOLB
SOLB
SOL8
SOL8
SOL8
SOLa
SOLa
SOLa
SOLa
SOLa
SOLa
SOLa
SOLa
SOLa
SOLa
sOlli
SOLa
SOLa
SOLa
SOLa
SOL8
SOL8
SOLa
SOLa
SOL8
SOLa
SOLa
SOL8
SOL8
SOLa
SOLa
SOL8
SOLa
SOLa
SOL8
SOLa
SOL8
SOL8
SOLa
SOLS
SOL8
SOL8

SIG-Yl

RETURN

COMMON IELPARI NPARI14l,NUHNP,MBANO,NELTYP,NI,N2,N3,N4,N5,MTOT,NEQ
COMMON I EM 1 NS,~O,LM1481,8148,4BI,TT14B,41

EQUIVALENCE lISI,TT(4)1 , llS2,TTI611
COMMON I JUNK I LT,LH,L,SIGl241
COMMCN AIII
DIMENSION SPRI61

IFlNPARlll.EQ.OI GO TO 500
N6=N5.NUMNP
N7-N6.NPAR l3 I
N8=N7.NPAR l31
N9-NB.NPAR 131
NIO-N9.NPAR131
NII-NIO.NPARI41
NI2-Nll.NPAR 141
NI3-NI2.NPARI41
NI4-NI3.NPARI4)
NI5-NI4H3*33
NI6-NI5.12*33
IFINI6.GT.MTOTI CALL ERROR IN 16-MTOT I
CALL 8RICKB IAINI41,AlNI51,

NPARl21,NPARl31,NPARI41,AlNII,AlN21,AlN31,AIN41,
AIN51,AIN61,AIN71,AlN81,AIN91,AlNI0I,AlNIII,
AINI21,AlNI31,NUHNPI

RETURN

500 WR ITE 16,20051
NUME-NPAR 121
DO 800 MM-I,NUME
CALL STRSC IAINII,AIN31,NEQ,Ol
WR ITE 16,20001
DO BOD L-L T, LH
CALL STRSC IAINII,AIN3I,NEQ,11
CALL PRIST INS,ISI,IS2,SIG,SPRI
WRITE 16,30051 MM,L,ISI,ISIGlII,I-I,6I,ISPRIII,I-I,31
IFlNS.EQ.121 WRITE 16,30151 IS2,ISIGIII,I=7,121,ISPRIII,I-4,61

800 CONTINUE

C

C

C

C

I
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49~

50

51
52
53
54
55
56
57
5B
59
60
61
62
63
64
65
66
67
68

SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOlS
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8

SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
S:JL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
S:JL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOL8
SOLS
SOL8

·~

f-1
~
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SOl8 294
SOLS 295
SOLS 296
SOLS 297
SOLS 29S
SOLS 299
SOLS 300
SOLS 301
SOLS 302
SOLS 303
SOLS 304
SOLS 305
SOLS 306
SOLS 307
SOLS 308
SOLS 309
SOLS 310
SOLS 311
SOLS 312
SOLS 313
SOLS 314
SOl8 315
SOLS 316
SOl8 317
SOLS 31S
SOLS 319
SOLS 320
SOl8 321
SOLS 322
SOLS 323
SOLS 324
SOLS 325
SOl8 326
SOLS 327
SOLS 32S
SOLS 329
SOLS 330
SOLS 331
SOLS 332
SOLS 333
SOLS 334
SOLS 335
SOl8 336
SOLS 337
SOl8 33S
SOl8 339
SOLS 340
SOLS 341
SOL.S 342
SOLS 343
SOLS 344
SOLS 345
SOLS 346
SOLS 347
SOLS 34S
SOLS 349
SOLS 350
SOLS 351
SOl8 352
SOLS 353
SOLS 354
SOLS 355
SOLS 356
SOl8 357
SOLS 35S
SOl8 359
SOLS 360
SOLS 361
SOLS 362
SOLS 363
SOl8 364
SOLS 365
SOLS 366
SOLS 361
SOLS 36S

C
DO 760 1=1,24
00 760 J=I,24
SSII,JI=StI,JI

760 SSIJ,II=SSll,JI
C
C STRAIN TO STRESS MATRIX
C

El l,ll=CCl.F~C
EI2,21=EIl,l1
EI3,31=EIl,l1
Ell,21=CC2.FAC
Ell,31=EIl,21
E12,31=Ell,21
E12,lI=Ell,21
EI3,U-Ell,21
EI 3,2 I=EI 1,2 I

C
00 900 l=l,NSS
11 =1.6-6
DO 850 J=l,3
00 B50 K=l,24
sP-o.
DO S40 l=l,3

S40 SP = SP + EIJ,ll.STRIII+l,KI
SAlll+J,KI=SP
JJzII+3+J

B50 SAIJJ,KI=CC3.FAC.STRIJJ,KI
C
C

00 S60 J=l,3
JJ-J+3
DO B60 K=l,4
SFlll+J,KI=-FACT·1lFIKI

860 SFIII+JJ,KI=O.
C

IF IISlll.lE.DI GO TO 900
ll=ISIII+l
El=STPTS Ill, 11
E2=STPTSlll,21
E3=STPTSILl,31
CAll DERIV 14,SAI
CALL LOSTR IIS,A,B,SA,SF,II

C
9CO CONTINUE

C
70 CONTINUE

C
C 01 STRiB'UTED LOAb'
C

DO 410 J=l,24
DO 410 1=1,4

410 RFIJ,!I=O.
CALL LOAD IKTYPE,PR,YREF,~FACEI

C
C SELF WQT.
C

00 460 II-l,B
K=3·11
J=K-l
I=J-l
00 460 L=l,4
RFtI,LI = RFIl,L1oPLFIll + OL(lIl.XLFILI
RFIJ,U = RFIJ,U.PLFILl + OLllll.YLFILI

460 PFIK,LI = RFIK,ll.PlFllI + OLIIII.ZLFILI
C
C THERMAL LO~OS

C
00 470 1=1,24
GT=TTIII·FACT
00 470 J=l,4

470 RFII,JI=RFI1,JI + GT.1LFIJI
C
C MASS ARRAY
C

SOLS 369
SOLS 310
SOLS 371
SOLS 312
SOLS 373
SOLS 374
SOLS 375
SOLS 376
SOLS 377
SOLS 37S
SOLS 379
SOLS 380
SOLS 3S1
SOLS 3S2
SOLS 3S3
SOl8 3S4
SOl8 3S5
SOLS 3S6
SOl8 3S7
SOLS 3BS
SOLS 3S9
SOLS 390
SOLS 391
SOLS 392
SOLS 393
SOLS 394
SOl8 395
SOLS 396
SOLS 397
SOl8 39S
SOLS 399
SOLS 400
SOLS 401
SOl8 402
SOLS 403
SOLS 404
SOLS 405
SOLS 406
SOLS 407
SOLS 40S
SOLS 409
SOLS 410
SOLS 411
SOLS 412
SOLS 413
SOLS 414
SOLS 415
SOlB 416
SOL.S 4i7
SOLS 41S
SOlB 419
SOLS 420
SOLS 421
SOLS 422
SOLS 423
SOLS 424
SOLS 425
SOLS 426
SOLS 427
SOLS 42S
SOLS 429
SOLS 430
SOLS 431
SOLS 432

L=O
00 465 l=l,S
00 465 J=l,3
l=L+l

465 XMILI=OLIII/GRAV
C

IJ=O
00 550 1=1, S
II=NPI II
00 550 J=l,3
IJ=1 J+l

550 LMIIJI=IOIII,JI
NO=24

C
ISl=ISI1I
IS2=ISI21
NOM=24
CALL CALBAN IMBANO,NOIF,LM,XM,SS,RF,NO,NOMI
WRITE (1) NO,NS,lLMtIJ ,I=l.NOh ((SA(I,J),1.31,NSI ,J-l,NOh

1 I (SFlI,J),I#l,NS) ,J=1,4.
WRITE 16,20001 NEL,~P,NINT,MAT,TAG,KLO,REFT,IS,NDIF

C
C CHECK IF LAST ELEMENT
C

IFINBRKS-NELI 50,600,590
590 IFIMll 30,30,40

C
C

600 RETURN
C
C

1000 FORMAT 11215,412,211,FI0.21
1001 FORMAT 115,4FI0.01
1002 FORMAT 1215,2FI0.2,151
1003 FORMATII0X,FI0.2114FI0.211
2000 FORMAT 116,X,S15,19,112,BX,Al,3X,415,F9.1,5X,213,ISI
2001 FORMAT IX,15,4E15.41
2002 FORMAT 115,19,2F13.3,1121
2003 FORMAT 111111

3SH LOAD FACTORS FOR 4 ELEME~T LOAD CASES II
46X 17HELEMENT LOAD CASE I
36X IHA 'IX IHB 'IX lHe 'IX IHO

• 30H PRESSURE lOAD FACTORS • • 4FI0.31
• 30H THERMAL LOAD FACTORS • • 4FI0.3;1
• 30H PERCENT GRAVITY IN +X OIRN. 4FIO.31
• 30H PERCENT GRAVITY IN +Y OIRN. 4FI0.31
• 30H PERCENT GRAVITY IN +Z DIPN. 4FIO.31 I

1300 FORMAT 19HOMATERIAL lOX IHE 12X 2HNU lOX 3HRHO llX 7HALPHA-T I.• Ii~' NUMBER II . . .. ....
1301 FORMAT 130Hl •••• B NODE SOLID ELEMENT DATA III

• BH ELEMENT lOX 15HCONNECTEO NODES 17X 2SHINTEGRATION MATERIAL
.NPUT 7X 13HELEMENT lOADS 5X 7HElEMENT ,5x,6HSTRESS I
• BH NUMBER 3X,36Hl 2 3 4 5 6 7 B 6X,5HOROER
• 7X,3HNO. 6X 3HTAG 7X 16Hl 2 3 4 4X 5HTENP. ,6X,6HPOINTS
• 5X,4HBAND II

1302 FORMAT 11111126H ELEMENT OISTRlSUTED LOADS II
• 52H NUMBER KTYPE P~ YREF FACE I

3000 FORMAT I 31Hl •••••• S - NODE SOLID ELEMENTS III
.24H NUMBER OF ELEMENTS •••• ,IS II
• 24H NUMBER OF MATERIALS ••• ,IS II
• 24H NUMBER OF LOAD TYPES •• ,15 11II

4003 FORMAT 136HOELEMENT CARD ERROR, ELEMENT NUMBER= 161
C

END

i-'
-l:'-
-l:'-



l-'
.j::­
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END

SUBROUTINE LOAD IKTYPEE,PRR,YREFF,NFACEI

Al = IAtMM,21*AIHN,31-AIHM,31·AIMN,211
A2 = IAIMM,31.AIM~,II-AIMM,II.AIMN,311

A3 - IAIMM,II.AIMN,21-AIMM,ZI·AtMN,111
AA=SQRTIAl**Z+AZ··2+A3**ZI
Al - AlfAA
A2 = AZlAA

COMMoNfEMILM 1241 ,~D, NS, ESI 24 ,241 ,RF 124,4', XMI 241, SAt 12 ,24',
SFI12,41

COMMON IJUNKI ETAl31 ,DET,MLDI4I,KLDt4I,MULTt41,NPlaloINPIS),
• At3, 3l,PI 11, 31, BI 3, 31,XXI B,31,Ol11l,DLl81

DIMENSION KTYPEEIlI,PRRIlI,YREFFlll,NFACEll1
COMMON fGASS f DUMI121,XKI41,DoUMl12l,WGTI4l,IPERMI31
DIMENSION KCROl61,FVALI61,KFACEI6,41

KFAce / I, 4, 2, 1, 6, Z,
2, 3, 3, 4, 7, 3,
6, 7, 7, 8, 8, 4,
5, 8, 6, 5, 5, 1/

KCRO 1 1,1,2,2,3,31
FVAL 11.,-1.,1.,-1 •• 1.,-1.1

OATA
1
2
3

DATA
DATA

IFIKK.EQ.3) GO TO 500
DO 250 1=1,3
J = IPERMIII
K = IPERMtJI
ell,lI = AtJ,JI.AIK,KI - AIK,JI*AIJ,KI
BII,JI = AIK,JI*AII,KI - AII,JI.AIK,KI

250 BIJoIl = AIJ,KI.AIKoIl - AIJ,Il*AIK,KI
IF IKK.EQ.41 GO TO 500
OET = AIl,II.Blloll + All,21.S12,lI + All,31.Bt3oll

DO 700KK=I , 4
NNNaKLDIKKI
IFINNNI 700,700,10

10 KTYPE=KTYPEEINNNI
PR=PRRINNN'
YREF=YREFF INNN 1
KF=NFACEIN~Nl

INTEGRATE OVER THE SURFACE

ML - KCRDI KF I
MM a IPERM IMLI
MN a IPERMIMMI
ETAIMLI = FVALIKFI
DO 300 LX = 1,4
ETAIMMI = XKILXI
DO 300 LY a 1,4
ETAIMNI = XKtLYI
CALL DERIV13,SAI

COMPUTE DIRECTION CCSINES OF NORMAL TO SURFACE

MATRIX OF X-Y-Z DERIVATIVES
00 400 1-1,3
DO 400 J-l,ll
C = O.
DO 350 K=I,3

350 C = C + BII,KI.PIK,JI
400oIJ,II=CfOET

500 RETURN

C
C
C

C
C
C

C
C

C

C

C

C

C

C
C

SOLS 530
SOLa 531
SOLa 532
SOLS 533
SOLa 534
SOLS 535
SOLa 536
SOLa 537
SOLS 53a
SOLS 539
SOLa 540
SOLa 541
SOLa 542
SOLS 543
SOLS 544
SOLS 545
SOLa 546
SOLS 547
SOLS 54a
sOLa 549
SOLS 550
SOLa 551
SOLS 552
SOLS 553
SOLa 554
SOLS 555
SOLS 556
SOLS 557
SOLa 55S
SOLa 559
SOLS 560
SOLS 561
SCLS 562
SOLS 563
SOLa 564
SOLS 565
SOLa 566
SCLS 561
SOLS 56a
SCLa 5&9
SOLa 570
SOLS 571
SOLS 512
SOLS 573
SOLa 514
SOLS 575

SOLS 50S
SOLa 509
SOLS 510
SOLa 511
SOLa 512
SOLS 513
SOLS 514
SOLS 515
SOLS 516
SOLS 517
SOLa 51S
SOLS 519
SOLS 520
SOLS 521
SOLa 522
SOLS 523
SOLS 524
SOLS 525
SOLa 526
SOLa 527
SOLS 52a
SOLS 529

RP;811.+RI*.lZ5
RMal 1.-R I •• 125
SPa l.+S
SM=I.-S
TPsl.+T
THal.-T
IF IKK.EQ.2.OR.KK.EQ.41 GO TO 100

OERIVATIVES OF SHAPE FUNCTIONS

SHAPE FUNCTIONS

PI3,l1 = -RP*SM
PI3,21 s -RP*SP
PI3,31 = -RM.SP
Pt3,41 a -RM.SM
PI3,5' - -P13,11
Pl3,bl a -P13,21
P13,lI = -Pt3,31
PI3,S) = -P13,41
PI 3, 91 '& O.
P13ol01= O.
P13,IlI= -T

JACOBIAN MATRIX

SUBROUTINE DERIVIKK,DI

DIMENSICN 0112,11
COMMON fGASSf XKI4,41,WGTl4,41,IPERMI31
COMMON fJUNKf R ,S ,T ,DET,MLCl41,KLDI41,MULTI41 ,NPISl,lNPtal,

A13,31 ,P 13 ,Ill ,S t3, 31 ,XX 18,31,01111, OLl SI

QIlI = RP.SM.TM
QI21 = RP.SP.TM
QI31 = RM. SP.TM
QI41 = RM.SM.TM
QI51 a RP.SM.TP
QI61 = RP*SP.TP
QI1l = RM*SP.TP
QISI a RM*SM*TP

PIZ,II a -RP*TM
Pl2,21 - -P12ol1
PIZ,31 ;8 R"'*TH
PI2,41 - -PI2,3)
PI2,51 = -RP.TP
PI2,61 a -P12,51
P!2,T) -R~*TP .
pl2,a, a -P12,71
Pl2,91 a O.
PI2ol0l a -S
PIZ,ll)- O.

100 Pll,ll = SM*TM*.125
Pll,21 a SP*TM*.125
PIl,31 = -PIl,21
PI1041 a -Plloll
PII,51 a SM*TP*.ll5
Pll,61 = SP*TP*.125
pll,n a -Pll,61
PIl,SI a -PIl,51
PII,9) = -R
PIl,10l a O.
Pll,ll1- O.

00 200 1=1,3
00 200 J=I,3
C-O.
00 150 L=I,B

150 C - C + PII,LI.XXtL,JI
200A(I,JI -C

INVERT JACOBIAN

C

C
C

C
C
C

C

C
C
C

C
C
C

C

SOLS 433
SOLS 434
SOLS 435
SOLS 436
SOLS 437
SOLS 43S
SOLS 439
SOLS 440
SOLS 441
SOLS 442
SOLS 443
SOLS 444
SOLS 445
SOLS 446
SOLS 447
SOLS 44S
SOLS 449
SOLS 450
SOLS 451
SOLS 452
SOLS 453
SOLS 454
SOLS 455
SOLS 456
SOLS 457
SOLS 45S
SOLS 459
SOLa 460
SOLa 461
SOLa 462
SOLa 463
SOLa 464
SOLa 465
SOLa 466
SOLa 467
SOLa 46S
SOLa 469
SOLa 470
SOLa 471
SOLS 412
SOLS 473
SOLa 474
SOLS 475
SOLa 476
SOLa 477
SOLa 47S
SOLS 479
SOLa 4ao
SOLa 481'
SOLa 4a2
SOLa 4a3
SOLS 4a4
SOLa 4a5
SOLa 4a6
SOLS 4a1
SOLa 4as
SOLa 4a9
SOLa 49-J
SOLS 491
SOLS 492
SOLa 493
SOLS 494
SOLS 495
SOLa 496
SOLS 497
SOLa 49S
SOLa 499
SOLa 500
SOLa 501
SOLS 502
SOLa 503
SOLS 504
SOLa 535
SOLa 506
SOLa 507

·;e
o



C

C

C

C

TRll,41=TCII,II*TCll,21*Z.
TR{l,51 2 TCll,Z)*TCll,3)*Z.
TRll,61=TCII,II*TCll,31*Z.
TRIZ,II=TCIZ,ll*TCI2,11
TRIZ,ZI=TCIZ,21*TCIZ,ZI
TRIZ,31=TCIZ,31*TCIZ,31
TRIZ,41=TCIZ,LI*TCIZ,ZI*Z.
TRlZ,S)=TCCZ,Z)*TClZ,3'*Z.
TR(Z,6)=TCCZ,1}.rClZ,3J*Z.
TRI3,II-TCI3,ll*TCI3,ll
TRI3,ZI=TCI3,ZI*TCI3,ZI
TRI3,31=TCI3,31*TCI3,31
TRI3,41=TCI3,ll*TCI3,ZI*Z.
TRl3,S'=TC{3,Z)*TC{3,3)*Z.
TRI3,61=TCI3.11*TCI3,31*Z.
TRI4,ll=TCll,ll*TCIZ,ll
TRI4,ZI=TCll,ZI*TCIZ,ZJ
TRI4,31=TCll,31*TCIZ,31
TRI4,41=TCll,ll*TCIZ,ZI+TCll.ZI*TCIZ,ll
TRI4,51=TCll,ZI*TCIZ,31+TCll,31*TCIZ.ZJ
TRI4,61=TCll,ll*TCIZ.31+TCll,31*TCIZ,ll
TRI5,ll-TCIZ,ll*TCI3,ll
TRI5,ZI=TCIZ,ZI*TCI3,ZI
TRI5,3J=TCIZ,31*TCI3,31
TRlS,4)=TClZ,lt*TC{3,Z'.TC(Z,21*TC(3,1!
TRI5,51=TCIZ,ZI*TCI3,31+TCIZ,31*TCI),ZI
TRI5,61=TCIZ.IJ*TCI3,31+TCIZ,31*TCI3,ll
TRI6,ll=TCI3,ll*TCII,ll
TRI6,ZI=TCI3,ZI*TCIl,ZI
TRI6,31=TCI3.31*TCll,31
TRI6,41=TCI3.11*TCll.ZI+TCI3,ZI·TCll,ll
TRI6,51=TCI3,ZI*TCll,31+TCI3.)I*TCll,ZI
TRI6,61=TCI3,ll*TCll,31.TCI3.31*TCll.ll

SUBROUTINE PRIST INS,ISI,ISZ.SIG.SPR,
DIMENSION SIGllZI,SPRI61.IS1ZJ,SGI61

ISlll-ISl
ISI21=ISZ
NNS=1
IF INS.EQ.IZI NNS=Z
00 900 N=l,NNS
IN z 3*N-3
II=IN*Z
IF IISINI.EQ.OI GO TO 200

CC=ISIGIII+ll+SIGIII+ZII/Z.

IL-ll-U*6
DO 100 1=1,6
DO 100 J-l,Z4
TCII.JI=O.
00 100 K=l,6

100 TCII,JI=TCII,JI+TRII,KI*SAIIL+K.JI
DO 110 1=1,6
DO 110 J=I,Z4

110SAlll+I,JI=TCII,JI

DO 120 1=1,6
DO lZO J=l,4
TCII,JI=O.
DO 120 K-l.6

120 Tt 1I',i'-=TC It ,JI +TRI I ,KI*Snll+K ,J I
DO 130 1-1,6
DO 130 J=1.4

130 SFlll+I.JI-TCII,JI

RETURN
END

C

C

C

C

SOLB 699
SOLB 700
SOLB 701
SolB 70Z
SOLB 703
SOLB 704
SOLS 705
SOLS 706
SOLS 707
SOLB 70S
SOL S 709
SOLS 710
SOL8 711

SolB 644
SoLB 645
SoLB 646
SOLS 647
SOLS 648
SOLS 649
SOLB 650
SoLB 651
SOLB 65Z
SOLS 653
SOLB 654
SOlB 655
SOLB 656
SOLS 657
SOLB 65B
SOLS 659
SOLB 660
SOlB 661
SOlB 66Z
SOLB 663
SOlB 664
SOlB 665
SOlB 666
SOlB 667
SOl8 668
SOLS 669
SOLB 670
SOlB 671
SOLB 672
SOLB 673
SOlB 674
SOl8 675
SOLS 676
SOl8 677
SOlB 678
SOLB 679
SOLB 680
SOlB 6Bl
SOLB 6SZ
SOl8 6B3
SOLS 6S4
SOlB 6B5
SOlB 6B6
SOl8 6B7
SOl8 68S
SOlB 6B9
SOlB 690
SOl8 691
SOl8 692
SOlB 693
SOlB 694
SOlB 695
SOLB 696
SOLB 697
SOLB 69B

151 N I ICOMPUTE FIRST FUND. FORM

A3 - A3/AA

AA - 0.•
BB • o.
CC - O.
DO ZOO I - 1,3
AA-AA+AlMM.II**Z
CC-CC+AIMN,II**Z

ZOO 88 - 88 + AIMM,II*AIMN,II
C=SQRT IAA*CC - 8B*881

C
C
C

SU8ROUTINE lOSTR IIS,A,B,SA,SF,LI
OIMENSION ISIZI,AI3,3I,BI3,3I,SAIIZ,Z4I,SFIIZ.4I,IRFI6,2I,TCI6,Z41

I,TRl6,61
DATA IRF 11,1,2.2,3,3,

1 2,2,3,3.1.11

DO 190 I = 1,4
N = KFACEIKF,II
QQ=TS*QINI
K33*N
RFIK-Z,KKI - RFIK-Z,KKI + QQ*Al
RFIK-l.KKI - RFIK-l,KKI + QQ*A2
RFIK ,KKI = RFIK .KKI + QQ*A3

190 CONTINUE
C

300 CONTINUE
C

700 CONTINUE

IF IKTYPE.EQ.ZI GO TO 170
FORCE - PR
GO TO IS5

170 YY - o.
DO 1 BO I - 1.B

IBO YY - yy'+ QIII*XXII,ll
yy - YY - YREF
FORCE = -PR*YY
IFIYY.GT.O.I FORCE - O.

IE ~ CONTINUE
TS-FORCE*WGTILXI*WGTllYI*C

C
C COMPUTE PRESSURE,LOAO COMPONENTS, STORE IN R
C

LL=ISllI
1-IRFIll.lI
TT=Bll,II*Bll,II+BIZ,II*BI2,11+813,II*BI3,11
TT-SQR TlTT 1
TCI3,ll-Bll,II/TT
TCI3,ZI=812,II/TT
TCI3,31=BI3,II/TT
1=IRFlll,21
rr-AII,U*AII,U+AII,ZI*AI I,ZI+AI I, 31*AI 1,31
TT-SQRTITT 1
TCll,II=AII,lI/TT
TCll.ZI-AII.ZI/TT
TCll.31=AII.31/TT
TCI2,ll-TCI3.21*TCll,31-TCI3,31*TCll,ZI
TCIZ,ZI-TCI3,31*TCll,ll-TCI3,II*TCll,31
TCI2,31=TCI3,ll*TCll,ZI-TCl),ZI*TCll,11

TRll,II=TCII,II*TCII,11
TRll.ZI=TCII,ZI*TCII,ZI
TRll,31-TCII,31*TCII.31

RETURN
END

Sol8 576
SoL8 577
SoLB 57B
SoLB 579
SoLB 580
SoLB 5Bl
SoLB 5BZ
Sol8 5B3
SOLB 5B4
SOl8 5B5
SOLB 5B6
SOLB 5B7
SOLB 5BB
SOLB 5B9
SoLB 590
SOLB 591
SOLB 59Z
SOlB 593
SOLB 594
SOlB 595
SOlB 596
SOL8 597
SolB 59B
SOLS 599
SOLB 600
SoLB 601
SolB 60Z
SOlB 603
SOlB 604
SOlB 605
SOL8 606
SOL8 607
SoLB 60B
SOlB 609
SOLB 610
SOLB 611
SOlB 61Z
SOl8 613
SOLB 614
SOLB 615
SOlB 616
SOlB 617

SOLB 618
SOLB 619
SOLS 6Z0
SOl8 621
SOlB 6ZZ
SOLB 623
SOLB 6Z4
SOlB 6Z5
SOLB 6Z6
SOlS 627
SOl8 6Z8
SOlB 629
SOLB 630
SOlB 631
SOLB 632
SOLB 633
SOlB 634
SolB 635
SOlB 636
SOlB 637
SoLB 63B
SolB 639
SC'lB 640
SOLB 641
SOLB 642
SOlB 643

.~

.....
~
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SOLS 712
SOLS 713
SOLS 714
SOLS 715
SOLS 716
SOLS 717
SOLS 71S
SOLS 719
SOLS 720
SOLS 721
SOLS 722
SOLS 723
SOLS 724
SOL8 725
SOLS 726
SOLS 727
SOL8 728
SOLS 729
SOLS 730
SOL8 731
SOLS 732
SOLS 733
SOLS 734
SOLS 735
SOLS 736
SOLS 737
SOLS 73S
SOLS 739
SOLS 740
SOLS 741
SOLS 742
SOL8 743
SOLS 744
SOLS 745
SOL8 746
SOL8 747
SOLS 74S
SOLS 749
SOLS 750
SOLS 751

C

C

SS-ISIGlll+ll-S1Glll+211/2.
CR-SORTIBB**2+S1Glll+41**21
SPRIIN+II-CC+CR
SPRIIN+21-CC-CR
SPRIIN+31-0.
IF IBB.NE.0.ISPRIIN+31-2S.64B*ATAN2ISIGIII+41,BBI
GO TO 900

200 CC=ISIGlll+11+SIGlll+21+SIGlll+311/3.
DO 210 1=1,3
SGIII-SIGIII+II-CC

210SGll+31=SIGIII+I+31
C2=ISGlll**2+SGI21**2+SGI31**21*.5+SGI41**2+SGI51**2+SGI61**2
C3=SGlll*ISGI21*SGI31-SGI51*SGI511+SGI41*ISGI51*SGI61-SG141*SG1311

I+SGI61*ISGI41*SGI51-SGI21*SGI611
T=SORTI C211. ~I
A=C3*1.414214/T**3
IF 1 A .LT. -1.0 I A=-1.0
IF 1 A .GT. 1.0 1 A- 1.0
A=ACOSIAI13.
T=T*1.U4214
SPRlIN+ll=T*COSIAI
SPRIIN+21=T*COSIA+2.09441
SPRIIN+31=T*COSIA-2.09441
00 220 1=2,3
IF ISPRIIN+ll.GT.SPRIIN+111 GC TO 220
C3-SPRIIN+1I
SPRIIN+ll=SPRIIN+11
SPRIIN+I'I=C3

220 CONTINUE
IF ISPRIIN+21.LE.SPRIIN+311 GO TO 230
C3=SPRIIN+21
SPRIIN+21-SPRIIN+31
SPRIIN+31-C3

230 DO 240 1=1,3
240 SPRlIN+II=SPRIIN+II+CC
900 CO NTI NUE

RETURN
END

I-'
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C

C

C

C

tALL QTSHEl 10,NNS,NPF,Mlo,10IS,IROT,NO ,NTF'

00 30 I-I, NNS
HMI [1-EUll
HPIII=Ellll
HWIlI-EUl1
SMI I, !I-a. 0
SMllt2)=0.0
SNII,31-0.0
8MII,1l-0.0
8MII.21-0.0

30 8/111 ,31-0. a
GO TO 70

6000"6S"1'-1,NNS
65IXIII=IXIII"INCl

7000 40 l=l,NNS
"-IXIII
XXIII-XIJ 1
YYII )=VIJ)

40 ZZIIl=ZIJI

00 550 Il=l,LL
00 520 I=I,NNS
RHOII,11=TLOI3,lLI*RHC~

RHOII,21-TLOI4,ILI*RHOM
RHOII,31-TLOI5,ILI*RHOM
Plll=TLOI1,ILI*EL(21
TIII=TlOI2,lll*ElI31

5200TII/=TLOI2,Ill*El(4)
IF 11L.GE.21 GO TO 530

00 510 1=I,NO
RFIII=RII/
XMII I-D.
00 510 J= 1 ,NO

510 ASAll,JI=SII,JI
GO TO 550

C

C

C

C

WR 11E 16,20031
NN=O

100 READ 15,1001) MM,IY,EL
110 NN-NN"1

IF INM-NNI 440,50,60
50 00 45 1*1,7
45IXIII=!V11I

INCL= IY171
IF IIY(6).EQ.01 IY161-1
IH-!V161
IFIINCL.EQ.O' INCl=l
NNS-5
IF IIYISI.EO.ol NNS-4
IF IIYI41.EO.OI NNS-3
RHOM-C 1301 MI
ALFAI!I=CI4,IMI
ALFAIZI=CIS,IMI
ALFAI3'-CI6,IMI
C/l1l ,11-C 17, 1M)
C/lll,21-CI8,IMI
CMll,31=CI~.I~)

CMI2,2l-CII0,lM)
CM12,31-Cl11,INI
C/l13,31=CI12,IM,
CMI2011-CMl1,21
CHI3,11=CMll,3)
CMO .2) =CMIZ ,31

C

C
C *** READ AND PRI~T OF ELEMENT CAT~

C

C .*. READ AND PRINT OF ELEMENT LOAD MULTIPLIERS
C

READ 15,10021 IITLOII,JI,J=I,41,I-l,51
WRITE 16,Z0061
WRITE 16,20071 IJ.ITLOI[,JI,I-I,51,J-I,41

C

69
70
71
72
73
74
75
76
77
7B
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
lit
11B
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
14Z
143

SHEL
SHEl
SHEL
SHEL
SHEL
SHEL
SHEl
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEl
SHEL
SHEL
SHEL
SHEl
SHEl
SHEL
SHEl
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEl
SHEl
SHEL
SHEl
SHEL
SHEl
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEl
SHEL
S"HE"L
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEl
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEl
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL

SSYY

STRESS COMPONENTSMEMBRANE
I
SXX
III

SHELL ELEMENT STRESSESII
ELEMENT LOAD

BENDING MOMENT CDNPCNENTS
NUNBER CASE

MXX MVV NXV
110X,2110,6EI2.... 1

16,20011
N-l,NUNHAT
15,10001 N,ICII,NI,I-I,IZI
16.20021 N,ICII,NI,I-3olZI

Ll-4

COMMON/07SARGI
lXXI5),YYI51, ZZl5 I,HM151 ,HP 151 ,CMI3,31, AlHI 31, HIllS "RHOI5,3) ,p 151
2,T 151 ,OT 151 ,SMI5,31 ,BMI5, 31, T01 SI3, 3,41, TR01l3,3,4" SI42 ,421 ,R1421
COMMDN/EM/lNI241,NO,NS,AS_124,241,RFIZ4,41,XMIZ41,S_IIZ,Z41

1,SFIIZ,41
.\lJ.!'IENSlqN .X~P •.Y.(l.I.Z.! 1h.I-0INU"N!',.1-'.,CIIZ, 1~,JX:I~I.IYI71.,"E.LI"~1
1,TOI3,31,TLOI5,41

WRITE
DO 10
READ

10 WRITE

RETURN
C

ZOOI FORMAT 1/1
Z002 FORMAT 12"'~1

1 10ZH
2
3 102H
4XV

3002 FORMAT
END

C

C

SUBROUTINE TPlATEINUMEL,NUMNAT,10,X,Y,Z,C,NUNNP,M8ANOI

500 WRITE 16,200ZI
NUME-NP_RI21
DO 800 MM-l,NUME
C_Ll STRSC 1_IN11,AIN3I,NEO,0)
WRITE 16,ZOOIl
DO 800 L-Ll,LH
C_ll STRSC 1_IN1I,_IN31,NEQ,1)
WRITE 16,30021 MM,L,ISIGIII,I-l,61

800 CONTINUE

IF INP_RI11.EO.01 GO TO 500
C PROTECT NOO_L TEMPER_TURES

N6=N5..NUMN P+l2*NP _R 131
IF IN6.GT.MTOTI C_LL ERROR IN6-MTorl
CALL TPlATEINPARI21,NPARI31,AINll,AIN2I,AIN31._IN41._IN51,NUMNP,

1 IIBANOI
RETURN

C

SUBROUTINE SHELL
COMMON _111
COMMCN IELP~RI NPARll"",NUMNP,MB~ND.NELTVP.Nl,N2.N3,N"'.NS,MTOT,NEQ
COMMON I JUNK I LT,LH,L,SIGIZOI

DO 4 1-1,12
DO 4 J-l,4

4 SFII,JI-D.
00 5 1-1,24
DO 5 J-h4

5 Rfll,JI-O.O
NPF-6
NS-6
M10-4
MID-O
101S-0
IROT-O
ISTOP-o
MTYPE-6
WRITE 16,Zoool MTYPE,NUNEL,NUMMAT

C
C *** REAO AND PRINT OF MATERIAL PRCPERTIES
C

1
2
3
...
5
6
7
8
9

10
11
12
13
1...
15
16
17
18
19
20
Zl
Z2
23
2...
Z5
26
Z7
28
29
30
31
32
33

3 ...
35
36
37
3B
39
40
41
...2
...3
......

45
46
... 7
48
49
50
51
52
53
54
55
56
57
5B
59
60
61
62
63
64
65
66
67
68

SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEl
SHEL
SHEL
SHEl
SHEl
SHEl
SHEl
SHEl
SHEl

SHEl
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEl
sifel.
SHEL
SHEl
SHEl
SHEl
SHEl
SHEl
SHEL
SHEl
SHEl
SHEl
SHEL
SHEL
SHEL
SHEl
SHEl
SHEl
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL

'i'
'"""
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00
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END

C
C *** FORM LM ARRAY ANO COMPUTE 8ANDWIDTH
C

C
2000 FORMAT 134HI •••THIN ELASTIC SHELL ELEMENTS•••II

1 25H ELEMENT TYPE•••••••••••• I511
2 25H NUMBER OF ELEMENTS•••••• 1511
3 25H NUMBER OF MATeRIALS ••••• I5'

1000 FORMAT III0,6FI0.0/6FI0.0'
2001 FORMAT 136HI •••MATERIAL PROPERTY INFORMATION•••II

1 131H MASS THERMAL EXPANSION COEF
2FICIENTS •••••••••••••••••••• ELASTIC coeFFIcIENTS••••••••• ; •••
3•••• 1 .
It 131H TYPE DENS ITY AX AY
5 AZ CXX CXY CXG cn CYG
6GXY III

2002 FORMAT lIN I4,22X,"El1.",6E10.,,'
1002 FORMAT IltF10.01
2006 -FORMAT" i31Hl;; ;ElEIlENT-LOA"li -MULTIPlIERS-•••1I

190H •••••••••• GRAVI
2TY ACCELERATION........... I
3 90H LOAD CASE LATERAL LOAD TEMPERATURE X-COMPONEN!
4Y-COMPONENT Z-COMPONENT "

2007 FORMAT I1X.II0,5X.5F15.51
2003 FORMAT 115Hl.ELEMENT OATA*II

1 96H ELEMENT NODAL PCI NT NUMBERS MATl
2 TEMPERATUREI
3 96H NUMBER I J J< L 0 TYPE THICKNESS
4 PRESSURE TEMPERATURE GRADIENT "

1001 FORMAT 1815,4F10.01
20C4 FORMAT 13X.15.5X.515.5X.I5.4F12.41
2005 FORMAT 123HO ELEMENT CARD IN ERRDR,151

C

C

AMI-XYIl.l l*yo-XO*XYU,2'
AM2-IXYll.11-XO'*IXYI2.21-YO'-IXYI2,l'-XOI*IXYI1.2'-YO1
AM3-IXYI2.11-XOI*IXYI3.21-YOI-IXYI3,11-XOI*IXYI2.21-YOI
AM.-XO*XYI3,2'-XYI3,l'*YO
AC-0.25*H*RHCM
AMlll-AC*IAMl+AM4'
AMI2'-AC*IAMl+AM21
AMI31-AC*IAM2+AM31
AMlltl-AC*IAM]+AM41

00 25 L-l.4
XX-AMlll
DO 25 J-l,]
JS-6*IL-II+J
XMIJSI-XX

25 XMlJS+31-0.

C

C

SUBROUTINE STRETR IT.X.Y,Z.CM,SA.H,RHOM.XMI
C
C *** FORM DISPLACEMENT-STRESS TRANSFORMATION MATRIX
C

C
C *** FORM STRESS TRANSFORMATION FOR IN PLANE STRESS
C

DO 5 1-1.12
DO 5 J-l.24
SAIl.J'-O.
DO 10 1-1.3
Vll.11-XII+11-XI11
VII ,21-YII +ll-YIlI

10 Vll,3'-ZlI+II-Z11l
00 20 1-1.3
DO 20 J-l,2
XYll.J'-O.
00 20 K,.1,3

20 XYll.JI-XYlI,JI+VII,J<I*TIJ,KI
XC-lXYl1,ll+XYI2,ll+XYI3,1'1/4.0
YO-IXYll,21+XYI2.21+XYI3,211/4.0

C
C *** FORM LUMP MASS MATRIX
C

01 MENSION Tl3.31 ,XIII. Ylll • Zlll .CMI3. 31. SA1l2,24 1.AAIl2 .12' .MM1121
l,A 112,121, AMI41 ,Sll3,9', S213,91 ,S313,121 .VI3,31. XY13,21 ,XMIlI

5-0.5
R-O.S
00 1001-1.3
DO 100 J-l,8

100SUI,.JI-0.0"c -"" ""." " -
XYJ-XYlI, 11*XV 13, 2'-XY13, l'*XYl1, 2' +lXYll, 1I*IXYI2.21-XYI3.211

1 -IXYI2,21-XYI3.111*XYll.2"*S-IIXYll.11-XYI2.I"*XYI3.21
2 -XYI3,lI*IXYIlt21-XYI2.2'II*R
XI-XYII,2'-XYI3,21-IXYI2,2'-XYI3,21'*S-IXYI1.2'-XYI2.2"*R
X2-XYI3,21+IXYI2.21-XYI3.211*S-XYI3,21*R
X3--XYll,21*S+XYI3.2,*R
X4--XYll,ZI+XYll.21*S~IXYl1.21-XYI2,211*R

yt--XYll.11+XY13.11 +1 XYI2. ll-XV 13, 1l1*S+1 XYll.II-l<YI2.III*R
YZ--XYI3,l'-IXYI2.11-XYI3.1"*S+XYI3.11*R
Y3-XYll,II*S-XYI3.1'*R
Y4~XYll,ll-XYl1,ll*S-IXYll.l'-XYI2.111*R

S111,ll-XI/XYJ
SIIl,3'-X2IXYJ
SIl1.51-X3/XYJ
Slll,71-X4/XYJ
SIl2.2'-YI/XYJ
SI12,41-Y2IXYJ
S112.61-Y3/XYJ
Sll2.8,-Y4/XYJ
SIl3.II-S112.21
S1I3.2'-Sl n .11
S1I3.31-Sll2.41
SIl3,41-5111.31
SIl3.51-SIl2.61
S1I3.61-511l.51

SHEL 208
SHEL 209
SHEL 210
SHEL 211
SHEL 212
SHEL 213
SHEL 214
SHEL 215
SHEL 216
SHEL 217
SHEL 218
SHEL 219
SHEL 220
SHEL 221
SHEL 222
SHEL 223
SHEL 224
SHEL 225
SHEL 226
SHEL 227
SHEL 228
SHEL 229
SHEL 230
SHEL 231
SHEL 232
SHEL 233
SHEL 234
SHEL 235
SHEL 236
SHEL 237
SHEL 238
SHEL 239
SHEL 240
SHEL 241
SHEL 242
SHEL 243
SHEL 244
SHEL 2lt5
SHEL 2lt6
SHEL 247
SHEL 21tS
SHEL 249
SHEL 250
SHEl 251
SHEL 252
SHEL 253
SHEL 25"
SHEl 255
SHEL 256
SHEL 257
SHEL 258
SHEL 259
SHEL 260
SHEL 261
SHEL 262
SHEL 263
SHEL 261t
SHEl 265
SHEL 266
SHEL 267
SHEL 268
SHEL 269
SHEL 270
SHEL 271
SHEL 272
SHEL 273
SHEL 211t
SHEL 275
SHEL 276
SHEL 271
SHEL 278
SHEL 279
SHEL 280
SHEL 281
SHEL 282

NDM-21t
CALL CALBAN IMBAND.NDIF,LM,XM,ASA,RF,ND.NOMI
WRITE III ND.NS,ILMlII.I-l,NDI.IISAII,JI,I-l,NSI,J-l,NDI,

1 IlSFII,JI.I-1,NSI.J-1,41

530 CALL OTSHEL 11,NNS,NPF.M10,IOlS,IROT.NO .NTFI

DO 5ltO l-l.NO
540 RFll.lLI-Rlil
550 CONTINUE

WRITE 16.200ltl NN.IIXIII.I-1.6"HMIIl,PIII.TtIl.0TlIl

DO 410 l-l.NNS
J-NPF*I-NPF
N-iXlil
DO Itl0 J<-l.NPF

Itl0 LMlJ+J<I-IDlN.J<1

CALL OOCOS llt.XX.YY,ZZ,TOI
H-HMIlI

CALL STRETR lTO.XX,YY.ZZ,CM,SA,H,RHOM,XM'

GO TO 500
4ltO WRITE 16.2005' MM

I STOP-I
500 IF INN.LT.MMI GO TO 110

IF lNN.EO.NUMELI RETURN
IF IISTOP.EO.1I STOP
GO TO 100

C

C

C

C

C

C

SHEL 144
SHEL 145
SHEL 146
SHEL 147
SHEL 148
SHEL 149
SHEL 150
SHEL 151
SHEL 152
SHEL 153
SHEL 154
SHEL 155
SHEL 156
SHEL 157
SHEL 158
SHEL 159
SHEL 160
SHEL 161
SHEL 162
SHEL 163
SHEL 164
SHEL 165
SHEL 166
SHEL 167
SHEL 168
SHEL 169
SHEL 170
SHEL 171
SHEL 172
SHEL 173
SHEL 174
SHEL 175
SHEL 176
SHEL 177
SHEL 178
SHEL 179
SHeL 180
SHEL 181
SHEL 182
SHEL 183
SHEL 184
SHEL 185
SHEL 186
SHEL 187
SHEl 188
SHEL 189
SHEL 190
SHEL 191
siiEL 192
SHEL 193
SHEL 194
SHEL 195
SHEL 196
SHEL 197
SHEL 198
SHEL 199
SHEL 200
SHEL 201
SHEL 202
SHEL 203
SHEL 204
SHEL 205
SHEL 206
SHEl 207

'i'
'"...



SHEL Z83 SL 13, 7I s Sl IZ,81 SHEL 358 S1I3 ,61 =4. O*YO
SHEL Z84 S113,81=Sl(1,71 SHEL 359 S113,81=6.0*XO*XO
SHEL Z85 DO 105 1=1.3 SHEL 360 S113,9I s 6.0*YO*YO
SHEL Z86 DO 105 Js 1,8 SHEL 36L C
SHEL Z87 SZII,JlsO. SHEL 36Z 00 220 1=-1,3
SHEL Z88 00 104 K=1,3 SHEL 363 DO ZZO J=l,9
SHEL Z89 104 SZII,JlsSZII,JI+CMII,KI*S11K,JI SHEL 364 SZII,JI=O.
SHEL Z90 L05 SZII,JI-SZll,JI*H SHEL 365 DO 215 K=1,3
SHEL Z91 C SHEL 366 2L5 SZII,JI=SZII,JI+CMII,KI*S11K,JI
SHEL Z92 H=H**3/1l. SHEL 367 Z20 SZII,Jls-SZI I,JI*H
SHEL Z93 DO no L-L,4 SHEL 368 C
SHEL Z94 00 no I-L ,3 SHEL 369 00 Z30 1=1,3
SHEL Z95 00 110 J=1,3 SHEL 370 DO Z30 J=l,lZ
SHEL Z96 JS=6*IL-11+J SHEL 371 S3C1, J I =0.
SHEL Z97 KA-Z*IL-ll+L SHEL 372 DO 230 K=1,9
SHEL Z98 L10 SAll,JSI=SZII,KAI*TI1,JI+SZII,KA+11*TIZ,JI SHEL 373 Z30 S31I,JI=S3II,JI+SZII,~I~A(J,3+KI

SHEL Z99 C SHEL 374 C
SHEL 300 C *.* FORM STRESS TRANSFORMATION FOR MOMENT SHEL 375 00 Z40 L=I,4
SHEL 30L C SHEL 316 DO Z40 1=103
SHEL 30Z 00 30 I-1,lZ SHEL 371 DO Z40 J=l,3
SHEL 303 00 30 J=I,lZ SHEL 318 JS-6*IL-U+J
SHEL 304 AAII,JI=O. SHEL 319 KA=3*1 L-11 +1
SHEL 305 30 AII,JI-O. SHEL 380 SAII+3,JSI=S311,KAI*TI3,JI
SHEL 306 C SHEL 381 JS=JS+3
SHEL 301 00 itO I s 1,3 SHEL 38Z SAlI+3,JSI-S31I,KA+11*TIL,JI+S31I,KA+21*TI2.JI
SHEL 308 J-3*I+L SHEL 383 Z40 CONTINUE
SHEL 309 All,JI-l. SHEL 384 RETURN
SHEL 3LO AIZ,JI-XYCI,lI SHEL 385 END
SHEL 311 AI3,JI-XYII,ZI
SHEL HZ Al4,JI-XYI l,ll*XYI I,ll
SHEL 313 AIS,JlsXYII,ll*XYII,ZI
SHEL 314 AI6,JI-XYll,ZI*XYI1,ZI
SHEL 315 AI1,JI-AI4,JI*XYII,ll
SHEL 316 AI8,JI-AI5,JI*XYII,ll
SHEL 317 AI9,JI-AIS,JI*XYII,ZI
SHEL 318 AILO,JlsAI6,JI*XYII,ZI SHEL 386 SU8ROUTINE INVERTIA,NN,N,M,CI

~
SHEL 3L9 AI1L,JI-XYII,II*XYII,ll*XYII,ll*XYII,ZI SHEL 387 C
SHEL 3Z0 AI1Z,JI-XYII,II*XYII,ZI*XYII,ZI*XYII,ZI SHEL 388 C GENERAL MATRIX INVERSION SUB"OUTlNE
SHEL 3Z1 AI3,J+1I=1.0 SHEL 389 C
SHEL 3ZZ AIS,J+1I s XYII,ll SHEL 390 DIMENSION Al11oMlll,C11l
SHEL 3Z3 Al6, J+lI-Z .0*XYII, ZI SHEL 391 C
SHEL 3Z4 AI8,J+II-XYII,ll*XYII,ll SHEL 392 DO 90 1-1,NN
SHEL 3ZS AI9,J+11=Z.0*XYII,ll*XYII,ZI SHEL 393 90 MIII--1
SHEL 3Z6 AI10,J+11-3.0*XYII,ZI*XYll,ZI SHEL 394 C
SHEL 3Z7 Al l1,J+ 11 -XYII ,lI*XYll,lI*XYI I,ll SHEL 39S DO 140 1= l,NN
SHEL 3Z8 AI1Z,J+11-3.0*XYII,ll*XYII,ZI.XYII,ZI SHEL 396 C
SHEL 3Z9 AC2,J+Zt--l.O SHEL 397 C LOCATE LARGEST ELEMENT
SHEL 330 A! 4,J~Z) •.-:~.9!xYI'-' II. .S.HJ;L. 3?8 C
siiEL33i AIS,J+21--XYII,ZI SHEL 399 0,;,0.0
SHEL 33Z AI1,J+ZI=-3.O*XYII,II*XYII,ll SHEL 400 00 11Z L-1,NN
SHEL 333 AI8,J+ZI--2.0*XYII,ll*XYII,ZI SHEL 401 IF IMILII 100, 100, 11Z
SHEL 334 AI9,J+ZI--XYII,ZI*XYII,21 SHEL 40Z 100 J=L
SHEL 33S Al 11,J+ZI--3.0*XYII,ll*XYII,ll*XYII,ZI SHEL 403 DO 110 X-1,NN
SHEL 336 AI1Z,J+ZI=-XYll,ZI*XYII,ZI*XYII,ZI SHEL 404 IF lMIXII 103,103,108
SHEL 337 40 CONTINUE SHEL 405 103 IF lA8S101-ABSIAlJIII 10S,105,L08
SHEL 338 All,lI s 1.0 SHEL 406 lOS LO=L
SHEL 339 AI3,ZI-1.0 SHEL 407 XO-K
SHEL 340 AIZ,31--1.0 SHEL 408 O-AI JI
SHEL 341 C SHEL 409 108 J-J+N
SHEL 34Z CALL INVERT IA,12,IZ,M",AAI SHEL 410 110 CONTI NUE
SHEL 343 C SHEL 411 11Z CONTINUE
SHEL 344 DO Z10 1=1,3 SHEL 41Z C
SHEL 34S DO Z10 J=l,9 SHEL 413 C INTERCHANGE ROWS
SHEL 346 Z10 Slll,JI-O. SHEL 414 C
SHEL 347 C SHEL 415 7E MP--Ml LO I
SHEL 348 S1I1,lI=Z.0 SHEL 416 MlLOI-MlXOI
SHEL 349 Sl I L,41-6.0*XO SHEL 417 MIKOl-TEMP
SHEL 350 Sl11,5I s Z.O*YO SHEL 418 L=LO
SHEL 351 SI1I,81-6.0*XO*YO SHEL 419 K-KO
SHEL 352 SlIZ,31-Z.0 SHEL 4Z0 DO 114 J= L,NN
SHEL 353 SlIZ, 61=Z. O*XO SHEL 4Z1 ClJI=AILl
SHEL 354 SlI Z, 71=6 .O*YO SHEL 4ZZ Al LI-AIKI
SHEL 355 SL I Z,91-6. O*XO*YO SHEL 423 AlKI=CIJI
SHEL 356 S1I3,ZI-Z.0 SHEL 4Z4 L=L+N
SHEL 357 S1l3,51-4.0*XO SHEL 4Z5 114 K=K+N

I-'
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0
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ANO THE
INPUT.
AND THE
BY QTSHEL

• • • * • • • • • • •COMMON IQTSARGI

MEAN TEMPERATURE THICKNESS GRADIENTS

MEAN TEMPERATURE VARIATIONS

GL08AL NOOAL COORDINATES

THICKNESS RESISTING MEMBRANE STRESSES

THICKNESS RESISTING BENDING MOMENTS

NUMBER OF SUPPLIED NODAL POINTS
IF NNS • 5, QTSHEL FORMS A QUADRILATERAL,
PROPERTIES AT THE INTERNAL NODE 5 MUST BE
IF NNS • 4, QTSHEL FORMS A QUADRILATERAL,
PROPERTIES AT THE INTERNAL NODE 5 ARE SET
TO BE THEIR CORNER AVERAGE.
IF NNS • 3, QOSTIF FORMS A SINGLE TRIANGLE.

NUMBER OF GLOBAL CEGREES OF FREEDOM AT EACH
EXTERNAL NODE 13, 5 OR 61

IF NPF = 6, THE 3 DISPLACEMENTS U, V AND W AND THE
3 ROTATIONS RX, RY AND Rl ARE INCLUDED AS O.o.F.
IF NPF - 5, THE ROTATION Rl IS IGNORED.
IF NPF - 3, ONLY U, V AND W ARE CONSIDERED AND
THE BENDING STIFFNESS IS NOT INCLUDED IMEMBRANE
SHELL ELEMENT I

l-l ...NNS

1·1 ... NNS

I-l ••• NNS

INTEGER FLAG FCR THE NODAL DISPLACEMENTS U,V,W
IF lOIS = 0, U,V,W ARE SPECIFIED IN THE GLOBAL SYSTEM
IF lOIS - 1, U,V,W ARE SPECIFIED IN THE NODAL DISPL
SYSTEMS DEFINED BY THE DIRECTION COSINE ARRAY TDIS.

I-I ...NNS

INTEGER FLAG FOR THE NODAL ROTATIONS RX,RY,Rl.
IF IROT • 0, RX,RY,RZ ARE SPECIFIED IN GLOBAL SYSTEM
IF IROT - 1, RX,RY,RZ ARE SPECIFIED IN THE NODAL RJT
SYSTEMS DEFINEO BY THE DIRECTION COSINE ARRAY TROT.

I-I ...NNS

NUMBER OF EXTERNAL DEGREES OF FREEDOM INEF - NPF*NEN,
WHERE NEN-" FOR QUADRILATERAL, -3 FOR SINGLE TRIANGLEJ

1'1 ... NNS, J'I ... 3 ARRAY OF MEMBRANE STRESS
COMPONENTS IN THE LOCAL SYSTEM SIG-XX (J-II, SIG-YY
IJ-ZI AND SIG-XY IJ-31. SM CONTAINS
MEM8RANE STRESSES IN THE INITIAL POSITION AS INPUT
WHEN KKK-D,I,Z IEXCLUDING THERMAL ACTIONSI

l-l ...NNS, J-l ... 3 GLOBAL COMPONENTS RHOX IJ-lI,
RHOY I J.ZI AND RHOZ I J'31 OF 80DY FORCES PER UNIT
OF VOLUME

I·I ••• NNS THICKNESS FOR COMPUTING 80DY FORCES
RHO.HW PER UNIT 0 F EL EMENT AREA

I-l ...NNS LATERAL PRESSURE INORMAL TO THE FACES OF
THE COMPONENT TRIANGLESI

1-1 ...3, J'I ...3 PLANE STRESS MATERIAL MATRI X
~ElATI.N.G STRESS~.S TO STRAINS IN ~HE LO_C.AL SYSTEM

1-1 ... 3 DILATATION COEFFICIENTS RELATING IN-PLANE
THERMAL STRAINS IN THE LOCAL SYSTEM TO TEMPERATURES

NUMBER OF INTERNAL MIDPOINTS IN QUADRILATERAL 10
IF MID - 0, THE MEMBRANE elEMENTS ARE CST

AND THE BENDING ELEMENTS ARE LCCT-9
IF MID = 4, THE MEMBRANE ELEMENTS ARE LST-I0

AND THE BENDING ELEMENTS ARE LCCT-11
IF NNS - 3 ISINGLE TRIANGLEl MIO IS ASSUMED TO BE 0

TOTAL NUMBER OF DEGREES OF FREEDOM IEXTERNAL+INTERNALJ

NNS

NPF

MID

IROT

NEF

NTF

101 S

OUTPUTS

PIli

HWI I I

DlllI

TIll

HPII I

HMIII

SMII,JI

RHO II ,JI

ALFAII I

CMII,JI

XII I,YII l,lII I

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C * * * • * • * * • * ARRAYS IN
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

SHEL 494
SHEL 495
SHEL 496
SHEL 497
SHEL 498
SHEL 499
SHEL 500
SHEL 501
SHEL 50Z
SHEl 503
SHEL 504
SHEL 505
SHEL 506
SHEL 507
SHEL 508
SHEL 509
SHEL 510
SHEL 511
SHEL 51Z
SHEL 513
SHEL 514
SHEL 515
SHEL 516
SHEL 517
SHEL 518
SHEL 519
SHEL 5Z0
SHEL 5Z1
SHEL 522
SHEL 5Z3
SHEL 5Z"
SHEL 5Z5
SHEL 5Z6
SHEL 5Z7
SHEL 5Z8
SHEL 5Z9
SHEL 530
SHEL 531
SHEL 53Z
SHEL 533
SHEL 53"
SHEL 535
SHEL 536
SHEL 537
SHEL 538
SHEL 539
SHEL 540
SHEL 541
SHE-( 542
SHEL 543
SHEL 5"4
SHEL 545
SHEL 546
SHEL 547
SHEL 548
SHEL 549
SHEL 550
SHEL 551
SHEL 55Z
SHEL 553
SHEL 554
SHEL 555
SHEL 556
SHEL 557
SHEL 558
SHEL 559
SHEL 560
SHEL 561
SHEL 56Z
SHEL 563
SHEL 564
SHEL 565
SHEL 566
SHEL 567
SHEL 568

" FLAT

SPECIFYING OPERATION TO BE PERFORMED
FORM STIFFNESS MATRIX ONLY.
FORM STIFFNESS MATRIX AND LOAD VECTOR.
FORM LOAD VECTOR ONLY.
EVALUATE STRESSES AND MOMENTS.

INTEGER FLAG
IF KKK --1,
IF KKK • 0,
IF KKK • 1.
IF KKK. 2,

KKK

INPUTS

THIS SU8ROUTINE CAN EVALUATE
••• ELEMENT STIFFNESS MATRIX
••• CONSISTENT NODAL FORCE VECTOR
••• INTERNAL STRESSES AND MOM!NTS

OF A SHALLOW QUADRILATERAL SHELL ELEMENT ASSEMBLED WITH
TRIANGLES, OR OF A SINGLE TRIANGULAR SHELL ELEMENT.

SU8ROUTINE QTSHEL IKKK,NNS,NPF,MID,IDIS,IROT,NEF,NTFl

RETURN

e!lD

DO ZOO I-l,NN
L-D

150 L-L+l
IFIMILI-II 150,160,150

160 K-IL-lI*N+l
J-II-lI·N+l
MILl-Mill
Mil I-I
DO ZOO L'I,NN
TEMP-AIKI
AIKI·AIJI
AIJI-TEMP
J-J+l

ZOO K-K+l

C
C REDUCE ROW
C

CIKDI--l.D
J-KD
DO 140 K=l,NN
Al JI.-CIKI/D

140 J·J+N
C
C INTERCHANGE COLUMNS
C

C
C REDUCE REMAINING ROWS AND COLUMNS
C

C

C

NR-IKD-lI.N+l
NH-NR+N-l
DO ll5 K=NR,NH

ll5 AIKI-AIKIID

L-l
00 135 J'I,NN
IF I J-KDI 130,IZ5,13D

lZ5 L=L+N
GO TO 135

130 DO 134 K-NR,NH
AILI-AILI-CIJI*AIKI

134 L-L+l
135 CONTINUE

C
C OIVIDE COLUMN 8Y LARGEST ELEMENT
C

C
C
C
C
C
C
C
C
C
C • * * * * * ••••• • CALLING ARGUMENTS ••• * ••••• * ••••
C
C
C
C
C
C
C
C
C

SHEL 474
SHEL 475
SHEL 476
SHEl 477
SHEL 478
SHEL 479
SHEL 480
SHEL 481
SHEL 48Z
SHEL 483
SHEL 484
SHEL 485
SHEL 486
SHEL 487
SHEL 488
SHEL 489
SHEL 490
SHFL 491
SHEL 492
SHEL 493

SHEL 4Z6
SHEL 4Z7
SHEL 4Z8
SHEL 4Z9
SHEL 430
SHEL 431
SHEL 43Z
SHEL 433
SHEL 434
SHEL 435
SHEL 436
SHEL 437
SHEL 438
SHEL 439
SHEL 440
SHEL 441
SHEL 44Z
SHEL 443
SHEL 444
SHEL 445
SHEL 446
SHEL 447
SHEL 448
SHEL 449
SHEL 450
SHEL 451
SHEL 45Z
SHEL 453
SHEL 454
SHEL 455
SHEL 456
SHEL 457
SHEL 458
SHEL 459
SHEL 460
SHEL 461
SHEL 46Z
SHEL 463
SHEL 464
SHEL 465
SHEL 466
SHEL 467
SHEL "68
SHEL 469
SHEl 470
SHEl 471
SHEL 47Z
SHEL 473

'i'
'"'"



COMMON IQTSARGI XISI,YIS),ZI5I, HMISI,HPISI, CMI3,31,ALFAI31,
1 HWISI,RHOIS,31,PISl, TISI,OTISI, SMIS,31,BMIS,31, TOISI3,3,41,
Z TROTI3,3,41, SI4Z,421, RI4Z1

COMMON ITRIARGI A131,B(3), HMTI31,HPTI31, CI3,31, SMTI3,31,
I BMTI3,31, FTI121, PI131,PZI31,P3131,RMI31, STIIZ,1Z1

COMMON ITRANSFI T1131,T2131,T3131, TOl3,31
DIMENSION FIll, IPERMQI41, MFRISI, LOCISI, NCI31, CAI31, WGTI31,

1 TDII13"TOZI13I,T0319I, TR1C9l,TRZI91,TR3191, UIII,VIII,WIlI,
2 RXlll,RYlll

EQUIVALENCE ITl1,TII,ITIZ,TI1Z1l,IT13,T11311,ITZI,T21,ITZZ,TZIZII,
1 lTZ3,TZI 311,1131,13), lT3Z,13 IZ II, 1133,T3131', IR,FI,
Z lU,FTI, IV,FTl111, IW,PlI, IRX,PZl, IRY,P31

DO 100 NT - I,NTRI
NI • NT
N2 = IPERM~INll

CALL QOCOS INTRI,X,Y,Z,TOI

DATA IPERMQ ,2,3,4,1/ MFR 13,3,3,2,2/, WGT 1.50'o50t~251

LOGICAL QUAD, TRIG, NOf'P, NOST, 51ST, NOLO, SILO, NOSM, 5151'1, 5KMP

SIST - KKK.LE.O
NOST = .NOT.SIST
SILO = KKK.EQ.O.OR.KKK.EQ.I
NOLO = .NOT.SILO
SISM - KKK.GE.Z
NOSM - .NOT.SISM
IF IINNS.NE.l'.ANO.INNS.NE.511 NNS - 4
IF IINPF.NE.31.AND.lNPF.NE.611 NPF - 5
NEN - MINO INNS,41
QUAD = NEN.EC.4
TRIG = NEN.EQ.3
WG = I.
Nl - 2*NEN - 3
NTRI - 3*NEN - B
NEF - NEN*NPF
NSF. NEF + INEN-31*NPF
IF IMID.NE.41 MID - 0
MIDP - MID
IF (TRIGI MIDP = 0
NFM - 3
IF lNPF.EQ.31 NFM­
NTF = NSF + NFM*MIDP
NOMP - MIOP.LE.O
SK MP = NOMP. OR .NOST
IF INNS.NE.41 GO TO 130
XISI - 0.ZS*IXIII+XIZI+XI31+XI411
YlSI = 0.2S*IYlll+YIZI+YI31+YI4))
ZI51 = 0.Z5*IZll)+ZIZI+ZI31+Z1411
HM(5) = 0.25*IHMlll+HMI2)+HMI3)+HMI411
HPISI - 0.25*IHPlll+HPI21+HPI31+HPI411
IF lKKK.Ll.OI GO TO 130
Tl51 = 0.25*ITlll+TI21+T(3)+T(411
DTI51 = 0.25*IOTll)+DTI21+DTI31+DT(411
DO 110 J. 1t3
SMI5,JI = 0.25*ISMll,JI+SMI2,JI+SMI3,JI+SMI4,JII

110 BMI5,JI - 0.2S*IBMll,J)+BM(2,JI+BMI3,JI+BMI4,JII
IF INOLDI GO TO 130
Pl51 = 0.2S*IPlll+PI21+PI11+PI411
HWISI • 0.25*IHWll1+HWI21+HWI31+HW(411
00 120 J = 1, 1

120 RHOl5,JI = 0.25*IRHOll,JI+RHOI2,Jl+RHOI3,JI+RHOI4,JII
130 IF INOSTI GO TO ISO

DO 140 I. I,NTF
DO 140 j"- i~NTF

140 SII,JI· O.
150 IF ISISMI GO TO 110

00 160 I. l,NTF
lfO Fl II •. O.
110 IF INOSH.OR.TRIGI GO TO 200

NEFl • NEF + 1
00 180 L = NEFl,NTF
M - L - 1
DO 180 I - I,M

180 RILl. RILl - SII,LI*RliI
200 00 210 I. 1,63
210 AlII· O.

00 220 I = 1,3
CAlli = CHll,II*ALFAIII+CMI2,II*ALFAIZ'+CMl3,II'ALFA(3)
00 220 J. 1,3

Z20 CII,JI • CHII,JI

C
C LOOP OVER THE NTRI TRIANGLE COMPONENTS
C

C
C COMPUTE DIRECTION COSINE HATRIX TO OF LOCAL ELEMENT SYSTEM
C

C
C INITIALIZE
C

SHEL 644
SHEL 645
SHEL 646
SHEL 641
SHEL 648
SHEL 649
SHEL 6S0
SHEL 6S1
SHEL 652
SHEL 6S3
SHEL 654
SHEL 6S5
SHEL 656
SHEL 651
SHEL 658
SHEL 659
SHEL 660
SHEL 661
SHEL 662
SHEL 663
SHEL 664
SHEL 66S
SHEL 666
SHEL 661
SHEL 668
SHEL 669
SHEL 610
SHEL 611
SHEL 612
SHEL 613
SHEL 614
SHEL 61S
SHEL 616
SHEL 611
SHEL 618
SHEL 619
SHEL 680
SHEL 681
SHEL 682
SHEL 683
SHEL 684
SHEL 68S
SHEL 686
SHEL 681
SHEL 688
SHEL 689
SHEL 690
SHEL 691
SHEl 692
SHEL 693
SHEL 694
SHEL 69S
SHEL 696
SHEL 691
SHEL 698
SHEL 699
SHEL 100
SHEL 101
SHEL 102
SHEL 103
SHEL 104
SHEL 10S
SHEL 106
SHEL 101
SHEL 108
SHEL 109
SHEL 110
SHEL 111
SHEL 112
SHEL 113
SHEL 114
SHEL l1S
SHEL 116
SHEL 111
SHEL 118

I
I

110

KKK = 2
Q T

I I
110 lt~

I I

o
I
o
o

KKK - 1
Q T

o

o
T

I
I
I
I
I
o

I
I
I"
I
I
o
o
o
o

KKK
Q

EXTERNAL STIFFNESS MATRIX

I
o

I
o
o

KKK --I
Q T

1*1

OPERATION

MEMBRANE STRESSES IN THE OEFORMEO POSITION AS OUTPUT
WHEN KKK=2 IINCLUDING THERMAL ACTIONSI

I=I ••• NEF, J=I ••• ~EF
10UTPUT IF KKK--I,OI

1-1••• 3, J-l ••• 3, K=I •••NEN NOT REQUIRED IF
lOIS-D. IF lOIS-I, TDISll ••3,1 •• 3,KI MUST CONTAIN
THE 13,31 DIRECTICN COSINE MATRIX OF THE NODAL
DISPLACEMENT SYSTEM AT THE K-TH ELEMENT NODE WITH
RESPECT TO THE GLOBAL SYSTEM

I-l ••• NNS, J-I ••• 3 ARRAY OF BENDING MOMENT
COMPONENTS IN THE LOCAL SYSTEM MOM-XX IJ-Il, MOM-YY
IJ-21 AND MOM-XY IJ-31. 8M CONTAINS
BENDING MOMENTS IN THE INITIAL POSITION AS INPUTS
WHEN KKK-O,I,2 IEXCLUDING THERMAL ACTIONS I
BENDING MOMENTS IN THE DEFORMED POSITION AS OUTPUT
WHEN KKK-2 IINCLUDING THERMAL ACTIONI

1-1 ••• 3, J-l ••• 3, K-l •••NEN NOT REQUIRED IF
IROT=O. IF IROT-l, TROlll ••3,! •• 3,Kl MUST CONTAIN
THE 13,11 DIRECTION COSINE MATRIX OF THE NODAL
ROTATION SYSTEM AT THE K-TH ELEMENT NODE WITH
RESPECT TO THE GLOBAL SYSTEM

I=NEF+l ••• NTF REDUCED INTERNAL NODAL FORCE VECTOR
OF QUADRILATERAL ELEMENT. OUTPUT IF KKK=D,I.
REQUIRED INPUT IF KKK-2 IRETURNS INTERNAL NODAL
DISPLACEMENTSI. NOT USFD FOR SINGLE TRIANGLE.

I=I ••• NEF OUTPUT EXTERNAL NODAL FORCES IF KKK-O,I.
INPUT EXTERNAL NODAL DISPLACEMENTS IF KKK=2.

I=I ••• NTF, J=NEF+l••• NTF REDUCED INTERNAL STIFFNESS
OF QUADRILATERAL ELEMENT. OUTPUT IF KKK=-I,O.
REQUIRED INPUT IF KKK-l,2. NOT USED FOR SINGLE
TRIANGLE.

Q=QUADRILATERAL INNS-4,SI, T=SINGLE TRIANGLE INNS-3'
I=INPUT, O=OUTPUT, lID-INPUT/OUTPUT, -=NOT USED.

1*1 HP,DT ANO BM ARE NOT USED IF NPF=3.
1**1 TOIS IS NOT USED IF IOIS=O, AND TROT IS NOT USEO

IF IROT=O.

W~ERE

ARRAYS

Rill

Rill

SII,J)

SII,JI

BMll, Jl

NOTES

TROTll,J,Kl

TDISII,J,KI

X,Y,Z,CM,ALFA,HH,HP
RHO,HW,P

T,DT 1*1
Sil,aM 1* I

TOIS,TROT 1**)
Sll •• NEF,I ••NEFI

SII •• NTF,NEF+l •• NTFI
R 11 •• NEEI

RINEF+l ••NTFI

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C * * * * * * * * * * ROLE OF ARRAYS IN COMMON IQTSARGI * * * * * * * *
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

SHEL 569
SHEL 510
SHEL 511
SHEL 512
SHEL 513
SHEL 514
SHEL 515
SHEL 516
SHEL 511
SHEL 518
SHEL 519
SHEL 580
SHEL 581
SHEL 582
SHEL 583
SHEL 584
SHEL 585
SHEL 586
SHEL 581
SHEL 588
SHEL 589
SHEL 590
SHEL 591
SHEL 592
SHEL 593
SHEL 594
SHEL 595
SHEL 596
SHEL 591
SHEL 598
SHEL 599
SHEL 600
SHEL 601
SHEL 602
SHEL 603
SHEL 604
SHEL 60S
SHEL 606
SHEL 601
SHEL 608
SHEL 609
SHEL 610
SHEL 611
SHEL 612
SHEL 613
SHEL 614
SHEL 61S
SHEL 616
SHE"L 6i1
SHEL 618
SHEL 619
SHEL 620
SHEL 621
SHEL 622
SHEL 623
SHEL 624
SHEL 62S
SHEL 626
SHEL 621
SHEL 628
SHEL 629
SHEL 630
SHEL 631
SHEL 632
SHEL 633
SHEL 634
SHEL 63S
SHEL 636
SHEL 631
SHEL 638
SHEL 639
SHEL 640
SHEL 641
SHEL 642
SHEL 643

~
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SHEL 719
SHEL 720
SHEL 721
SHEL 722
SHEL 723
SHEL 7Z4
SHEL 725
SHEL 726
SHEL 7Z7
SHEL 728
SHEL 729
SHEL 730
SHEL 731
SHEL 732
SHEL 733
SHEL 734
SHEL 735
SHEL 736
SHEL 737
SHEL 738
SHEL 739
SHEL 740
SHEL 141
SHEL 742
SHEL 743
SHEL 744
SHEL 745
SHEL 746
SHEL 747
SHEL 748
SHEL 749
SHEL 750
SHEL 751
SHEL 752
SHEL 753
SHEL 754
SHEL 755
SHEL 756
SHEL 757
SHEL 758
SHEL 759
SHEL 760
SHEL 761
SHEL 762
SHEL 763
SHEL 764
SHEL H5
SHEL 766
SHEL 7b7
SHEL 768
SHEL 769
SHEL 770
SHEL 771
SHEL 772
SHEL 773
SHEL 714
SHEL 775
SHEL 116
SHEL 777
SHEL 778
SHEL 779
SHEL 780
SHEL 781
SHEL 782
SHEL 783
SHEL 784
SHEL 785
SHEL 786
SHEL 787
SHEL 788
SHEL 789
SHEL 790
SHEL 791
SHEL 792
SHEL 793

NCIlI - Nl
NCl21 - N2
NCI31 - N~

MT - MIOP/2
NOO - 3 + MT

C
C COMPUTE OIRECTION COSINES OF LOCAL TRIANGLE SYSTEM
C AND THE TRIANGLE PROJECTIONS A,8 ONTO IT
C

CALL TOCOS INl,N2,N3,X,Y,Z,A,81
C
C SET UP INPUTS FOR TRIANGLE SU8ROUTINES
C

DO 240 I - 1,3
L = NCIII
LOCIII - NPF*IL-l'
HMTlII - HMILI
HPTIlI - HPILI
IF INOLOI GO TO 240
ROX - RHOlL,l1
ROY - RHOIL,21
ROZ - RHOIL,31
ROI - Tll*ROX+T12*ROY+T13*ROZ
R02 - T21*ROX+T22*ROY+T23*ROZ
R03 - T31*ROX+T32*ROY+T33*ROZ
HI - HWILI
PUll - ROl*Hl
PZIlI • ROZ*Hl
P31I1 - R03*Hl + PILI
TEMP = Tl LI
TMOM - OTILI*HPILI**3/1Z.
DO Z30 J - 1,3
SMTII,JI - SMIL,JI - CAIJI*TEMP

Z30 8MTII,JI • 8MIL,JI - CAIJI*TMOM
Z40 CONTINUE

C
C FORM TRANSFORMATIONS 8ETWEEN ELEMENT AND NOOAL SYSTEMS
C

Ll • 9*Nl - 8
LZ - 9*NZ - 8
CALL TRFPRO IIOIS,NEN,TOISILll,TOISILZI,TOISI19I,TOl,T02,T031
IF INPF.NE.31

lCALL TRFPRO IIROT,NEN,TROTILll,TROTILZ"TROTI19I,TRl,TRZ,TR31
00 Z50 I - 7,8
TOllI+31 - TDUlI
TOll 1+51 - TOlll1
TOZII+31 • TOZII.

Z50 TOZII+51 • TOZIII
LOCI"'- NSF + NFM"'INZ-l i
LOCI51 • NSF + NFM*INI-ll
N4 - LOCI41 + 3
N5 - LOC 15. + 3

C
C MEMBRANE CCNTRI8UTION
C

Z60 IF ISISHI GO TO 3Z0
C HEM8RANE STIFFNESS AND/OR LOAC VECTOR

CALL SLST IMT,KKKI
LT • 0
00 300 JJ - 1,NOO
J = JJ + JJ
H - LOCIJJ.
LL • MFRI JJI
00 300 L - I,LL
M II H + 1
LT-LT+l
Cl = TOULTl
CZ • TOZILTI
IF ISILO' FIHI. FIMI + FTIJ-lI*Cl + FTlJI*CZ
IF INOSTI GO TO 300
KT = 0
DO Z90 II. l,JJ
1=11+11
KK - MFRIIII
IF III.EQ.JJI KK. L

SHEL 794
SHEL 795
SHEL 796
SHEL 796
SHEL 797
SHEL 798
SHEL 199
SHEL 800
SHEL 801
SHEL 802
SHEL 803
SHEL 804
SHEL 805
SHEL 806
SHEL 807
SHEL 808
SHEL 809
SHEL 810
SHEL 811
SHEL 812
SHEL 813
SHEL 814
SHEL 815
SHEL 816
SHEL 817
SHEL 818
SHEL 819
SHEL 820
SHEL 821
SHEL 822
SHEL 8Z3
SHEL 824
SHEL 825
SHEL 826
SHEL 821
SHEL 828
SHEL 829
SHEL 830
SHEL 831
SHEL 832
SHEL 833
SHEL 834
SHEL 835
SHEL 836
SHEL 837
SHEL 838
SHEL 839
SHEL 840
SHE-I: 84i
SHEL 842
SHEL 843
SHEL 844
SHEL 845
SHEL 846
SHEL 841
SHEL 848
SHEL B49
SHEL 850
SHEL B51
SHEL 852
SHEL 853
SHEL 854
SHEL 855
SHEL 856
SHEL 851
SHEL 858
SHEL 859
SHEL 860
SHEL 861
SHEL 862
SHEL 863
SHEL 864
SHEL 865
SHEL B66
SHEL 867

HI • STlI-l,J-lI*Cl + STlI-l,JI*C2
HZ • STII ,J-ll*Cl + STII ,JI*C2
N • LOC IIII
N • LOC tl II
00 290 K ~ 1,KK
N :s N + 1
KT :;I KT + 1
SQ • SIN,M' + TOIIKTI*Hl + TOZIKTI*HZ
SI N,MI • SQ

Z90 SIM,N' = SQ
300 CONTINUE
320 CONTINUE
400 IF INPF.EQ.31 GO TO 560

C
C PLATE 8ENOING CONTRIBUTION
C

IF ISISMI GO TO 600
C BENDING STIFFNESS AND/OR LOAD VECTOR

CALL SLCCT IMT,KKKI
DO 500 JJ = 1,3
JT • 3*JJ-3
J :II JT + 1
00 450 L· 1,NPF
M • LOCIJJI + L
L3 • L - 3
IF IL3.GT.OI GO TO 420
C3 - T03IJT+LI
IF ISILOI FIMI. FIMI + FTIJI*C3
IF ISKMPI GO TO 450
S4 • SIM,N41 + STIJ,101*C3
55 • SIM,N51 - STIJ,11'*C3
GO TO 430

420 Cl - TRIIJT+L31
CZ • TRZIJT+L3'
IF ISILOI FIMI - FIMI + FTlJ+lI*CI + FTI J+ZI*C2
IF ISKMPI GO TO 450
54 • SIH,N41 + STIJ+l,101*Cl + STIJ+Z.IOI*CZ
55 = SIM,N51 - STIJ+l,lII*CI - STIJ+Z,lII*C2

430 SIH,N41 • S4
SIN4,MI = 54
SIM,N51 = 55
SIN5,MI • S5

450 CONTINUE
IF INOSTI GO TO 500
DO 4BO II' 1,JJ
IT - 3*11-3
I • IT + 1
KK - NPF
00 4BO-""L • 1, NP-F
IF III.EQ.JJI KK·
H • LOC I JJ I + L
L3 - L - 3
IF IL3.GT.01 GO TO 460
C3 • T03IJT+LI
HI - STtl ,JI*C3
HZ • STII+1,JI*C3
H3 • STII+Z,JI*C3
GO TO 470

460 Cl = TRIIJT+L31
C2 - TRZIJT+L31
HI • STII ,J+ll*Cl + STII ,J+ZI*CZ
HZ - STII+l,J+ll*Cl + STII+l,J+ZI*C2
H3 ::II STI[+2,J+IJ*Cl + $TfT+2,J+2).rz

470 N = LOC I III
00 480 K. l,KK
N ::II N + 1
K3 - K - 3
Kl :I IT + K
K2 s IT .. K3
IF IK3.LE.OI SQ = SIN,MI + TC3IKll*Hl
IF IK3.GToOI SQ. SI~,MI + TRIIKZI*HZ + TR2IKZI*H3
51 N,MI • SC

480 SIM.NI • SQ
500 CONT I NUE

IF INOMPI GO TO 100
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SHEL 868
SHEL 869
SHEL 870
SHEL 871
SHEL 872
SHEL 873
SHEL 874
SHEL 875
SHEL 876
SHEL 877
SHEL 878
SHEL 879
SHEL 880
SHEL 881
SHEL 882
SHEL 883
SHEL 884
SHEL 885
SHEL 886
SHEL 887
SHEL 888
SHEL 889
SHEL 890
SHEL 891
SHEL 892
SHEL 893
SHEL 894
SHEL 895
SHEL 896
SHEL 897
SHEL 898
SHEL 899
SHEL 900
SHEL 901
SHEL 902
SHEL 903
SHEL 904
SHEL 905
SHEL 906
SHEL 907
SHEL 908
SHEL 909
SHEL 910
SHEL 9U
SHEL 912
SHEL 913
SHEL 914
SHEL 915
SHEt 916
SHEL 911
SHEL 918
SHEL 919
SHEL 920
SHEL 921
SHEL 922
SHEL 923
SHEL 924
SHEL 925
SHEL 926
SHEL 927

SHEL 928
SHEL 929
SHEL 930
SHEL 931
SHEL 932
SHEL 933
SHEL 934
SHEL 935

IF INOLDI GO TO 540
FIN41 2 FIN41 + HII01
FIN51 - FIN51 .. FTllll

540 IF INOSTI GO TO 700
SlN4,N41 - SIN4.N41 + STII0,101
SIN5.N51 - SIN5.N51 + STlll.ll1
SIN4.N51 - SIN4.N51 - STIIO.lll
SIN5.N41 - SIN4.N51
GO TO 700

560 IF INQLDI GO TO 700
FL - IP3111+P3(2)+P31311*IAI31*eI21-AI21*81311/12.
JT ,. 0
DO 580 JJ = 1.2
DO 580 L-l.3
JT-JT+l
11 2 LOCIJJI + L

580 FII1) - FIM' + FL*T03IJTI
600 CONTINUE
700 CONTINUE

IF ISISM.OR.TRIGI GO TO 900
C
C CHECK FOR POSSI8LE INTERNAL STIFFNESS SINGULARITY IFLAT
C OR NEARLY FLAT QUAORILATERAL WHEN NPF = 3 OR 61

IF IINPF.EQ.51.0R.NOSTI GO TO 130
00 120 N - 3.6.3
IF I NPF .NE.N I GO TO 7Z0
M • 5*N
Ml • 'I - 1
HZ • H - Z
IF ISIH.HI.GT.ISI111.HI1+SIHZ.MZII*I.0E-081 GO TO 7Z0
DO 710 I. I.NTF
SII .'11 • O.

110 SI~.II • O.
7Z0 CONTINUE

C
C CONDENSATION OF INTERNAL DEGREES DF FREE DOH
C

730 NIF • NTF - NEF
DO 800 N. I.NIF
K • NTF - N
l ,. K + 1
PIVOT. SIL.lI
FL • FIll
IF IPIVOT.LE.O.I GO TO 800
FILl. FILI/PIVOT
DD 180 I. 1.K
G = SlI,LI

.. IF. e.GI.. 7.40.,.Ja9L7.4.O.
740 IF INOSTI GO TO 770

G • G/PIVOT
SlI,LI • G
DO 760 J. I,K
SQ· SI I,JI - G*SIL,JI
SI I ,J I • SQ

760 SIJ,II • SQ
770 FIll. FIll - G*FL
TaD CONTINUE
800 CONTINUE
900 RETURN

END

SU8ROUTINE QOCOS IN,X,Y.l,TI
C
C THIS SUBROUTINE COMPUTES THE DIRECTION COSINES OF THE LOCAL
C ELEMENT SYSTEM OF A QUADRILATERAL IN=41 DR SINGLE TRIANGLE IN-II
C

DIMENSION XIll, YIlI, lilt, TIll
Xl • XI21+XI31-XINI-Xll1
Yl • YIZI+YI3'-YINI~YIII

SHEL 936
SHEL 937
SHEL 938
SHEL 939
SHEL 940
SHEl 941
SHEL 942
SHEL 943
SHEL 944
SHEL 945
SHEL 946
SHEL 947
SHEL 948
SHEL 949
SHEL 950
SHEL 951
SHEL 952
SHEL 953
SHEL 954
SHEL 955
SHEL 956
SHEL 957
SHEL 958
SHEL 959
SHEL 960
SHEL 961
SHEL 962
SHEL 963

SHEL 964
SHEL 965 C
SHEL 966 C
SHEL 967 C
SHEL 968 C
SHEL 969
SHEL 970
SHEL 971
SHEL 97Z
SHEL 973
SHEL 974
SHEL 975
SHEL 916
SHEL917
SHEL 918
SHEL 979
SHEL 980
SHEL 981
SHEL 98Z
SHEL 983
SHEL 984
SHEL 985
SHEL 986
SHEL 987
SHEL 988
SHEL 989
SHEL 990
SHEL 991
SHEL 992
SHEL 993
SHEL 994
SHEL 995
SHEL 996
SHEL 997
SHEL 998
SHEL 999
SHEll000
SHEll 001
SHEL 100Z
SHELl003

II - ZI2)+lI31-I.lNI-llll
XZ • XI31+XINI-XIII-XIZI
Y2 • YI31+YINI-YIII-YIZI
ZZ • ZI31+ZI~)-lll)-ZI21

51 • Xl**2+Yl**Z+Zl.*Z
C • IXI*XZ+YI*YZ+ZI*lZI/SI
Xl ,. XZ - C*Xl
YZ • YZ - C*Vl
Z2 2 Z2 - C*Zl
SI = SQRT ISlI
S2 = SQRT IX2**2+YZ**Z+lZ**ZI
Xl • Xl/S1
Yl • nISI
Zl = Z lIS 1
X2 • X2IS2
Y2 = Y2IS2
lZ = l2lS2
TI 11 = Xl
Tl21 • X2
TI31 = Yl*Z2-Y2*ZI
Tl41 • Yl
Tl51 • Y2
Tl61 = Zl*X2-ZZ*Xl
Tl71 • Zl
Tl BI • Z2
Tl 91 = Xl*Y2-X2*n
RETURN
END

SUBROUTINE TOCOS INl.NZ.N3,X.Y.Z,A,BI

THIS SUBROUTINE COMPUTES THE DIRECTION COSINeS Of THE LOCAL
SYSTEH AND THE PROJECTED DIME~SIONS OF ~ TRr~NGL" COMPONENT

COMMON ITRANSFI T1131.T2131,T3131, TI91
EQUIVALENCE ITll.TlI, I Tl2. TllZII,ITl3, n III I .! T2l, 121, (122,121211,

1 IT23.TZI31I,IT31,T3I,IT32.T31211.IT33,13(31)
DIMENSION XIII, YIlI, Zlll. AIlI, BIll -
Al • XINII-XIN31
Bl 2 YINII-YIN31
Cl • lINll-lIN3)
A2 • XINZI-XIN31
8i • ,iiN-21':YiN31
C2 • lINZI-ZlN31
131 • Bl*C2-8Z*CI
T3Z • CI*AZ-CZ*Al
T33 • Al*B2-AZ*Bl
S • SQRT IT31**Z+T3Z**Z+T33.*ZI
131 • T31/S
13Z • 1321S
133 • T33/5
TIl 2 T33*TI51-T3Z*TI81
TIZ. T31*TI81-T33*TIZI
T13 • T3Z*TIZI-T31*TI51
S • SQRT ITll**Z+TIZ**Z+T13**ZI
Til = TU/S
Tl2 • 1121 S
Tl3 • 113/S
TZI = TI3*T3Z-TIZ*T33
TZ2 • Tll*T33-Tl3*T31
T23 • TIZ*T31-Tl1*T32
Alii. -Tll*AZ-TIZ*BZ-TI3*CZ
AIZI = Tll*Al+TIZ*Bl+TI3*CI
Bill = TZl*AZ+TZZ*BZ+TZ3*CZ
BIZI • -TZl*AI-TZZ*BI-TZ3*CI
AI31 = -AI lI-AIZI
8131 - -elll-BIZI
RETURN
END
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SU8ROUTINE SLST IM,KKKI

SU8ROUTINE TRFPRO IM,NEN,01,02,03,Pl,P2,P31

THIS SUBROUTINE FORMS THE PLANE STRESS STIFFNESS MATRIX AND/OR
THE CONSISTENT LOAD VECTOR OF A LINEAR STRA[N TRIANGLE ILSTI WITH
6, 5 OR 4 NODAL POINTS, OR OF A CONSTANT STRAIN TRIANGLE ICSTI.
LINEAR ELAST[C AN[SOTROP[C MATERIAL

C
C THIS SUBROUTINE GENERATES THE TRANSFORMATIONS RELATING A LOCAL
C SU8TRIANGLE SYSTEM TO THE NOOAL DIS/ROT SYSTEHS AT ITS 3 CORNERS
C

+ C13-ABA
+ CZ3-ABA
+ CI3-AA + C23*88
+ CI3*BB + C23*AA

• CI1-BB + C33_AA
- CZ2_AA + C33-BB
- CI2-BA + C33_AB
• CIZ*AB + C33*e.

l-l •• NDF CONSISTENT NODAL FORCE VECTOR ASSOC[ATED
WITH THE NODAL DISPLACEMENT ORDER[NG OESCR[BED ABOVE.

PER UNIT OF ELEMENT AREA ILINEAR VAR[ATION ASSUMEDI.

[-1 ••• 3, J o l ••• 3 1~ITlAL HEHBRANE STRESS COMPONENTS
SIG-XX IJ a ll, S[G-YY IJ-21 AND SIG-XY IJ-3 AT THE
CCRNERS [-I,Z,3 ILINEAR VARIATION ASSUMEDI.

[-I ••NOF. J-l •• NOF wITH NDF INUMBER OF DOFI - 6+2*M, 15
THE ELEHENT STIFFNESS MATRIX ASSOC[ATED W[TH THE NODAL
OISPLACEMENT OROERING

Ulll,VIII ,UI2/'VI21,UI31, ••••• VI3+HI
WHERE U141, ••• VI3+MI, IF H GT 0, ARE DEVIATIONS
FROH LINEAR[TY AT THE MIDPOINTS 1 •••M.

FlIII

SNTI [,Jl

STII ,J I

COHMON /TRIARG/ AI3I,BI31, H131, HPTl31, CI3,31, SMT13,31,
1 BMTl3,31, FTIlZI, PXI3I,PYI31,PTl3I,RMI31, STlIZ,121

DIHENSION 013,31, QAI3/, QB131, A4131, B4131, [PERMI3I,
1 SXXI31,SYYI31, SXYI31

EQUIVALENCE ISXX,SHTI,ISYY,SMTI411,ISXY,SMTI711
LOGICAL NOS
DATA [PERM /2,3,1/
NOS - KKK.GT.O
NDF • 6 + 2*M
AREA a AI31-eI21-AI21-BI31
SUMH - Hlll+HI21+HI31
HO - SUMH/3.
IF IHOI 500,500,140

140 PXS - PXlll+PXI21+PXI31
PYS - PYlll+PYI21+PYI31
SXXH - O.
SYYH - O.
SXYH - O.
00 150 I - 1,3
CH - ISUMH+HIIII/Z4.
SXXH - SXXH + CH-SXXI[I
SYYH - SYYH + CH-SYYIII

150 SXYH • SXYH + CH-SXYI[I
FAC - HO/12.-AREAI
Cll - Cll,II-FAC
CZZ - CI2,ZI-FAC
C33 - CI3,31-FAC
C12 - Cll,ZI-FAC
i:i:i. - ·Cll,iF.FAt
CZ3 - CIZ,31-FAC
00 ZOO J - 1,3
l z J + J
FTIL-l1 • [PXS+PXIJII-AREA/Z4. - IBIJI_SXXH+AIJI_SXYHI
FTILI - IPYS+PYIJII*AREA/Z4. - IAIJI-SYYH+SfJI*SXYHI
IF INOSI GO TO ZOO

180 00 190 [- I,J
K - [ + I
AA - AIII-AIJI
BB • BIII-BIJI
AB - AlII-eIJI
BA - BI[I*AIJI
ABA - AB+BA
ST IK-l ,L-l1
STIK ,L I
STlK-l,L I

190 STIK ,L-ll
200 CONTINUE

[F IHI 350,350,Z20
220 00 Z40 [- 1,3

A41 [I - 4.*AIII
MIII·4.-BIII
J - [PERHI[I
K • [PERMIJI
R - HIII/HO
OIl, II - O.l+R/15.

C
C
C
C
C
C
C
C • * • • • • • • • • • • • • • OUTPUTS • • • • • • • • • • • • * • • •
C
C
C
C
C
C
C
C
C
C
C
C

SHELl072
SHELl073
SHELl074
SHELl075
SHEll a7b
SHELI077
SHELl078
SHELl079
SHELl080
SHELl081
SHEL 1082
SHELl083
SHELl084
SHELl085
SHELl08b
SHEL 1087
SHELI088
SHELl089
SHELl090
SHELl091
SHEllon
SHELl093
SHELl094
SHELl095
SHELl09b
SHELl097
SHELl098
SHELl099
SHELlI00
SHELllOI
SHELll02
SHELll03
SHELll04
SHELll05
SHELll0b
SHEL 1107
SHELll08
SHELll09
SHELllI0
SHELllll
SHEL1112
SHEL 1113
SHELll14
SHEL1115
SHELlllb
SHELll 17
SHELll18
S.H.El,H1 9
SHELl120
SHEL 1121
SHEL1122
SHEL 1123
SHEL1l24
SHEL1125
SHEL 112b
SHEL1127
SHEL 1128
SHEL1l29
SHEL1130
SHELll31
SHEL1l32
SHEL1133
SHEL1134
SHEL1135
SHEL 113b
SHEL1l37
SHEL1138
SHELl139
SHEL1140
SHEL 1141
SHELl142
SHELl143
SHELl144
SHEL1145
SHELl14b

• • • • • • • • • • • • • • • •

+ T13-01lKI
+ T13_Q2IKI
+ TZ3*01IK I
+ TZ3-0Z IK I
+ T33-QIIK I
+ T33-0ZIKI
+ T13-CK
+ TZ3-CK
+ T33_CK

PLANE STRESS MAT~R[AL MATR[X.

TlZ-OIIJI
Tl2*OZIJI
T2Z-011JI
TZZ-OZ IJI
T32*QIIJ I
132-02 IJI
Tl2*CJ
T22-CJ
T32-CJ

CCRNER TH[CKNESSES ILlNEAR VARIATION ASSUHEDI.

ceRNER VALUES OF X-V COHPONENTS OF BODY +ORCESt-1 ••• 3

t-1 ••• 3

OPERAT ION FLAG
KKK LE 0 - FORM STIFFNESS MATRIX ANO LOAD VECTOR.
KKK GT 0 0 FORM LOAD VECTOR ONLY.

1-1 ••• 3, J a l ... 3

[-1 ••• 3 PROJECTIONS OF S[DES 2-3, 3-1 AND 1-Z ONTO
X AND -Y, RESPECTIVELY.

NUMBER OF MIDPOINTS INCLUDED AS NODAL POINTS IM-3,Z,1
FOR LST, M-O FOR CSTI. NOTE•• M[DPO[NTS 4-5-6 ARE
LOCATED ON THE S[OES 2-3, 3-1 AND 1-Z, RESPECT[VELY.

M

KKK

HII I

CII,JI

.AII /, BI II

P'III,PYIII

COMMON /TRANSF/ TI131,T2131,T3131, TI91
DIMENSION PlIlI, P2111, P31l1, 01111, 02111, 03111
EOUIVALENCE ITll,Tll,ITI2,TI1211,ITI3,TI1311,IT21,T21,IT22,T21211,

1 IT23,T21311,IT31,T31,IT32,T3121I,IT33,T31311
00 300 I a 1,3
J • 1+3
K • I + 6
Pll11 a TlIII
PlIJI a HIli
P2111 - T2111
P21JI a T21I1
P3 1II - 1311 I
P31JI - 13111
IF INEN.NE.41 GO TO 150
CI - Till
CJ - TlJI
CK - TIKI
IF IHI 260,260,240

150 IF IMI 180,180,200
180 PIIKI - Tl111

P21KI - T21I1
P31KI - T311 I
GO TO 300

200 Cl - 0311 I
CJ - 031JI
CK - 031KI

240 Pllll - TII-0llll +
PIIJI - TII-02111 +
P2111 0 T21-01l11 +
P21JI - T21-02111 +
P3111 - T31-01111 +
P31JI - T31-02111 +

260 PlIKI - TlI-CI +
P21KI - TZI-CI +
P31KI - T31-Cl +

300 CONTINUE
RETURN
END

C
C
C
C
C
C
C • • • • • • • • • • • • • • • INPUTS
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

SHELl047
SHELl048
SHELl049
SHELI050
SHELl051
SHELl052
SHEll 053
SHELI054
SHELl055
SHELl05b
SHELl057
SHELl058
SHELID59
SHELI0bO
SHELlObl
SHELI0b2
SHELlOb3
SHEL 10b4
SHELlOb5
SHEL 10M
SHELlOb7
SHELlOb8
SHELI0b9
SHFLl070
SHEL 1071

SHELl004
SHELl005
SHELI00b
SHELl007
SHELl008
SHELl009
SHELlOI0
SHEL 1011
SHELl012
SHELl013
SHELl014
SHELl015
SHELlOlb
SHELl017
SHELl018
SHELl019
SHELl020
SHELl021
SHELl022
SHELl023
SHELl024
SHELl025
SHELl02b
SHELl027
SHELl028
SHELl029
SHELI030
SHELl031
SHELl032
SHELl033
SHELl034
SHELl035
SHELI03b
SHELl037
SHELl038
SHELl039
SHELl040
SHELl041
SHELl042
SHELI043
SHELl044
SHELl045
SHEL 104b

'i'
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SUBROUTINE SLCCT IM,KKKI

THIS SUBROUTINE FORMS THE PLATE BENDING STIFFNESS AND/OR THE
CONSISTENT LOAD VECTOR OF A LINEAR CURVATURE COMPATIBLE TRIANGLE
ILCCTI WITH 6, 5, 4 OR 3 NODAL POINTS

OIJ,KI = 0.I-R/60.
240 OIK,JI = OIJ,KI

DO 300 J. I,M
Jl = IPEPMlJI
J2 = IPERMIJlI
L=J+J+6
FX • o.
FY = O.
DO 250 N = 1,3
01 • OIN,JlI
02 = 0lN,J21
OAINI • 02*A41Jll+01*A4IJ21
OBINI • 02*B4IJll+01*B4IJ21
FX • FX - O~INI*SXXINI-OAINI*SXYINI

250 FY = FY - OAINI*SYYINI-OBINI*SXYlNI
FTlL-ll = IPXS-PXlJII*AREA/12. + FX*HO/2.
FTILI = IPYS-PYIJII*AREA/12. + FY*HO/2.
IF INOSI GO TO 300
SUMOA = OAlll+0AI21+0AI31
SUMOB = OBll1+0BI21+0BI31
JM = J .. 3
DO 290 I = I,JM
K = I + I
[F 1[.GT.31 GO TO 260
AA = AlII*SUMOA
AB - Al II*SUMOB
BA = BI I I*SUMOA
BB - Bl II*SUMOB
GO TO 280

260 11 - I PERM II -3 I
12 = IPERMlIlI
AA - A41121*QAllll+A4111l*OAI121
AB - A41121*OBllll+A41111*OBI121
BA - B41121*OAllll+B41111*OAI121
BB = B41121*OBllll+B4IIl1*OBII21

2 BO ABA = AB+BA
STlK-l,L-l1 • Cl1*BB + C33*AA + CI3*ABA
STIK ,L I = C22*AA + C33*BB + C23*ABA
STIK-l,L I = C12*BA + C33*AB + C13*AA + C23*BB

290 STlK ,L-ll - C12*A8 + C33*BA + CI3*BB + C23*AA
300 CONTI NUE
350 DO 400 I - 2,NDF

DO 400 J - 1,1
400 STl I ,JI = STlJ.I I
500 RETURN

END

A5S(_~o.~fD) ~

* * * * • * * * • * • • * * • •OUTPUTS

CffiNER THICKNESSES H.. INEAR VARI ArION1=1 ••• 3

1=1 ••• 3 ceRNER VALUES OF LATERAL DISTRIBUTED LOAD
lLINEAR VARIATION ASSUMEDI.

I=l •• NDF CONSISTENT NODAL FORCE VECTOR ASSOC[ATED
WITH THE NODAL D[SPLACEMENT ORDER[NG DESCRIBED ABOVE.

[=l •• NOF, J'I •• NOF W[TH NDF INUMBER OF OOF) = 9+M, IS
THE ELEMENT STIFFNESS MATRIX ASSOCIATED W[TH THE NOOAL
DISPLACEMENT ORDERING

Wlll,RXlll,RYlll,Wl21, •••• RYI3I,RMlli-, ••• RMlMI
~HERE RMI1I, ••• RMIMI, IF M GT 0, ARE MIDPOINT
DEVIATIONS FROM NORMAL SLOPE LINEARITY

1=1 ••• 3, J=1 ••• 3 INITIAL BENDING MOMENT COMPONENTS
MCM-XX IJ=ll, MOM-YY lJ.21 AND MDM-XY IJ=31 AT THE
CORNERS ['1••• 3 IL[NEAR VARIATION ASSUMEDI.

FTI [I

HI I I

PTl I I

BMTl [, J I

STI I ,J 1

COMMON /TR[ARG/ Al31,B131, HMTl31, Hl31, en,3l, SMTn,SI,
t BMT(3,3), FTetZ), PXf3i,PY(3) ,PTf3hRM(3J. STZ12,12)

DIMENSION PIZl,lZ), G(ll), Q{3,61, QBi3,6J, T(:;I}, U(3), riT!}} ~

1 TXl31, TYI3I, IPERMI31, XMI3,31, XMOl31
EOUIVALENCE ICMll,e 11ll,ICM12,C 1211, ICM13,C 1311, ICM22,Cl5'I,

1 lCH23,CI611,lCM33,CI9'I
LOGICAL NOS, FLAT
DATA IPERM/2,3,l/
HO = IHllI+HI21+HI311/3.
IF IHO.LE.O.I GO TO 1000
NOF == 9 + M
NOS = KKK.GT.O
FLAT = lHll'.EO.HI211.AND.lHI21.EQ.HI311
AREA = AI31*BI21-AI21*BI31
FAC = HO** 3*AREA/864.
PTF ~ AREA/6480.
Tl31 = 1.
DO 150 I = 1,3
J = I PERMI I I
K = IPERMI JI
X = AIII**2+BI[I**2
UII' = -IAIII*AIJI+BIII*BIJII/X
X ~ SORTlXI
Y = 2.*AREA/X
HTIII = 2.*Y
ficin -"-Y*Aii"lix·
TYlII - -Y*BIII/X
Al = AlII/AREA
A2 - AIJIIAREA
Bl = BIII/AREA
B2 - BIJI/AREA
Qll,II • Bl*Bl
012,Il = Al*AI
013,11 - 2.*Al*Bl
011,1+31 = 2.*Bl*B2
012,1+31 = 2.*Al*A2
013,1+31 = 2.*IAl*B2+A2*Bll
DO 120 N: 1,3

120 XMlN,l1 = BMTIN,II*AREA/72.
IF I FLATI GO TO 150
00 140 N: 1,3
L = IPERMI NI
TIll = HINIIHO
Tl21 ~ HILl/HO
IF ITlll.GT.O.1 XMlN,II. XMIN,[I/TIll**3
Cl = TIll
C2=T1JI
C3 = TlK)
C4 = C2+C3
Cll = C1*0
C23 = C2*C3
C5 = C4*13.*Cl+C41 + 6.*Cll - 2.*C23

C
C
C
C
C
e
e
e
e
C

c***.***··**.***e
C
C
C
e
e
C
e
e
e
e
e

SHELl215
SHELl216
SHELl211
SHELl21B
SHELl219
SHELl220
SHELl221
SHE1l222
SHELl223
SHELl224
SHELl225
SHELl226
SHELl221
SHELl228
SHEL 1229
SHELl230
SHELl231
SHELl232
SHELl233
SHELl234
SHELl235
SHELl236
SHELl237
SHEL1238
SHELl239
SHE1l240
SHELl241
SHEL 1242
SHEL1243
SHEL1244
SHE1l245
SHE1l246
SHE1l241
SHELl24B
SHE1l249
SHELl250
SHELl251
SHE1l252
SHELl253
SHEL1254
SHELl255
SHELl256
SHE1l257
SHE1l258
SHE1l259
SHELl260
SHE1l261
S.HJ;Ll?62
SHE1l263
SHE1l264
SHEL 1265
SHE1l266
SHELl267
SHELl26B
SHE1l269
SHELl210
SHELl211
SHELl212
SHE1l273
SHELl214
SHE1l275
SHELl276
SHE1l271
SHEL1218
SHELl219
SHELl2BO
SHELl2Bl
SHELl282
SHELl283
SHELl284
SHELl2B5
SHELl2B6
SHELl281
SHELl2BB
SHELl289

• • * • • • • • • • • • • • • •

PLANE STRESS MATERIAL MATR[X.

OPERATION flAG
KKK LE 0 - FORM STIFFNESS MATRIX AND LOAD VECTOR.
KKK GT 0 = FORM LOAD VECTOR ONLY.

1-1 ••• 3, J=I••• 3

NUMBER OF MIDPOINT DEGREES OF FREEDOM 1M =3,2,1,01.
NOTE •• MIDPOINTS 4-5-6 IIF INCLUDEDI ARE LOCATED ON
SIDES 2-3, 3-1 AND 1-2, RESPECTIVELY.

1=1 ••• 3 PROJECTIC~S CF SIDES 2-3, 3-1 AND 1-2 ONTO
X AND -Y, RESPECTIVELY.

M

KKK

CII,JI

AlII, BI I I

C
C
C
C
C
C
C ••• * • * • * ••••• * • INPUTS
C
C
C
C
C
C
C
C
C
C
C
C
C
C

SHEL1141
SHELl148
SHEL 1149
SHEL1150
SHELl151
SHEL 1152
SHELl153
SHEL1154
SHEL1155
SHEL 1156
SHELl151
SHELl158
SHELl159
SHEL1160
SHEL1161
SHELl162
SHELl163
SHEL 1164
SHELl165
SHEL1166
SHEL1161
SHEL116B
SHEL1169
SHELl170
SHEL 1111
SHEL 1112
SHELll13
SHEL1114
SHEL1175
SHEL1116
SHEL 1171
SHELl178
SHEL1179
SHEL1180
SHELlIBI
SHEL 1182
SHEL1183
SHEL 1184
SHEL1185
SHEL1186
SHEL1181
SHEL1188
SHEll 189
SHEL1190
SHEL1191
SHEL11n

SHEL1193
SHEL1194
SHEL1195
SHEL1196
SHEL1191
SHEL119B
SHEL1199
SHEL1200
SHELl201
SHELl202
SHELl203
SHELl204
SHELl205
SHEL1206
SHELl207
SHELl208
SHE1l209
SHELl210
SHELl2ll
SHELl212
SHELl213
SHELl214

·?
~

J-l
LJ1
0'1
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SHELlZ90
SHELlZ91
SHELlZ92
SHELlZ93
SHEl1294
SHELlZ95
SHELlZ96
SHELlZ97
SHELlZ98
SHEL lZ99
SHELl300
SHEl1301
SHELl30Z
SHELl303
SHELl304
SHELl305
SHELl306
SHELl307
SHEl1308
SHEl1309
SHEl1310
SHELl311
SHELl31Z
SHEl1313
SHEl1314
SHELl315
SHEl1316
SHELl317
SHELl318
SHEl1319
SHELl3Z0
SHEl13Z1
SHELl3ZZ
SHEL1323
SHELl3Zlt
SHELl3Z5
SHELl3Z6
SHELl3Z7
SHEl13Z8
SHEl13Z9
SHELl330
SHEl1331
SHELl33Z
SHELl333
SHELl33lt
SHEL1335
SHEl1336
SHELl337
SHELii3a
SHEll339
SHELl340
SHEl1341
SHELl34Z
SHELl343
SHELl344
SHELl3't5
SHEl1346
SHEl1347
SHEl1348
SHEl1349
SHEl1350
SHEl1351
SHEl135Z
SHEL 1353
SHEl135lt
SHEl1355
SHELl356
SHEl1357
SHELl358
SHELl359
SHELl360
SHEl1361
SHEl136Z
SHEL 1363
SHEl1364

C6 • C5 + 3.*Clt*C4 - 4.*ICll+CZ31
0811'1,1 I. ICl*110.*C11-3.*CZ3'+C4*C51/17.5 - Z.O

140 OBIN,I+31 • ICl*ICll-Z.*CZ31+CIt*C61/35.0 - 1.0
150 CONTINUE

DO ZOO I' 1.3
J·IPER"llI
K • IPER"IJI
II • 3*1
JJ • 3*J
KK • 3*te:
Al • AlII
AZ • AIJI
A3 • AIKI
Bl • 8111
BZ • 81JI
B3 • BIKI
Ul • Ul II
UZ • UIJ'
U3 • UlK'
WI • 1.-Ul
WZ • 1.-UZ
W3 • 1.-U3
BID' Bl + Bl
BZO' BZ + BZ
B30 • B3 + B3
AID' Ai + Ai
AZO = AZ + AZ
A30 • A3 • A3
CZl • BI-B3*U3 • TXIKI
CZZ • -BIO'8Z*WZ+B3*U3 • TXIJI-IXIK'
C31 • AI-A3*U3 + TYIKI
CZZ • -BIO+BZ*WZ'B3*U3 + TXIJI-TXIKI
C31 • AI-A3*U3 + IYIK'
C3Z • -AIO'AZ*WZ'A3*U3 + TYIJI-TYIK'
C5I • B3*W3-BZ • TXIKI
C5Z' BZO-B3*W3-BI*UI + TXIII-TXIK'
C61 • A3*W3-AZ • IYIKI
C6Z' AZD-A3*W3-AI*UI • TYIII-IYIKI
C81 • B3-BZD-BZ*UZ • TXIJ'
C8Z • BIO-B3+Bl*WI • TXIII
C91 • A3-AZO-AZ*UZ + TYIJI
C9Z • AI0-A3'Al*WI + IYII'
PI • PTlII*PTF
PZ • PTIJ,*PTF
P3 • PTIKI*PTF
U37 • 7.*U3
..21 • 1 ....2
.,Zlt • 4 ••W2

.U34" ''; "4 ~.U3·
Cl • 5lt.'WZ7
cz • 5lt.+U37
C3 • 15•• WZlt
C4 • 39.+U31
C5 • 39.+WZ7
C6 • 15.+U34
TXS • TXIJI'TXIKI
TYS • TYIJI'TYIK'
FTIII-ZI • 6.*1190.+U37'WZ71*Pl.136.+U37+WZ41*PZ.136"U3lt'WZ71*P3'
FTlll-ll • ICI*BZ-CZ*B3+7.*IXSI*PI • IC3*BZ-Clt*83+lt.*TXS.

I 3.*IXIK"*PZ • IC5*BZ-C6*B3+lt.*TXS.3.*TXIJI,*P3
FTIIII • ICl*AZ-CZ*A3+7.*TYS,*PI • IC3*AZ-Clt*A3.4.*TYS+

I 3.*TYIK"*PZ • IC5*AZ-C6*A3'4.*TYS+3.*TYIJ'I*P3
FTIK'9' • 11.*IPl.PZI'4.*P31*HTIK'
X"OIII' IX"II.II.X"IZ,II.X"13.I"/3.
DO ZOO N' 1,3
l • 6*11-11 • N
011 • OINdl
OZZ • OIN.J'
033 • OIN,KI
OIZ • 011'1.1.31
OZ3 • 0IN,J+31
031 • 0IN,K+31
OZ333 • OZ3-033
03133 • 031-033
Pll .II-ZI. 6.+1-011+WZ*033'U3*OZ333'

SHELl365
SHELl366
SHELl361
SHELl368
SHELl369
SHELI370
SHEl1371
SHELl37Z
SHELl313
SHEl1374
SHEl1375
SHELl376
SHEL1377
SHEll378
SHELl379
SHELl380
SHELl381
SHEl138Z
SHEl1383
SHELl384
SHELl365
SHELl386
SHEL1367
SHELl388
SHEl1389
SHELl390
SHELl39I
SHEl139Z
SHELl393
SHEl1394
SHEl1395
SHEl1396
SHELl397
SHELl398
SHELl399
SHELl400
SHELl401
SHELl40Z
SHEl1403
SHElllt04
SHEll405
SHELl406
SHELl407
SHElllt08
SHELllt09
SHELl410
SHELl411
S.H.EJ,,141Z
SHEll 413
SHELl414
SHELl415
SHEll416
SHELl411
SHEll418
SHELl419
SHELl4Z0
SHELl4Z1
SHELl4ZZ
SHEll4Z3
SHEl14Zlt
SHEll4Z5
SHELl4Z6
SHELlltZl
SHEl14Z8
SHELl4Z9
SHELI430
SHELl431
SHELl43Z
SHELl433

PIl .11-11' CZI*OZ3.CZZ+033-B30*01Z'BZO*031
Pll .11 I' C31+0Z3+C32'033-A30*01Z+AZO*031
Pll .JJ-ZI' 6.*IOZZ'W3*OZ333'
Pll .JJ-ll· C51*OZ333'B30*OZZ
PIl .JJ I' C61*OZ333+A30*OZZ
PIl .KK-Zl' 6.+11,'UZI'033
Pll .KK-I1· CBl*033
PI l ,KK I' C91'033
PCl .1+9. s o.
PIl ,J'9 I • HTIJI*033
PIl .K.9 I • HTIKI*OZ333
PIl'3 .II-ZI • 6.*IOll+U3*031331
Pll+3 ,II-II • CZl'03133-B30*~11

Pll'3 .11 I' C31*03133-A30*011
PIl'3 ,JJ-ZI • 6.*I-OZZ'Ul*033'W3*031331
PIl.3 ,JJ-l1 • C51*031+C5Z'033.B30'01Z-BI0*OZ3
PIl'3 .JJ I' C61*031.C6Z*033'A30*01Z-AI0*OZ3
Pll.3 .KK-ZI • 6.*ll"Wll*033
PIl'3 .KK-ll = CBZ*033
Pll.3 .KK I' C9Z*033
PIl+3 .1+9 1 = HTIII*033
PIl+3 .J'9 I • O.
PIl'3 ,K'9 I • HTIKI*03133
PIN+18.II-ZI • Z.*lOll+U3*01Z'WZ*0311
PIN.IB.KK-ll • IIBID-BZOI*033+C8Z*OZ3.C81*0311/3.
PIN'18.KK I' IIAI0-AZOI*Q33+C9Z*OZ3+C91*0311/3.

ZOO PIN'18,K.9 I • HTIK'*OlZ/3.
300 DO 400 J. I,NOF

DO 340 l' 1,3
II • l
KK • l + 18
P3 • PIKK.JI
GIKKI • O.
DO 340 N. 1.3
I • IPERMINI
JJ • II • 3
Pl' PIII.JI
PZ • PIJJ.JI
SUM • PI + PZ • P3
Gl • SUM + PI
GZ • SUM + PZ
G3 • SUI' • P3
IF I FLAT! GO TO 3Z0 _
Gl • Gl • OBIN.II*PI • OBIN.61*PZ + OBIN.51*P3
GZ • GZ + OBIN.61*Pl • 08IN.ZI*PZ • OBIN.41*P3
G3 • G3 + OBIN.51*Pl • OBIN.41*PZ + OBIN.31*P3

320 GI III • Gl
Gqn "..G2._.
GIKKI • G3 • GIKKI
11'11+6

340 FTIJI • FTIJ' - XMIN,ll*Gl - X"II,ll*GZ - XMOIll*G3
IF INOSI GO TO 400
00 360 N' 1,19,3
Gl • GIl'll
GZ • GIN'lI
G3 • GIN.ZI
GI I'll • C"ll*GI • C"12*G2 • C"13*G3
GIN'll • CMIZ*Gl + C"Z2*GZ + C"23*03

360 GIN+21 • C"13*Gl • C"Z3*G2 • C"33*G3
00 390 I' 1,J
X = O.
00 380 N' I,Zl

380 X' X + GINI*PIN,11
X • X*FAC
STII,JI • X

390 STlJ,1I • X
400 CONTI NUE

1000 RETURN
END
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BOUN 1 SUBROUTINE BOUND BOUN 69 SAll.ZI=TZ~TRAC2
BOUN Z COMMON AliI BOUN 70 SAC1,3)sT3*TRA,e
BOUN 3 COMMON IELPARI NPARI141.NUMNP.MBANO.NELTVP.Nl,NZ,N3.N4,N5,MTOT,NEQ BOUN 71 SII.II=Tl*Tl*TRACE
BOUN 4 COMMeN I JUNK I LT.LH.L.SIGIZOI BOUN 7Z SII.ZI=Tl*TZ*TRACE
BOUN 5 C 80UN 73 SII,31=Tl*T3*TRACE
80UN 6 IF INPARlll.EQ.OI GO TO 500 800N 74 SIZ.ZI=TZ*TZ*TRACE
80UN 7 CALL CLAMP INPARIZI.AINII.AINZI.AIN3I,AIN4I,NUMNP,M8ANDI BOUN 75 SIZ.31=TZ*T3*TRACE
80UN B RETURN 80UN 76 S(3.31=T3*T3*TRACE
BOUN 9 C 80UN 77 PP=TRACE*SC
800N 10 500 WRITE 16.Z00ZI BOUN 7B RIII=Tl*PP
BOUN 11 NUME=NPAR 1ZI BOON 79 RIZI=TZ*PP
80UN lZ 00 800 MM= 1. NUME BOUN 80 RI 31=T3 *PP
BOUN 13 CALL STRSC IAINII.AIN3I,NEQ,OI BOUN Bl GO TO 350
BOUN 14 WRITE 16.Z001l BOUN B2 300 SI loll =O.
BOUN 15 DO 800 L=LT.LH BOUN 83 Sll.21=0.
BOUN 16 CALL STRSC IAINII.AIN3I.NEQ,11 BOON 84 Sll.31=0.
BOUN 17 WRITE 16.300Z1 MM.L,lSIGIII.I=I.Z1 BOUN 85 SI2.ZI=3.
BOUN 18 BOO CONTINUE BOUN B6 512.3)=0.
BOUN 19 RETURN BOUN 87 SI3.31=0,
BOUN ZO C BOUN 88 SAI1,1I=0.
BOUN 21 ZOOI FORMAT 11/ BOON B9 SAil. Zl =0.
BOUN 22 200Z FORMAT 1/18HO CONSTRAINT FORCE II BOUN 90 SAC 1,3)-0.
BOUN Z3 1 55H NODE NUMBER LOAO CASE FORCE MOMENTIII BOUN 91 RIII=O.
BOUN 24 3002 FORMAT 1IX.2110.4X,ZEI5.51 BOUN 92 RIZl=O.
BOUN 25 END BOUN 93 Rl31 =0.

BOUN 94 C
BOUN 95 350 IF lKR.EO.OI GO TO 400
BOUN 96 SAI2.41=Tl*TRACE
BOUN 97 SA(2,513T2.TR~CE

BOUN 98 SAI2.6'-T3*TRACE
BOUN 99 SI4.41=Tl*Tl*TRACE
BOUN 100 SI4.51=Tl*TZ*TRACE

BOUN 26 SUBROUTINE CLAMP INUMEL.IO.X.Y.Z.NUMNP.MBANO' BOUN 101 SI4.61-Tl*T3*TRACE
BOUN 27 COMMON/EM/LMIZ41.NO,NS,SIZ4,24I,PI24.41.XMIZ41.SAIIZ,241.TTI12.41 BOUN 10Z SI5,51=T2*TZ*TRACE
BOUN Z8 OIMENSION Xlll.Ylll.Z111.10INUMNP.ll BOUN 103 S(5,6)=T2*T3*rR~CE
BOUN Z9 COMMON I JUNK I R161.RM141 BOUN 1.04 SI6.61=T3*T3*TRACE

'i' BOUN 30 C BOUN 105 PP=TRACE*SR
1:: BOUN 31 00 30 1-1.1058 BOUN 106 RI41=Tl*PP

BOUN 3Z 30 LMIII=O BOUN lOT RI51-TZ*PP
BOUN 33 NS-Z BOUN 108 RI61=T3*PP
BOUN 34 NO-6 BOUN 109 GO TO 450
BOUN 35 READ 15,10051 RM BOUN 110 400 SI4.41=0.
BOUN 36 C BOUN III SI4.51=0.
BOUN 31 NE=O BOUN 112 $(4,6)#0.
BOUN 38 WRITE 16.Z0001 NUMEL BOUN 113 SI5.51-0.
BOUN 39 210 KG=O BOUN 114 SI5.61=0.
BOUN 40 MARK=O BOUN 115 SI6.61-0.
BOUN 41 C BOUN 116 SA!?,'o-)-.O.•
BOUN 4i ZOO READ (5,10001· NP.NI .N.J;NK.NL.KD.Kil.KN.SO.SR.TRACE BOUN IIi' SAIZ.51-0.
BOUN 43 IF ITRACE.EO.O.I TRACE-l.0E+10 BOUN 118 SAIZ.61=0.
80UN 44 IF IKG.GT.OI GO TO 550 BOUN 119 RI41=0.
BOUN 45 C 80UN lZ0 RI51-0.
BOON 46 KG=KN 80UN 121 RI61=0.
BOUN 47 IFINJ.EO.OI GO TO Z50 BOUN 122 450 00 500 I=Z.6
BOUN 48 XI-XINJI-XINII 80UN lZ3 11-1-1
BOUN 49 n-YINJ I-Y INII 80UN lZ4 00 500 J=l.ll
BOUN 50 Zl=ZINJI-ZINIl BOUN lZ5 500 SII.JI-SIJ.II
BOUN 51 XZ=XINLl-XINKI BOUN 126 00 5Z0 1=I,NO
BOUN 52 YZ=YINLl-YINKI BOUN lZ7 00 5Z0 J=I.4
BOUN 53 Z2-ZINLl-ZlNKI BOUN 128 520 PII.JI=RIII*IlMIJI
BOUN 54 Tl=Yl*Z2-Y2*n 80UN 129 NN=NP
BOUN 55 T2=Zl*X2-Z2*Xl BOUN 130 NN I-NI
BOUN 56 T3=Xl*Y2-X2*n BOUN 131 NNJ=NJ
BOUN 57 GO TO 260 BOUN 132 NNK=NK
BOUN 58 250 Tl=XINII-XINPI BOUN 133 NNL-NL
BOON 59 T2=YINII-YINP I BOUN 134 NKO=KO
BOUN 60 T3=ZINII-ZlNPI BOUN 135 NKR-KR
BOUN 61 260 XL=Tl*Tl+T2*T2+T3*T3 BOUN 136 SSO=SO
BOUN 62 XL=SORT IXL I BOUN 137 SSR= SR
BOUN 63 Tl=Tl/XL BOUN 13B TTR=TRACE
BOUN 64 T2=T2/XL BOUN 139 GO TO 560
BOUN 65 T3-T3/XL BOUN 140 550 MARK=1
BOUN 61> C BOUN 141 555 NN=NN+KG
BOUN 67 IF IKD.EO.OI GO TO 300 BOUN 142 NNI=NNI+KG
BOUN 68 SAll.ll=Tl*TRACE BOUN 143 560 WRITE (6,2100) NN, NNI ,NN J, NNK ,NNI ,NKD, NKR, KN, SSO l' SSR, TTR
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BOUN 144
BOUN 145
BOUN 146
BOUN 147
BOUN 14B
BOUN 149
BOUN 150
BOUN 151
BOUN 152
BoUN 153
BOUN 154
BOUN 155
BOUN 156
BOUN 157
~OUN 158
BoUN 159
BOUN 160
BOUN 161
BOUN 162
80UN 163
BOUN 164
BOUN 165
BOU'I 166
80UN 167
BOUN 16B
BOUN 169
BOUN 170
BOUN 171

NE=NE-l
C

00 600 1=1,'10
600 L~l 11=[01'1'1011

NDMsZ4
CALL CALBAN IMBANO,NOIF,LM,XM,S,P,NO,NOMI
WR.ITE 11' NO,NS, (Un U ,L=l ,NO), ((SAIL,Kt ,l=l ,NS) ,K=l ,NO},

1 IITTIL,KI,L=l,NSI,K=l,41
C

IF 1 N .EO. NUMEL I GO TO 700
IF INN.LT.NPI GO TO 555
IF (MARK.EO.ll GO TO 210
GO TO 200

700 WRITE 16,20051 RM
RETURN

C
1000 FORMAT 1815,3FI0.01
1005 FORMAT 14FI0.01
2000 FORMAT (25~1 ••• BOUNOARY ELEMENTS •••1128H ELEMENT TYPE ••••••••• =

• 71123H NUMBER OF ELEMENTS•••= 15 III
• 6X 4HNOOE 40H •• NOOES OEFINING CONSTRAINT OIRECTION •• 5X 5HCOOES
• 5X 7X 5HOISPL 5X 8HROTATION 7X 5HSTIFFI9X IHN 8X 2HNI BX 2HNJ
• 8X 2HNK BX 2HNL 3X 2HKO 3X 2HKR 3X 2HKN llX IHO llX IHR llX IHSI

2005 FORMAT 11111125H ELEMENT LOAO MULTIPLIERSII
• 9X IHA 9X IHB 9X IHC 9X lHC 14FIO.41

2100 FORMAT (5110,315,lP3E12.21
ENO
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SUBROUTINf THKSHL

END

SUBROUTINE ELST30 IS,STR,N30EL,NMAT,NLO,IO,X,Y,Z,EE,ENU,RHO,ALPT,
lKTYPE,PR,YREf,NfACE,NUMNPI

COMMON IELPARI NPARI14I,NUMNP,~8ANO,NELTYP,Nl,N2,N3,N4,N5,MTOT,NEO

COMMCN IJU~KI MM,L,K,NTAG,SIGI2001
COMMON All)

IflNLO, 23,23,15
15 WRITE 16,13021

QO 16 I'l,~LO

READ 15,10021 N,KTYPEINI,PRINl,YREflNl,NfACEINI
16 WRITE 16,20021 N,KTYPElNI,PRlNI,YRfFIN),NFACEINI

00 80 I - 1,16
K=NPIII
XXlI,lI-XIKI
XXII,21-YlKI

eo XXII ,31-ZIKI
K=MAT
CC4-ALPTIKI*ITEHP-REFTI
FAC - EElKI/III.-2.*ENUIKII*II.+ENUIKIII
fACT=fAC*ALPTIKI*ITEHP-REfTI*ll.+ENUIKII
IflSKIPI 70,70,63

63 SKIP=SKIP-l.
CCl-l.-ENUIKI
CC2-ENUIK I
CC3-.5-ENUlKI
DEN - RHOIKI

ELEMENT DISTRIBUTED LOAD CARDS

WRITE 16,1300)
00 10 I=I,~MAT

READ 15,10011 N,EElNl,ENUIN"RHOINl,ALPTIN'
10 WRITE 16,2001) N,EEINI,ENUINI,RHOINI,ALPTINI

23 READ 15010031 REFT,GRAV,PLf,TLF,XLF,YLF,ZLF
WRITE 16,2003' REFT,PLf,TLF,XLf,YLF,ZLF
GRAV=1.0
WR lTE 16,13011
NEL-O

30 READ 15,10001 lNEL,ININT,I~AT,IINC,HLO,TTEHP,INP

00 39 1=1,4
39 HUL TIl I =1

IFIIINC.EQ.OI IINC=1
IFliHAT.EQ.OI IMAT=1

40 NEL=NEL+1
HL-INEL-NEL
IflHLl 50,55,60

50 WRITE 16,4003) INEL
STOP

55 00 56 1=1016
56 NPIIl=INPIII

NINT-ININT
HAT=IHAT
INC-I INC
TAG=IHI
TEMP-TTEMP
SKIP-999.
IFININTI 33,33,57

33 NINT-IA8S1NINTI
SKIP-I.
IfININT.EQ.OI SKIP-O.

57 CONTINUE
00 59 1-1,4
KLOIII-IA8S1HLOIIII
IflHLOlill 58,58,59

58 MULTII 1-0
59 CONTINUE

GO TO 62

fO 00 -61 1-1016
61 NPlII-NPIII+INC

TAG-IH
DO 64 !;cl,4

64 KLOIII-KLOIII*MULTIII
f2 WRITE 16,20001 NEL,NP,NINT,HAT,TAG,KLO,TEHP

L3-63*63
00 100 I-l,L3

100 SIII-O.

C

C

C

C
C
C

C
C

TSHL 69
TSHL 70
TSHL 71
TSHL 72
TSHL 73
TSHL 74
TSHL 75
TSHL 76
TSHL 77
TSHL 7B
TSHL 19
TSHL BO
TSHL Bl
TSHL B2
TSHL B3
TSHL 84
TSHL 85
TSHL B6
TSHL S1
TSHL BS
TSHL B9
TSHL 90
TSHL 91
TSHL 92
TSHL 93
TSHL 94
TSHL 95
TSHL 96
TSHL 97
TSHL 9B
TSHL 99
TSHL 100
TSHL 101
TSHL 102
TSHL 103
TSHL 104
TSHL 105
TSHL 106
TSHL 107
TSHL lOB
TSHL 109
TSHL 110
TSHL 111
TSHL 112
TSHL 113
TSHL 114
TSHL 115
TSHL 116
TSHL 117
TSHL 118
TSHL 119
TSHL 120
TSHL 121
TSHL 122
TSHL 123
TSHL 124
TSHL 125
TSHL 126
TSHL 127
TSHL 12B
TSHL 129
TSHL 130
TSHL 131
TSHL 132
TSHL 133
TSHL 134
TSHL 135
TSHL 136
TSHL 137
TSHL 13B
TSHL 139
TSHL 140
TSHL 141
TSHL 142
TSHL 143

0 ..
0.,
0.,

.B6113631159411
0.,
0.,
0.,

.34785484513751

00 5 1-1,350
LMIII=O

MATERIAL PROPERTIES

IflNPARll).EQ.OI GO TQ 500
N6=N5+NPAR I 31
N7=N6+NPAR 131
N8=N7+NPAR 131
N9=N8+NPARI31
NI0-N9 +NP~RI41

NII-NI0+NPAR 141
NI2-Nll+NPARI41
N13-NI2+NPAR 141
NI4-N13+63*63
NI5-NI4+42*63
IflNI5.GT.MTOTI CALL ERRORINI5-MTOTI
CALL ELST30 IAINl3I, Al N141,NP ~R 12 I,NPAR 131,NPAR I 41,A INII,AIN21 ,

lAIN31,AlN41,AlN5l,AIN61,AlN7l,AIN81,AIN91,AlNI0l,AINII1,AIN121,
2NUMNPI

RETURN

STlfNESS SU8ROUTINE fOR 4B O.f. ISOPARAMETRIC30 THICK SHELL ELEM.
LINEAR ELASTIC ISOTROPIC MATERIAL
NINT*NINT*ININT-II GAUSSIAN INTEGRATION RULE USED
NINT=I,2,3,4

COMMON IELPARI NPARI14I,NUM~ ,MBANO,NELTYP,Nl,N2,N3,N4,N5,MTOT,NEO
COMMON/EM/LMI48l,NO,NOM,Rfl63,41,XMI481,SAI21,31,OLI16I,T11481,

lXLfl41,YLfl41,ZLfl41,TLfl41,PLFl41,NPI161,INPl161,OETTlI51
COMMON _/JU~KI El,E2,E3,OET,MLOI4"KLOI4I,MULTl4I,AI3,3I,

IPI 3-, 211,81 3, 3f, XXI 16,3 .. 0-1191 ;REFT,INEL, ININT, fMAT ;IINC, HEMP,NEL,
2ML,NINT,MAT,INC,TAG,TEMP,SKIP,I,J,K,L,fAC,CCl,CC2,CC3,CC4,G,OEN,
3fACT,GT,GG,Cl,C2,C3,C,Kl,K2
CO~MON/GASS/XKI4,4I,WGTI4,4I,IPERMI31

DIMENSION Sl63,631,STRI42,631,KTYPEll1,PRll1,YREfll1,NfACEll1,
lX11I ,YIII ,Zlll ,101 NUMNP,II,EE (1), ENUI ll,RHOl II, ALPT 111
DIMENSION STPTSI7,31

DATA IPERM I 2,3,1 I
DATA XK I 0., 0.. 0.,

1 -.5773502f91B96, .5773502691896, D.,
2 -.7745966692415, .0000000000000, .7745966692415,
3 -.8611363115941,-.3399810435849, .3399810435849,

DATA WGT I 2.000, 0., 0.,
1 1.0000000000000,1.0000000000000, 0.,
2 .5555555555556, .8888888888889, .5555555555556,
3 .347B54B451375, .6521451548f25, .6521451548625,

GAT A STPTS I O. , 1. ,-1. , O. , o. , o. , o. ,
1 0.,0.,0.,1.,-1.,0.,0.,
2 O. , 0. , O. , O. , O. , 1. ,-1. I

500 CONTINUE
CALL ST301f IAIN31,AINll,NEO,NPARI211

RETURN

C

C

C

C

C

C

C

C
C
C
C
C
C

C

C
C
C

1
2
3
4
5
6
T
B
9

10
11
12
13
14
15
16
17
IB
19
20
21
22
23
24
25
26
27
2B
29

30
31
32
33
34
35
36
37
3B
39
40
41
42
43
44
45
46
47
4B
49
50
51
52
53
54
55
50
57
5B
59
60
61
62
63
64
65
66
67
6B

TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL

TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL

~
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C

END

C

600 RETURN

QC l)=RP*SP*iP*RPSP
Dl 21=RN*SP*TP'RNSP
Q( 3)=RN*SN*iP4RNSN
DI 41=RP*SN*TP*RPSN
Dl 5,=RP*SP*TN*RPSP
DI 6,=RN*SP*TN*RNSP
DI 71=RN*SN*TN*RNSN
Dl SlsRP*SN*TN*RPSN
Dl 91=RZ*SP*TP*XX
DllOI=RN*S2*TP
DIIII=R2*SN*TP*XX
DI121=RP*SZ*TP
DI 131=RZ*SP*TN*XX
D1l4'=RN*S Z*TN
DI151=RZ*SN*TN*XX
DI161=RP*S2*TN

SUBROUTINE FUNCI IKK,Di

RZ=Z.*II.-IR**211
52=2.*11.-15"211
PP=.IZS*< 1••RI
RN=.12S*1l.-RI
SP=l .... S
SN= 1.-5
TP=I ••T
TN= I.-T
RPSP= R+S-I.
RPSN= R-S-I.
RNSP:=-R+~-l.

RNSN=-R-S-I.
xpp= 2.*R+S
XPN= 2.*R-S
XNP=-Z.*R+$
XNNs-Z.*P-S
vpp· R+(2.*SI
YPNs R-IZ.*SI
YNP.:-R+(Z.*S,
YNN=-R-12.*SI
XX=.IZS
IF (KK.EQ.2) GO Te ~OC

COr-tMON IJUNKI R. ,S ,T ,OET,MLDC4J,KLO(4J,HULTI4},AI3,3),
IPC3,ZII,Bl3,31,XZIl6,31,DI191

COMMON/GASS/XKl4,41,WGTl4,41,IPERMI31
DIMENSiON [121,31,BB131

100 XR=-.5*R
XS=-4.*S
Pll,ll= XX*SP*TP*XPP
Pll,2,=-XX*SP*TP*XNP
Pll,3'=-XX*SN*T?*XNN
PII,41= XX*SN*TP*XPN
PII,51= XX*SP*TN*XPP
Pll,61=-XX*SP~TN*,NP

P(1,1»=-XX*SN*TN*XNN
Pll,81= XX*SN*TN*XPN
PII,9)= XR*SP*TP
Pll,10)=-XX*SZ*TP
Pll,lll= XR*SN'TP
Pll,12'= XX*SZ*TP
PII,13)= XR*SP*TN
Pll,141=-XX*SZ*TN
Pll,IS)= XR*SN*TN
Pll,161= XX*SZ*TN
Pll,111=1.-13.*R*RI
PI 1,18 I =0.
PI1,191=0.
PI I, ZO) =5* 1l.O- I3. O*R*R) 1
Pll,21'=S*I1.D-IS*SII

C

C
C DERIVATIVES OF SHAPt H.!'·j\.':"1 i\;1\S
C

C
C SHAPE FUNCTIONS
C

T5HL 365
TSHl 366
TSHl 367
TSHl 368
TSHL 369
TSHl 370
TSHL 371
TSHL 372
TSHL 373
TSHl 374
TSHL 375
TSHL 376
TSHl 377
TSHL 378
TSHL 379
TSHl 380
TSHL 381
TSHL 382
TSHL 383
TSHL 384
TSHL 385
TSHL 386
TSHL 38T
TSHL 388
TSHL 389
TSHL 390
TSHL 391
TSHL 392
TSHL 393
TSHL 394
TSHL 395
TSHL 396
TSHL 397
TSHL 398
TSHL 399
TSHL 400
TSHL 401
TSHL 402
TSHL 403
TSHL 404
TSHL 405
TSHL 406
TSHL 407
TSHL 408
TSHL 409
TSHL 410
TSHL 411
TSHL 412
TSHL 413
TSHL 414
TSHL 415
TSHL 416
TSHL 417
TSHL 418
TSHL 419
TSHL 420
TSHL 421
TSHL 422
TSHL 423
TSHL 424
TSHl 425
TSHL 426
TSHL 427
TSHL 428
TSHL 429
TSHL 430
TSHL 431
TSHL 432
TSHL 433
TSHL 434
TSHL 435
TSHL 436
TSHL 437
TSHL 438
TSHl 439

RFll,LI*PLFILI • DLIIII*XLFILI
RFlJ,LI*PLFlLI • DLIIII*YLFILI
RFIK,LI*PLFILI • DLIIII*ZLFILI

RFI I ,Ll
RFlJ,Ll

460 RF I K,Ll

IJ=O
00 550 1= 1,16
U=NPIII
DO 550 J=I,3
IJ:= IJ"'l

550 LMlIJI=IOIII,JI
NS=42
NO=48
NDMs63

L=D
00 465 1=1,16
DO 465 J=I,3
L=L+1

465 XMILIsOLIIl/GRAV

C
C MASS ARRAY
C

CALL CALBAN IMBAND,NCIF,LM,XM,S,RF,ND,NOMI
WRITE III ND,NS,IDETTIII,I=I,15I,ILMIII,I=I,NDI,IISTRII,JI,I=I,NSI

1.J s l,ND)

DO 470 1=1,48
GT=TTI I )*FACT
DO 470 J=I,4

470 RFll,JI=RFII,JI • GT*TLFIJI

C
C THERMAL LOADS
C

C
C

C
C

lOCO FORMAT 14I5,412,2X,FIO.2/16151
1001 FORMAT 115,4FI0.01
1002 FORMAT 1215,2FI0.2,151
1003 FORMAT 12FIO.2/14FIO.2I'
2000 FORMAT 116,X,8I5/7X,815,19,112,8X,AI,3X,415,F8.1/1
2001 FORMAT IX,15,4E15.41
2002 FORMAT (i5,i9;2FI3~3;iI2j
20C) FORMAT 13IHI ••••• STRESS FREE TEMPERATURE = FIO.31111

38H LOAD FACTORS FOR 4 ELEMENT LOAD CASES II
46X 17HELEMENT LOAO CASE I
36X IHA 9X IHB 9X IHC9X IHD
30H PRESSURE LOAD FACTORS • • "FI0.31
30H THERMAL LOAD FACTORS • • 4FI0.311
30H PERCENT GRAVITY IN .X OIRN. 4FI0.31
30H PERCENT GRAVITY IN .y DIRN. 4FI0.31
30H PERCENT GRAVITV IN .Z DIRN. 4FI0.31 I

1300 FORMAT 19HIMATERIAL lOX IHE 12X 2HNU lOX 3HRHO llX 7HALPHA-T I
• BH NUMBER "

1301 FORMAT 130HI ••• 16 NODE SOLID ELEMENT DATA III
• BH ELEMENT lOX 15HCONNECTEO NODES 17X 28HINTEGRATION MATERIAL
.NPUT 7X 13HELEMENT LOADS 5X 7~ELEMENT I
• 8H NUMBER 3X,36Hl 2 3 4 5 6 7 8 6X,5HORDER
• 7X,3HNC. 6X 3HTAG 7X 16HI 2 3 4 4X 5HTEMP. I
• I1X,36H9 10 11 12 13 14 15 16 II I

130Z FORMAT 1lllllZ6H ELEMENT OISTRIBUTEO LOAoS II
• 5ZH NUMBER KTVPE PR YREF FACE

4003 FORMAT 136~OELEMENT CARD ERROR, ELEMENT NUMBER= 16'
C

C
C CHECK IF LAST ELEMENT
C

IFIN3DEL-NELI 50,600,590
590 IFIML' 30,30,40

TSHL 294
TSHL 295
TSHL 296
TSHL 297
TSHL 298
TSHL 299
TSHL 300
TSHL 301
TSHL 302
TSHL 303
TSHL 30"
TSHL 305
TSHL 306
TSHL 307
TSHL 308
TSHL 309
TSHL 310
TSHL 311
TSHL 312
TSHL 313
TSHL 314
TSHL 315
TSHL 316
TSHL 317
TSHL 318
TSHL 319
TSHL 320
TSHL 321
TSHL 322
TSHL 323
TSHL 324
TSHL 325
TSHL 326
TSHL 327
TSHL 328
TSHL 329
TSHL 330
TSHL 331
TSHL 332
TSHL 333
TSHL 334
TSHL 335
TSHL 336
TSHL 337
TSHL 338
TSHL 339
TSHL 340
TSHL 341
Y·SHL 342
TSHL 343
TSHL 344
TSHL 345
TSHL 346
TSHL 347
TSHL 348
TSHL 349
TSHL 350
TSHL 351
TSHL 352
TSHL 353
TSHL 354
TSHL 355
TSHL 356
TSHL 357
TSHL 358
TSHL 359
TSHL 360
TSHL 361
TSHL 362
TSHL 363
TSHL 364

?
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TSHL 440 PI Z,llz RP*TP*YPP TSHL 515 ENO
TSHL 441 PIZ,Zlz RN*TP*YNP
TSHL 44Z PIZ,3)z-RN*TP*YNN
TSHL 443 PIZ,4I z -RP*TP*YPN
TSHL 444 PIZ,51- RP*TN*YPP
TSHL 445 PIZ,61= RN*TN*YNP
TSHL 446 PIZ,71=-RN*T~*YNN

TSHL 447 PIZ,81=-RP*TN*YPN
TSHL 448 PIZ,9Iz RZ*TP*XX TSHL 516 SU8ROUTINE LOCALIKTYPEE,PRR,YREFF,NFACEI
TSHL 449 PIZ,IOI= XS*TP*RN TSHL 517 C
TSHL 450 PIZ,lll-~RZ*TP*XX TSHL 518 COMMON/EM/LMI48I,ND,NDM,RFI63,41,XMI48I,SAIZI,3I,OLI16I
TSHL 451 PIZ,IZ)= XS*TP*RP TSHL 519 COMMON/JU~K/ETAI31,DET,MLOI4I,KLDI41,MULTI4I,AI3,3I,

TSHL 45Z PIZ,131= RZ*TN*XX TSHL 5Z0 lPI3,ZII,BI3,3I,XXI16,31,QI191
TSHL 453 PIZ,141= XS*TN*RN TSHL 5Z1 CDMMON/GASS/CUMIIZI,XKI41,DOU~IIZI,WGTI41,IPERMI31

TSHL 454 PIZ,151=-RZ*TN*XX TSHL 5ZZ C
TSHL 455 PIZ,161- XS*TN*RP TSHL 5Z3 DIMENSION KTYPEElll,PRRIII,YREFF:ll,NfACElll,KCRDI6I,FVALI61,
TSHL 456 PIZ,17l z0. TSHL 5Z4 lKFACEl6,BI
TSHL 457 PIZ,IB)=I.-13.*S*SI TSHL 5Z5 C
TSHL 45B PIZ,19)-0. TSHL 5Z6 DATA KFACE 1 1, Z, 2, 3, 2, 6,
TSHL 459 PIZ,ZD)-R*ll.o-IR*RII TSHL 5Z7 1 5, 6, 6, 7,10,14,
TSHL 460 PI Z,ZlI-R*1 1.0-1 3. O*S*SII TSHL 5ZB Z 16,14,13,15, 3. 1,
TSHL 461 C TSHL 5Z9 3 8, 7, 5. 8,11.15,
TSHL 46Z PI3,1)= RP*SP*RPSP TSHL 530 4 4, ), 1, 4, 4, 8,
TSHL 463 PI3,ZI- RN*SP*RNSP TSHL 531 5 12,10, 9,11,12,16,
TSHL 464 PI3,31- RN*SN*RNSN TSHL 53Z 6 0, 0, 0, O. 1, 5,
TSHL 465 PI3,4)- RP*SN*RPSN TSHL 533 7 0, 0, 0, 0, 9,131
TSHL 466 PI3,5Iz-RP*SP*RPSP TSHL 534 OATA KCRO I 1,I,Z,Z,3,31
TSHL 467 PI3,61--RN*SP*RNSP TSHL 535 DATA FVAL 11.,-1.,1.,-1.,1.,-1.1
TSHL 46B PI3,7)=-RN*SN*RNSN TSHL 536 C
TSHL 469 PI3,81--RP*SN*RPSN TSHL 537 C
TSHL 470 PI3,91- RZ*SP*XX TSHL 538 DO 700 KK=I,4
TSHL 471 PI3,101- RN*SZ TSHL 539 NNN-KLDIKK)
TSHL 47Z PI3,1l1- RZ*SN*XX TSHL 540 IFINNNI 700,700,10
TSHL 473 PI 3, 12)- RP*SZ TSHL 541 10 KTYPE=KTYPEEINNNI
TSHL 474 PI3,131--RZ*SP*XX TSHl. 54Z PR=PRRINNN)
TSHL 475 PI 3, 141-RN*SZ TSHL 543 YREF=YREFF INNN I

~ TSHL 476 PI3,15)=-RZ*SN*XX TSHL 544 KF-NFACEINNNI
<Xl TSHL 477 PI3,16)--RP*SZ TSHl. 545 C

TSHL 478 PI 3, 171-0. TSHL 546 C INTEGRATE OVER THE SURFACE
TSHL 479 PI3,18I-D. TSHL 547 C
TSHL 4BO PI3,19)--Z.*T TSHL 54B ML - KCRDI KFI
TSHL 481 PI3,ZOI-0.0 TSHL 549 MM - IPERMIMLI
TSHL 48Z PI3,Zll-0.0 TSHL 550 MN - IPERMIMMI
TSHL 483 C TSHL 551 ETAIMLI - FVALIKFI
TSHL 484 C JACOBIAN MATRIX A TSHL 55Z 00 300 LX :II 1,4
TSHL 485 C TSHL 553 ETAIMMI z XKILXI
TSHL 486 DO ZOO 1=1,3 TSHL 554 DO 300 LV • 1,4
TSHL 487 oOZ.OO ~-1,3 TSHL 555 ETAIMNI z XKILYI
TS·HL 468 c-o. TSHL 556 CALL FllNCT 13,SAI
TSHL 489 DO 150 K-I,16 TSHL 557 C
TSHL 490 150 CzC+PII,KI*XZIK,J) TSHL 558 C COMPUTE OIRECTlON COSINES CF NORMAL 10 SURfACf
TSHL 491 ZOO AII,JI-C TSHL 559 C
TSHL 4~Z IF IKK.EQ.3) GO TO 600 TSHL 560 Al z IAIMM,ZI*AIMN,31-AIMM,3)*AIMN,ZII
TSHL 493 C TSHL 561 AZ = IAIMM,31*AIMN,II-AIMM,ll*AIMN,3)1
TSHL 494 C INVERT JACOBIAN TSHL 56Z A3 - IAIMM,ll*AIMN,ZI-AIMM,ZI*AIMN,ll)
TSHL 4~5 C TSHL 563 AAzSQRTIAI**Z+AZ**Z+A3**Z1
TSHL 496 00 300 1-1,3 TSHL 564 Al - AI/AA
TSHL 497 J-IPERMIII TSHL 565 AZ - AlIAA
TSHl. 498 K-I PERM IJ I TSHL 566 A3 - A3/AA
TSHL 499 BII,II=AIJ,JI*AIK,KI-AIK,JI*AIJ,KI TSHL 567 C
TSHL 500 BII,JlzAIK,JI*AII,KI-AII,JI*AIK,KI TSHL 568 C COMPUTE FIRST FUND. FORM I SIN I I
TSHL 501 300 BIJ,II=AIJ,KI*AIK,II-AIJ,II*AIK,KI TSHL 569 C
TSHL 50Z DET-All,11*BII,II+ACI,ZI*BIZ,II+All,31*Bl3,11 TSHL 570 AA - O.
TSHL 503 C TSHL 571 BB = O.
TSHL 504 C MATRIX OF X-Y-Z DERIVATIVES TSHL 572 CC - o.
TSHL 505 C TSHL 573 DO ZOO I :II 1,3
TSHL 506 DO 400 1-1,3 TSHL 574 AAzAA+AIMM,II**Z
TSHL 5aT 00 400 J z l,ZZ TSHL 575 CCzCC+AIMN,I I**Z
TSHL 508 C*O. TSHL 576 ZOO BB = BB + AIMM,II*AIMN,11
TSHL 509 00 350 Kz l,3 TSHL 577 C-SORT CAA*CC - BB*BBI
TSHL 510 350 C=C+BII,KI*PIK,JI TSHL 57B C
TSHL 511 4000lJtll zC TSHL 579 C COMPUTE PRESSURE,LOAD COMPONENTS, STORE IN R
TSHL 51Z C TSHL 580 C
TSHL 513 600 RETURN TSHL 581 IF IKTYPE.EO.ZI GO TO 170
TSHL 514 c TSHL 58Z FORCE - PR



TSHL 5B3 GO TO 1 B5
TSHL 5B4 170 yy - O.
TSHL 5B5 00 180 I :s 1,16
TSHL 586 IBO YY - YY + QIII*XXII,21
TSHL 5B7 YY - YY - YREF
TSHL 58B FORCE - -P R*YY
TSHL 589 IFIYY.GT.O.I FORCE - O.
TSHL 590 185 CONTINUE
TSHL 591 TS-FORCE*WGTILXI*WGTILYI*C
TSHL 592 C
TSHL 593 00 190 I • 1,8
TSHL 594 "I - KFACEIKF,II
TSHL 595 IF IN.EQ.OI GO TO 190
TSHL 596 QQ-TS*QINI
TSHL 597 K-3*N
TSHL 598 RFIK-2,KKI - RFIK-2,KKI + QQ*Al
TSHL 599 RFIK-l,KKI - RFlK-l,KKI + QQ*A2
TSHL 600 RFIK ,KK J :s RF (K ,KK 1 + QQ*A3
TSHL 601 190 CONTINUE
TSHL 602 C
TSHL 603 300 CONTINUE
TSHL 60'" C
TSHL 605 700 CONT INUE
TSHL 606 C
TSHL 607 RETURN
TSHL 608 END

?
:z

TSHL 609
TSHL 610
TSHL 611
TSHL 612
TSHL 613
TSHL 614
TSHL 615
TSHL 616
TSHL 617
TSHL 618
TSHL 619
TSHL 620
TSHL 621
TSHL 622
TSHL 623
TSHC6Z4
TSHL 625
TSHL 626
TSHL 627
TSHL 628
TSHL 629
TSHL 630
TSHL 631
TSHL 632
TSHL 633
TSHL 6310
TSHL 635
TSHL 636
TSHL 637
TSHL 638
TSHL 639
TSHL 640
TSHL 641
TSHL 6"'2
TSHL 643
TSHL 644
TSHL 645
TSHL 646
TSHL 647
TSHL 648
TSHL 649
TSHL 650

C

C

C

C

C

SU8ROUTINE ST301610,STR,NEQ,NUHEI

COHMON IELPARI NPARI14I,NUMNP,H8ANO,NELTYP,NI,N2,N3,N4,N5,HTOT,MEQ
COMMON/EM/ND,NS,LMI481,STI42,"'8I,DETTI151
COMMON/JUNK/LT,LH,MM,L,K,SIGI6I,STNI6I,EI3,3I,CI,C2,C3,I,J,IL,JI,

IJ2,J3,II,12,13,SS,DET,KX,KY,KZ,OO,SX,FAC

DIMENSION CINEQ,II,STRI4,II

WRITE 16,20051
WRITE 16,30251
00 800 MM-I,NUME
READ III NO,NS,IDETTIII,I-I,15I,ILMIII,I-I,NDI,IISTII,JI,I-I,NSI,

IJ-I,NOI
C1-DETTI81
'CZ~OETilql
C3-0ETT1l01
FAC-DETTllll
00 501 1-1,3

501 ElloIl-CI
EIl,21 - C2
ElI,31 -C2
Ee2,31 - C2
EI2,II - C2
E13,1I - C2
E13,21 - C2
LL-O
00 700 L-L T,LH
WRITE 16,20001
LL-LL+I

00 540 IL-I,7
00 503 1-1,3
J=I+3
SS-O.
00 502 KK-I,4

502 SS-SS-OETTlll+KKI*STRIKK,LI
STNIII-SS

503 STNIJI-O.
OET-OETTI I LI

JI-6*IIL-1i

TSHL 651 DO 510 I:sl,48
TSHL 652 Il-LHIII
TSHL 653 IFIIII 510,510,505
TSHL 654 50500-0111,LLI/OET
TSHL 655 00 50B J-l,6
TSHL 656 5eB S7NIJI-STNIJI + STIJl+J,II*OO
TSHL 657 510 CONTINUE
TSHL 658 C
TSHL 659 SX-C3*FAC
TSHL 660 DO 515 1-1,3
TSHL 661 SS-O.
TSHL 662 00 514 J-l,3
TSHL 663 514 SS - SS + EII,JI*STNIJI*FAC
TSHL 664 SIGIII-SS
TSHL 665 ...'= 1+3
TSHL 666 SiS SIGIJI-STNtJI*SX
TSHL 667 C
TSHL 66B I-IL-I
TSHL 669 WRITE 16,30051 HH,L,I,SIG
TSHL 670 C
TSHL 6Tl 540 CONTINUE
TSHL 672 590 CONTI NUE
TSHL 673 700 CONTINUE
TSHL 674 800 CONTI NUE
TSHL 675 C
TSHL 676 RETURN
TSHL 677 C
TSHL 678 2000 FORHAT III
TSHL 679 2005 FORMAT (36Hlv •• *lG·NOOE SOL!D ElE~~N1 "iT K2S5ES ! I
TSHL 680 • 31X,67H SIG-XX SIG-Y¥ SJG-l.l. S1 G-XY
TSHL 681 SIG-LX 1
TSHL 682 3005 FORHAT 1/16,19,18,5X,lP6EI2.31
TSHL 683 3025 FORHAT (/ /24;-; f.lE~ENr LDA0 NO .. FACE I
TSHL 684 C
TSHL 685 END
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APPENDIX E - ANALYSIS OF MINE STRUCTURE

A three-dimensional analysis of a typical section of a mine

structure was conducted in order to illustrate the degree of difficulty

of such an investigation. A quarter of a typical room and pillar mine

was identified by a system of finite elements as shown in Figure E.l.

The model is composed of 282 nodal points, 36 eight node elements and

32 sixteen node elements. This resulted in 613 equilibrium equations

with a maximum bandwidth of 199. The total computer time required on

the CDC 6400 was 218 seconds. This represents less than $50 cost at

commerical rates. The preparation of data for this example involved

approximately 2 man-days. Selective results are plotted in Figures

E.2, E.3 and E.4.
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