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ABSTRACT

A generél computer prograﬁ 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 1isting are given in the Appendices.






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. Felippa's 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
element 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, H0110231 with the University of California, Berkeley.
Mr. Fun-Den Wang of the Denver Mining Research Center served as the
Contracting Officer's representative. Work at the University of
California was conducted under the direction of Professors R. W. Clough

and E. L. Wilson,

- ii -






Page

I i
ACKNOWLEDGEMENTS . . . . . . . . e e e e e e e e e e e e e e e 1i
I. INTROBUCTION . . v v v v v v v et e e e e o o e e v o 1
11, JEQUILIBRIUM EQUATIONS FOR STRUCTURAL SYSTEMS . . . . .. . 3
2.1 The Direct Stiffness Method . . . ., . . e e e e e 3
2.2 Boundary Conditions . . . v ¢« v v v 0 v o 0 o 0 0 o 5
III. THREE DIMENSIONAL TRUSS ELEMENT . . . . . . . . . . . . .. 8
IV. THREE DIMENSIONAL BEAM ELEMENT . . . . . . . . . . . . .. 12
4.1 Definition of Principal Axes . . . . . . . . . . . .. 12
4,2 Master and Slave Degrees of Freedom . . . . . . . . . 14
V., SOLID FINITE ELEMENTS . . 4 & v 4 0 ¢« v v v v v 0 v o o o 17
5.1 Introduction . . . . . . . . ... .. .. e 17
5.2 Source of Errors . . . . . . .. Lo 000 18

5.3 Addition of Incompatibile Modes For Two-Dimensional
Isoparametric Elements . . . . . . . . . . . . . ... 21
VI. PLATE AND THIN SHELL ELEMENT . . . . . . . . . o« .+ v .. 44
VII. BOUNDARY ELEMENT . . . . . ¢ v o v v v v o v v . 1
VIII., COMPUTER PROGRAM ORGANIZATION . . . & v v & 4 v o =« + o & & 47
6.1 Solution of Equations . . . . . . . . . . .+ o 48
6.2 Formation of Equilibrium Equdtions .......... 48
6.3 Joint Input Data and Degrees of Freedom . . . . . .. 49
6.4 Calculation of Element Stiffness Matrices . . . . .. 49

TABLE OF CONTENTS

6.5 Evaluation of Element Stresses . ¢ ¢ v+ ¢ ¢« v ¢ « « 50



REFERENCES

APPENDICES
A

B

....... Y
THE STATIC CONDENSATION ALGORITHM . . . . . . . . . . . A-1
DESCRIPTION OF INPUT DATA FOR SOLID-SAP ., . . . .+ « « . B-1
PROGRAM CAPACITY. . . . . . . .. oo e e e e C-1
FORTRAN IV COMPUTER PROGRAM LISTING . . . . . . . D-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:

1) 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) thick 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 Toad 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

1s coded in standard FORTRAN 1V.
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The program presented in this 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.




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. A1l methods yield

a set of linear equations of the following form:
Ku-=R (2.1)

These equations set the sum of the internal element forces, K u,
expressed in terms of joint displacements, u, to the generalized loads,
R, acting at the joints. The matrix u 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 =1z K (2.2)
For a typical element m the element stiffness matrix is
given by
K = al ¢ a dv (2.3)
=i -m =m -m m )
Vol
The stress-strain relationship for the element is of the form
g = ¢ €+ 7T (2.4)

where ¢ are the element strains produced by the displacements u

m
and' 1 are the initial stresses in the element before deformation.
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Within each element the strains are expressed (approximately) by the

following equation:
= a_ u (2.5)

Note that a  appear to be a very large matrix since u contains all
degrees of freedom of the system., However, within the computer program
only the non-zero columns of a = are stored and their column numbers
are stored as a separate identification array. The advantage of this
notation is that the "direct" 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 ofconcentrated joint loads and T ds a matrix of
generalized loads due to distributed surface stresses and is given by a

summation of boundary element forces, or

L= T (2.7)

in which

= j b- t ds (2.8)
Area

The surface stresses are t = and the relationship between surface

displacements u_ and joint displacements u fs

u (s) = b u (2.9)
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F is a matrix of generalized loads due to the initial stresses I, and

is given by a summation of element forces, or

in which

_ T
Fo- J dl T (2.11)
Vol

The matrix gm is the basic displacement field approximation within

the element:

ur (xyy,2) = d (2.12)

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:
Kaa Y2 * Kap Y = Ba (2.13)
bpa Ya * Kb U = Bp (2.14)
where R~ = the specified joint loads
R, = the unknown joint reactions
u, = the unknown joint displacements
u, = the specified joint displacements
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The normal approach to the soTution to this problem is to rewrite

Eq. (2.13) in the following form:

faa Ya Ra = Kb % = By (2.15)
Since g: 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, Uy » is zero,
the stiffness coefficients K .,

total stiffness matrix and that particular degree of freedom is

Kpg @nd Ky are not added to the
disregarded in the equilibrium equations. If, however, a non-zero
displacement is to be specified, u = x, Eq. (2.14) s modified by

the addition of an equation of the following form:

ku = kx (2.16)
where k 1is an arbitrary number. The resulting equation is:

+ (K

%pa Ya bp T K up = Ryt kx

b b (2.17)
If k 1is selected to be several orders of magnitude greater than the
stiffness coefficient K, = the solution of this equation will be

Up = X. This may also be interpreted physically as adding a spring of
large stiffness k to the structure; a large load kx 1is then applied;
therefore, the relatively flexible structure will move along with the

spring in order to produce the displacement x.



This technique of adding a stiff spring to the structure may also be used
to specify skew boundary conditions. It may aiso be used to obtain

support reactions by specifying zero displacement at the support node.

13
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IIT. 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 1 and j is
shown below. A1l dimensions are assumed positive; however, the

development is correct for elements of different orientation.

Z
A
j w8
i T”””,————’I
| I
|
l |
1Zi I
I | Z;
| |
| 7 7 -
mmmmm 17X : /
Y, | //
I
7
_____________ A

FIGURE 3-1 TYPICAL TRUSS ELEMENT



The length of the element is given by

L = /L)Z( + L§ + 12 (3.1)
where

Lx = xj - X

L, = ¥ = ¥ (3.2)

LZ = zj - 2

The axial'displacement in the s-direction is assumed to be Tinear

(constant strain).

= s -
Us = Y1 T L (usj u51) (3.3)
where s equals zero at joint 1i. Therefore, the axial strain is
ou
- s -1 -
& 7 s - L (usj usi) (3.4)

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

u uy, and u, by

x!
Yy

U, = T U, ot T + ==y (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:

15
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€ -m[-Lx-Ly—LZLxLyLZ] Uy s (3.6)

Uy_i

uzi

ij

u_ .
¥J

u

Zj

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

1 x 6 matrix and is given by

= A -
g-z-z-—[-Lx-Ly-LzLxLyLz] (3.7)

The axial stress is expressed in terms of axial strain by
o, = Ee (3.8)

Therefore, the stress-strain relationship is a T x 1 matrix, or
¢ = [E] (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 cross-
sectional area of the element, A, times the length of the element, L,

the element stiffness is of the form:

=10 =
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- L [ - L, - Ly - L L, gy L, 1

- L (3.10)

- -

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

. E ]
%5 = 7 S L P W Ui (3.11)

l.l'y_l
Uz
ij
WA

u_ .
4

e

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.

F]]Q—-
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1V, 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
pbeam is defined by a third joint number k as shown in Figure 4.1. The
relationship between the local coordinate system, S1s Sy and S3 is
most conveniently developed by the use of vector notation. The unit

vectors in the §] and § directions are given by

~

X + S]y y + S]Z z

%]
j—
il

S]x

N

9y X * 9y ¥ * g, 7

>
[}

~ ~

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

respectively. The direction cosines are

L L L
- _X - Y. - Z
S1x L 3 Sy ISP L
- -G‘—& » = E\Z = E-;—
Ix G > 9y 6 9z G

-~ 12 =
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in which

L, = X.-X, 3 L, = vy

1]
N
1
N

j Yl

Gy = X = %3 G = Y-y 6

i

T ST T
L = //LX FLE+ LS and G o= /64646

The unit vector in the §3 direction is given by the vector product of

Sy and a divided by the length of the vector in that direction

~ S, X g ~ ~ ~
]
S, = = =1 = Sa. X + § + Sq, 2
3 l5] X gl 3x 3y y 3z

r'/\ ~ ~ i
X ¥ z
a x b = 2y ay a,
LPX by bZ

~ ~ ~ ~ ~

3 X s] = S2x x + SZy y + S22 Zz

The three unit vectors may be summarized by the following matrix

equations:
— ~ ) - = ™A T
59 Sk Sy Y1z X
S S2x Sy S22 y
s s D s 2
3 3 3 3
... - L X J Z—J - J
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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.

X

FIGURE 4-1 THREE DIMENSIONAL BEAM ELEMENT

4,2 Master and Slave Degrees of Freedom

The joints of three dimensional beam elements can be connected -
to stave 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 -
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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. Any one 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 disb]acement of the slave joint is defined as a
slave of the master joint the displacements will be transformed as

follows:
Ugs = Uam ¥ (Zs B Zm) eym - (ys B ym) Om

For the y-displacement

Uys = Uypm - (25 = zp) 8, + (xg = xp) 6,
For the z-displacement
Uzg = Upy ¥ (ys B ym) Oxm ~ (xs h Xm) eym

b =
s = O
s 7 m

- 15-
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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.

8,
Fuz
uy By
Z s
A 8,
DISPLACEMENTS
S

ﬂZ/// |

ml |
| |
| |
| |
om |25
| |
| | > v
| % I )

_____ _I//xm | //
Yo | ey
I //
— g
Ys

FIGURE 4-2 MASTER AND SLAVE 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.
A1l 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 isonarametric
finite elements [1]. As a result, many elements with a high degree of
accuracy have been developed [2]. In addition, the technique has been
extended to curved shell elements [3]. 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 [4], [5], [6]. 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 (1b) and are given by the following equations:

u, = o1 Xy (5.1)

N 2 2 2 2
uy = 1/2 oy (a®-x") + %y (b"-y*) (5.2)
It is clear that these displacements satisfy the pure bending condition

of zero shear strain; or

au au
=% 4 _Y -
&y By T 5% (5.3)

The constant 0y is a function of the material properties - for
Poisson's ratio equal to zero o, = 0.
For a finite element displacement model the only displacement
activated for this type of loading is shown in figure (1c) and is
given by
u, =By Xy (5.4)
Therefore, the form of the error in the solution is
2 2 2 2
u, = By (a%x%) + By (b%-y") (5.5)

- 18 -
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m
w
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/ \ e. y STRESSES

/ \

C. FINITE ELEMENT OISPLACEMENTS

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 (1d) 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 (1d). 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 (1d) 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 -
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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 detajl. For a general quadrilateral element, as

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

related by
4
Xx =1 h, X, (5.6a)
i=1
4
y=I h.y. (5.6b)
i=1 1]
where the interpolation functions are given by
h] = 1/4 (1-s) (1-t) (5.7a)
h2 = 1/4 (1+s) (1-t) (5.7b)
hy = 1/4 (T+s) (1+t) (5.7c)
h4 = 1/4 (1-s) (1+t) (5.7d)

Strain-Displacement Equations

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

polation functions are used in the displacement approximation.

U, (s,t) = x hs u s (5.8a)
uy (s,t) = £ h, Uy (5.8b)
For two dimensional analysis the strain-displacement equations are
aux
Exx T Bx T hi,x Ui (5.9)
au
= 3 = . .
Eyy 5y T h1,y Uy (5.9b)
ou ou
= _X =
&y T Tay T '5¥" L h1,y Ui ¥ I N5 x Yy (5.9¢)

-21 -
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FIGURE 5-2 TWO-DIMENSIONAL ISOPARMETRIC ELEMENT
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Or equation (9) can be written in matrix form as

H,x 0 Ux
g =als,t)u = 0 Byl fyy (5.10)
Hy  Hyx

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

ﬂ,x - [h‘l ’x h2’x h3’x h4,x] (5.]13)

H, = h h h
Hoy = Dy y hpy N3y by )] (5.11b)

Since the functions hi are in terms of s and t the chain rule is applied
in order to compute the derivatives with respect to the global x - y

system.

hi,x N hi,s Sog ¥ hi,t Loy (5.12a)

=
1]
=

1.y i.s s,.y + hi,t t,y (5.12b)

In general, the chain rule can be written as

poas ey p— —_— -

3 3
3s Xsg Ysg X
= (5.13)
a_ .yl
at 't t || 5y
or inverted as -
- ] [ —
8_ l—s’x t’x—.1 3__
ax 3s
= (5.14)
P d
ay By byl
L ] . B

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

S’X t’X '| ‘y’t ‘yss
= 3‘ (5.15)

S;y t,y -X’t ng
where the Jacobian J s

J =X’S .y:t '“Xat .ybs (5-]6)
From equations (6a) and(6b)

Xag = L hi,s X4

Yog = L0y ¥;

Yog = 2Ny 0 Y5

For given numerical values of s and 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.

Eiement Stiffness and Numerical Integration

For unit thickness the element stiffness matrix is given by

kK= ra

Area

cadA (5.18)

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 s and t system as

K= f J a calddsdt (5.19)

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

[7] yields

- T
K = § E wj W, J g_(sj, tk) g_g_(sj, tk) (5.20)
in which Sj and t are integration points and wj and wk are the
appropriate weight functions.

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:

Uy = I hy ugy +hs oy +hg oo

u Zh-uyi+h5a3+h60ﬁ4

Y i
The functions h5 and h6 must be zero at the four nodes. The displace-
ment amplitudes ay 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 o; 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 oy Lagrange multipiiers.

The functions hg and h6 can be selected to be of the same form as
the errors in the bending deformation which is given by equation (5).
Or
(1-5%)
(1-t?)

hg
h

]

6

- 25 -



If the element is rectanguiar 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 1is 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‘quadri1atera1 with a restricted

integration on the shear strains,

- 26 -
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FIGURE 5-4 CANTILEVER BEAM-PLANE STRESS
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Displacement at i Bending Stress at j
Load A Load B lLoad A Load B
Beam
Theory 10.00 103.0 300.0 4050
Q4 Mesh 1 6.81 70.1 218.2 2945
Q4 Mesh 2 7.06 72.3 218.8 2954
06 Mesh 1 10.00 101.5 300.0 4050
Q6 Mesh 2 10.00 101.3 300.0 4050
TABLE 5-1 RESULTS OF CANTILEVER BEAM ANALYSIS

35
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LATERAL DISPLACEMENTS u
Z THECRY | 04CST QM5 04 06

0 100,00 | 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

2] -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

z THEORY | Q4CST QM5 04 Q6
1.5 4846 2210 4903 2536 4837
4,5 199] 1369 2050 1507 1986
7.5 159 716 201 718 154
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 -721 -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
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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..+h

=1 X g% * N

=
[}

10 %x2 * Py %3

+h +h

10 %y2 T M1 Yy3

8
Uy = B Upg thgagy *hgagy iy o

wherae

+
+

hy =18 (1 +2) (1 +n) (1 +¢)
hy = 1/8 (1 -¢) (1 +n) (1 +%)

hy =1/8 (1 -) (1 -n) (1 +¢)
hy = /8 (1 +£) (1 -n) (1 +2)
hg =1/8 (1 +€) (1 +n) (1 - 1)
hg =178 (1 -¢) (1 +n) (0 -2)
h, =1/8 (1 -£) (1 -n) (1-1%)
hg=1/8 (1 +£) (1 -n) (1 -1)
hg = (1 - £%)
hig= (1 - nz)
hyy = (0 - %)

- 32 -



>y

FIGURE 5-6 EIGHT POINT THREE DIMENSIONAL ELEMENT
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The first eight are the standard compatible interpolation functions.
The Yast three are incompatible and are associated with linear shear
and normal strains. The nine incompatible modes are eliminated at
the element stiffness Tevel 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 wili improve its behavior.
Three interpolation functions which are associated with 1inearly varying
moments are

hyy = £ (1 - £°)

hos =0 (1 - n®)

hyy = € (1 - £%)

¥

|
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At this time the authordoes 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.
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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
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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, t) has
been chosen such that &, n, ¢ vary from ~1 to +1; (0, 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 _151 hi X;
16
YRE M
16
L
WIETE by =18 (14 E) (14n) (1 +2) (E+n-1)
ny, =1/8(1-8) (1+n) (14 5)(-£+n-1)
hy =1/8(1-¢) (1-n) (0 +¢)(-£~n-1)

hy =1/80+¢) (0-n) (+g)(g-n-1)

hy =18 (1+8) (1+n) (1-0) (E+n=-1)
he =1/8(1-8) (1 +n) (3 -g)-£+n-1)
hy =1/8(1-8) (1 -n) (1-g)-€-n-1)
hg =1/8{(1+¢g) (1 -n)(1-¢)(E-n-1)
hg =1/4 (-89 (+n) (1+7)
hig = 174 (1 =€) (1-0n?) (1 +2)
hyp = /4 (=€) (1-n) (0 +0)
hip = 174 (1+&) (1-0) (1+2)
hg= 140 -6 (1en) 0 -2
hyg=1400-¢)0 - ) (- z)
hys = 1/4 (1 - ey (1-n)(1-7)
hg-1/4 0 +E) (-0 (-2
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The displacements within the element are assumed to be of the

following form:

16
Ux TR M ki Ty o g oy g ey ¥ hyg agy ¥ Ny ayg
16
U, = % h.u. +h
16

Uz T I Mgz Yo thgagy thgagg thygag, +hy ag

where;

h, =g (1 -9

hig=n (1 - n?)

hyg = (1 - )

hyo = &n (1 - £9)

hyy = 0 (1 - n?)

The motivation for addition of the interpolation functions
h17 to h2] 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 h]7 to h21 have zero values at
the nodes and produce incompatibilities in the displacement field along

the 1inter-element boundaries.

- 39 <



46

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

Tength along the surface to the radius of curvature (¢ = a/R). 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 Supported Plate -~ 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 Pojisson-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
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FIGURE 5-9 CURVED CANTILEVER BEAM
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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 1imit as the mesh is refined, thereby assuring

the convergence.
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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 [9]. 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 Tocal 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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FIGURE #6-1

THIN SHELL ELEMENT
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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" 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 1s possible to apply a Toad to produce the desired displacement.
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VIII. COMPUTER PROGRAM ORGANIZATION

The computer program is coded in standard FORTRAN IV and is
practically machine independent. A1l 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.
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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
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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., A1l 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 Calculaticn 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 1ittle 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 subseguently 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.
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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-1 Introduction

The static condensation method was initially used to eliminate
the internal degree of freedom in a quadrilateral finite element
constructed from four triangles [1]. 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-1
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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

Kaa Kab Ya Pa

= (A.1)
2 Kpp U i3
where u_ 1indicates the degrees of freedom to be eliminated and u,

indicates the degrees of freedom which are associated with the reduced

stiffness matrix. The solution of the first submatrix equation for u,

yields
_a= (_: - Il.i[b (A 2)
in which
-1
C = K Pa (A.3)
-1
LA Eaa ]Sab (A-q')
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Substitution of Equation (2) into the second submatrix equation results

in a set of equilibrium equations with respect to the "b" degrees of

freedom,
i} _

Ky = P (A.5)
where

* —

K= Koy = %ol (A.6)

*

E = Eb - Eba (_: (A'7)

Physically, the term Eba T indicates the stiffness modification due to
the release of the "a" degrees of freedom and K, € represents the
forces carried over from the "a" to the "b" degrees of freedom.

The stresses within the elements may be expressed by an

equation of the form

o = [a, Ay + 1 (A.8)

where 1t are the initial stresses before the system is subjected to the

displacements u. and u . The displacement u ~ may be eliminated

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

* *
g = AUy *o1 (A.9)
where
*o (A.10)
é - Bb-'[_\al- "
™ o= T+ A C (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 thé
structure. If the stress matrices B* and 1% are evaluated at the
same time the reduced stiffness matrix 5* is formed, the internal
displacements Uy need not be calculated. Of course, this will require

*

*
that the matrices A and <t" be saved on a low speed storage unit

until after the displacements u, are evaiuated.

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

1=

u = P (A.12)

If this set of equations is for the element shown in Figure 1 and if
the first tenunknowns 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
g = Au + 1 (A.13)
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FIGURE A-|

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 eguations can be summarized as follows:
for n=1, 10

1. Solve for u,

26
u = € - I T .u
n n jentl nj J
where
* *
Cn - Pn/Knn
* *
Tnj B Knj/Knn

2. Substitute into remaining equations will result in the

modification of the coefficients

Er s T
ij ij in nj i = n+l, 26
ok . * * J=n+l, 26
P1 - Pi - Kin Cn

3. Substitute into the stress—disp]acement'equations

AT = p AT

ij ij in  'nj i=1,3

e * Jj = ntl, 26
o T - Ay G

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.
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The Fortran statements which apply to the elimination of these ten

degrees of freedom are

DO 500 N=1,10
NN=N+1]
C=P(N)/S(N,N)

DO 300 dJ=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,d)=5(1,d)-S(I,N)T
DO 300 1I=1,3

300 A(I,d)=A{I,d)-A(I,N)=T
DO 400 I=1,3

400 TAU(I)=TAU(I)-A{I,N)«C

500 CONTINUE

where the stiffness term Kij is indicated in Fortran as S(I,J}. In
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 toc 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)

(2)

" (3)

(4)

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.

Three-dimensional Beam Elements

Beam elements are straight, prismatic beam members. Inertia
Toading (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.

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.

Axisymmetric Quadrilateral Elements

An arbitrary quddri]atera] (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



66

(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 Targe 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 O 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.



Optimum solution efficiency is obtained by minimizing the
number of degrees of freedom of the system. Also, joints connected on]&
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. A1l joint loads and
displacements are defined with reference to this system. A local

co-ordinate system is used for each element type.
Z
4

ZZ

Yy
X X

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 D are defined in the description of each individual
element type. Imposed displacement loading is possible by means of a

special boundary element.

B-3
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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.

II.

III.

Heading Card (12A6)

Cotumns 1 - 72 Contain information to be printed with output

Control Card (415)

Columns 1

5 Number of joints in system

6 - 10 Number of element groups

11 - 15 Number of Toad conditions

16 - 20 Number of frequencies (= 0 for static analysis)

Joint Data (7I5,3F10.0,I5,F10.0)

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

Colunns 1= 5 JoTnt Number Boundary Condition Codes:
6 - 10 X-direction 3\ Zero or blank indicates
11 - 15 Y-direction that the joint is free to
16 - 20 Z-direction move in that direction and

loads may be applied.
21 - 25 Rotation about X-axis >0ne indicates that the

26 - 30 Rotation about Y-axis | joint is fixed in that
31 - 35 Rotation about Z-axis direction.

36 - 45 X-ordinate

46 - 55 Y-ordinate

56 - 65 Z-ordinate

66 - 70 KN

71 - 80 Joint Temperature

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.
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Iv,

VI,

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.

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 B-5.

Concentrated Load Data (215,6F10.0)
One card per load case for each joint which has nonzero concentrated

Toads or moments applied. The cards must be in joint-number sequence.
Columns 1 - 5 Joint number

6 - 10 Load condition number

1T - 20 Load X-direction

21 - 30 Load Y-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.

Element Load Multipliers (4F10.0)

Four different types of loads associated with the element are possible.

These element Toads 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 Toad 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 Toad-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-56 Element Data

Type 1 - Three-Dimensional Truss 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 (315)

Columns 1 -
6 -
11 -

5 The number 1
10 Number of truss members
15 Number of members with different properties

B. Member Property Cards (15,5F10.0)

One card is required for each member which has a different cross-

section or different material properties.

Columns 1
6 -
16 -
26 -
36 -
46 -

5 Material identification number
15 Modulus of elasticity

25 Coefficient of thermal expansion
35 Blank
45 Cross-sectional area

55 Weight per unit length (used to calculate gravity
Toads)

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

Toad case.

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

Columns 1
11
21
31 -

10 Element load case A
20 Element load case B
30 Element load case C
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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Member Data Cards (415,F10,0,15)

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

!
(&3]

Columns 1 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.

If a series of elements exist such that the member number, Ni’ is
one greater than the previous member number (i.e. Ni = N1._1 + 1)
and the joint number can be given by

I. = 1.

i i-1 K

Jpo= A K

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 AT used to calculate thermal loads
is given by

AT = (Ti + Tj)/2'0 - Tr

where (Ti + Tj)/2'0 is the average of the nodal temperatures
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, = Tj = 0.0 such that AT = - T (note the minus sign). Other
types of member loadings can be specified using an equivalent AT.

If a truss member has an initial lack of fit by an amount d (positive
if too long) then AT = 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

AT = - P/{o 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 nunber 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 (5I5)

5 The number 2
6 - 10 Number of beam elements

Colums 1

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)

Colums 1 - 5 Material identification number

6 - 15 Young's modulus

16 - 25 Poisson's ratio

C. Geometric Property Cards (I15,6F10.0)

Colums 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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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

Toad case.

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

Columns 1
11
21
31

Card 2: As
Card 3: As

10
20
30
40

Element load case A
Etement load case B
Element Toad case C
Etement Toad case D

above for gravity in the tY direction

above for gravity in the +Z direction

Fixed-End Forces are not computed within the program for grav{ty loads

Fixed-End Forces (15,6F10.0/15,6F10.0)

Two cards are required for each unique set of fixed-end forces
occurring in the analysis. Distributed Toads and thermal loads are
input using fixed end forces.

Card 1:

Columns 1
6
16
26
36
46
56

Card 2:

Columns

16
26
36
46
56

15
25
35
45
55
65

15
25
35
45
55
65

Fixed-end force number

Fixed-end force in local 1-direction at Node I
Fixed-end force in local 2-direction at Node I
Fixed-end force in local 3-direction at Node I
Fixed-end moment about local 1-direction at Node I
Fixed-end moment about local 2-direction at Node I
Fixed-end moment about local 3-direction at Node I

Blank

Fixed-end force in local 1-direction at Node J
Fixed-end force in local 2-direction at Node J
Fixed-end force in local 3-direction at Node J
Fixed-end moment about local 1-direction at Node J
Fixed-end moment about local 2-direction at Node J
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 Tocal beam coordinates

F. Beam Data Cards (1015,216,I8)

Columns 1 5 Identification - beam number
6 - 10 Node I number
11 - 15 Node J number
16 - 20 Node K number - see Figure 4-1.
21 - 25 Material number
26 - 30 Geometric property number

31 - 35 A Fixed-end force identification for
36-40 B element load cases A, B, C, and

4] - 45 ¢ D respectively

46 - 50 D

51 - 56 End release code - Node I
57 - 62 End release code - Node J

63 - 70 Optional parameter k wused 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 R1, RZ2, R3, M1, M2, M3 at
each node.

If any one 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 NEi is one
greater than the previous number NEi—]

i.e., NEi = NE + 1

i-1



only the element data card for the first element in the series need be
given as input.

1]
=
—

IF The end nodal point numbers NIi

NJ + k

NIy = Ny 4

AND THE a) material identification number

b) geometric property identification number

¢) 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 Tevel in order to improve the bending properties of the

elements.

A general quadrilateral element is shown below:

z

T. u K
L
)
: J

X/\ty

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 K must 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 -
6 -
11 -
16 -

30

5
10
15
20

Nunber 3
Number of elements
Number of different materials

Maximum number of temperature cards for any
one material see Section B below.

Non-zero numerical punch will suppress the
introduction of incompatible displacement
modes.,
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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 (215,3F10.0)

5 Material identification number

Columns 1

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

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

21 - 30 Blank

31 - 40 Angle B in degrees measured counter-clockwise
from the v-axis to the n-axis,

The n-s axes are the principal axes for the orthotropic material.
Weight and mass densities are Tisted only if gravity and inertia

Toads 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 - Voo
51 - 60 Blank

61 - 70 Blank

71 - 80  Shear Modulus - Gns

Card 2: (3F10.0)
Columns 1 - 10 Coefficient of Thermal expansion - a

11 - 20 Coefficient of Thermal expansion - o

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 Toads.
First card, load case A: Second card, lcad case B, etc.
Columns 1 - 10 Fraction of thermal load
11 - 20 Fraction of‘pressure Toad
21 - 30 Fraction of gravity in X-direction
31 - 40 Fraction of gravity in Y-direction

41 - 50 Fraction of gravity in Z-direction

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
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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 K for triangular elements)

26 - 30 Material identification number

31 - 40 Reference temperature for zero stresses within element
41 - 50 Normal pressure on I-J side of element

51 - 55 Stress evaluation option "n,"

56 - 60 Element data generator "k."

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:

[ =1 4%k
Iy =y * k.
Kn B Kn-l *k
Ln B Ln—] *tk

A11 other element information will be set equal to the information on
the last card. The mesh generation parameter "k" is specified on the

last card.

Stress Print Option - See element type 4

Thermal Data - See element type 4

B-16
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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 Y-axis. Care must

be exercised in combining this element with other types of

elements.
(i1) Plane strain elements of unit thickness in the Y-Z plane.
(ii1) Plane stress elements of specified thickness in the Y-Z plane.

A1l 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

P Y,V
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A.

Control Card (6I5)

Columns 1 5 Number 4
6 - 10 Number of elements
1T - 15 Number of different materials

16 - 20 Maximum number of temperature cards for any one
material - see Section B below.

0 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.

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 (215,3F10.0)

5 Material identification number

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

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

21 - 30 Blank

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

Columns 1

K

g d
- y,v

1

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

material.

Material Property Cards - Two cards for each temperature.

Card 1:
Columns

Card 2:
Columns

(8F10.0)

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 - Vet
71 - 80 Shear modulus - Gns
(3F10.0)

1 - 10 Coefficient of thermal expansion - a
11 - 20 Coefficient of thermal expansion - o
21 - 30 Coefficient of thermal expansion - Oy

For plane stress analysis the values of Et’ Vots Vst and

Ot

are automatically set to zero by the program.

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 Toads.

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

Columns 1
11 -
21 -
31 -
41 -

10
20
30
40
50

Fraction of thermal load
Fraction of pressure load
Fraction of gravity in X-direction
Fraction of gravity in Y-direction
Fraction of gravity in Z-direction

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
6
1
16
21

26
31

41
51
56

5
10
15
20
25

30
40

50
55
70

Element number
Node 1
Node J
Node K

Node L {Node L must equal Node K for triangular
elements)

Material identification number

Reference temperature for zero stresses withing
element

Normal pressure on I-d side of element
Stress evaluation option “n"

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 B In-] tok
Jy, = Jn_1 + k
Ky = Ko * K
Ln ) Ln-] tok

A11 other element information will be set equal to the information

on the Tast card.

card in the sequence.

The data generation k 1is given on the last

B-20
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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.

0 = origin of natural s-t coordinates (Figure 5-2), 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 0 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 Y-Z axes.

STRESSES AT
O FOR ELEMENT

TYPE 3
I
LOCAL Y-Z
COORDINATES
GLOBAL
COORDINATES
L K
Tszz
— SI2

STRESSES AT
O FOR ELEMENT
TYPE 4

LOCAL AND GLOBAL
Y-2Z
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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 tod and K to L respectively {counterclockwise positive about

element).

—
i o—
——
o —

COORDINATE SYSTEMS
FOR OUTPUT OF

EDGE STRESSES

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:
S11, S22, S12, S33, S-MAX, S-MIN, ANGLE. The normal stresses S11
and S22 and the shear stress S12 are as described above. S-MAX and
S-MIN are the principal stresses in the plane of the element and S33
is the third principal stress acting on the plane of the element.
ANGLE {s 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 1argest principal stress.

For triangular elements the stress print option is as described
above except that n=20 is not valid. If n=20 1is 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 T0 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.

JN\

ORIGIN
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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 AT (s,t) 1is used.

AT (s,t) =
i

"N

] hi (s,t) Ti - Tr

where Ti are the nodal temperatures specified on the joint

data cards, Tr is the reference stress free temperature and

1

B-25

h, (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 Toads.
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 - 160 Number of 8-node solid elements

11 - 15 Number of different materials

16 - 20 Number of element distributed load sets

B. Material Property Cards (I15,4F10) -- One card for each
different material

Columns T - 5 Material identification number

6

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

16 - 25 Poisson's ratio
26 - 35 MWeight density of material
36

45 Coefficient of thermal expansion

C. Distributed Surface Loads (215,2F10,215) -- One card is

required for each unique set of uniformly distributed
surface loads and for each reference fluid Tevel for
hydrostatically varying pressure loads. See notes IV and
V for sign convention.

B-26



Columms 1 - 5
6 - 10
11 - 20
21 - 30
31 - 35

D. One Blank Card

Load set identification number
LT (load type)

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

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

P

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

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

Y
If LT

1, leave blank

If LT = 2, Y is the global Y coordinate

of the surface of fluid causing hydrostatic

pressure loading

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.

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.

Card 1: Columns 1
11
21
31

10 PA )

20 PB > Pressure load
30 PC multipliers
40 PD Y

B-27
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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 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

Card 2: Columns 1 - 10 TA )

i1-20 718 > Thermal Toad
21 - 30 TC multipliers

31 -40 TD

y

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 TD are similar and refer to element
load cases B, C and D respectively.

Card 3: Columns 1 - 10 GXA )

1

Gravity load
11 - 20 GXB multipliers for + X
> global direction

21 - 30 GXC
31 - 40 GXDJ
-
Card 4: Columns 1 - 10 GYA
Gravity load
1 -20 GB > multipliers for + Y
21 - 30 GYC global direction
31 - 40 GYD

Card 5: Columns 1 - 10 GZA

11 - 20 GZB g Gravity load
multipliers for + Z
21 - 30 GIC global direction

31 - 40 GID
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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, multipiies it by GXA and assigns the
resulting loads to the + X direction of element Toad 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 Toad cases B, C and D respectively. GYA and GZA
refer to the global Y and Z directions respectively.

Element Cards (1215,412,211,F10)

Columns 1 - 5 Element number
6 - 107 o1
11 - 15 Global node point 2
16 - 20 numbers corresponding 3
21 - 25 g to element nodes 4
26 - 30 ﬁ 5
31 - 35 (See note III) 6
36 - 40 7
41 - 45 L. 8
46 - 50 Integration Order
51 - 55 Material Number
56 - 60 Generation Parameter {(INC)
61 - 62 LSA LSA is the distributed surface
63 - 64 LSB load set'ideqtification number
of the distributed load acting
65 - 66 LSC on this element to be assigned
67 - 68 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



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 Tast element must be supplied.

IT. 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.

IV, Identification of Element Faces

Element faces are numbered as follows:

Face 1 corresponds
2 corresponds
3 corresponds
4 corresponds
5 corresponds
6 corresponds
0 corresponds

to
to
to
to
to
to
to

+ a direction ) Faces 1,3,5 are positive faces
a direction
b direction

Faces 2,4,6 are negative faces

<

b direction
c direction
¢ direction
the center of the element

1

+
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Distributed Surface lLoads

Two types of surface loadings may be specified; load type 1
(LT = 1), uniformly distributed surface Toad and load type 2 (LT = 2),
hydrostatically varying surfacé pressure (but not surface tension).
Both loading types are for loads normal to the surface and do not
inciude surface shears. Surface loadings that do not fall into these
categories must be input as consistent nodai 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.

> >
] | ——— P» aORbORC
] B AXIS
AN sl

NEGATIVE ( POSITIVE

FACES 2,4,6 FACES 1,3,5

POSITIVE SURFACE LOADING P

[f 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

Pio= v (Vg = Yieg)
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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

AY
Y
1T
l
Yraf l
[ 1Y
| ——x
. \\_J 1

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 AT throughout the element.

AT = T - T

avg 0

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

T = stress free element temperature

specified on the element card.

VII. Element Load Cases

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

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 etement
types in the analysis. Element load cases B, C and D are
analogous to element load case A. The lcading cases for the
structure are obtained by adding Tinear combinations of
element Toad cases A, B, C and D to the nodal loads specified
on the joint data cards.
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VIII. Element Stresses are Qutput as Follows

1.

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

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.

KL

The corresponding nodal points I, J, K.and L 1in each face are
given in the table.
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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 p
4 4 8 5 1
5 8 5 b 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 output. 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 (3I5)

Columns 1~ 5
6 - 10
11 - 15

Material Property

The number 6

Number of shell elements

Number of different materials

Information

Anisotropic material properties are possible.

material, two cards must be supplied.

Card 1: (I70,20X,4F10.0)

Cotumns 1
31
41
51
61

Card 2: (6F10.0)

Columns 1
11
21
31
4]
51

-

10
40
50
60
70

10
20
30
40
50
60

Material identification nunber

Mass density

Thermal expansion coefficient a,

Thermal expansion coefficient o

Thermal expansion coefficient o

Elasticity element Cx;\
Elasticity element ny
Elasticity element CXS
Elasticity element ny
Elasticity element C S
Elasticity element ny

Element Load Multiplers (5 cards)

Card 1: (4F10.0)

Columns 1
11
21
31

Card 2: (4F10.0)

-

10
20
30
40

Z

For each different

Elements in plane stress
material matrix [C]

g
XX

o
Yy

Txy

c

{ o o

-

XX ny st

C.¢C
Xy yy ys

XS Cys ny;

£xx
Yy
Y

101

Distributed lateral Toad multiplier for load case A

Distributed lateral load multiplier for load case B
Distributed Tateral load multiplier for load case C
Distributed lateral Toad multiplier for load case D
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Columns 1
11
21
31

Card 3: (4F10.0)

Columns 1
11
21
31

10
20
30
40

10
20
30
40

Temperature multiplier for load case A
Temperature multiplier for load case B
Temperature multiplier for load case C
Temperature multiplier for load case D

X-direction acceleration for load case A
X-direction acceleration for load case B
X-direction acceleration for load case C
X-direction acceleration for load case D

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

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

D. Element Cards (815,F10.0)

One card for each element

Columns 1
6
11
16
21
26
31

36
41
51
61

71

5
10
15
20
25
30
35

40
50
60
70

80

Element number
Node I

Node J

Node K

Node L

Node 0*

Material identification (If left blank, taken
as one)

Element data generator Kn**
Element thickness
Distributed Tateral load (pressure)}

Mean temperature variation T from the reference
Tevel in undeformed position

Mean temperature gradient 3T/3z 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:

B-38



103

-The increment for element number is one

i.e. NE1+1 = NE_i + 1

The corresponding increment for nodal number is Kn

i.e. N11+] = NIi + Kn
NIy = N+ K
NKipyp = NKp + Ky

NL1+1 NLi + K

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 [, J, K and L are in sequence in a counter-

clockwise direction around the element. The local element coordinate

system (x, v, z) is defined as follows:

Zz

y

Specified by LI - JK, where LI and JK are midpoints of sides
L-1 and J-K.

Normal to x and to the Tine joining midpoints IJ and KL.

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

This system is used to express all physical and kinematic sheil

properties (stresses, strains, material law, etc.), except that the
body force density is referred to the global coordinate system (X, Y, Z).
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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 Tinear 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 (4F10.0)

Columns 1 - 10 Multiplier for load case A

11 - 20 Multipiier for load case B
21 ~ 30 Multiplier for load case C
31 - 40 Multiplier for load case D

C. Element Cards (8I5,3F10.0)

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

5 Node N, at which the element is placed

Columns 1 -
6 -10 Node I
11 - 15 Node J 5 Leave columns 11 -~ 25 blank
if only node I is needed.

16 - 20 Node K

21 - 25 Node L )
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 10?0 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, K and L specify the positive direction
of the element as the normal to the plane defined by two
intersecting straight lines (vectors a and b)

I
1

=]
X

1o

ROTATIONAL CONSTRAINT
IN THIN SHELL ANALYSIS

The four points I, J, K and 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.

n is given by the vector cross product n=a xb

The positive direction of the boundary element corresponds
to the direction of n. The point of application is

independent of n

Note that node I in case (i) and nodes I, J, K and 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, Hﬁwever '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 (one).
B-43
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The positive direction of houndary elements is needed to

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

Positive force P and

””’,,ie "’,,a”A:' torque T acting on

N boundary element

P is +ve 1in direction of n
T 1is +ve by right hand rule
about 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

extensicnal spring at node N with stiffness as specified in columns
- 61 - 70. Nodal loads applied to joint N are specified on the joint
data card for node N (section B-4).

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

displacement § 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 Toad P evaluated from P = k & is applied to node N in the
positive direction of the element if & is positive. If k is much

greater then the stiffness of the structure at node N without the
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boundary element then the net affect is to produce a displacement very
nearly equal to & at node N. If 6 =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 §. The boundary
condition codes specified on the joint data cards (section B-4) must be
consistent with the fact that a locad P 1s 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 N are 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 dispiacement code is 1. A torque
T evaluated from T =k 6 1s applied to node N about the axis of the

element. The rotation © 1is specified in columns 51 - 60.

(3) Data generator Kn

When a series of nodes are such that:
(i) A11 have identical boundary elements attached
(11) A11 boundary elements have same direction
(ii1) A1 specified displacements and rotations are identical

(iv) The nodal sequence forms an arithmetic sequence, i.e. N,
N + Kn’ N+ 2 Kn etc. then only the first and last node in
the sequence need be input. The increment Kn is input in

columns 36 - 40 of the first card.

=
1

Ko

o
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(4) Element load multipiiers

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 Toad case. As an example
suppose that displacement of node N is specified as 1.0, spring stiffness
as 1010 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 1oad 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 B-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 Toads.
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 (15,4F10) -- 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 (215,2F10,215) -- One card is
required for each unique set of uniformly distributed
surface Toads and for each reference fluid level for

hydrostatically varying pressure loads. See notes IIl and
V for ~T A AAntrAnd S Ao




112

1
[ &2 ]

Colums 1 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 15 the magnitude of the
uniformly distributed load

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

2} - 30 Y
If LT

1

1, Teave blank

i

If LT = 2, Y is the global Y coordinate
of the surface of fluid causing hydrostatic

pressure loading

31 - 35 Etlement 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.

D. Reference Temperature (1F10) --

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: Columms 1 -10 PA )
1 -20 PB Pressure load
21 - 30 PC ? multipliers
31 - 40 PD
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PA is a factor used to scale the complete set of distributed
surface loads. This scaled set of loads is assigned to
element Toad case A. 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
Card 2: Columms 1 - 10 TA W
11-20 T8 > Thermal Toad
21 - 30 TC multipliers
31-40 TD

TA is a factor used to scale the complete set of thermal
loads. The scaled set of Toads are then assigned to element
load case A. TB, TC and TD are similar and refer to element
load cases B, C and D respectively.

Card 3: Colums 1 -10 GXA |

_ Gravity load
1 - 20 Gx8 > multipliers for + X

21 - 30 GXC global direction

31 - 40 GXD

LCard 4: Columns 1 - 30 GYA

Gravity load
11 -20 G¥B > multipliers for + Y

21 - 30 GYC global direction

31 - 40 G0

Card 5: Columns 1 - 10 GZA )

- -Gravity load
1 -120 G multipliers for + Z
21 - 30 GZC global direction

31 - 40 GZD
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F.

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

Element Cards (415,412,2X,F10/1615) Two Cards for each element

are needed.
Card 1: Columns
Card 2: Columns

1

6
11
16
21
23
25
27

]

LI D R B B |

5 Element number

10 Integration order
15 Material number

20 Generation parameter (INC)

22 LSA LSA is the distributed surface
24 1SB load set jdentification number

of the distributed load acting

26 L.SC on this element to be assigned
28 LSD to element load case A. LSB,

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

40 Element temperature

10)
15
20

25
30

1

2

3

4

5

6

Global nodal point 7
numbers corresponding 8
to element nodes g
: 10

11

12

(See note II) 13

14

15

16
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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 nunbers 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 eiement.

¢, 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
Toad number (for any load case) is:

> 0 Same load is applied to succeeding elements

< 0 The Toad 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.

ITI.

Iv.

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.

r

t

Element Face are Numbered as Follows:

Face
Face
Face
Face
Face
Face

(=2 2 B IR R A R

corresponds
corresponds
corresponds
corresponds
corresponds
corresponds

Integration Order

to
to
to
to
to
to

Computation time (for

the integration order.
should be used.

This

3 for regular

r direction N

r direction

s direction > 1, 3, 5 are positive faces
- s direction 2, 4, 6 are negative faces

t direction

t

direction y

element stiffness) increases with the cube of
Therefore, the smallest satisfactory order
is found to be:

shape

4 for irregular shape

B-52



117

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 Toading types are for loads normal to the surface and do not
include surface shears. Surface Toadings 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.

—> 5]
S -
—P» rORs OR t
—> —>
\ AXIS
- /—)
NEGATNE) (POQTNE
FACES 2,4,6 FACES 1,3,5

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 & 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 v 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
ngn

by the program as follows. At each numerical integration point
on an element surface the pressure Pi is calculated from

Pio= v (Y5 = Yigg)
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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

TIY

.|| Q

Yref
Yi

If P; >0, corresponding to surface tension the contribution is
ignored. If an element face is such that Yi-> Yref for all
(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 AT throughout the element.

AT = Te - Tr

Te = element temperature specified on element data card
(see F above)
Tr = reference stress free temperature (see D above)

VII. Eiement 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 = I PA x pressure loading

+ TA x thermal loading

+ GXA x gravity X loading

+ GYA x gravity Y Tloading

+ 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 D 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 D to the nodal loads specified
on the joint data cards.

VIII. 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.

B-b5
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APPENDIX C - PROGRAM CAPACITY

C-1 High Speed Storage Requirements

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 SAPZ, 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 vaTue of each of the following:

(1) Truss elements

M = 5% NMAT NMAT = nunber 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 = A*NMAT+11*NMAT*NTC

NTC = number of material temperatures

(4) Axisymmetric quadrilateral

M = 4*NMAT

(5) Three-dimensional solid elements

M = A*NMAT+4*NLD+2475 NLD = number of element Toad sets

<Y
ot
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(6) Plate and shell elements
M = 12*NMAT

(7} Boundary elements
M=20
(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 Reguirements

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 tocations on Tape 1 =

N
[(Ns +2) % Ng + N * 4 + 2]1

W e
e

1
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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

Tape 2
For element stiffness matrices
Number of locations on Tape 2 =
Ne
X

N, * (N, +6) + 1],
2D g+ 8 ),

d

or for temporary storage during solution of equations

Number of locations on Tape 2 =

N
band
l Neb , (Nband * Neb)

Where Nband = half band width of equations

Neb = number of equations in a block

(MTOT - 4 * N,)
T+ )% 2

(Nband

NQ = number of load conditions
or, for storage of displacements

Number of Tocations on Tape 2 = Neq * NE

Where Ne = total number of equations

q
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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 =

*
Neq (Nband ¥ NR)

For storage of total stiffness and load matrices.

Number of locations on Tape 4 =

N, * (N

eq band * Nz)

For temporary storage in the formation of the total stiffness
matrix

Number of Tocations on Tape 2 =
* *
Ny * (Ng * Ny + 6) +1)

or, for temporary storage during soiution 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 Nz

where Nj = total number of joints in the system

C-4
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C-3 Solid-SAP Common Storage Allocation

COMMON A (MTOT)

COMMON/ELPAR/NPAR (14), NUMNP, MBAND, N1, N2, N3, N4, N5, NEQ
COMMON/EM/2594 Tocations max,

COMMON/JUNK/222 Tocations max.,

C-5
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APPENDIX D

FORTRAN IV COMPUTER PROGRAM LISTING






-

SSAP
S5AP
SSAR
sSAP
SSAP
SSAP
s5ap
SSAR
SSAP
SSAP
ssAP
SSAP
sSAP
SSAP
SSAP
SSAP
55AP
SSAP
SSAP
SSAP
55AP
SSAP
s54p
S5AP
$5AP
SShP
SSAP
554P
SSAP
SSAP
SSAP
SSAP
S5AP
SSAP
SSAP
SsAP
SSAP
SSAP
SSAP
SSAP
S5AP
SSAP
SSAP
SS4P
S5AP
SSAP
SSAP
SSAP
$5AP
SSAp
SSAP
S5AP
SSAP
$54P
554P
$5AP
SSAP
$SAP
S5AP
SSAP
SSAP
SSAP
SSAP
s5aP
554P
$5AP
SSAP
SSAP
SSAP
SSAP
554P
SSAP
5500
s54p
584p

0P T W

fon oo OO0

00

aaa

[aX s X ol

[1XzXsl

[aXeRal

-

**

w

200

PRGGRAM
1 TAPE2,TAPEA,TAPEG, TAPET, TAPES)
EEOXE R XX M KR RR ER R AR MM KX k% EX

SAP2 {INPUT,OUTPUT ,TAPES=INPUT,TAPE&=QUTPUT, TAPEL,

**

Ll

SAPZ A STATIC ANALYSIS PROGRAM FOR THREE-DIMENSIONAL STRULTURES

REVISED MARCH 1972
*k kk Kk EE EE Rk XE ¥ AR X xE € KE E#

COMMON JJUNK / HEDLL2) 4JUK(21C)

*x

*x

*

COMMON /ELPAR/ NPAR(L41, NUMNP  MBAND ,NELTYPN1,N2 N3, N4 N5y MTOT (NEQ

COMMCN 7/ EM / QQQ(2594)
DIMENSIAN TIT7)

PROGRAM CAPALCITY CONTROLLED BY THE FOLLUWING TWO STATEMENTS ...

CONMEN AL7000)
MTOT=7000

PROGRAM CONYROL DATA

CALL SECOND(T{1})

READ (5,1001 HED p NUMNPy NELTYFyLL ¢NFyNDYN
IF (NUMNP .£d.0) STOP

WRITE{6,200}) HEDy NUMNP, NELTYP, 1L

INPUT JOINT DATA--1D ARRAY ON TAPE 8

Ni=l

N2=N1+6%NUMNP

NI=NZ+NUMNP

Na=NI+NUMNP

NS5 =N4 +NUMNP

No=NE + NUMNP

IF(NGE.GT.MTOT) CALL ERROR{N&-MTOT)

CALL INPUTJLAINL)I ¢AINZIeALNI) yAINSL) 2 ATNS y NUMNP y NEQ)

FORM ELEMENT STIFFNESSES--STIFF. ON TAPE 2 -STRESS MATRIX ON TAPEL

CALL SECONO(TL2))
MBAND=0

NUMEL=0

REWIND 1

REWIND 2

00 900 M=1,NELTYP
READ (5,1001) NPAR
WRITE (!) NPAR
NUMEL =NUMEL+NP AR [2)
MTYPE=NPAR(1)

CALL ELTYPE(MTYPE)
CONTINUE

INPUT NODAL LOADS AND JOINT MASSES =~= WRITE ON TAPE 3

NEQS= (MTOT~4*LL 1/ (MBAND+LL+1)/2
NBLOCK={NEQ-11/NEQB *1

IF {NEQB.GY.NEQ) NEQB=NEQ

N3=N2+NEQR*LL

Ne=HiréwiL

WRITE {62001 NEQyMBAND,NEGB.NBLOCK

CALL SECONDIT(3H)

CALL INLCATNYLY,ALN2),AIN3D JACNG ], NUMNP,NEQB,LLT
CALL SECONDIT(4))

FORM TQTAL STIFFNESS MATRIX ~-ON TAPE 4

NE28=2%NEQB
HZaN1+NEQB*MBAND
N3=N2+NEQBSLL
N4=N3+4 L {

NN2=N1 #NE2BXMBAND
NNI=NNZ+NEZB# L
NN4=NN3 o4 %L L

CALL ADDSTFIACNLIoAUNNZE o ACNNT o AINNG ) S NUMEL fNBLODCK,NE2B,LL» MBAND)

CALL SECONGITIS)!
SOLVE FOR DEISPLACEMENT UNKNOWMS

NSB=(MBAND #L LY *NEQB

SSAP
S3AP
S5AP
SSAP
ssAp
§3AP
S5AP
SSAP
SSAP
$5AP
SSAP
SS5AP
SSAP
Ss4P
5547
ssap
S5AP
SSAP
SSAP
SSAP
SsaP
SSAP
SEAP
5S5AP
SSAP
SSAP
SSAP
SSAP
SSAP
S5AP
SSAP
S5AP
SsAP
SSAP
$5AP
Ss54p
SSAP
SSAP
$5AP
$SAP
S5ap
$Sap
SSAP
55AP
55ap
s5aP
$55AP
SSAP

$SAP
S5AP
SSAP
SSAP
$SAP
SSAP
SSAP
SSAP
$5AP
S5AP
ssap
5549
SSAP
SSAP
SS4P
s$5ap
SSAP
ssap
S54p
55aP

124
125
126
127
123
129
130
131
13z
133
134
135
136
137
138
139
140
141
142
143

[zXaXs)

s Rx¥al

30

40

190
200

201
1
2
3

202

P B

1001

[

<

Cmamm

NSBB=NFQB*LL*(2« (M3AND-L} /NEQB}
IF(NSBB.LT.NSB] NSEB=NSB
N4=N3+NSBB

CALL USOLYAINLY ¢ ACN3 ) AING) e NEQB,MBAND yLLyNBLDCK pN3B1r433+Te2+21

CALL SECOND(TIS))
PRINT DISPLACEMENT

N2=N1+NUMNP*§
N3=N2+b%Lt
CALL PRINTE(AINLII¢A{NZ) yA{N3} JNEQBy NUMNP o LL NBLOLK (NEQ, 2)

COMPUTE STRESSES

NZ=NT+47LE

N3IZNZFNEQR*| |

LB={MTOT-N3} /(NEQ +12)

NDYN=Q

CALL STRESS{AINLI,AIN2)AUN3Y NEQB,LB,LL,NFQ,NBLOCK]

CALL SECTUND (T(TH)

00 40 I=1,¢

Ty =TOteiI-TII}
TETI=TOLIHTI2 4TI ATIA)+TIBITIG)
WRITE (602031 7

G0 TD B

FORMAT(12A6/5615)

FORMAT (1K1 126777
28H NUMBER OF NODAL POINTS = 41547
28H NUMBER OF ELEMENT TYPES = ,I5//
28H NUMBER OF L8320 CASES = 9 I5)

FORMAT(34H2 TOTAL NUMBER OF EQUATIDNS =+15,
F34H  BANDWIDTH =y 15,
/344 MUMBER OF EQUATICAS IN A BLOCK =415,
/3%H NUMBER OF BLOCKS =y 151}
FORMAY ( 12H20VERALL LOG 7/
33H NODAL POINT INPUTewseeenvacese sFB.2//
33H FORM ELEMENT STIFFNESSES. 1FB.24/
331 INPUT NOOAL LQAUSesconsnsveacs yFB.2//
331 FORM TOTAL STIFFNESS.ussrances $FB.2//
33H EQUATEON SOLVINGuveveaveeveaes 2FBL2HS
334 ELEMENT STRESSES.aeascanavadee 2F8.24/77
33H TOTAL SOLUTION TIMEduiaeseusses 1FBL2}

FORMAT (1415}
END

SUBROUTINE INPUTJLID,X,Y,Z,T,NUKNP, NEQ!
E. WILSON JuLy 1971
DIMENSION Xt1)sY (1} Z01) IDINUMNP,6),TIL)

1g1onaoudd JON

READ OR GENERATE NODAL POINT OATA
WRITE (6,2000)

WRITE {62001}

NOLO=0

READ (5,1000) NolIDIN,I)oI=1,60 XINI,¥{N}, ZEND KN, T (N}
WRITE (642002) Nol1D(N,T1a121,6) X(NI,Y(ND 2N} KN, TIND
IFINDLD,EQ.O) 60 TO 50

CHECK IF GENERATION IS REQUIRED m——————
70 20 I=1,6

TF{ID{NeI) EQuOaAND. IO(NDLD, 1) oL T0) 1O(N, [1w[D(NGLO, T}
CONTINUE

IF{RNLEQ.Q) GO TQ 5¢

NUM= (N=NGLD) /KN

NUMN=NUM=1

TELNUMN.LT 1) GO TD 50

ANUM=NUM

91
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S5AP 144 OX=[X(NI=X{NOLD) )/ XNUM 58AP 212 ¢
SSAP 145 DY=(Y{NI=Y INCLD} J /7 XNUM S3AP 213 € PLANE STRESS ELEMENTS
SSAP L4& DZ=IZINI-ZINOLD D)/ XNUM SSAP 214 €
SSAP 147 OT=(T{N}-T{NOLD) )/ XNUM 5Sap 215 3 CALL PLANE
55AP 148 K=NOLD S5AP 216 G0 YO 900
SSAF 149 DO 30 J=1,NUMN 5s5Ap 217 C
S5Ap 150 KK=K £SAP 218 C AXISYMMETR IC SOLID ELEMENTS
$54P 151 Ka2K4KN $SAP 219 €
SS5AP 152 X{K)=X (KK) DX SSAP 220 4 CALL PLANE
§54p 153 Y(K)=Y(KKE+DY SSAP 221 GD TD 90D
S5AP 154 ZIKI=Z {KK)4D2Z S5AP 222 ¢
SSAP 155 TERI=T (XK F+DT SSAP 223 ¢ THREE DIMENSIONAL SOLID ELEMENTS
SSAP 136 OO 30 I=l.é $%AP 226 C
SSAP 157 ID(K, IV=ID{KK, I} SSAP 225 5 CALL THREED
5SAP 138 TF (IDEK,T}.GT2) TOUK,1)=1D{KK, I eKN SSAP 226 GO TC 9Q0
SSAP 159 30 CONTENUE $8AP 227 ©
SSAP 160 C $SAP 228 C PLATE BENDING ELEMENTS
55AP 161 50 NOLD=N SSAP 229 ¢
SSAP 162 IF{N.NE.NUMNP} GO TO 10 . §SAP 230 & CALL SHELL
554AP 163 C . £SAP 231 60 TC 9¢0
SSAP 164 C---— PRENT ALL NODAL POINT DATA ————— - Ssap 232 C
58AP 165 C SSAP 233 ¢
SSAP 166 WRITE {6,2003} S5AP 234 7 CALL BOUND
SSAP 16T WRITE (6,2001) S5AP 235 60 TO 900
SSAP 168 WRITE (642005) (N {IDIR; T sI2136) o XIN) oY {N)p ZEN) p TN}, N=1, NUMNP) SSap 236 C
SSAP 169 C $SAP 23T C THICK SHELL ELEMENTS
SSAP 170 {—--—-NUMBER UNKNOWNS AND SET MASTER NODES NEGATIVE S3AP 238 ¢
SSAP 171 C SSAP 239 8 CALL THKSHL
SSAP 172 NEQ=0 SS5AP 240 C
SSAP 173 DO 60 N=1,NUNNP SSAP 241 906G RETURN
SSAP 174 Do 60 I=1,6 SSAP 242 END
SSAP 175 ID{IN, T1=TABS{ININ, I}
SSAP 176 IF{IDINsI}=L} 57458,59
SSAP 177 57 NEQ=NEQ+1
SSAP 178 1DIN,1)=NEG
$SAP 179 60 Ta &0
SSAP 130 58 10{N,])=0
S5AP 181 G0 TO 60
SS5AP (A2 59 ID{N,1}==1IDIN,1} SSAP 243 SUBROUTINE INL{TDsB, TR THASS,NUMNP,NEQS, L]
SSAP 183 &0 CONTINUE §5AP 264 C
§5AP 184 WRITE {652004) (Ne{IDIN, [} Im1,56) oM=]1,NUMNP) $5aP 245 C INPUT NODAL LDADS AND MASSES
SSAP 135 REWIND 8 58aAP 246 £
SSAP 186 WREIYE (3) 1D SSAP 247 DI MENSION IDE{NUMNP, 6, BINEQB,LL Fi TRIGILL Y, TMASSINEQB)
SSAP 187 ¢ SSAP 248 COMMON / JUNK / RIS)TXMi6}
§SAP 188 RE TURN SS5AP 249 C
SSAP 189 1000 FORMAT {7I5¢3F1040415:FL0.0) SSAP 250 NT=3
SSAP 190 2000 FORMAT {//23H NODAL POINT INPUT DATA } SSAP 251 REWIND NT
SSAP 191 2001 FORMAT (SHONOGE 3X 244BOUNCARY CONDITION CODES LiX SSAP 252 KSHF=0
S3AP 192 « 23HNDDAL POINT COORDINATES / 7TH NUMBER 2X LHX 4X tHY 4X 1HZ 3X SSAP 253 WRITE (642002}
SSAP 193 o ZHXX 3X 2HYY 3X ZHZZI12X LHX 12X 1HY 12X LHZ 12X 1HT 1} SSAP 254 0o 150 I=1,MEQS
SSAP 154 2002 FORMAT {15,615,3F13.3415,F13.3] SSAP 255 TMASSIT)=0.
SSAP 195 2003 FORMAT {//21H GENERATED NOCAL DATA} SSAP 256 DO 750 Kmi,tL
SSAP 195 2004 FUORMAT {/7/17H EQUATION NUMBERS/ SS5AP 257 750 BLI,K)=0.0
SSAP 197 1 35H N X Y z xx YY 27 SETIS) SSAp 258 €
SSAP 198 2005 FORMAT {15,8I15,4F13.3) SsaAP 259 DO 900 NN=1,NUMNP
SSAP 199 END $5AP 260
SSAP 261 DO 100 I=1,6
SSAP 262 TXM(TI)=0.
SSAP 263 00 100 J=1,LL
SSAP 264 100 TR{I,41=0.0
SSAP 2653
S5AP 266 IF(NN.EQ.L} GO TD 300
SSAP 257 150 IFIN.NELNN) GO TO 400
SSAP 200 SUBRAQUTINE ELTYPE(MTYPE] 5SAP 268 00 200 1=1,5
SSAP 201 GO TO (1424304¢50647,9) MTYPE SSAP 2469 IF {1] 1804180190
$SAP 202 € $3AP 270 180 TXML{Li=R(1]
SSAP 203 C THREE DIMENSIDNAL TRUSS ELEMENTS SSAP 271 GO0 YO 200
SSAP 2046 G SSAP 272 190 TR{I,L)=R(I}
$SAP 205 1 CALL TRUSS SSAP 213 200 CONYINUE
SSAP 206 G0 To 900 SSAF 274 300 READ {541001) NsLsR
SSAP 207 C SSAP 275 IF (N.EQ.,0) GO TO 150
SSAP 208 C THREF DIMENSIONAL BEAM ELEMENTS SSAP 278 WRITE{6,2001) N,L¢R
SSAP 209 € SSAP 277 G0 TO 150
354F 210 2 CALL BEAM $SAP 278

§54P 211 G3 TQ 9¢0 SSAP 279 400 DC 80D J=lyb

Let
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SSAP
55Ap
SSAP
SSAP
§sap
$5apP
SSAP
SSAP
SSAP
$5ap
SSAP
SSAP
$Sap
S5Ap
SSAP
$5AP
SSAP
55ApP
S$5AP
55AP
SSAP
SSAP
SSAP

SSAP
$SAP
SSAP
SSap
S54P

SSAP
SSAP
$saP
SSAP
SsAP
SSAP
SSAP
SSAP
5SAP
55A7
SSAP
s55ap
554P
S5AP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
$54P
SSAP
SSAP
SSAP
SSAP
55AP
SSAP
SSAP
SSAP
SSAP
S5AP
SSAP
55AP

280
281
282
283
284
285
286
287
288
289
290
291
292
293
29%
295
286
297
298
299
300
301
302

303
304
305
306
307

398
399
310
311
312
313
314
315
316
317
318
319
320
321
322
323
326
325
326
327
328
329
230

332
333
334
33s
338
337
a3

340

TIxTD(NN, J I -KSHF
IF (113 B0C+800,4500
500 DO 400 K=1,LL
500 BUIT,K)=TR{J,K}
TMASS{TTI=TXM(J)
610 IF(I1.NELNEQB) GO TO 800
WRETE (NT} B,TMASS
KSHF=KSHF+NEQB
DO 700 I=1,NEQB
TMASSIT a0,
D0 700 X=L:LL
700 BUEsKI=0.0
800 CONTINUE
900 CONTINUE
WRITE (NT} 8B ,TMASS

RETURN
1001 FORMAT (215, 7F10.41
2001 FORMAT (2I547F10.3)
2002 FORMAT (23H2.....NODAL POINT LOADS /4 LOH NODE LOAD 23X
- 14MAPPLIEC LOADS 10H NO. CASE 66X 2ZHRX 8Xx
e« 2HRY 8X ZHRI 8X 2HMX 8X ZHHY 8X 2HMZ )
END

SUBRQUTINE ERROR (N}
WRITE (620001 N

2000 FORMAT {// 2CH STORAGE EXCEEDED BY !4}
srae

END

SUBROUT INE ADDSTFIA,BySTRy TMASS yNUMEL NBLOCK,NE2B4LLs MBAND)
FORMS GLOBAL EQUTLIBRIUM EQUATIDONS IN BLOCKS

DIMENSION A(NEZB:MBAND}+B(NEZBs+LL)sSTR{44LL)sTMASS(NE2ZB)+SSI(1)
COMMON /EM/ LRD,ND,L%(2592)

EQUIVALENCE (55,ND}

NEQB=NE2B/2

K=NEQB+1

X=NBLOCK

MB=SQRT (X}

MBaMB /241

NEBB=MB*NE 28

MM=1

NSHIFT=(
REWIND 3
REWIND 4

READ ELEMENT LOAD MULTIPLIERS

WRITE (64,2000}
B0 5C¢ L=1sLL
READ {5,1002) (STROIyL)oIml, 4}
50 WRITE (6420021 L+(STRUIsL)2Ials @}
WRITE (8) STR
FORM EQUATIONS IN BLOCKS { 2 BLOCKS AT A TIME)
DO 1000 M=1,NBLOCK .2
DO 100 I=1,NE28
DO 1C0 J=!sMBAND
100 AlleJI=0.
READ (31 €{BAI+L)sI=L,NEQBIoL=LsLLF,(TMASSII )+ I=LsNEQE)
IF {M.EQ.NBLOCK} GO TO 200

SSAP
S54P
SSaP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
S5AP
SSAP
SSAP
SSap
SS5AP
ssap
SSAP
SSAP
S3AP
SSAP
SSap
SSAP
S3AP
SSAP
SSAP
S54AP
SSAP
S3AP
ssap
§SAP
SSAP
SSAP
SSAP
SSAP
S5ap
S5AP
§5AP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSap
SSAP
5SAP
$SAP
SSAP
SSAP
SSAP
SSAP

$SAP
SSAP
554P
SSAP
$3AP
5sap
SSAP
$3apP
SSAP
SSAP
S5AP
SSAP
SSAP

341
342
363
344
345
346
347
ERY:]
349
350
351
352
353
354
355
EXL)
357
158
359
360
361
362
363
364
345

367
368
369
370
a7l
372
373
374
375
376
377
378
379
180
381
382
3g3
384
385
386
387
388
389
390
391
392
393
394
395

396
397
398
399
400
401
402
403
404

406
%07
408

[

[aXeX2]

READ (3) ((BIT,L},sI=K,N2E2B),L=21,LL),(TMASS({I} . I=K,NE2B)}
200 CONTINUE

REWIND 7

REWIND 2

NA=7

NUME=NUMT

IF (MM _NE, 1) GO TD 75
NA=2

NUME =NUMEL

NUM7 =0

15 DO T00 N=1,NUME

READ (NA) LRDy(SS(1)yI=1,LRD}
00 500 I=1,ND
LMN=1-LM{I)
IT=LMIT}=NSHIFT
IF {11.LF.0.0R.TTILGT.NE2B} GO TO 600
00 300 L=1,LL
00 300 J=1,4
K€=NE* {NC+dJ) +1

300 BOIT,L)=B(TI,LI+SS{T+KKI*STR{J,L)
DO 500 J=)4ND
JJ=LMIJ)+L NN
IF(J4J) 500,500,390

390 KK=ND*J+1

408 ACIT,JJb=A(TI,00+55(1+#KK)

500 CONTINUE

600 CONTINUE

OETERMINE IF STIFFNESS 1S T0 BE PLACED ON TAPE 7

IF {MM.GT.1}) GO TO 700
CO 650 I=1.ND
IT=LM(IY —-NSHIFT
IFITIGY.NE2B.AND.1 1L ELNEBB) GO TO 660
450 CONTINUE
GO TO 700
660 WRITE (7) LRD,(S5(1},1=1,LR0O}
NUMTaNUMT+ 1

700 CONTINUE
WRITE(4) (C(A(L1,4},I=1,NEQB]+J=1,MBAND),{(B{I,L),I=1,NEQB),L=1,LL)
TE(M.EQ.NBLOCK) GO TO 1000
WRITE(&) ({A{Lyd}pTeky NE2B)yJaLl ) MBAND) o1 {BU1,L )y I2NyNEZB) jL=14LL)
IF (MM,EQ,MB) MM=Q
MM=MHe 1

1000 NSHIFTaNSHIFT+NE2B

RETURN

1002 FORMAT (4F10.0)

2000 FORMAT (10MZSTRUCTURE 12X 25HMELEMENT LOAD MULTIPLIERS /
» LOH LOAD CASE 9X 1HA 9X LHB 9X LHC 9X LHD/}

2002 FORMAT (I6+7X:4F10.3)
END

SUBROUTINE PRINTD{ID,D0+B¢NEQBE,NUMNP,LLNBLOCK NEQ:NT}
CIMENSICN IDUINUMNP &)y BINEQB,LL 3,006t L)

REWIND NT
REWIND 8

READ (8} 1D
M=NEQ
NN=NEQB*NBLOCK
WRITE (6,2003)
N=NUMNP

DO 500 KK=1ys NUMNP

8¢C1
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SSAP
S5AP
S5aP
SSap
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
55AP
SSAP
SSAP
SSAP
S5AP
SSAP
SSAP
SSAP
55AP
S5AP
SSAP
SSAP
554P
SSAP

409
410
41l
412
413
414
418
4l6
417
418
19
%20
421
422
423
424
425
426
421
428
429
430
431
432
433
434
435
436

437
438
439
440
441
242
443
Llcly
445
446
PYs
448
“49
450
451
452
453
%54
455
456
4587
458
459
460
461
462
463
164
465
466
457
468
469
410
471
472
473
614
&1
476

I=6
00 250 Ii=1,0
DO 100 L=1,L1

100 Dilsll=0,
IF{M,GT.NN} GO TO 190
1IF (M.EQ.0) GO TO 150
PEAD (NT) B
NN=NN-NEQB

150 IF(ID(N+T).LTal) 30 TO 250
K= M-~ NN
LELESE

DO 200 L=1,LL
200 O(I Li=BiK,t}
250 I=I-~}

WRITE {6,2004) NolLo{DII,L},I=1s60s1i=1:LL1}
500 N=N-1

RETURN

C
2003 FORMAT (40HL s4e0044NCDE DISPLACEMENTS AND ROTATIONS//

[

G-—=— REDUCE EQUATIONS BLOCK-BY-BLOCK -
4

« SH NODE SH LOAD 1tX 1H¥ 11X IHY 11X 1HZ
- 9X 2HYY 9X 2HZII}

X 2HXX

2004 FORMAT {1HO,14,15,1P3E12.3,3F11.2/1110,3E12.3,3E11.2)}

END

SUBROUTINE USOL {4, B,MAXRB, NEQB, MB,LL,NBLOCK) NSB¢ NORG,NBKS4NT1,

DIMENSION AINSB) B(NSB),MAXBINEQR}

NT2,NRST)

NC=MB+LL
NBR={MB—1) FNEQB+1
INCaNEQB-1
KMB=NEQ8sMB
N2=NT2

NL=NT1

REWIND NORG
REWIND NBKS

D0 900 N=1,NBLOCK
IF (N.GT.1.AND.NBR.EQ.1}) GO TC 110
1F (NBR.EQ.1) GO TO 105
REWIND WL
REWIND N2
105 NI=N1
IFIN.EQ.1) NI=NORG
READ (NI} A
110 09 300 I=1,NEQB
o=A(T)
IF(D) 115,300,120
115 M=NEQB¥(N-1)+1
WRITE (&6¢116) MsD
116 FORMAT i33HOSET OF EQUATIONS FAY BE 5 INGULAR /
« 26H DIAGCNAL TERM Of EQUATION T8, 8H FEQUALS

120 11=}
DO 125 J=24NC
1I=1T+NEQS
125 a{T1I=ACIT)/0

DO 130 J=I,NMB,NEGB
IF (ALJ).NE.O.) MAXBUIN=Y
130 CIONTINUE

iPE12.4}

S5AP
$54P
SSAP
$SAP
SSAP
5SAP
SSap
S3AP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAp
$SAp
SSAP
SSAP
SS AP
$SAP
SSAP
SSAP
$sap
SS5AP
S5AP
SSAp
55ap
$SaAp
SSAP
SSaP
SSAP
ssap
SSAP
SSAP
SSAP
S5ap
SSAP
SSAP
SSAP
SSAP
SSAp
S5AP
5S5AP
S5AP
SSap
s5ap
S5AP
SSAP
ssap
ssap
5SAP
SSAP
SSap
$Sap
SSAP
S3AP
5Sap
ssap
ssap
SSAP
SSAP
SSap
ssap
Ssap
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
SSAP
Ssap
S5aP
SSAP
SSAP
Ss5AP

477
478
&T9
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
“95
456
497
498
499
500
501
saz
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
528
527
s2a
529
539
531
532
533
534
535
536
537
538
5139
540
sS4l
542
543
544
545
546
547
548
549
550
551

150

175
200
300

[

&40

650

£50
10

140

750
300

900

Crome=

JL=T+1

IF (JL.GT.NEQB) GO TO 300
11s1

00 200 J=JL/NEQB
I1=11+NEQR

IF(11.6T.NMB)Y GO TO 200
C=ALIT}

IF (C+EGQ.D.0} 50 7O 200
C=C*All}

KK=J-11

MAXSMAXB(L)

D0 150 JJ=11+MAX,NEQB
ALJIeKK = A JI+KKI-C*ALJI)

KK=J +NKMB

JU=I+NMB

DO 175 L=1,LL
A(KK)=AIRK)-CHALJY L
KK =KR+NEQB

Ji=J J+NEQB
CONTINUE

CONT INUE

WRITE (NBKS) AsMAXB

SURSTITUTE INTO REMAINING £QUAT IONS

DO 900 NN=14NBR
IF(NeNN,GT.NBLOCK) GO TO 800
Ni=N1

IF{N.EQ.1] NI=NGRG
IF(NNL,EQ.NBR) NIa=NORG
READ (NI} B
IL=1+NN*NEQJBSNEQR

DGO 700 I=1,NEQB

Ii=TL

DO 690 K=1,NEQB

IF (I1.GT.NMB) GD TO 690
C=AllIl)

If (C.EQ.0.0) GO YO0 690
CaC®A(K)

MAX=MAXB(K)

KK=1-11
DO 640 JJ=11 ,MAX,NEQB
BlJIHKK AR (JIHKK ) -CHALIIY

KK=1+NMB

Jd=K+NKR

DO 650 L=l4lL
BIKKI=BAKK)=-C*aL )]
KK=KK+NEQR
Jd=JJ+NEQB

I1alI=INC
IL=TL+NEQB

IF(NBR.NE.1} GO TO 750
PO 740 I=1,N58
AlTI=8(I)

GO TO 800

WRITE (N2 B

CONTINUE

M=N1
Nl=H2
Nz=N

BACKSUBSTITUTION - RESULTS ON TAPE NRST —-_——

1S=LL*NEQR
NEB=NEQB* (NER+1)
NUM=NBR=NT Q8
MAX=NEB*LL

no 905 T=1,MAX

621
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SSAP 552 905 Bl )=0. SsapP 620 C MOVE DISPLACEMENTS INTO CORE FOR LB LODAD CONDITIONS

S$SAP 553 REWIND NRST SSAP 621 C

SSAP 8564 SSAP 622 REWIND 2

S54P 555 00 1000 N=1,NBLOCK SS5AP 623 IF(NDYN.EQ.3} READ (2}
SSAP 556 BACKSPACE ABKS SSAP 624 NQ=NEQB*NBLICK
SSAP 557 READ (NBKS) A,MAXS SSAP 625 DO 200 NN=1,NBLOCK
SSAP 558 BACKSPACE NBXS SSAP 626 READ (2) B

SSaP 559 00 910 L=1,LL SSAP 627 N=NEQB

SS5AP 560 K=L*NEB SSAP 628 IF (NNJ.EQ. 1} N=NEQ-NQ+NEQB
$S5AP 561 00 910 J=1,NUM SSAP 629 NQ=NG~-NEGCB

SSAP 562 1=K~NEQHE SSAP 630 D0 200 J=1.H

S5AP 563 BUK=8(1} SSAP 631 I=HQ+J

SSAP 564 10 K=k~ 55aP 632 NG 200 L=LT,LH
$SAP 555 SS5AP 633 K=L+LLT

SSAP 568 I=NMB SS5AP 634 200 DII,K)=BlJ:sL}

SSAP 56T DO 920 L=1,LL S5AP 635 LK=LH=LT+1

35AP 568 Kz (L-1)*NEB §84aP 636 C

SSAP 569 DO 920 J=1,NEQB SS5AP 63T CALCULATE STRESSES FOR ALL ELEMENTS FOR tB LOAD CONDITIONS
SSAP 5T0 I=1+1 §SAP 638

SSap 571 KeK+1 SSAP 639 REWIND 1

SSAP 572 $20 BIR}=ALL} SSAP 640 D0 1000 M=1,NELTYP
35AP 573 ¢ SSAP b4l READ (1} NPAR
SS5AP 574 00 955 1=1,NEQB SSAP 642 MTYPE=NPAR{1}

SSAP 575 J=NEQB+1-1 SSAP 643 NPAR(1)=0

SS4ap 575 MAX=MAXB(J} SSAP 644 CALL ELTYPE{MTYPE)
35AP STT IF (A{J1.EQ.0+) 6D TO 955 SSAP 645 1000 CONTINUE

SSAP 578 DD 950 L=1,LL S3AP 646 C

SS5AP 579 KK=J+{t~1)*NEB SSAP 647 RETURN

SSAP 580 JI=KK+] SS5AP 648 END

SSAP 531 IL=J+NEQB

SSAP 582 C=8(KK)

55ap 533 DO 940 1I=IL,MAX,NEQB

$SAP 584 C=C~-A[ILI*B(JJ}

SSAP 585 940 JazJJ+)
SSAP 585 950 B{KK)=C
SSAP 587 355 CONTINUE

S55ap 588 C SSAP 649 SUBROUTINE CALEAN{HBAND,NDIF,LM+XMyS:PyNDNDM}
SSAP 589 {20 SS5AP 450 C———=—CALCULATES BAND WIDTH AND WRITES STIFFNESS MATRIX ON TAPE 2
SSAP 530 DB 960 L=1,LL SSAP 651 DIMENSION LMCL) oXMO1) ,SUNDM,NGM D, PINOM, 4}
SSAP 591 K={L=1)*NER SSAP 652 MIN= 100000
SSAP 592 00 960 J=1,NEQR SSAP 653 MAX=0
SS5AP 593 KaK+1 SSAP 654 DO 800 L=1,ND
SSAP 594 I=1+1 S5AP 655 IF (LMtLY.EQ.0F GO TO 800
SSAP 595 960 AlI}=BIK] SSAP 656 IF (LM{L).GT MAX} MAX=LMIL)
SSAP 596 C SSAP 657 IF (LM{L).LT.MIN) MINSLMIL)
SSAP 597 WRITE (NRST) (AdLI1eI=L,sLS) SSAP 658 800 CONTINUE
S3AP 598 1000 CONTINUE S5AP 659 NDIF=MAX-MIN+1
SSAP 599 ¢ - - - SSAP 660 IF {NDIF.GT.MBAND) MBAND=NDIF
SS5AP 600 RETURN 53AP 66l LRO=1+ND*{ND+& )
SSAP 601 END SSAP 662 WRITE (2} LRE,ND>{LMIT}eI=1,NEF ¢ (ISETdY T=1,ND) d=1,ND},
SSAP 663 1 ({PLIyJreTalNDY T, 4], (XMUTE,1=1,ND)
SSAP 664 RETURN
S5AP 665 END
SS5AP 502 SUBROUTINE STRESS(STRyByDyNEQBe LB i1 yNEQ,NBLOCK)
55AP 603 C
S5AP 604 DI HMENSTON D(NEQsLB)»BINEQB,LLISTR{4.LL)
SSAP 605 COMMON JELPARS NPAR(L% ), NUMNP,MBAKD NELTYP,NL,N2,N3, N4, N5, MTDT,MEQ SSAP 556 SUBROUT INE STRSC(STR.D NEQ¢NTAG)
S5AP 606 COMMON FJUNK/ LTyLH SSAP 667 DIMENSION STR(441):DINEQ)L)
S8AP 607 C SSAP 6568 COMMON FSUNK/ LTeLHsL:56120),51G{T),EXTRALL50}
S5AP 508 READ (B) STR SSAP 6569 COMMON FEM/ NSy ND LM{48),B(48,48),T1(48,4)
- SSAP 609 NT={(L~1)/18B #1 SSAP 670 C
$3AP 510 LH=0 SSAP 671 IF (NTAG.EQ.D) GD TO 300
SSAP 611 REWIND 3 SSAP &72 LL=L=t T+l
554P 612 C SSAP 673 DO 300 I=]14NS
SSAP 613 DO 1000 II=1,NT SSAP 674 SG(1)120.0
SSAP 614 C SSAP 675 00 300 J=1+4
SSAPF 615 LT =LH+1 SSAP- 6T6 300 SGII}=SG(I)+TI(I,J)*STR{J,L)
SSAP 616 LLT=1-LT S5SAP 677 DO 500 Jd=1,ND
SSaAP 617 LH=LT+LB~-1 SSaP 678 JIsLMLY)
3SAP £18 [FILF.GTatL) LHaLL SSAP 679 IF(JJ.EQ.0) GO TO 500
$SAP 519 C SSAP 680 07 400 1=1,NS

3118190004434 10N

01
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SSAP
S5AP
5SAP
55ap
S3AP
S5AP
SSAP
SSAP

Ssap
SSAP
SSAP
SS54AP
55ap
SSAP
5SAP
SSAP
SSAP
§SAP
SSAP
S54ap
SSAP
S3AP
SSAP
SSAP
S5ap
SSap
$3AP
SSAP
SSAP
SSAP
S5AP
SSAP

SSAP
SSAP
554
SSAP
SSAP
554p
55ap
SSAP
SSAP
SS4P
554P

SSAP
$SAP
SSAP
554P
S54P
SSAP
S5AP
SSAP
$5AP
$5aP
55AP

681
682
643
684
685
686
687
583

&89
690
691
492
693
694
695
6936
&97
698
699
700
701
702
702
T04
70S
706
707
708
709
710
71l
T12

713
114
TLS
716
LT
Ti8
719
720
721
122
723

T2&
725
T26
127
T28
729
T30
731
732
733
T34

400 SGUII=SGIYheB{I,J)&DiJdyLL}

500 CONTINUE
GO TO 900

800 READ (1) NDyNS. {LMIID+I=1,NO}s 00 Bl ,3)sI=LsNS),J=1ND),
L (T LW J b 1=1,N8b o d=1y %)

900 RETURN
END

SUBROUTINE PESINVIA,NMAX,NDD}
DIMENSION A{NDD,NDD)
00 200 N=leNMAX

O=A{NsN)
00 100 J=1,NMAX
100 AUNsJ)=-A(N,J}/D

DO 150 I=1,NPAX
IF(N-1) 110,150,110
110 D0 140 J=1,NMAX
IF{N-J) 120,140,120
120 ALT+JI=AETsJheALTNI®AIN, J)
140 CONTINUVE
L50 ALI.N)=ALI,N)/D

AlNsN)=1.0/D
200 CONTINUE

RETURN
END

SUBRBUTINE YECTORIVeXI +¥IsZisXJe¥YJrZJ)
)

I=2J-L1
V0a)=SQRTI X* XeY¥Ys1%Z)
vi3i=2svia)
MYiEafalry)
VIiL=X/Vi4)

RETURN

END

SUBROUTINE CROSS(R,8.0)
DIMENSION A(4),B(%),Cla)
X=A(2)%B(3)-A(31*B{2)
¥Y=A(3)*B{1)=AC1}%B{3)
I=A(1)xB{21=A(2)%R(1]
C{a)=SORTI Xk XeYRYeInZ)
C(3)1=Z2/C14)
CL2y=Y/Cl4 )
Ci1y=x/€l4)

RETURN

END

SSAP
SSAP
$SAP
SSAP
SSAP

735
736
737
738
739

FUNCTION DOT(A4+B}

DIMENSION 2(4)yB(4)
DOT=A{L)*B{LlI+A{2)%B(2)+A(3)%R[3)
RETURN

END

IeT



t=q

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
TRYS
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

- I ST

500

BOO

¢
2001

[aRsNal

sl e X ul

(31X

2002
3002

10

100
120

SUBROUTINE TRUSS

COMMON Al1)
COMMON /ELPARZ NPARL14)NUMNP ,MBAND,NELTYP,NLyN2ZyN3,NoyNS, MTOT 4NEQ
COMMON / JUNK / LT, LH,L.SEG{20)

IFI{NPAR(1).EQ:0) GO TO 500

N&=NG+NUMNP

NT =N6+KPARL3)

N8 sNT+NPAR{ 3}

N9 =NB+NPARL3)

NLO=NI+XPAR(3)

MM=NID+NPAR{2)-MTOT

IF(MM.GT. O CALL ERROR{IMM)

CALL RUSS{AINLY pAINZ), ATNI) sAINGNJAINSE, AING), ALNT )4 A(NS), AENT D,
. ALNLOY, NUMNFPY

RETURN

WRITE {6,2002)

NUME=NPAR (2)

DO 800 MM=1,NIME

CALL STRSC {alNL},A{NI),NEQ,O}
WRITE {6,2001)

DO 800 L=LT,LH

CALL STRSC (A(NLI,A(NA}, NEQ,1)
WRITE (643002) MMyLoSIG{L12,51G(2)
CONTINUE

RETURN

FORMAT {/}
FORMAT t//23H TRUSS MEMBER ACTIONS //
45H0 MEMBER LOAL

. STRESS
FORMAT {218,FL15.5,F15.3}
END

FORCE 1

SUBROUTINE RUSS (IDyX, Y, 2, ToE+THERM,DEN, AREA,WT s NUMNP }

DIMENS ION X{1)yY{L3sZUL) y IDINUMNP 1 1,E{L ), THERME L1 sDENUL Y, AREALL]
o yTULISWT(L)

COMMDN /ELPAR/ NPAR (143, NNNNN,MBAND ,NELTYP,NL, N2 N3, N4, NG, NTOT ,NEQ
COMMON ZEM/LME24 T, NDyNSeS (245200 9P 24 4) e XMI241, ST(12,28), TTI12,4}
COMMON 7JUNK/ EMUL (4441, 1y J3K sl tMaNs D14 JJ, KK, MTYPE JTEMP, DX, DY, 0Z,
1 XLZoXLoXX,¥¥3F o FTy FXyFY 4 FZ,MEN s HAX, NDIF, KKK o TEN ,MTYP

CONTROL INFQRMATION AND MEMBER PROPERTIES

NUME=NPAR(2])

NUMMAT=NPARLED)

WRITE (6,2000) NUME  NUMMAT

WRITE (&,2001)

00 10 I=1,NUMMAT

READ (5,1001) N,E{N)}, THERMIN),ODEN{N), AREAIN) ,WT (W)
WRITE (6920020 MNyEGNY, THERMINI o OENIN) yAREALNY  WT (N

ELEMENT LOAD MULTIPLIERS

READ (5,1003) EMUL
WRITE 16,2003} EMUL

ELEMENT INFDAMATION
WRITE (642005}

fx1

READ 15,1006) M IT,04,MTYP,TEN,KK
IFIKK.EQaD) KK=i

IF (M,NE.N} GO TO 200

1=71

J=JdJ
PTYPE=MTYP

TRUS
THUS
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
TAYS
TRUS
TROS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRYS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
YRUS
TRUS
TRUS
TRUS
TRUS

1Lz
113
114
115
1i6
17
118
119
120
121
122
123
i24
125
126
127
128
129
130

i32
133
124
135
138
137
128
139
t40
161
142
143

o0

[sEkn¥al

amd

[sXsRul

200

250
300

350

375

%00

1001
1003
1004
2000

REFT=TEM
KKR=KK

1. FORM ELEMENT STIFFNESS ANO STRESS MATRICES

OX=X¢1¥-X(J)
DY=YLI)=Y1J}
DI=Z2ATE=Z¢ )

AL 2=DX*DX+LY*DY+D2IeDZ
XL®SURTIXLZ)
XX=E(MTYPE }%AREA(MTYPE & XL
ST{l,1}=DX/XL2
ST(1.2)=0Y/XL2
ST{L,3)=0Z/XL2
ST{1ls4)==5T{Ls1)
ST{L+51==3T(L,21
STl1461=-5T81,3)

DO 300 L=14%

YY=ST(1,L XX

B0 250 K=L,6

SR L)I=ST 1y KI*YY
SILyKI=3{K.,L)

STUL LI=FE{MTYPEIXST (1,0}
STI2,L)=AREAIMTYPE)*ST(1,L)

2« INERTIA AND THERMAL LOADS

E=WT(MTYPE J*xL/2.

TEMP={T{I)+T (4} I*0.5 ~ REFT
FT&TEMP*THERM[MTYPE } #E (MTYPE)#AREA(NTYPE )
FX=DK4FT/XL

FY=DYHFT/XL

FZ=0Z*FT/XL

00 350 L=1+%

TTI{2,L}=EMUL (L+4)4FT

TTUL L }=TTL2,00 FAREA(MTYPE)
PULyL)REMULIL, L P*F-EMULTLy % )1%FX
PLZy LI=EMUL{L, 2)*F-EMULIL 1 QI%FY
PI3:L)=EMULL{L, 3 I*F<-EMULIL s 41%F2
Pl4 LY =EMULIL, L *F+EMULLIL, 4)%FX
PUSyLIREMULIL, 2 ) F+EMUL(Ly 1%XFY
PO o L) =EMULIL, I IRF+EMUL (L, 4)2F2
FuDENIMTYPE)*AREA(MTYPE}&XL/2,
DO 375 L=1,6

XM{L) =F

3. FORM LOCATION MATRIX AND COMPUTE BAND WIDTH

D0 400 L=1.3
LMIL=IOLT L)
LMIL+3)=IDLJ,L)

ND =4

NS=2

NDM=24

CALL CALBAN (MBANDsNDIF,LM,XM,S,F,NO,NDM)

WRITE (L) NOoNSs (LMCLDgL=lyNG)y (CSTALyK gl uL gNS | pK®LoND ]y
L CUTTIL &} oL 2] ¢NS) ¢ K21 ¢%)

4., CHECK FOR MORE ELEMENTS

WRITE (642004) NeleJeMTYPE,REFT NDIF
1f (N.EQ.NUME) RETURN

N=N&1

I=14KKK

J= J+ KKK

IF{N.GT.M) GO TO 100

GO TO 120

FORMAT {]545F10.0)

FORMAT (4¥10.0}

FORMAT (415,1FL0.D415)

FORMAT {///25HINUMBER OF TRUSS MEMRERS= 1S/

CET
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TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS
TRUS

144
145
146
147
148
149
150
158
152
153

1 25H NUMBER OF DIFF, MEMBERS= 15)
2001 FORMAT (/771X 4HTYPE 14X, LHE 4 10X, SHALPHA 212X 3HDEN ¢ 11 X4 4HAREA
L LLX,4HWT/L )
2002 FURMAT (J545EL15.7)
2003 FORMAT(///725H ELEMENT LOAD MULTIPLIERS / 20X, LHA 414X, 1HB,14Xs1HC .
1 14X,1HD, 76H X-DIR4ELS.6/ &M Y~CIR4ELS.6/ &6H Z-DIR4ELS.6/
2 61 TENPAE15.56)
2004 FORMAT 14164FLO.241T)
2005 ZURHAT (/7 /42H1 N 1 J  TYPE TEMP  BAND )
ND

€e1




60

BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
8EAM
BEAM
8EAM
BEAM
BEAM
BEAM
SEAM
BEAM
BEAM
BEAM
BEANM
BEAM
BCAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

SEAM
BEAM
BEAH
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

- R R R T

500

800

SUBROUT INE BEAM

COMMON ZELPAR/ NPAR(14) ¢ NUMNE JMBAND yNELTYP yNLpN2 yN3y NGy N5y MTOT o NEQ

COMMON /7 JUNK / LT,1lHyLySIG(20)
COMMON ACL)

IFINPAR{L).EQ.0) GO TO 500

NOwNS+NPAR{S} + NUMNP

NT=NG6+NPAR(S5)

N3=NT7+¢NPAR(S)}

NI=Na+12¥NPAR(4)

N1 O=N9+5%NPAR{3)

IFINL1D.GT.MTOT} CALL ERROR(NLO-MTOT}

CALL TEAMINPAR(Z),NPAR (3}, NPARLG )} NPARES D, AINLY ,AINZ),AIN3),
1 AfN4G),ACNS),AING) AINT) 4 AINAT , A{NT I , NUMNP - MBAND)

RETURN

WRITE {6,2002)

NUME=NFAR(2)

DO BOD MM=1,NUNME

CALL STRSC {AINIJ}+A(N3)eNEQ:0}
WRITE {6,2001)

10 800 L=LT,LH

CALL STRSC [AINL),AIN3),NEQs1)
WRITE{ 6930021 MMaLs [SIGLI) 41=1412)
CONTINUE

RETURN

2001 FORMAY (/)
2002 FORMAT{/29H0.s...BEAM FORCES AND MOMENTS//
+ 1OHOBEAM LDAD 5X SHAXIAL 2{7X,5HSHEAR}.S5X THTORSION

« 215X,7HBENDINGI/ 10H NO. NO. 88X 2HR] 10X 2HR2 10X
« 2HR3 10X 2HMY EQK 2HMZ 10X 2HM3)

3002 FORMAT {1597491PEL1143¢5E12.3/8X6E12.3/)

oon

[ Raral

GO0

aon

END

SUBROUTINE TEAM{NBEAMs NUMETP g NUMFIXoNUMNAT+ 1D Xy Yo ZrE« GoRD»
+3FTy COPROPsNUMNP, MBAND) '

FORNS 3-D BEAM STIFFNESS ANO STRESS ARRAYS

COMMON/EM/LM(24 ) 4ND, NS, ASAT245241 ,RF{24, 4}, XM124),5A012,24),
. SF{12,4)

" DIMENSEON X{1)y Y (15,2010, ID(NUMNP s 1 1sEC L3 9Gl Ly SFTINUMFIN, 1}

10

s+ +COPROP{NUMETP+1}sRO{LI4ENUL{3 44}

COMMON /NEWB/ LC14),T(3:3),JKi6), MELTYP, DL MATTYP
DIMENSION ILC(4),T103,30,T403,3),STIF{T22),T5(2,2),L5(%)
EQUIVALENCE (STIF.LMJ

INITIALIZATICN

WRITE (4420050 NBEAM,NUMETP,NUMFIX,NUMMAT
N«0

CO 5 I=1,1058

STIFLI1=0.

READ AND PRINT MATERIAL PROPERTY DATA

WRITE (6:2001}

D0 L0 F=1,NUMMAT

READ {S¢1001) NJE(N)GINIyROIN)
WRITE (6+2002) NpE(NIyGINI4ROIN)
GINY=0.S%E{NI/(L.+G(N)})

READ AND PRINT GEOMETRIC PROPERTIES OF TOMMON ELEMENTS.

WRITE [642002)

DO 30 I=1,NUMETP

READ (541002} Ny{COPROPINyd) yInty6)

IF({COPROP (N1 ) +NE+0.0) LAND(COPROP (N4 ) oNELD.0) AND .

BEAHM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BE AM
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
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

140
L4l
142
143

Qo0

[pRalel

oon

SO

20
k1Y

55
56

€0

15
45

L1

&7

9

(=]

a1

&8

69

%

75

76

1 (COPROP{N,5}.NE.Q.0).AND.{COPROP (N,6}.NE.O.0}) GO TO 20
WRITE {6,201}

CALL EXIT

WRITE 1642004) N, (COPROP{Na2JIsJ=1,6}

CONTINUE

ELEMENT LOAD MULTIPLIERS

READ (5,1006} ((EMULLY.J},J=1+4),1=1,3)
WRITE (6,2008) {(EMULLIT IV vd=144),1=1,3)

READ AND PRINT FIXED END FORCLS IN LOCAL CODRDINATES

IF{NUMFIX .EQ. 0) GO TO 56

WRITE (6,2010)

DO 55 Jal,NUMFIX

READ (5+1005) NyISFT{NsJ}ed=1,12}
WRITE (642011F Ny {SFTI{N, J}yd=1,12}
CONTINUE

READ AND PRINT ELEMENT DATA. GENERATE MISSING INPUT.

WRITE (&6,4000})

t=0

KKK=0

READ {5,3000) INEL,INI INJyINK, IMAT,IMEL,ILCy INELKI, INELKJ, TNC
TF [INEL.NE.1) GO TO 15
NI=IND

NJ=INJ

NK=[NK

IF (INC.EQ.0) INC=1
L=L+)

KKK=KKK+1

ML=INEL-L

IF (ML) &6,67:68

WRITE (46,4003} INEL
CALL EXIT

NEL=INEL

NI =INI

NJ =INJ

NX=TNK

MATTYPmIMAT

MEL TYP=IMEL

DO 90 I=l44
LCiIY=11C1 1)
NLOAD=LE (L) 4LL (2D +LCI3) 4L Cl& D
NEKODI=INELKI

po 91 1=1,3

T2, 1)=T1L 2,1}

GO TC &9

NEL=INEL=-ML

NI =IN+KKK*INCR

NJ = JNHKKKEINCR
CONTINVE

WRITE {6,4001F NEL,NI,NJsNKsMATTYP, MELTYP,LC,NEKONT, NEXOD)

OX=X (NSI-X(NI}
DY=¥Y{NJI-YINT}
OZ=Z(NJ)=ZINI}
DL=SORT{OX*DX+DY*0DY+DZ#D2Z)}
IFLOLY 75,175,756

WRITE (644005} NEL

CALL EXIT

FORM GLOBAL TO LOCAL COORDINATE TRANSFORMAVION.
Tl 120X/ 0L

T(1.2)=DY/0L

Ti1,31=02/0L

COMPUTE BIRECTION COSINES OF LOCAL Y-AXIS

Al=X{NJ)=X(NI)
A2=Y{NJI=~YINT}

YET



oL-a

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
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
acamM
BEAM
BEAM
BEAM
BEAM
DEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
SEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

la4
145
146
147
148
149
150
151
152
153
154
158
156
157
158
159
160
Y30
162
163
164
165
166
167
168
169
170
171

172
173
174
178
176
177
178
179
180
181
182
183
184
185
136
187
188
189
190

A9

192
193
194
195
1946
197
198
199
200
201
202

204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

[aXeNel

[aXeLul o000

aoo

o0 OOn

40

34

B2

80

1

-~

18

180

185

170

A3=ZINJ)}=ZINT}

BLI=X(NKI=X{NI}

B2=YINK}I~YINI}

B3=Z(NKI-2{NT)
AARALZAL+AZRAZEAI®ATD
AB=AL¥BleAZeD2+A3%R3
Ul=AA*Bl=ARS AL

U2=AA¥B2-AR*A2

Ul=AA®B3-AB®A3
UU=UL4014U2ZR52+U3503

Uu=SORTLUU)

IF {UU.GT.0.) GO TO 40

WRITE (5,4002) INEL

STOP

Ti2:1)=U1/0U

Te2,2)=L2/U0

T(2:3)=03700
TI311)’TI1.2)‘TIZ|3)—TI1o3l’T(2|23
Ti3,2)=T{1,3)%TE2,1)=Ti1,1)%T(2,3}
TE3,3)mTUL, L IRT(2,2)-T(L,2)%T(2,1)

CHECK IF NEW STIFFNESS NEEDED

IF {NEL.GE.1l} GO TO &0

IF  (ABS(CS-DL).GT.DL/100.) GD YO 80

IF (IMT,NE.MATTYP).OR, [RE.NE. PELTYP)}) GO TO 80

IF ([JK(1) JNE.NEKODTJ.OR.(JKI2) .NE.NEKODJ ) GO TQ 8O
00 81 I=xl.4

IF (LS(T).NE.LC(IN) GO TO 80

CONTINUE

00 82 I=1,2

00 82 J=i,2

IF {ABS(YSHI »30-T(1,3)0.GY . ABS(T{I,4)7100.)} GO TO BO
CONT INUE

GO TO 185

DS=DL
HT=MATTYP
ME=MELTYP

0o 1T I=1.2
00 77 Jol,2
TStIedVaTile )
DO 78 I=1s4
LSLIy=LCUI}

JK {1 )1=NEKODI
JKE2ZheNEKODY

FORM NEW STIFFNESS

CALL NEWBM {E,G,RO, COPROP,SFT NUMFIX,NUMETP)
ADD GRAVITY LOADING ... POINT LOADS ONLY COMPUTED
DO 180 I=1,3

CO LBO J=1l,%

REITsJI=RFLTSJI+EMULIL 4 JI*XN(T)

RELT46, JI=RF{L+6, JIEMUL LT+ J}#XMI I+6)

FORM ELEMENT LOCATION MATRIX

CONTINUE

DO 170 M=1,6

EM{MITO(NT, H}

LMiMe12}=0

LMIM+18 =0

LM{M+&1=ID (NS, M}

N5=12
ND=12

TRANSFORM TO MASTER DEGREES OF FREEDOM
CALL SLAVE (X,¥,ZyEDyNUMNPNI,NI)
WRITE ELEMENT INFORMATION ON TAPE

BEAM
BEAM
BEAM
AEAM
BEAM
BEAN
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
REAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
AEAM
BpeaM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
AEAM
BEAM
BEAH
BEAM
BEAM
BEAM
BEAM
BEAM
DEAM
BEAM
BEAM
BEAM
BEAM
BEAM

BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

219
220
221
222
223
224
225
226
221
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
2547
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
261
268
269
270
27
272
273
274
278
216
271

278
279
280
281
282
283
284
285
286

c
NO M= 24
CALL CALBAN (MBANDyNDIFsLMyXMgASA JRF¢NDy NOM)
WRITE (1) NDsNSs(LM(I)aI=LyND)s C4SALTJ}I=14NS)rJ=1yNDD,
1 ({SF{E,d) 121 N5),d=144)
C
c CHECK FOR LAST ELEMENT
c

IF (NBEAM-NELI 66,500,260
260 CONTINUE
[F {ML.GT.0} GO TO &5
IN =INI
JN =INJ
INCR=INC
G0 TO 60
500 RETURN

1001 FORMATI{IS,3F10.0)
1002 FORMATII56F10.0)
1005 FORMAT{I5+6F10.0/F15.0+5F10.0}
1006 FORMAT (4F10.0)
2001 FORMATISSHIMATERIAL YOUNG § POISSON § MASS
1 /55H RODULUS RATIO DENSITY )
2002 FORMAT(LH 2E5¢3XsFl2.04F14.5,F1%,5)
2003 FORMAT{1HL/
« 2&H BEAM GEOMETRIC PROPERTIESII

i 48H ELEMENT AREA AREA
2 60H INERTIA !NEKTI& INERYIA
3/ 484 TYPE X Y z

4 EL] X ¥ H )
2006 FORMATI1H o15,2X,6F12.3)
2005 FORMAT(39HlessossoTHREE DIMENSIONAL BEAM ELEMENTS//
. 36H NUMBER OF BEANS =157
. 36H NUMBER OF GEOMETRIC PROPERTY SETS=,15/
. 36H NUMBER OF FIXED END FORCE SETS  =,15/
. 36H NUMBER DF MATERIALS =,15)
2006 FORMATL///25H ELEMENT LOAD MULTIPLIERS / 20X, 1HA,14%,1HB, 14X 1HC o
1 L4XyLHD/76H X-DIRA&ELS.6/ 6H Y-DIR&KELS.6/ 6H I-DIR4ELS.56/ )
2010 FORMAT{1HL.1H .
1 30X40H FIXED END FORCES IN LOCAL cuaaumnes
z//ssn TYPE  NODE FORCE X ORCE ¥ FORCE 2
354 MOMENT X mnsm ¥ MOMENT 2 )
2011 FDRHAT(.IH 1I316X 0 HI 93X 6F 12.371H 9K 1HJ3Xx6F1 2037 )
2013 FORMAT{1HO/
1 &0M SECTICN PROPERTIES OTHER THAN SHEAR AREAS MAY NOT BE SPECIF
2 34HIED AS 7ERD. EXECUTION TERMINATED.)
3000 FORMAT (1015,216,58)
5000 FORMATI1HL/ N
. SHOBEAM 5X SHNODES 5X SH MATL SH GEOM 5X LOMELEM LOADS 4X 10X
+ 124 END CODES 7 5H KND 4X LHE 4X tHJ 4X 1HK 5H KO SH NO
. &X LHA 4X IHB 4X LHC &X 1HD 9X IHI 9% IHJ)
5001 FORMAT (10152110}
4002 FORMAT (9HOBEAM NO +I5s 26H K NODE ON BEAM X=~AXIS '
e 26H......EXECUTION TERMINATED }
4003 FORMAT(36HOELEMENT CARD ERROR, ELEMENT NUMBER= 161
4004 FORMATI(LH 3 IHNDDAL POINT NUMBERS FOR ELEMENT,15436HARE IDENTICAL,
1 EXECUTION TERMINATED.)
4005 FORMAT(BHOELEMENT,15,39H HAS ZERD LENGTH. EXECUTION TERMINATED.)
END

SUBROUTINE NEWBM(F+G RO, COPROP, SFT. NUMFIX,NUMET? }

FORM MEW BEAM STIFFNESS

[s X s Kul

DIMEMSTON E(1).G{L),ROLL), COPROP (NUMETP, 1)+ SFTCNUMFIX L}
COMMDN/EM/LME24 ) yND NS ASA (24,240 JRFL24, 41, XMTI241,5A412424),
. SFi1294)

COMMON /NEWB/ LC(4),T(3:3) s JK(O} MELTYP,DL (MATTYP

DIMENSTION R{12},5(12,12}%,C(12}

GET



1-a

BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAH
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BcAM
BEAM
BEAMN
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

2ar
288
289
29%
291
292
293
294
295
296
257
298
299
300
301
302
303

305
306
3a7
308
309
310
in
312
313
314
315
als
317
318
319
320
322
322
323
324
3zs
326
327
328
329
330
331
332
333
134
335
33¢
337
339
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
381

[

aan

apan

v

10

71
12
73

102

L0&

106

12

w

DD S5 I=1y 144
S{11=0,
AX=COPROP(MELTYP,1!
AY=COPROP (MELTYP, 2}
AZ=COPROP (MELTYP,3)
AAX=COPROP {MELTYPy4}
AAY=COPROP {MELTYP,5)
AAZ=COPROP (MELTYP, 5}
SHFY=20.0
SHF1=0.0
ZY=E{MATTYP}/{DL%DL}
EIY=ZY*AAY
[SPLIALTVYS
IF{AY.NE.O.0} SHFY=6,%E] 2/ (GIMATTYP }®AY)
IF{AZ.NE.D.D) SHFI=6 *EIY/{G{MATTYP)*AZ)
COMMY=E1Y/(1.42.%SHRZ)
COMMZZEIZ/ 1) «#2 o ®SHFY)

FIXED END FORCES IN LOCAL COORDS

00 73 Naly4

M=LC N}

IF {M.GT.03 GO TO TI
B0 70 I=1,12
SFUI,N)=D.

G0 TO 73

DD 72 I=1,12
SE(1,N)=SFT(M,1}

CONT INUE

FORM ELEMENT STIFFNESS IMN LOCAL COORDINATES

S(1,1)= E{MATTYP)* AX/DL

S{&e4)= GIMATTYP)®AAX/DL

S(2e2)= COMMI®*12./0DL

S{343)= COMMY®12, /DL

S{5,50= COMMY* 4.%DL*{1.40.5%5HFZ}
S5(6,6)= COMMZY 4.200L* (1. +0.SPSHEY}
Sl 2y56)= COMMI® 6,

S(3e5)==COMMY* 6,

0O 102 1=1,4

J=i+6

S(SrJ)=5(1,41)

DO 104 I=1,4%

J=1+6

SUTpdd=—S{T, 1}

S(5s11l= S{5:5)%(L.~SHFZ)/ (2. +SHFL}
£02,12)= §i2,46)

5(6y Bl=-S12,6)

508,12)a-5(2,:6)

S(3s1l1)= 51(3,45)

S5(5, 9)==513,5)

$19,11)a-51(3,5)

00 106 1=2412

K=1=1

00 106 J=1,K

Sti,Jd0as5id.0)

MCDIFY ELEMENT STIFFNESS AND ELEMENY FIXED END FORCES FOR KNOWN

ZERQ MEMBER END FORCES.

IF (UK(1) #K{2H).EQ.0) GO TOQ 145
00 L40 K=1,2

KK=JKIK}

KD=100000

Il=6*(K-1}+1

J2=1145

D0 140 I=ll,12

IF tKK.LT KD} GO TD 140
S1T=S{T,1}

00 125 N=1y12
RINI=SUI+N)

00 130 M>1,12

BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAN
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAN
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAN
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
REAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

362
363
364
368
366
367
3868
369
370
371
372
373
3IT4
375
are
377
378
379
280
381
382
383
384
185
386
387
388
389
390
391
392
393
394
395
396
397
393
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
4l4
415
416
&7
418
419
420
421
%22
423
424
425

oo

ono

inRafel

13

(=]

135
136
140
145

Ed

-

151
150

32

161
150

162
1¢5

180

CLM) =S (M T1/5]]

DO 130 N=l,12

S{MaN) =STM,NI=C M) %R IN}
DO 135 N=1,4

SFIaSFLI,N)

DO 135 M=1,12
SFEIMyN)=SF{NNI=CIM}#5FI
KK=RK=KE

KD=K0/10

CONTINUE

OBTAIN 5A{12,12) RELATING ELEMENT END FORCES [(LOCAL) AND
JOINT OISPLACEMENTS (GLOBALJ.

00 31 I=1+288
SA{I)=0.

DO 150 LA®1410,3
LB=LA+2

00 150 MA=1,10+3
HB=MA-1

00 150 I=LA,L3
DO 150 JM=1,3
J=JM+MB

XX=0.

0C 151 K=1,3
XXX S{EpK+MD) T (K o JM)
SALT J1=XX

ELEM STIFF ASA(12,12} AND FIXED END FORCES RF{1Z) IN GLOBAL

DO 32 Isly576
ASA{I)=0,

DO 160 LA=1,10,3

LB=LA-1 :
00 160 MA=1410,3 '
MB=MA+2Z

DO 160 IL=1,3

1=IL+L8

Do 166 JaMa,Mp

XX=0,

DO 161 K=1,3

AX=XX+T (Ko IL bESALK+LB, 43

ASALI,J)=XX

B0 165 LA=14 1042
LB=LA~1

00 165 It=1.3

1ai418

DO 165 HN=1,4

XX=0.

DO 1é2 K=1,3

XX2XX-T{Ky TLI®SFEXH By N)
RF{I «N}=aXX

FORM MASS MATRIX

XXMaROTMATTYP J*AX*DL/2,
DO 180 M=1,3

KMEM = XXM

XMIM#3}=20,

XM(MIF} =0,

AMIM+G I =XXM

RETURN

END

CODRDS

37413ng04d3Y4 LON

9cT
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BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAN
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
8EAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
SEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAN
BEAM
BEAM
BEAM

G426
427
428
429
430
431
432
433
434
435
435
437
438
439
440
441
4432
443
Ll
445
446
447
448
449
450
451
452
453
454
458
455
457
458
459
450
451
462
463
464
465
466
487
468
469
470
471
472
473
414
475
476
471
478
479
480
481
482

484
488
486
487
488
489
4930
491
492
493

[aNa Xz X ol

[aNsXsl

2 XsX3l

el a Xyl

35

45

50

60

70

ElH

5%

SUBROUTINE SLAVE (X,¥,2,1D ,NUMNPE, N1, NI}

PERFORMS SLAVE..+MASTER DISPLACEMENT TRANSFORMAT ION
¢ FOR NODES CONNECTED TO BEAM ELEMENTS ONLY}

DIMENSTON XCL)y Y€1)y 2010, IDINUMNP, L}
COMMON JEM/ LM{Z24) ¢NDyNSeS (249260 gRIFEN s XMI26) pSAIL2524) »TT{12,%)

DETERMINE RECUIRED TRANSLATION DEGREES OF FREEDOM

DO 54 NF=1,12,6
NOD=NI

IF (NF.EQ.TI HOD=NJ
00 30 K=1,3
I=K+NF-1

IF (LMII).CE.O) GD TO 30
H=~LM(TY
LM{T=TO(M,.K)
IF(K~2) 35,45,55
D1==(Y{NOD)=YIM}}
02= ZINCCI=ZiM1
LMIND*L }=1DiM, &}
LMIND+2)=I0{M,5)
60 TO 50
Ol==(L{NOD}=Z{M}}
D2= XANOB)~x{M]
LMIND#+1)alD(M,4}
LM{ND+2)210(K,6)
60 TC 50
D1=={X{NOD)=X{M}}
D2= YINOCY-YIM}
LMIND*L)=IT(M,5)
LM{ND+Z}=10{¥;4)
CONTINUE

TRANSFORMATICN. o « ARRAYS INCREASE IN STZE

DO &0 II=1.ND

SIND#L IT)=S(1,11)%D1
SIND#2,11)=511,11)%D2
AM{NDeL)=XM(1}*D1%01
XM{ND+2Z)=XM(]1)%D2%D2
S(IT,ND+1)=S{1I,1)%D1
SUTT NDe2¥=5{11, [)%*D2
CONTINUE

0O 70 I1=14NS§
SALTI,ND+L)sSACTIT, T %01
SALI[NDeZI=SALTT.{ 18D2

SIND+1,ND+2)=S[I,1)%Dlé%2
S{ND#2 ,NO+2)aS[ 1,1 {*D2wk2
SCNOHLsND42)aS (] ,112D1%02
S{NC+2,ND+1}=S{ND+1,+ND+2)
ND=ND+2

CONTINUE

SET ROTATIONS

DO 54 J=i,3

K=NFJe2

IF(LM(K].GE.O} GJ TO S4
M=l MK}

LMIK}=ID{M: Je3)

CONY INUE

RETURN
END

LET
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PLAX
PLAX
PLAX
Pi AX
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

SR N U W N

200

510

520

500
100
800

2000
2001
2002
2003
2004
3000

3001

SUBROUTINE PLANE

COMMCN A{1)

COMKBON /ELPAR/ NPAR (140 NUMNP yMBANDyNELTYP N1y N2s N3 NG N5, MTOT yNEQ
COMMON JEM/ NSyNDyLMI4B8),B{45,48):TI(48,4}
COMMON JJUMK/ LTyLHsLsSGE20),8IG(7},EXTRALLSO)
DIMENSION STRLABI(S)

CATA STRLAB/IHCEN,3HL-T,3HJ-KeIHI -4y 3HK-L/
iFINPAR(1}.EQ.D) GO TO 200

IFINPAR{LYLEQe3) NPARIS}=2

IFINPAR{5) .EQ.0) WRITE (&,2000)
IF(NPAR(51.EQ.L) NRITE (&,20011
IFINPARLS5).EC.2) WRITE (6,2002)

IF (NPAR{1}.EU.3) WRITE {5,2003}

IF (NPAR(&).NE.O) WRITE [6,2004)
1IFINPAR{4).EQ.0) NPAR{4)=1

Né =N5 +NUMNP

NT=NS+NFAR(3)

N8=NT+NPAR(3)

NO=NB+NPAR(3)

N10=NS+NPAR( 3}

MM=N1D+L]*NPAR(4}*NPAR{3)-MTOT

IF{MM.GY.0) CALL ERRCR [MM}

CALL PLNAXCAINLIAIN2) ,AtNIY AENG)+ATNS) JAINS) JAUNTE JAINB) (AINDD

1AINLDY, KPAR{4),NUMNP)
RETURN
NUME=NPAR (2}

00 800 MM=1,NUME

CALL STRSCUA{NL),&{N3) NEQ,D]

IFINS.EQ.1} GO TC BOQ

HRITE 1653000) MM

00 700 L=LT,LH

CALL STRSCACNL) yA{N3} ,NEQ,t)

1TAG=D

DO 600 KK=1,NSs%

ITAG=ITAG+1

DO 520 I=1,4

1T=KX-1+]

SIG(I)=SGLII)

CC=(SIGI1)+S1GI2))/2.0

BB={ SIG(1)-51G12)) /2.

CR=SQRT (BEe**245 ]G4 [#n2)

S1G{5)aCC+(R

SIG(6)=CC=CR

SIGITI=0.0

IF ((BB,EQ,0.0) AND.(SIG(4).EQ.0.0)) GO TQ 600
SIGIT)I=28,640%ATAN2ISIG(4),86)

WRITE (6,3001) L,STRLAB{ITAG) ,{SIG(11,1=1,7)
CONT INUE

CONTINUE

RETURN

FORMAT (22F1AXISYMMETRIC ANALYSIS |

FORMAT (22H1PLANE STRAIN ANALYSIS }

FORMAT (22HLPLANE STRESS ANALYSIS )

FORMAT (18H MEMBRANE ELEMENTS )

FORMAT (304 INCOMPATIBLE MODES SUPPRESSED )
FORMAT [ 1X 5 L4FELEMENT NUMBERyI5,5X,84H{CENTER STRESSES IN LOCAL ¥-2
+ COQRDS,BOUNCARY STRESSES NORFMAL AND PARALLEL TO SIDES),
. F1XeSH LOAD 1T Xy 3HS1 L5 12X ¢3HS229 12X 3HS33+ 12X 3H512410Xy
» GHS-MAX,10X,5HS=HIN,5X, SHANGLE }

FORMAT{1X y15,2XsA3,1P6ELSL 6, OP 1F10.3)

END

SUBROUTINE PLNAX(E0y Xy ¥y ZyTyNTC yWT9ROpWANGyEs NUMTC ¢ NUMNP Y
DIMENSEON X{L1+Y{L1oZ{L)sIDINUMNP,L}+NTCEL)+WT{L )¢ RO(L) ¢ WANGIL],

« E{NUMTC,11,1%.T(1)

LOMMCN ELPARS NPAR(LI4), NUMNN,MBAND NELTYP, N1, N2 sN3, N4y NS, MTOT ,NEQ
COMMON FEM/ LMO12) 3 S{12912) 3P (12443 oXMIL12)4BI20212)1,8812041210

L TI(2004) 2 IX (A e TE(S))ClAe4 ) o EMUL 1495 )3RR{4)ZZ &) HIGI HS (O,
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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
P ax
PLAX
PLAX
PLAX
PLAX
PLAX
FLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX

134
135
136
137
138
139
L40
141
142
143

e X gl

OO0

(s NuNal

(sl Xe)

50
¢0

130

140

142

145
148

149

2 HTCE) o HRIG) ;HILE) o FAC XMM, PRESS, NS, EEL100, TTI (40, PPIL2,4), THICK
3 ,TMP(4),TP{12),ALP(4)
COMMON ZJURKS MAT NT TEMPyREFT,BETAyULS) o¥I4&) Wi 4),G(4%)

NUME=NPAR{ 2}
NUMMAT=NPAR{3}
WRITE (642000) NUME,NUMMAT

READ AND PRINT OF MATERIAL PRCPERTIES

DO &0 M=1, NUMMAT

READ [5,1010) MAT,NTC(MAT JoWY [MAT},RO{MAT ), WANG [MAT)
IF (NTCUMAT).EQ.D) NTCIMAT)=]

WRITE [6+2020) MAT,NTCI{MAT)WY(MAT] ,RO(MAT ) . WANG (MAT)

NT=NTC{MAT)

READ  {5,1005} ({E(I+JyMAT)yJalyE10,Ta1,NT)

WRITE 16420100 ((E(YsJeMAT IpJ=1yL1)e[=1,NT}

IF { NPAR{Z} .NE. 2 } GO TO 60

00 50 1=1,NT

E{T,4,MAT )=l .0

Ells 64MATISE.O

ECI: T4MAT}=0.0

E(I,11,MAT =00

CONTINUE

READ (5410021 ({1EMULIYpJ) d=1s50eI=ty&s)

WRITE {6:2004) C((EMUL{T:J)+d=1:5)+1=1+4)

READ AND PRINT OF ELEMENT PRCPERTIES

WRITE 16:2002)

N=0

READ{S 10031 My ¢IE{ 1), I=Ly 5D, REFTyPRESS NSy KGy THICK
MAT=IELS})

IF1KG.EQ.0) KG=L

IF {(NPARIS}.EQ.L} THICK=1.0

IF{NS.EQ.0) NS=4

IF{N5.LT.4) NSu]

IFC (IE(3) +EQ. IEC&)} AND. (NS.EQ. 20) ) NS=16
N=N+1

IF(M.EQ.N}I 6O TO 145

DG 142 I=1,4

IX(I)=IX{I)4KB

GO TO 149

DO 148 I=1,4

IX{II=1E{T)

FORM CONSTITUTIVE LAW AND COMPUTE THERMAL STRESSES

NTaNTC{MAT}
WRITE (692003} NeIXsMATREFT,PRESSsNSKGeTHICK
I=IX(1}

J= [X{2)

K=TX(3)

L= IX14)

TEMP = (TUII4T(JI+TIKIT(L)IZ4,0
BE TA=WANG (MAT)

XMM=RO{KAT )

W TewT{NMAT)

CALL ELAW (NUMTCSEE3E,DsTTI,ALP]

CALCULATE ELEMENT STIFFNESS MATRIX

IF {NPARIL) +EQ.3) GO TO 160
NO=8

D0 155 I=1,4

II=Ix(1)
RREI)=Y(1])
ZZAIY=ZUED)
TMPLI}=T{I1}
LMiId=F0tTI1,2)

155 LM{I#4}=IDEIT,3)

CALL QUAD

D0 158 I=1,4

DO 157 L=1,%

PUI2L)aPlIot FeXMIII*WGT*EMUL Ly 5}

L57 PUI+4s L)=PIT44, LIEXMIT ) *WGTSENMULIL, S}

8ET
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144
L45
L46
L47
148
149
150
151
152
153
154
155
156
157
158
159
160
1561
162
163
154
165
166
167
163
149
170
171
172
173
174
175
176
177
178
179
180

182
183
184
185
186
1a7
188
189
190
191
192
193
194
195
196
197
198
19%
200
201
202
203
204
208
206
201
208
209
210
211t
212
213
214
215
216
217
218

[gNeXse)

XMET h=XM{T I XMM
158 XM(l+a)=xXM(])
GO0 TO 300

160 ND=12
CALL VECTCR(VyX(I)+Y{IDpZCI)eX(J)aYJeZ )}
CALL VECTORCGROIDeY{IDwZUThpXLLT eYILEZUL)}
CALL CROSS(V4G,W}
CALL CROSS{w,V,)
CALL VECTOR(WyX(E) Y (I De 20T 0o XUKIpY(KIL2Z(K)]
RR({1)=0.0
Z1(1)=0.0
RR{2)=V (4}
IZ2{2i=0.0
RR(3) =W (4 ) *00T (WY )
LZ(3)=Wi&)*DCT{W, U}
RR {4)=GL4)*DCTIG, V]
IZ{4)=G{6 ) *DOT{G;U}

D0 170 I=14%
II=1X{1}
TMP(DI=T(II)
LM{1)=IDl1Yy2Y
LH(T1+4)=ID{11,2}

170 LM{I+81=1D(I1,3)
CALL QuaD

DO 190 I=1,43
00 190 K=1,4
KK=4%{1-1]+K
00 180 L=1,4
180 PPUKKL)=VILI®P (KoL) +ULT)*PIKs4,L}
0O 190 J=1,3
DO 190 L=1,4
Li=ex(J-1T+L
150 BB (KK yLLI=VITIR[SCKL)*VIIN4S (K L4430 ()}
1 ¢ULTISIS{Kea, L 1RV DI +S{Ke 4, Le4)5ULIE)

00 196 I=1,12
DO 194 L=i,4
164 PUI,L)=PP(I,L}
DO 196 J=1,12
S(I,J1=BR{Y,J}
LS6 SUJyI=sS{],J]

90 210 K=14N$§
00 200 b=1,4%
00 200 J=1,3
LL=4m{J~1)+L
200 BBIKsLLI=BIKsLY*V{J)+B(K,L+4)2U{J]
o0 2t0 J=1,12
210 B(K,J)=BBiK,sJ)

00 220 1=1.4
00 215 L=1,4
P(I yL1=P (T LE+XMUTI*WGTREMUL (L, 3}
PUI+43L =P II+4, L1+XMILISWGT®EMULIL &}
215 PULe8,Li=P{T4B,LI+XM{IVkWGTHEMULIL,:S)
XM{Th=2XM{ T 1kXMM
XMU L4 h=XM(T)
220 XM{{e8)aXM{TY

CALCULATION OF BAND WIDTH AND WRITES ELEMENT MATRICES DN TAPES

300 CALL CALBANCPBANDyNDIFsLMpXMyS4PeND12)
WRITE (1) NDyNS+{LMUI)sI=LoND)p (L BULy FNo1a1yNS I 1 d=1¢NDI s
1 CUTIHL,J) o I=2 NS, d=1 04}
IFIN.ECG.NUMF} RETURN
IFIN.EQ.MI GO T 130
GO YO 140

<
1002 FORMAT {5F10.0)

1003 FORMAT (61%,2F10.0,215,F10.0}
L1005 FORMAY {8FLD.D/3F10.D)
1010 FORMAT (21Z,3F10.0}
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FLAX
PLAX
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PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
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PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
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PLAX
PLAX
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PLAX
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219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

235
236
237

238

239

240

241

242

243

244
248
246

247
248
249
250
251

252

253

254
255
256
257
258

259
260
251
262
263
264
265
266
267
268
269
270
271
272
273
274
278
276
277
278
219
280
281
282
283
284
285
286

[z X Kal

2000 FORMAT (34HONUMBER 0OF ELEMENTS = 15/
1 34HONUMBER OF MATERIALS = 15}
2002 FORMAT (/7504 EL.NO, 1 J K L TYPE TEMPERATURE
1 «TXs@HPRESSURE s14H NCO. STRESSES 20H KG THICKNE $5 )
2003 FORMAT (I110,515,2615.6,2110,E15,5}
2004 FDRMAT(23H2ELEMENT LOAD FRACTIONS /T0H LOAD CASE TEMPERATURE PRES
15URE X~DIRECTION Y-OIRECTION Z-DIRECTION /79X LHA SF12.3/

2010

2020

160

2 9% 1HB 5FLZ.3/ 9X 1HC S5F12.3/ 9X 1HD 5F12.3)

FORMAT (15H0 TEMPERATURE 11X 4HEUN)s L1Ks@HE(S)y 11X, 4HE(T)

1 9Xp 6HNUINST 49X ¢ 6HNUINTY » 9K 6HANU (ST 14 10X, BHGINS )/ 26X, 4HAIND 4

2 LLXp4HAUS) s 11 Xe SHA( T,

3 {/F15.293FL5.243F15.4+F15,0/22X, 3F15.,9))

FORMAT (//7//16H MATERIAL NUMBER [3//

1 30H NUMBER OF TEMPFRATURE CARDS =13,5X,15H WGY. DENSITY =El2.4,
2 154 MASS DENSITY =2E12.4,134 ANGLE BETA =F6.l)

END

SUBROUTINE QUAD

COMMEN ZELPAR/ NPAR{14) s NUMNP yMBANDNELTYPREN2¢N3;NayN5 MTOT pNEQ
COMMON /FEM/ LM{121,8(12,121,P{L2,4),KM(12)+8{20+12),8B(20,12),

1 TI(20,%)s IXU&D,TECS) D4y 4l EMULL4,5),RRI4),2ZL4) HIS) HELOD,

2 HTLO) pHR{G I yHZLE N yFAC o XMM , PRESS y NS yEE(R0) ,TT1(43,PP 12,4}, THICK
3 cTHPL4LTPIL2) ALP (&)

COMMON /JUNK/ MAT.NT,TEMP,REFT,BETA

DEMENSTON SSU2),TTL2),HHI2 8,888 {50, TTTISI, IVECT(4) JVECT (4], ¥{4)
DATA 555/0sr=loslesQOupDa/y TTT/OeyBayOer—layles

DATA SS/-D.57735026918963,0,577 35026918963/

DATA TT/-0.57735026918963,0.57735026918963/

DATA HH/140+ 1.0/ IVECT /4, 2, 8,3/ 2 JVECT/ 1,34 244/

DO 17D J=1,12
XM{J}=0.0
TPid)=0.

£0 160 I=1,20
BB(L,J}=0.,0
8(1+J)=0.0

0o 170 I=1,12

170 St1,J4)=0.0

2Q

o

D0 500 II=iy2

00 500 JJ=1.2

CALL FORMBASS(II1,5SCJdt,B)

TEMP=20,

00 200 I=lsé

TEMP=TEMP+H{I)XTMP[I}

FACREACHHH(J I *HH(T T}

FTP«TEMP-REFT

CO 400 Jal412

D1={D{ls11%BIRy J}+D{1+2}%B(2,5)+D(1,3}%B{3,J1+001:4)3B{4,J)IWFALC
D2=(002,1)%BL1, J)+D(2,21%B (2, S)+D(2,313B(3,J)+D{2,41%B 4,1V )14FAC
D3=(D{3, 1 )*BIL,3)40(3, 21 *B (2, 31 +D{3,3148(3,J)+D1{2,4) %814, 1 14FAC
Dam{Dia4 LI a1y J)4Dlay 21 ¥BUZ2y JI+D (43 1B (30 JH+DI4s 41 ¥B{4,J ) ) FFAD
TPIII=TPLIY+FTPR{OL*kALP{ 1) +D2Z®ALP {2} +DIRALP (I)+D4®ALP 4] )

00 400 I=4,12

S(1p00=SUTodbeBlL, TIRDL+B(2,13%D24B (3, 11%D3+B( 4, [isD4

400 S(Je1)=501,4d)

00 450 I=1,4

450 XMIT1=XFITI+FACHH({T}
500 CONTINUE

515

FORM STRESS DISDLACEMENT MATRIX

LL=NS/4
DO 530 L=i,LL
CALL FORMBI(SSSIL),TTTLL) ,BB)

TEMP=0.
00 515 K=1,4
TEMPTEMP +HIK}*TMP {K)

6e1
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287
288
289
290
291
292
291
294
295
298
297
Z939
299
300
301
302
303
304
3058
306
o7
acse
309
310
3l
312
3113
314
315
316
317
318
3als
320
321
322
323
324
325
326
327
Jze
329
EETH
331
332
333
334
335
336
337
33s
339
340
341
342
343

348
346
347
348
349
350
351
352
353
354
355
356
357
358
359
340
351

Izl z Xl

onao

[aNalsl

530

535

540
550

5¢0

FAC=TEMP-REFT

an 53011=t,4

I=II+&4*(L-1)
TIND»&)==TTI{I114FAC

D0 530 J=1,12

BCT.d2=0.0

D0 S30 K=l,44
BiLoJi=BULsd)+DUIIKI%BBIK, )

ELIMINATE EXTRA OEGREES OF FREFOCM

IF { IX{3) .EQ. IX{&) ) GO TC 560
IF(NPAR{&}.NE.O) GO TO 560
00 550 NN=1,4

L=12-NN

K=L+1l

C=TP(KI/SIK,K]

DD §35 J=L1,NS

TIAJ 4 1=TI{Jp6)4C*B{ 1, K)
00 550 I=l.L

C=S{ LKI/SIKyK)

TPAII=TP{I }-C+TP{K}

DD 5%0 J=1yNS
B{Jyl1=BCJeI)-C¥B{I4K)

00 550 J=1,L
S(TydI=S{1+Jh=CHE{K,J}

ROTATE STRESS-DISPLACEMENT TRANSFORMATION TG GIVE STRESSES
NORMAL AND PARALLEL YO SIDES - SIMILARILY ROTATE INITIAL STRESSES

NSET=LE=~1

IF { NSFT JLE. O ) 60 TO 730

DO 720 L=1,NSET

IV=IVECTIL])

Jy=JVvECTIL)

CALL VECTOR(V,RRE{IVIZZZ{EVI,0.0.RRUIVILZZINVE,0.0)
szavilirvily

C2ay{2Z)*v(2)

CSC==¥{1)%v{2}

110
120
130

&€

o

&60

Ti=4%L+1
1231141

14=1143

TE=TI{I144)

T2=TII1244)

T4aTI{14p4)

T5=2.0%5CT4
TI{IL,4)=C2%kT1+52%T24T6
TL(I12,4)=52¢T1462%T2-T5
TIUI4y4)=SC{TZ=T1)+{C2-52)%T4
50 710 J=1,8

BY=B{I1,J)

82812441

B4sBLI4rd)

B5=2,0450%84
BII1,J)=C2#B1+52402485
BEI2y4)3S24B14C2¥R2-05

BUI4y) 1ESCE(B2=B1)+(C2-52)%084
CONTINUE

CONTINUE

00 660 L=1.4

00 600 I=LyNS
TIATLLI=TIII,41%EMULIL, L)
00 650 1=1,8
PLIyLI=TPILI}I#EMULAL 1)

CALCULATE PRESSURE LOADS ON I~J FACE

OR=RR{2)-RRI1)
0Z=ZZIL)-Z212¥
RI'=PRESS*{2.*RR{ L) +RR({2)1 /6.
RI=PRESSH(2 . *RR{21+RARELD I/ 6.
IF(NPAR1SY.EQ,.Q) GO TO 670
RI=PRESS*THICK/2.

Ré=R1
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362
363
344
365
366
367
368

369
370
371
3r2
373
374
175
376
377
378
179
180
ELTY
382
383
384
385
386
3g7
ETY
389
390
ELY
392
393
394
395
396
397
338
399
400
401
402
403
404
408
406
407
408
409
%10
41l
412
413
ats
415
416
417
418
419
420
421
422
423
424
425
426
%27
428
429

[a SNzl

670 CO 700 L=lg4
PULeL)I=PILyLI+DI*#RI*EMULIL,+2)
P{5,LI=P{5,L)+DRARJEEMUL (L +2)
PU24LE=PLl2,L)+DZ*RIFEMULIL,2)

TCO P(OEYLI=PLO L) FDRMRIKEMUL (L 2)
RETURN
END

SUBROUT INE FORMB(S,:T.8)

COMMON ZELPAR/ NPAR{L4bs NUMNP MBAND NELTYP sNLeN2,N3,N4,N5, NTOT ,NEQ
COMMON FEM/ LMULE2E,Ul12,120,P(12,4)¢%xM(12),Q020,12),B8B(20412),

1 TI02094) s IX(4) ) IE(STsDl4r4) s EMULI4,S5)RRIA)4ZZ(4) sH(O) 4 HSLE),
2 HT(6) 4HRUG) yHZ( B}, FAC ( XMMy PRESSINSHEE(10) s TTIL41,PP{12,4),THICK

3 oTHPL{4),QP{12),ALP (4}

DIMENSION {20,121

DIMENSION II(6),J4(6)

DATA [1/14213:4,9,10/¢J3/546:748,411412/

SM=1.0-5
SP=1.0+45
TH=1.0-T
TP=1.0+T

H{ L }=SM*TMs4 .,
H(Z2)=SP*TMSL,
H{3)=5P*TP /4,
Hl4 }=SM*TP f4,
H{5}={1.0-5%5)
H{E)=(1.0-T*T)

HE(L}==TM/4.
HS{21=-HS(1)
HS(3)=TP/4 .
H514)=—HS(3)
HS [5)==2, %5
HS{61=0.0

HY(L)=-SM/4,
HT(2)==5P /4.
HT {3}==HT(2)
HT {4} =—HTL 1}
HT (5)=0.0

HT (61 ==2.%T

PIT=HT(EI*ZZ {1 V4 HT (2 122 (2 BHT (22 Z2(3 ) 40T (40222 (%)
PISZHSILI®ZZ{1)+HS(2)RIZ{Z)¥HSLI)S2T(3)+H5(H)*I2{4)
PRS=H5{1)*RR{1}+HS(2}*RRIZ)+HS{ ) 4RR{ I} +HS{ 4} *RR (&4}
PRT=HT{LI«PR{11+HT{21=RR(2)+HT(3 ) *RR{3 )¢ HT L4} *RR (4}
XJ=PREFPIT-PRY*PES

PSR=PIT/XJ
PTR==PZS/XJ
PS2=~PRT/XJ
PTImPRS/IXS

0O 100 I=1,6
HR{T)=PSREES{TIoPTRAHTIT)

100 HZ(T)=2PSI¥RS(LI+PTZ*HTA{I}
R=HULP®RRUL)4H{ 2)®RR[2) +H{ 3)XRR | 3] +H( & }SRR [4)
IF {NPARIL5)} .NE.O} R=THICK

FORM STRAIN DISPLACEMENT MATRIX

D0 200 K=1,6

I=11{K)

J=JJ K}

B{ly IVmiRIXK}

B(2sJ)aHl(K)

IF{NPARIE} LEQ. Q) BI3,1}=HIK}/R

ovt
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PLAX
PLAX
PLAX
PLAX
PLAX
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PLAX
PLAX
PLAX
PLAX
PLAX
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430
«31
432
433
634
435

436
437
438
439
440
941
442
443
Yok
445
446
447
%48
449
450
451
452
453
454
455
458
&57
458
459
450
%61
462
443
464
465
2@66
467
4648
469
470
471
T2
473
474
%75
476
&17
478
419
480
481
482
483
484
%85
486
487
488
489
490
491
492
%93
494
495
496
&97

LNl

[t Xakel

200

210
220

230
240

250
280

26%

270

BléyIaHZ{K)
B{4yJ)=HRIK)

FACTXJ*R
RE TURN
END

SUBROUTINE ELAW (NUMTCEESE¢CyPoALP}
COMMON/ JUNKZ MAT  NT TEMP , REFT) BETA,TAU(4) 4 Dl444 )3 CCL4 04 ) s XX (4]
DIMENSION E(NUMTC, 11410 ,EEC10),CU4,4),PL40,ALP(41}

STRESS-STRAIN LAW IN N-5-T SYSTEM
IF (NT.NE.1} GO TO 220

DO 210 KK=1,10

EE(RK)mE{ 1 ,KK+1,MAT}

GO TO 260

DO 230 I=2,NT

T1=E(1=1,1,MAT}

T22E(1,1,MAT) .

IF(T2.GE,TEMP} GO TQ 240

CONY INUE

CONTINUE

RI={T2=TEMP) /(T2-T1)

RUS (TEMP-T1}/(T2-T1])

00 250 KK=1,10

EEIKK)=E{ I=L+KK+1,MATI*RI+E (I KK+ 1, MATI®R]

CONTINUS

0O 265 [laleé

DO 265 KK=ly#

CIIT,KK) =0,

DIIT,KK)=0.

Cllel)al.0/EELLY

Cl1e2)u-EE{4)0C(1y1)

Cl1,3)==EE{5)#CILs 1)

Cl2,1h=C(1,2)

Cl2,21%1.0/EE(2}

C(293)=—EE(61%C(242)

CL341)=C(1,3)

€(3,21=C12,31)

€13,3)%1.0/EE(3)

ClégsVaEELT)

(GALL PGSINVICy3.+4)

DO 270 M=1,3

ALP{M)aLE(R:T)

PIMI=C{M, L }*EE{@I+C LM+ Z)SEE(9)+C My II*EE(LD)
ALP{4)=0.

Pl4}t=0.0

ROTATE KATERIAL PROPERTIES TO R-I-T SYSTEM

IF{BETA.EQ.0.0) GO TO S00
ANG=BETA/51,2957795
$S=SINIANG)
CC=COS{ANG)
$2=58488

C23CC*CL

SC=55%CC

0{1,1i=C2

0i1,21=52

D{1e4)3SC

Of2,11=52

Di2,2)=C2
0(244)==5C
D(3,3)m1.,0

Dty lia=2,%5C
0l4¢2)2=Dl4yr 1)

0l 4,4)=C2=-52

0O 287 Ju=l.4

PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX
PLAX

498
499
500
501
502
503
504
505
506
507
508
509
510
383
512
513
514
515
516
517
518
519

287

290

300

500

O1=Cil,130%D{ 1, JJ}eCIL, 203D (20 JJ)4CLLeB31%D13,JJ1eC 124 )%D14,JJ
D2=Cl2, L1*D{1,3J 040 (2, 204D (2,J04+CL2,31%0{3, 00 1+C{2,4)*D(4,JJ}
D3=C(3p1)% D01, JJIeCI3,20%D(2,Jd)+CL3,35¥04{3,48)+013,4]1%D14,0d]
Da=ClapLImDl L JJ)+Clar 2130024 JIIECL4, DRI, JII4C14,41%D14,01)
00 287 II=JJ+4
CCMTlsdd¥=Bi1,1T}*Di+D{2,L11%D24D( 2,11 1%D3¢D(4,11)%D4
COUSdy 11 H=CCATIT, U0

20 290 Il=1s4

TAU(IT}=0.0

XX[I1}=0.

DO 290 KKul,4%

AXCED)=XX{ T2+ {KKs [TI*ALP (KK )

TAUCTIL)=TAUCTITI+DIRK,IT1*P (KK}

DO 300 I=1,4
ALP{I)=XX(])
PLII=TAULT}

DO 300 J=l,4
Clls)=CCUT, 0}

RE TURN
END

T%T



LE-0

30Le 1 SUBROUTINE THREED SOL8 69 . REFY o INELp ININT pIMATy FINCy TTEMP yNEL s MLyNINT, MAT,
sSoLs 2 € soLs 70 . INCoTAGy TEMP 4 SKIP oL o JrK oLy FAC, CCLpCC24CC3,004,G,
soLs8 3 COMMON /ELPARS NPAR(14)y NUMNP ¢MBAND¢NELTYP o NLy N2y N3, N4y NS MTOT 4 NEQ soLs 71 - DEMN,FACT.GT,GG,C1sC2,CA:C4K14K2
soL8 & COMMON /7 EM / NSoNDsLMI48)B({48,48},TT{48,4) soLs 72 COMMCN /ELPAR/ NPAR{14) NUMN ,MBAND,NELTYP,NE,NZ,N3,N4,N5,MTOT ,NEQ
soLs 5 EQUIVALENCE (IS1+TT{4)) , ({IS2,TT{6)) soLs 73 DIMENSION 5S¢ 334331, 5TR(12,33]
soLs -] COMMON / JUNK / LT.LH:L,516124) SOLB 74 OIMENSICN E{3,3)
soLe 7 COMMEN A(1) soLe 75 DIMENSION TS{2).15P(2)
saL8 8 DIMENSION 5PRI(5) soLs 7 C
soLs 9 C soLs 77 DATA XX / Qay Oy Gey Oue
so0Le 10 IF(NPAR(L}.EQ.O} GO TO 500 soLg 78 L ~.5773502¢E91896y 5773502691856 Dey Q.
soLa 11 N&=NS+NUMNP soLs 79 2 ~, 7745966692415, 0000000000000 7745966692415, Ous
Sms 12 N7=N6+NPAR(I) s0Ls 80 3 ~.B8£11363115941,~.3399810435849, .32399B10435849, .B611353115941/
soLs 13 NBaNT+NPAR (3} SoLs 81 DATA WGT / 2.000, O.y [L 290 D.y
sOL8 14 N9=N8+NPAR (3} sSOL8 32 1 1.00000000000G0,1,0800000000000 Our Oat
soLe 15 N1 O=N9+NPAR(3) soLe B3 2 5555555565506, .50888880888889, 5555555555556 Dot
soLs 16 NL1=NLO+NP AR (&) SOL8 84 3 .3478548451375, .6521451548425, .6521451548625, 234T8548451375/
soLe 17 N1Z2=N114NPAR(4 ) soLs  as CATA IPERM / 243,1 /
sSOL8 18 NL3=N12+NPAR (4] SOLB 86 DIMENSICN STPTS{ 7,3}
soLe L1y N14=NI3+NP AR (4) 50L8 87 DATA STPTS 7 O 5 1u s=ls ¢+ Do » O ¢+ Q00 ¢ 0o »
soLs 20 NL5aNL&+33%33 soLa B8 - O v 00 5 Oa o 1a o=1a » Ou » 0.
soLe 21 N16=N15e12%33 soLs 89 . Os v Os 9 O¢ 9 0s » 0o v 1o ¢~1s /
soLs 22 IF{N16.GT.MTOT} CALL ERROR (N1&6~MTOT} S0 90 C
soLs 23 GALL BRICKB {AU(NL&) A{NLS) s soLe 91 €
soL8 24 . NPAR{Z) sNPAR( 3D oNPAR{ 4, AINL) A{NZ) sAIN3T , AINGD s0Ls 92 ¢
soLs 25 . AINS s AING I, ALNT ) s ACNB Y ACNO Y, ALNLIOD, ALNELY, s50L8 93 C IERG EM
s0L8 26 . AINLIZ} AINL3) ,KUMNP) sOLs 94 C
soLs 27 RETURN S0LB 95 WRITE (6,3000) NBRMSNMATNLD
soLe 28 € sSOL8 96 00 & I=1,1058
sOLs 29 " 500 WRITE {6,2005) soLs 97 9 LM(T)=0
soLg 30 NUME=NPAR (2} soL8 398 C
s0L8 31 DO 800 MM=1,NUME soLs 99 € MATERIAL PROPERTIES
soLs 32 CALL STRSC C(A{NL),A{N3)yNEQ,D) 50Le 100 C
S0L8 - 33 WRITE (62000} 50L8 101 WRITE {6,1300)
sCLe 34 00 800 L=LT+LH soLs 102 DO 1 I=1,NMAT
soLs 35 CALL STRSC (A(NLI,AIN3),NEQ,1} S0L8 103 READ {5,1001) N,EE{N) ENUTR),RHO{N) ALPT (M}
soLs 36 CALL PRIST (NSyIS1,1824SIGySPRY SOL8 104 1 WRITE 16,2001} NrEE(NY JENUINY sRHOIN) tALPTIND
soLs 37 WRITE (693005) MMaL oISy (SIGtIFeYaLs6) o {SPRITIsI=1,s3} s0La 105 C
sO0Le 33 IF(NS.EQ.12) WRITE (6,3015) IS2,(SIG(1),I=7,12),(SPR(T},I=4,4] soL8 106 C ELEMENT DISTRIBUTED LOAD CARDS
sgLe 39 800 CONTINUE SOL8 10T ¢
S8 40 C SOL8 108 IFINLD) 23,23,15
soLs 41 RE TURN s0LB 109 LS WRITE 16,1302}
50L8 42 C SoLa 110 00 16 I=1.NLD
SCL8 43 2000 FORMAT (/) soLs 111 READ (5,1002) NeKTYPE(N} yPRUN) »YREFUN) yNFACE (N}
s0L8 44 2005 FORMAT 136H se«e»8—-NODE SOLID ELEMENT STRESSES I4 30L8 112 16 WRITE {642002) NeKTYPEIN) 2 PRINI 2YREFIN) ¢ NFACE(N)
SOLe &5 + 2%H ELEMENT LCAD NOD. FACE r5Xy sOL8 113 ¢
50L8 46 . 104K SIG-XX S16-YY 516-22 SIG-XY 516-Y2 SoL8 114 23 READ {5,1003) GRAV,PLFyTLE,XLFYLF,ILF
s50La 47 - SIG-2X SIG-MAX SIG-MIN S2/ANGLE} 50L8 115 WRITE 16,2003) PLFs TLF XLF o YLFZLF
SOLS 48 3005 FORMAT (16,19,18,2X,1P9E12.2} o L L 5018 116 GRAY=1.0 .
50L8 &9 3015 FORMAT (15Xy 1842Xe1P9EL2.2) SOLB 117 WRITE {6,13G1)
50L8 50 END s0LB 118 NEL=G
s0L8 113 30 READ {5,1000) INEL+INPININTsIMATyIINC,MLD ISP TTEMP
SOLB 120 D0 39 I=1,4
soLs 121 39 HULT(II=1
s0La 122 IF(IINC.EQ.D] IINC=1
SOLg 123 IFUIMATLEQ.O} IMAT=)
SOLB 124 40 NEL=NEL+L
s0L8 125 ML=INEL-NEL
soLs 51 SUBROUTINE BRICKS (S4STRyNBRKB)NMAT JNLDy IDsXs Ve 2 T+EE,ENU,RHT: soLs 126 IF{ML) 50+55,60
soLa  s2 . ALPT,KTYPE (PR, YREF ,NFACE, NUMNP} soLs 127 50 WRITE (6+4003) INGL
S0L8 53 ¢ soLe rz28 STOP
s0Le 54 € STIFFNESS SUBROUTINE FOR 24 D.F, ISOPARAMETRIC HEXAHEDRON S0L8 129 55 DO 56 I=1,8
soLe 5% C LINEAR ELASTIC ISOTROPIC MATERIAL SoL8 130 56 NP(TF=INP(1)
§0L8 56 C #NINTENINT*NINT2 GAUSSIAN INTEGRATION RULE USED (NINT=1,2,3,4} SOL8 131 KIANT=ININT
50L8 51 ¢C 0L 132 MAT=TMAT
s0L8 58 DIMENSION KTYPE(L)sPRUL)oYREF (L} NFACE(L) S0LB 133 INC=TINC
s0L8 59 DIMENSICGN T{(I) SOLB 134 TAG=1H*
so0L8s 60 DIMENSION XCL}.YI1l)+201),IDENUMNP 6} soLe 135 REFT=TTEMP
s0L8 61 COMMCN/EM/ LMA24 ) 4NDo NS, SS1264264)0,RFE24, 40, XME24,5A1L2,24), 50L8 134 IS(L}=15PI1)
soLe 62 . SF{1244} soLs tat IS{z)=1SPt2)
SOL8 &3 EQUIVALENCE {IS1¢SF14)) » {152:5F16}} SOL8 138 SKIP=99999,
SaL8 &4 OIMENSION EE{13,ENU{L1),RHO{1Y,ALPT(1) SOL8 139 IFININT ) 33,3357
50L8 65 COMMON /GASS/ XKAG,4) yWGT 4p4 ), TPERM(3} $0LS 140 33 NINT=IABS{NINT)
SOL8 &6 COMMCN /JUNK/ ELpEZ2¢E3pDETyMLL{ 4 ) o KLDIQ ¢ MULT( 4} ¢NPIBI,INP{B), S0L3 141 SKiP=1.
50L8 67 . Al343),PU1243)eB03,30,XX{8:+3),Q0(111),0LIB), SOLB t&2 IFININT.EQ.O) SKIP=0.
LJa]: Y] - TTU243oXLFU&) o YLF {4} ZLE(4) ,TLF{4) ,PLF(4), SOLB 143 5T CONTINUE

Aa)



8l-4

Lo4
L45
146
Le?
148
149
150
151
152
153
154
155
156
157

159
160
161
182
163
164
165
166
167
168

aan

[eX s Xal

58
59

60
61

. 6%

€2

10

63

100
110
120

310

D0 59 I=l1,4
KLD(T)I=TABS(MLDITH)
IFEHLD(T) ) 58,58,59
MULTLT) =0

CONT INUE

GO TO 62

00 61 I=ls8
NP{I)=NP(I}+INC
TAG=LH

DO 64 I=1,%

KLO{ I i=KLD (I )eMULTII]

TEMP=0.

DO 10 I=1,8

K=NPLIY

TEMP=TEMP+T{ X}

XXT+LE=X (R}

XX(1,2)=¥iK}

XXCL,3) w2 (K}

TEMP=TERP*0.125

K=MAT

FAC = EE(KI/({1.~2. % ENULKY I R( 1. +ENUIK} )
FACT=FAC*ALPTIK)®(TEMP-REFT)* {1 HENUIKH)
IF(SKIP) 70+ 70,63

SKIP=SKIP-1.

CC1=1.-ENUIK}

CC2uENUIK)

CCI=,5=-ENVIX)

L3=33%33

00 100 I=1,L3
${1)=0,

00 110 I=1,24
TTi{l)=0.

00 120 I=1,8
DLt Ei=0.

LOOP OVER NINT##3 INTEGRATION PUINTS .

00 300 LX = 1,NINT
ELaXK(LXsNINT)
D0 300 LY = 1,NINT
E2=XK(LY,NINT}
DO 300 LZ = 1,NINT
E3=XK{LZyNINT)

GALL DERIV(1,5a}

GT= WET(LXoNINTF*WGT (LY NINT) *WGTILZNINT } ®DET

GG=GT#RHO{ MAT)
G=GT+*FAC
Cl=G*l(C]
C2sG*CC2
C3=GxCC3

1=0

00 310 Imi,8
DLUI)=DLLE) + GGoQII}
D0 310 K=1,3

Lwiel

TTCLI=TT(L) + GT*SA(I,K)

ADD CONTRIBUTION TO STIFFNESS MATRIX
D0 360 I=1,11

K3 = 3%]
K2 = K3 - 1
KL = K2 = 1

UT=SAl(L,1}
Vi=SA(I1,2}
WImSA(L 43}

00 300 J=I»il
L3 = 3xy

2 =13 -1

$0L8
soLg
saLe
SoL8
soLs
soLs
soLe
soLe
SOL8
soLs
sOLe
soLe
soL8
SoLs
soLe
soiLe
S0L8
soLe
SOL8
s0L8
sOLs
soLs
SOL8
soLe
SoLs
soLe
50L8
SoLs
sSoLs
soLe
SOLS&
SOL8
sOL8
SOLG
SOLe
soL8
soLe
soLs
SOLE
SOL8
SoLs
SOLE
saLe
SoLs
50L8
SOLE
soLe
soLs
soL8
SOLS
SOLS
sOL8
5018
soLe
soLe
soLs
SOL8
soLe
s0L8
50L8
S0L8
SoLs
soLs
soLs
50L8
s0Ls
SoL8
soLe
soLe
s0L8
50L8
soLs
soiLa
soLs
soL8

219
220
221
222
223
224
225
226
221
228
229
230
23
232
233
234
235
236
237
238
239
240
Z4l
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
248
269
270
Z7L
72
273
274
275
276
217
278
2719
280
281
282
283
284
285%
286
287
288
289
290
291
292
293

oO0

[aXslal

300

3a5

402
405

65

(=]

7900

705
110

Ll = L2 -1

DI=SA(Sel)

VI=5A(J)e2)

wJ=SAlJ,3)

W=yirxyy

VWsyeVd

WH=WI*W}

Uv=UutsvyJ)

Vu=vItUd

ULEILL N

Wi=RI*UL

VH=Y 14W J

WVenT*VJ

S(K14L1) = S(Kl,LL) & CL¥UU + CIX(VVEWW)
S{KZL2) = S(K2,L2) + CI*VV + CA*{wWwsul)
S(K3eL3) = S{K3,L3) + CidWK + CAR(LULVY)
S{KL,L2) = S(KE,L2) & C2&UV + C3aVy
SiK1,L3) = S5(K1s131 o C2%UW ¢ C3*RU
SIK2ZrL3) = SIKZ,L3) + L2xvd ¢ CIPNV

IF (1.EQ.J} GO TO 300

S5{K2,L1) = S(KZ2sL1} & L2aVU + C3ImUY
SOK3,L1) = SUK3, L1} + C2%WU ¢ C34UN
SIK3,L2) = S{K3,12) + L2%WV + CI*Vu
CONTINUE

FORM STRAIN MATRIX

N§S=2

IF{1S{2}.EQ.0) NSS§=l
00 305 I=1,12

DO 305 J=1,33
STR{I,J)=0.

00 405 L=l ,NSS

LL=1S{L)+1
EL=STPTS(LL,1)
E2#STPTS(LL,2)
E3mSTPTS(LLs3)

CALL DERIVIZ,SA)
L3=64L-6

DO 402 K=1,11

K3m3®K

KZak3-1

K1=K2-1

STREL3+1,K1} = SAIK,1}
STRIL3+2,K21 = SA{K,2)
STRIL3+3:K3} = SAIK3)
STR{L3+4¢K1} = SA{Ks2)
STRIL3#4,K2} = SA[K, 1L
STRIL3I+5,K2} = SAIK,3F
STRILI#5,K3I} = SAIN,2)
STRIL3+#6¢K1) = SA{K .3}
STR(L3+8sK3l = SAtK+1]
CONTINUE

NS=6%NSS

STATIC CONDERSATION

DO 710 M=1,9
MN=34=H8
MO =MN=1
STIFENESS MATRIX = §
SP=SIMN, MN)
DO 650 I=lyMO
SUMN I =S1 1. MR) /5P
D0 700 Kxi,MO
SP=S{MN, K}
D0 700 J=l,.K
SUJK1=5{JeK) — SPRS{J MN}
DERIVATIVE MATRIX - STR
DO 710 J=1,NS
SP=STRLJ, MK}
IF(SP.EQ.0.) GO YO 710
D0 705 K=1,M0
STREJiKE=STRUJIKY - SPSIMA,K}
CONTINUE

et



61-0

sOL8
SoLa
soLe
soL8
50L8
5018
SOLB
50L8
50L&
s0La
SOL8
SOLE
50L8
S0L8
s0L8
50L8
saLe
soLs
soLe
sQOLs
s0L8
s0LS
soLs
sSoL8
s0La
50La
soLs
soLe
s0Ls
So0Ls
soLe
S0Le
SOoLe
sOLs
soLe
S0L8
50L8
soLa
5018
soLe
§0L8
soLs
soLs
sOLs8
s0Ls
sOLs
soLs
sOoL8
soLs
soLs
50t
sOoLe
50L&
saLs
SOLs
soLe
soLa
s0Le
S0L8
s0Lg
saLa
SoLs
soLe
soLa
soLea
s5aLs
soLe
saLs
saL8
s$aLa
soLe
SOL8
soLs
saua
soL8

294
295
296
297
298
299
300
301
302
303
304
305
3086
307
308
309
310
311
312
313

315
316
317
318
319
320
321
az22
323
324
325
326
27
328
3az9
330
3131
332
EEES
334
335
3356
337
338
31139
350
341
342
3143
344k
345
346
347
348
349
350
351
352
3153
354
35%
356
357
358
359
360
36l
362
3163
364
365
366
367
368

aoon

X3

oG o oM

[2X3Kal

[aNaXal

QOO0

T80

840

850

868

sC

o

410

460

DO 750 I=1,24
00 760 J=ls24

SS(I,d1=511,J)
5S4, T1=SS UL 0}

STRAIN TO STRESS MATRIX

Etl.11=CC1%FAC
E{24212E(141)
E(3431=E(1l,1)
El1+2)1=CC2+FAC
El1,3)=E(1,2}
E(2,31=£4{1,2}
EU2¢1F3E(1,2)
El341i=E{142}
Et3.21=8{1,2)

DO 900 I=1,NSS

Il=1%6=-¢

DO 350 J=1,3

00 BS50 K=1,24

SP=0,

DO B840 1=1,3

SP = SP + Ef{JsLI*STR(TTI+L,K)
SAtTI+d.K)usSP

JI=T[#3 44
SALJJ+K)=CCI*FACHSTRIIJK)

DO 860 Jxl,3

Ji=Jje3

DG 860 K=1,4
SE(II+4,K)a-FACTXTLF(K)
SFUIT+IJeR1I=0,

IF (IS{I).LE.O} GO TaO 90O
LL=IsSitdel

EL1=STPTS(LL, 1)
E2=STPYS(LL,2)
E3=STPTS(LL,3)

GCALL DERIV {4,SA)

CALL LOSTR (ISsAsBySASFel}

CONTINUE
CONT INUE
DISTREBUTEC LOAD
D0 410 Jals24

90 410 I=li,4

RFLJ,T1=0.
CALL LOAD {XTYPE,PRyYREF,NFACE)

SELF wWQT.

00 460 11=1,8

K=3%]]

J=K=1

I=J=1

00 460 L=1,4

RECI L) = RFLI,LI*PLEIL) + DL{TII®XLF(L)
RELJSL) = RFLJLLISPLF(L) « DLUTLI®YLF(L)
RF{KsL) = RF{K,LI*PLF{L} « DL{TI}*ILF(L]}

THERMAL LOADS

DO 470 I=is24
GT=TT{IISFACT

80 470 J=Lq4
RE{LyJISRF(14J} + GTOTLF(J}

MASS ARRAY

soLs
S0LE
soLs
SoL8
SOL8
soL8
soLs
SoLa
SOL8
soL8
soLe
soLa
50L8
soLs
sOL8
soLs
s0L8
soLs
s0L8
50L8
soLs8
suL8
S0L8
soLs
SOL8
soLs
soLe
S0L8
soL8
50L8
SOLE
soL8
saLs
S0L8
soLe
50L8
soLs
SaLA
soL8
SOL8
sOL8
SoL8
SoL8
SOL8
soL8
S0L8
s0L8
SOLS.
soLs
soLa
soLs
50L8
S0L8
SOLS
s0oLe
s0L8
soLe
SOL&
soLB
SOL8
sOL8
soL8
50L8
SoL8

169
370
T

3712
373
374
375
376

371
3718
379
380
381

382
383

384
385
385
387
388
389
39D
391
392
193
394
395
396
197
198
399

401
402
%03
404
%05
406
407
408
409
410
411
%12
413
414
415
416
417
418
419
420
421
422
423
424
425
426
%27
428
429
430
431
432

(3 Xz Xal

[uXal oo

L=Q
DD 465 1=1,8
DO 445 J=1.,3
L=1+1
465 XMLL)=DL(1)/GRAV

1i=0

N 550 I=1.8
Il=NP{1}

D0 550 J=143
Td=TJel
MCTHI=10(11,4)
ND=24

551

o

IS1=15¢(1}

I132=15(2)

NDM=24

CALL CALBAN {(MBAND, NDIFs LMy XM, SSyRFyNDyNDM}

WRITE (1) NOsNSo(LMUI}2I=14ND}s tESALT 2} o T2l sNS)sd=LsNDD,
1 ({SFOII,40,1=1,N8),d=1,%)

WRITE (5,20000 NEL,NP,NINT,MAT, TAGsKLDyREFT,IS,NDIF

CHECK IF LAST ELEMENT

1F (NBRK8~NEL) 50,600,590
590 IF{ML) 30¢30:40

600 RETURN

1000 FORMAT (1215,412,211.,F10.2)

1001 FORMAT (15,4F10.0

1002 FORMAT (215,2F10.2,15)

1003 FORMAT(10XF10.2/{4F10.2))

2000 FORMAT (I69X+815:E9+s1124BXsA1:3X94]5+F9.1,5%,213,18)
2001 FORMAT (X4+15,4E15.4)

2002 FORMAT (15,19,2F13.3,112)

2003 FORMAT (/77777

33H LOAD FACTORS FOR & ELEMENT LCAD CASES /7
46X 1THELEMENT LOAD CASE /

36X 1HA 9X 1HB 9X LHC 9X 1HD /

.
« 30H PRESSURE LOAD FACTORS o . 4F10.3/
s 30H THERMAL LOAD FACTORS . &FL0.37/
e 30H PERCENT GRAYITY IN +X DIRN. 4F10.3/
-« 30M PERCENT GRAVITY IN +Y DIRN. 4F10.3/
e 30H PERCENT GRAVITY IN +7 DIRN. 4F10e3/7 )

1300 FORMAT (SHOMATERIAL 10X 1HE 12X 2WNU 10X 3HRHD 11X THALPHA=T /
. NUMBER /1)

1301 FORMAT (30Hl....8 NODE SOLID ELEMENT DATA #//
. BH ELEMENT 10X 1SHCONNECTED NODES 17X 28HINTEGRATION MATERIAL [
WNPUT 7X 13HELEMENT LUADS 5X THELEMENT ,5X,6HSTRESS /
. 8H NUMBER 3X,36HI 2 3 4 5 & 7 3 5%, SHOROER
. TX,3HND, 6X 3HTAG TX 1&H1 2 3 4 4% SHTEMP, ,8X, SHPOINTS
« 5Xs4HBAND /)

1302 FORMAT (/7/7726H ELEMENT DISTRIBUTED LOADS //
. 52H NUMBER KTYPE P YREF FACE 1

3000 FORMAT ( 31Hl.se...8 = NODE SOLIO ELEMENTS £/
« 24H NUMBER OF ELEMENTS,.ee ¢I5 77
v 24H NUMBER OF MATERIALSwss +15 7/
. 24H NUMBER OF LDAD TYPES.. ,15 ///}

4003 FORMAT (3&4HOELEMENT CARD ERRCR, ELEMENT NUMBER= 16)
C

END

79T
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S0L8
50L8
saL8
soLe
soL8
scLe
soL8
SOL8
50L8
soLa
soLa
s0L8
soLs
soLa
soLs
soL8
scLa
soLs
soLg
soLe
soLe
soL8
soL8
so.e
soLe
soL8
saLg
soLa
sOL8
sOL8
sOL8
soL8
s0L8
sOL8
soLa
soLa
soL8
s0L8
soLs
s0L8
sOL8
50L8
soLs
saLa
soLs
soLe
$OL S
soL8
s0L8
soLs
soLs
soLs
soLa
soL8
soLs
soLe
soL8
soL8
50L8
soLd
soLs
50L8
saLe
sOL8
soL8
50L8
soLe
soLs
soL8
5018
SOLE
soL4
soLB
50L8
soLs

433
434
435
436
437
438
439
LYY
441
442
443
LYhs
445
446
441
448
449
450
45t
452
453
454
455

456
457
458
459
460
461
462
463

454
4565

466
46T
°68
469
410
471

wtz
473

474
475

4?8
477
478

419

480,

%81
482
483
584
485
486
487
488
%39
499
491
492
493
4%%
495
496
497
493
499
500
501
502
503

595
506
507

SUBROUTINE DERIVIKK.D}

DIMENSICN Gl12,1)
COMMON /GASS/ XK(lL &) pWGT{494),1PERMI(3])
COMMON ZJUNK/ R +S T DETMLU(4)KLD{ 4} MULT (4] oNPLBY INP(B}y

Al(3,3),P13,11),8(3,3%,X%(8,3),Q{111,0L(8)

RPa(l,+R)%,125
RM={1.=R}%,125

SP=1.+8
SM=1,.-5
TPa1.+T
TH=L T

IF (KK.EQ.2.0R,KK.EQ.4) GO TO 100

SHAPE FUNCTIONS

Q{L1} = RP®SM*TM
Q(2) = RPESP*TM
Q3 = RM*SPETM
Ql4) = RMESHRTM
Q(5) = RP*SM*TP
Q(&} = RPESPHTP
Q(7) = RMRSPRTP
QL 8a) = RM*SHaTP

OERIVATIVES OF SHARE FUNCTIONS

100 P{1s1} =
PE1,2) =
P{Lly3) =
P{lsb}y =
P{L1,5) =
Pllsb) =
P{L,7} =
Pl1,8} =

PL1+9) =

P{1ls10)=

Pll,lE)=

P(2s1) =
Pl2,24 =
P(2,3) =
Pl 2y4) =
P(245}) =
Pl2,6} =
PL2y7) =
P(2:8) =
P(2491 =
Pl2,100)=
Pl2,11})=

PL3rl) =
PL3,2)
Pi3,3}
PL3,4)
P{3:5})
P{3.,6})
PE3,T)
Pil3y0)
P{3,9)
P{3¢10)=
Pid,lLi=

L

JACOBIAN

DO 200 I=

SMRTHS, 125
SPETH*, 125
-P(1,2)
=PL,1)
SMETP*, 125
SPHTPH, 125
-P(1ly6)
=PUL,5)

-R

a.

0.

~RPRTH
-p(2,1)
RM&TM
=~PL243)
~RP¥TP
-Pt2,%5)

—~RM*SM

=P{3:1)
-P{3,2}
=-P(3,3)
-P{3s4)

MATRIX A

1.3

0a 200 J4=1,3

C=0,

00 150 L=

1,8

150 C = C » PUIyLikXX{L+JY

200 A(I,0F =

<

INVERT JACQBIAN

s0LEé
soLd
soLa
soLs
soLe
spLe
soLa
soLe
sOL8
S8
soLs
soLg
soLe
SOLE
SoL8
soLe
saL8
s0L6
SOL8
S50LE
saLs
sota

soLs
soL8
soLs
sOLs8
soLs
SOLS
s0L8
50L8
S0L8
SOL8
50L8
soL8
s0Le
soL8
5018
s0L8
SOL8
soLe
SOL8
0L
s0L8
S0L8
soLs
50t8
soLs
soLs
soLs
50L8
50L8
soLe
5018
S0LS
SCLY
soLe
soLs
50L8
s0L8
sCLB
S0L8
scLa
SoLB
soLe
soLe
saLs
soLe
s0L8

508
509
510
511
212
513
514
S1%
516
517
518
519
520
521
522
523
524
525
526
527
528
529

510
531
532
533
534
535
536
537
538
539
5640
541
542
543
544
545
546
547
544
549
550
551
552
553
554
555
554
557
558
559
560
551
552
563
564
565
556
567
568
559
570
571
512
571
574
575

250

no

oo

ol Xl

aaa

350

40

Q

500

1

o

1
2

IF{KK.EQ.3) GO TO 500

N0 250 I=sl,3

J = IPERM(1}

K = IPERH{J)

BII+1) = ALJGJI*ALKIK) = ALK J)*ALJK)

BITydl = AfKsB}*A(1,K) = AlT,J)*A{K.K}

BUJsrI}l = ACJyXI®A(K,I) =~ A(Jp D) *A(K,K}

IF (KK.EQ.4) GO TC 500

DET = Atl,Lli#B{Ll,1) + A(L,2)*%B{2,1) + A(L,31%B{3,L}

MATRIX DF X-¥-Z DERIVATIVES
DO 400 T=1.3

D0 400 J=1,11

c = 0.

DU 350 K=l,3

€= C + BULKI*P(KsJ)

0tJ, 11=C/DET

RETURN
END

SUBROUTINE LDAD (KTYPEE;PRR;YREFF NFACE)

COMMON/EM/LMI24) 4MD ¢ NSy ESU24,24) JRF (24,49, XNI24),8A112,241,
SFll2s4}
COMMON JJUNK/ ETA(3) +DET+MLD{ &1 4KLD L&) s MULTLS] yNP{B 1, INP (D],
Al3,3),P{11,3),B843,3),%XX(8,3),2(11},0L18)
DI MENSTON KTYPEE{1) ,PRRi1),YREFF(1) NFACE{1]
COMMON fGASS / DUMUL2) ,XK{4),0DUMC12) ,WGT14), TPERM{3)
OIMENSION KCROU6 1, FVAL(6),RFACE L6440

DATA KFACE 7/ 1y 4¢ 2» Lo 64 2y
20 3y 3s 4y Ty 2
by Ty Ty By 8y 4y
S5s 81 6y 59 5y L/ -

3
DATA KCRD / 1y1,24243.3/

DATA FVAL flas=leslas=lerlar=1./

DO TOO KK=1l.4
NANeXKLD KK}
IFINNN} 70D, 700,10
KTYPE=KTYPEE (NNN}
PR=PRR (NNN}
YREF=YREFFE(NNN}
KF=NFACEINAND

INTEGRATE OVER THE SURFACE

ML = KCROD{KFI

MM = IPERM(ML)

MN = IPERMIMM)
ETA(HLY = FYAL{KF)
00 300 LX = 1,4
ETAIMM} = XK(LX})
DO 300 LY = L:4
ETALMNY = XK{LY)
CALL DERIV(3,S4)

COMPUTE DIRECTION CCSINES OF NORMAL TO SURFACE

AL = (AIMM, 2 PRAIMNG 3 D=ATMM 3} %A (MN, 2})
AZ = (ACMM3)RA(MY, L)~ACMM, L E#A (MN,31)
A3 = (A(MMyL1)%ALMNy 2)—A(MM, 20 ¥A(MNy L)}
AA=SORT (AL %a2+A2%42+A3¥RZ)

Al = AL/AA

A2 = A2/AA

g7l
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$OL8
soLa
so.s
soLs
soLs
soLs
s0L8
soL8
soLs
soLs
SOL8
50Le
soLs
50L8
soLa
sos
soLa
soLe
soLs
soLa
SOL8
s0L8
soLe
SoLe
50L8
soL8
soLs
soLs
5018
soLe
soLe
saLa
s0L8
soLe
soLe
saL8
SOLS
SoLa
soLs
s0Ls
SOLB
soLy

soLe
soLe
5018
S0LS
soLs
s0LS
soLa
s0La
S0La
SOLS
s0La
soL8
SOL8
S0Ls
saLs
50L8
soLe
soLa
soLs
soL8
saLs
soLe
soLa
soLs
soLe
s0Le

576
577
518
5719
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
297
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617

6l8
619
620
621
622
623
624
625
626
627
€28
629
630
&31
632
633
634
635
638
637
638
639
640
641
542
643

[aN+ X3

[x X3 X!

200

170

180

A3 = A3/AA
COMPUTE FIRST FUND. FORM (SIN 7 )

AA = Q.

BB = Q.

CC = 0.

BC 200 I = 1,3
AAZAALA(MM, [ jasZ
CO=COrALMNT 442

BE = 8B + A{MM,[)™A(MN,I)
C=SQRT (AA®(C - BB*BH)

COMPUTE PRESSURE, LOAD COMPONENTS, STORE IN R

I (KYYPE.EQ.2) GO TO 170
FORCE = PR

GO TO 185

¥YY = 0.

00 180 1 = 1,8

YY = YY + QU1I*XX{1,2)

¥Y = ¥Y - YREF

FORCE = ~PR*YY
IF{YY.GT.0.) FORCE = O,
CONTINUE
TS=FORCE*WGTILX)*WGTILY}*C

00 190 I = 1.4

N = KFACE(KFsI}

QQ=T5*Q (N}

K= 3&N

RFIK-2,KK} = RF{K~2Z,KK) + QOQwAl
RF{K=1,KK} = RFI(K-1,KK] + QQ*a2
RFE{X KK} = RF{K KK} ¢ QQ*A3
CONTINUE

CONT INUE
CONTINUE

RETURN
END

SUBROUTINE LOSTR (IS5+AeBeSAISFyL)
DIMENSION I5(2),A13,3)4B03+3),5A012:24)¢5FL12:4),IRF16,2),TCI6,24}

1,TRI6,6)
DATA IRF /71313292333
1 FIFTETRTRNY V4
LL=150L )

I=IRFILL, 1)
TT=B{LyII%BC1s 109802, 10%B8(2,1)+BU3,10*B(3,I1}
TT=S50RT{TT}

TC(3,1)=B(1,I}/TT

TC(3,2)mB(2,13/TT

TCU3,3)=B(3+ IM/TT

I=IRFILL,2)

TT=ACL, 10 %A(T, 1)+R1 1,20 %A0Ts20+A0T,3)%A01,3)
TT=SQRT{TT}

TCLIsL)=A{TL3/TT

TC{L,2)=A{1,2)/7T

TCOL,3)=A{1,31/7T
TC(2¢1)=TCU3,42)*TCL1,31-TC(3,3)TCI1,2)
TCOZ4Z)=TC3 3 1%TC{ Lyl )=TC (I, 1)9TCL1,3)
TCO243)=TC{3,11*TC{1,2)~TC{3,2)4TCI1.,1}

TROLALY=TC{L,LI&TCLL, 1)
TRILy2)=TCUL21%YCL1,2}
TRUL3)=TC(L3)0TCCLe3)

5018
50.L8
soL8
soLs
soLs
SoLs
SOL8
sOLs
S0L8
s0La
5018
soLs
sOLs
5018
soL8
BN
SOLS
s0L8
soLs
soL8
SOLB
50L8
soLs
5048
50L8
soL8
S8
soLs
s0LB
soLe
s0Ls
50L8
SOLs
soLe
soL8
S0Ls
50L8
soL8
soLs
s0L8
s0La
50L8
soLs
s0L8
s0Ls8
sows
soLs
SoLs
soLa
S0Ls
soLB
s0L8
SOLS
soLe
soLe

soLe
soLg
soiLa
50L8
SoLB
soLs
SoLA
sCL8
30L8
soL8
s0L8
s0.8
s0Le

544
545
b4b
647
648
6549
650
651
652
553
654
655
656
657
658
659
660
661
662
6563
664
565
566
667
668
569
670
671
672
673
674
675
678
677
678
679
680
681
682
683
584
-1: 3
686
687
£88
689
5694
491
692
593
694
695
696
697
698

699
T00
701
702
703
704
708
706
707
708
709
710
7L

100

110

120

130

TRILp&¥=TC L, L0*TCUL 2032,
TRILpSIaTC{14210TC{1+3)%2,
TROLs6ISTC(L1)%TCL{143)%2,
TRE2e10=TCI2,4L)*TC{2+L}
TRE2,24¥=TC(2,2)%TCL2,2}
TRZ2,31=TCL2,3)*TC(2,3}
TR(2p4)=TCL2,11¥TC12421%2.
TRLZ2,5)aTC(2,2)%TC(2,y3)%2,
TRE2,6)=TC12,1I*TC(2,3 %2,
TRE3,11=TCL3,11%TC(3,1)
TRI3,2)1=TL(3,2)1#TC{3,2}
TRE3$31=TCI3,3)*T0L3,43)
TR{3+4)=TC(3,1)%TC{3,2}%2,
TRU3,51=TCL3,2)%TCI3,3}%2.
TRI3,61=TC13,11%TC(3,3)%2,
TRIGLI=TC (L, L1%TC(2,1}
TR{432)=TCI1,2}*%TC{2,2)
TR{4.33=TC(1,31*TC(2,3!
TR{U4p41=TCIL,11XTCI2,2)#TCIL,2)2TCH24110
TRUGpS)=TC (1 9Z)®TC(253)4TC{1,3)%7012,2)
TRO446)=TCCL 1 I%TC(2,3beTC{1,3)2TCI2.1}
TRES.LI=TC (2, 11%xTCL3,1)
TRISe21=TC(2421%TC (34210
TRI5:31=sTCIZ931*TC{343)

TRES 4 aTCI2,1I3TC{342)+TCE2,2)3TL(3,11
TRIS,51=TC(2,2i*TC{3,31+TC{2,314TCI3,2!
TROS,61=TC L2, 13 *TCE3,3)4TC(2,3)%TCI3,12
TRU64192TC U3, 1)*TCI(Ly L}
TRE62V=TC[3,21#TC(1,2]
TRI6¢3)=TC(3,31*TC(1,3}

TREE )4 I=TC L3, IXTCO1,2)+TC{D,212TCIL, 0}
TRO5$SI=TCAIGZIRTCIL33+4TC (35 3)8TCLL,2)
TRI6+6I=TC I 1IXTL(1,2)+TC{3,3}2TCLL, 10

IL={L=1}%6
00 100 I=l.6

DO 100 J=1424

TCUI,J1=0,

DD 100 K=l 6
TCAT,0)=TCOT N +TREY JKIRSALEL+K, )
D0 110 I=146

DD 110 J=1,24

SAUIL*T, J}=TCI1, 0}

00 120 I=1,6
00 120 J=ls4

TCLI,4)=0.

00 120 K=1,6

TCAL pd¥=TC LT 8 s TRUT (X IRSF(ELSK )
DO 130 I=1,6

DO 130 J=1.4

SFUIL*T,d)=TCIE,4)

RETURN
END

SUBRDUTINE PRIST (NS+ISL,sI824S1GSPRY
DIMENSION SIG(12),5PRI61,18(2),8G(s)

IS(1¥xIS)

IS(2)=1352

NNS=1

IF (NS5 EQ.12) NNS=2

DO 900 Nal gNNS

IN=3%N-3

TT=1N*2

IF (ISIN).£Q.0) GO TO 200

CCa(SIGLILs2)+SIGLITI+2Y) /2,
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SOL8
soLs
soLs
soLa
soLs
soL8
s0L8
sSoL8
soLs
soLs
SDL8
soLs
sOoLs8
sOLs8
soLs
soLs
sOoLs
soLs
sOoL8
SOLS
soLs
soLe
SoLa
soL8
S0L8
soLe
s0L8
s0L8
s0L8
soLa
soLs
sOLs
s0L9
saLs
soLs
s0L8
soLa
soLs
soLe
saLa

712
713

715
716
717
718
719
720
721
722
723
124
725
126
121
728
729
730
731
732
733
LETS
135
738
737
738
739
760
T41
142
143
Tok
745
146
747
748
749
750
751

200

210

220

230
240
Sao

BB=[SIGIII+11-SIGIII+2)1/2,
CR=SORT(BB*%2+S IG( 1T +4 )ks2)

SPR{IN+1)=CC+CR

SPR(IN#2}=CL~CR

SPRUIN¢3})=0,

IF (BB.NE.O.}SPRIIN+3)=28,648*%ATANZISIGA[1+4),80)
GO TD 900

CC={SIGIII*LI+SIG{IL+2)+SIG{TI+3))1/3,
DO 210 I=1,3

SGLT)=SIGLITeY}CC

560 I+3)aSIGLII+#+3)

C2={SG{L)*R24SG1 21 **2+5G(I)#XZ )%, 5¢SG( L) REZESG(5 }**245G(6) %02
CA=S5G{ LI*(SGI2)1*SCI3)-SG{5)4SG(5)I+5614)%{SGI51¥SG{6)-5GL4I*5G(3)}

1+SGL{ &S {SG L4 1¥SG(S)-SG(20%5G{ &) }
TaSQRT(C2/1.5)
A={3%1.414214/T%43

IF { A LTe =1.0 | A=~1.0

JE (A 6T, 1.0 } A= 1.0
A=ACOS(A) /3.

T=T#l.4l4214

SPREIN#LI=T*COS{A}
SPRUIN21=T*COS{A+2 ..0944 1)
SPRUINS31=THCOS{ A-2, 0948)

DO 220 I=2,3

IF {SPR{IN#L}.GT.SPRITN+I}} GC YO 220
CIA=SPRIINSE)

SPRUIN#L)=SPR{IN+T}

SPRUIN+I'}=C3

CONT INUE

IF (SPRIIN+Z1.LE.SPR{IN+3)} GC TO 230
C3mSPREIN+2)

SPR{IN#Z)=SPR{IN3}

SPR{IN®3}=C3

DO 240 I=1,3
SPRIIN#1}=SPROIN+I D) +CC

CONT ENUE

RETURN
END

Lt
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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

SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL

daz~Nen PN~

o o

SUBROUTENE SHELL ’

COMMON A{1}

COMNCN FELPAR/ NPARLLS) ) NUMNP yMOAND (NELTYP N1, N2 N3, N4, NS, NTOT ,NEQ
COMMON 7/ JUNK / LT+LHsL+5IG§20)

IF (NPAR{LI1.EQ.0) GO TO 500

PROYECT NODAL TEMPERATURES

No=NS+NUMNP+128NPAR 13}

1F {N6.GT.MTAT} CALL ERROR (Ne-MTOT}

CALL TPLATE(NPARIZ), NPARII M ATNLI) AINZILAINI Y BING ), AINS) ) NUMNP,
1 MBANDS

RETURN

500 WRITE {6,2002}

8oo
c

<

2001
2002

3002

NUNE=NFAR{TZ)

00 800 MM=1,NUME

CALL STRSC [AIN1)},A(N3),NEQ.O)
WRITE (6,200}

00 800 L=LTeln

CALL STRSC (ACNLISAUN3 ) NEQsL])
WRITE €6:,3002) MM.L,(5IG(T),E~1,61}

CONT INUE
RETURN
FORMAT (/)
FORMAT (241 SHELL ELEMENT STRESSES//
11028 ELEMENT LOAD MEMBRANE STRESS COMPONENTS
2 BENDING MOMENT COMPONENTS /
3 102H NUMB, CASE Sxx Syy S
My A

4Ry XX
FORMAY (L0Xp211056E1244)
END

SUBROUTINE TPLATE(NUMEL s NUMMAT s IDsX9Y 5 Zo Co NUMNP s MBAND}

COMMON/QYS ARG/ .

IXXUS I, YY {5 22050, HMIS ) o HP (S) yCMI343) JALFALZ )y HM{S 4 RHOL543) 4P (5)
2aTIS DTS5 ) oSMIS 3 9BMEIS ;3 )4 TDTS (3344 ) s TROTE393 441 5(42,42),R(42]
COMMON/EM/LM{24 ) +NDoNS s ASAEZ24 224 1RF{Z444 1, XM{241 54012, 240
1,5Ft12,4)

DYMENSTON XCLIyY.ALYoZ81ly TOINUMNP o2 1sCE12e13p X0 7) (IYATIELLS)

"1eTO(3¢3)+TLOIS:4)

>

(V]

C e

10

LL=%

00 & I=l,12
00 4 =14
SF{ls+J1=0.
oD 5 1=1,24
DO S Jaleh
RF{1,J1=0.0
NPF=4

NS=b

M[ D=4
MID=0
1015=0

IROT =0
15TOP=0
MTYPE=5H
WRITE (6,20008 HTYPE ,NUNEL , NUMMAT

READ AN PRINT OF MATERIAL PRCPERTIES

WRITE (6,2001)

00 10 N=1,NUMMAT

READ (5,1000% Ne(CUINbyI=1,12)
WRITE (6:+2002) NolCULoNIoI#3,12}

128
129
13p
131
132
133
134
135
138
137
1338
(39
140
141
142
143

ac

o0

"

100
110

50
45

0

‘60
&5

0

40

529

510

READ AND PRINT OF ELEMENT LUAD MULTIPLIERS

READ {5,1002) ({TLOLI, 4], d=1440+1=1,5)
WRITE {6,2006)
WRITE (6,2007) (L (TLOMLsddeI=lyShd=lsét

READ AND PRIAT OF ELEMENT CATA

WRITE (642003)

NN=0

READ (5,100Q1) MM,1Y,EL
NHeNN+1

IF {MM-NN) 448450460
DO &5 Ix1,7
IX{Iy=1Y{1}
INCL=1Y(T)

IF {IY(6).EQ.0} I¥(6)=1
IM=1¥16}
IFCINCLLEQ.OT INCL=L
NN S=5

IF {1¥45) . EQ.0} NNS=4
IF {IY14).EQ.0) NNS=3
RHOM=C( 3, 1M)
ALFALL)=C (4, 1M}
ALEA(2I=C1 5, IM)
ALFAL3)=C (5, IM)
CMLL L b=C(T,IM)
CML1,2)=CL8, IM)

CHIL 33203, I
CME2,2i=CL0;1M)
CM(293)=C(11, [M)
CM(3:31=C(12+1I4}
CMI2,1)=CHEL.20
CME3,1)=CMIL,3)
CME3,2)=2CM(2,3)

00 30 I=1,NNS
HMITI=EL(L}
HP{It=EL{L}
BRI )=EL{1)
SM(1:11=0.0
SM{1,2)=0.0
SMUT,3=0.0
BM(1,13=0.0
OMII29=0.0
BMUI,3)=0.0
GO TG To

00 65 1=1.HNS
IX(1)=1X{TIeINCL
DA 40 T=1,8NS
J=IX(1)

AXLTI=X ()
YY(I)=Yly)
22(1¥=2L)

00 550 It=1.LL

DO 520 Y=1,NNS
RHO(I51)=TLOU(3,1L}*RHCP
RHD( Iy 21=TLO(&, ILY*RHOM
RHOGI+3)=TLOLS, ILI*RHON
PLYI=TLOlL,,ILI*ELL2)
TCLi=TLOt2 TLI*ELLT)
DTUL)=TLOLZ2JLISELLS)
IF [IL.GE.2} GO T2 530

CALL QTSHEL {ONNSyNPFMID, IDT Sy IROT NG ZNTF}

00 510 I=1,NO
RF{LI=R{1}
XMIT)=0.

00 510 J=14ND
ASALLyJ)=S(L+J)
60 TO 550

8hT
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SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL

144
145
146
167
148
149
150
151
152
153
154
158
156
157
158
159
160
141
162
163
164
165
166
E67
158
169
170
171

172
173

174
175
176

177

178
179
180
181

183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

530 CALL QUSHEL (1,NNS,NPF,MIO, 1015, IROT ,ND ,NTF)

00 540 1=1,4ND
540 RE{ILILY=RII)
550 CONTINUE
WRITE (6+2004) NNy LIX{T) 121,60 HMIL)4PCLY,T (L) ,DT(L]

c .
C #** FORM LM ARRAY AND COMPUTE BANDHIDTH
c

c

DD 410 I=1,NNS

J=NPFSI-NPF

N=IX{ 1)

DG 410 K=1,NPF
410 LMLJKI=I0 (N,

CALL QDCOS (44 XX2¥Y,IZ4TO)
H=HM(1]

CALL STRETR (TOsXXeYYsZZsCMpSAsHyRHOM, XM}

NDH=24

CALL CALBAN (MBANDyNDIFyLMeXMeASASRELNDyNDM)

WRITE (1) NONS (LMUIFoT=LloND)e ((SACIoJ) o I=LgNS},d=14NDIy
1 ((SF{1sJ)s1=1NS)sd=ls4)

60 TQ 500

4640 WRITE (6,2005) MM
1STOP=}

500 IF {NN.LT.MM) GO TO 110
IF (NN.EQ.NUMEL) RETURN
IF {ISTOP.EQs1) STOP
GO TO 100

c
2000 FORMAT {24H1...THIN ELASTIC SHELL ELEMENTS...//

1 25H ELEMENT TYPEssoreonss I577
2 25H NUMBER OF ELEMENTS....e.15//
3 25H NUMBER UF MATERIALS.....I5)
1000 FORMAT (IL0,6F10.0/6F10.0} .
2001 FORMAT {36H1...,MATERIAL PROPERTY INFORMATIONe.o//
T 131M MASS THERMAL EXPANSION COEF

2FICIENTS ecavecssssenserase e ELASTIC COEFFICIENTSucccnnnacanse
Jeeea/ X

4 1311 TYPE DENSITY AX AY

5 AZ (.84 cxy CXG cyy Y6

&GXY /)

2002 FORMAT (IH L4422, 4EL1L.4,6EL0.4}
1002 FORMAT (4€10.0) . __ ...
2006 FORMAT (31H1..,ELEMENT LOAD MULTIPLIERS...//
1 90H ceeuneeeaaGRAVI
2TY ACCELERATIONscesosnseean /
LATERAL LOAD

3 9o LOAC CASE TEMPERATURE !—CUHPDNEHJ
SY-COMPONENT I-COMPONENT /)
2007 FORMAT {1X,110,5X,5F15.5]
20021 FORMAT (LSHL*ELEMENT DATA®//
1 96H ELEMENT NODAL PCINT NUMBERS MATL
2 TEMPERATURE/
3 96H NUMBER a TYPE THICKNESS

1 J L3 L
& PRESSURE TEMPERATURE GRADIENT /}
1001 FORMAT (815,4F10.0)
2004 FORMAT (33X E5,5X¢515,;5Xp35,4F12.4)

2005 FORMAT (23HO ELEMENT CARD IN ERROGReI5)
END
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208
209
210
211
212
213
214
215
218
217
218

220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

237
238
239

241
242
243
244
245
246
247
248
249
250
251
252
253
254

255

256
257
258
259
260
26l
262
263
264
265
266
267
268
269

271
2712
273
214
218
276
277
278
279
280
281
282

c
C #&%& FORM STRESS TRANSFORMATION FOR IN PLANE STRESS
¥

SUBROUTINE STRETR (T, XyYyZyCMySA,HRHOM, XM}

L .
C ##% FORM DISPLACEMENY-STRESS TRANSFORMATIGN MATRIX
[

OIMENSTON T(3,30,XC14,Y(0},2¢0),CMI3,3),5A012,24),A41012,12),HM(12)
LeA(12912) g ART4) ¢SLU3,90 55203295 953034120 pVI3,314XY (3,2}, XML}

DO 5 I=l.12
DO 5 J=1,24

5 SAll,J)=0.
DO 10 I=1,3
VITa1)=X{T+1)=X(1}
Vil.2)=¥{Tsld=¥i1)

B0 VI, 33sZlT41b-211)
0O 20 [=1,3
D0 20 J=1.2
XY(1,di=0.
DO 20 K=1,3

20 XYUTod b=XY {19 J)+¥{I4KIRT{ )oK}
XO=[XY{lelheXY(2413+XY(3,100/4.0
YOr{X¥{1,20+KY{2,2)4XY{3,2))174.0

¢
€ ®%% FORM LUMP MASS MATRIX
4

AMI=XY (1,0 )%YO-XOEXYIL,2}

AMZe XYL, 11 =XO)#(XYI2,2 =YD ~1 XY (2,1 3~XD) ¥ (XY (1.,2}-YD)
AM3# (XY {2y 1}-X0)#IXY(3,2}-YO)—{ XY (34 1) ~XOP*(XY(2,2)-Y0)
AN4=XO®EXY(3421=XY{3,11%Y0

AC=0.25%H*RHCM

AM(1i=ACH{ AMLeAMS )

AM(ZYmACFLANL-ANZY

AM{3)=AC®[ AMZS+AN3)

AM (4 )=AC*(AMI+AMS}

DO 25 Lsl,4
XXaaM(L)
00 25 J=143
JE=gk[L=l]+)
XML JSy=uX

25 XM(JS#3}=0.

520,5%
R=0,5
DO 100 I=1,3
DD 10O J=1,B

XYJ=XY {1y LIRXY {35 20=XY (A L IRXY( Ly 2D+ IXYUL, LIMIXYL2,20-XY{3,2))
1 —4XY[2,20=XYI3, 112 %XY {12} boS=((XY{l, 1)=XYV (2,10 )XY (3,2}
2 =XA (3, LhHIKY UL 21-XY(2,2) ) %R

KL=XY(Lg2)~XY (g2}~ (XY (24 20-XY{3p2F )#S—IXY(1,20-XY(2,2019R
X2=XV( g 2F+ (XY (Z2p2)=XY(342) [ *xS—XV{342) %R

X3=aXY (L2 2P%59AY 13, 215R
Xem—XY¥(142) 4 XYL, 2)#SeIXY(1,2)=XY{2,2))%R

YLowXY( Ly LIEXY{I4 1) 40X (2 LE~XY (32D )RS UXY{Ls1)=XY(2,1) ¥R
Y2==X¥{3¢L1-4XY (29 1 )=XY {3, LI }2S4XY(3,1)%R
Y3xXY{1,1)%5=XY(3,1)+R

YamXY (L1 =KVl 1HASdXY (1, 11-KY{2, 1) 1%R

S1{lyLl)=X1/XYJ
S111+3)=22/RY)
S1(1+5)=X3/XYJ
S1(1s TImR& /XY
St{Ze2)=YL/XYVYS
S11{2s4)=Y2/XYJ
S14{2,6)=¥3/XYS
SLL2,BI=Y4rXYd
S1{3,1)a51(242)
5113,2)=5181,41)
SI{3,3)=81(2,4)
51(3.4)=51(1,3)
SL3,5)=5112,46)
$510326)=5111,5)

6%71
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SHEL
SHEL
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SHEL
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SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
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SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
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283
284
285
286
287
288
289
290
291
292
293
294
294
296
237
298
299
300
301
302
303
304
305

3a7
308
309
310
311
3iz
313
114
215
ils
v
318
39
320
321
322

aza
328
326
327
3128
329

330

331
132
333
EELY
335
33&
337
338
339
340
34l
342
343
LS
345
346
357
348
349
350
351
352
353
354
355
356
3157

[z Rak2)

104
108

10

30

40

SLI3,T73=51(2.8)

S$1(3,8)=81(1.7)

0a 105 I=1,3

00 105 4=1,8

$2114J1=0.

L0 104 K=1,3

S20L 403 =82L o JI+CHMIT,KI%SL (K, )
S2{1,01=5211,5)%H

H=H**3/12,

00 110 L=l.4
D0 110 I=1,3
DO 110 J=1,3
JS=bR(L-1) 4
KA=24{L=1)+1

SALT,US)=S2( T, KAKT L1, JDeS20 T KA 1I*T{2, )

FORM STRESS TRANSFORMATION FOR MOUMENT

DO 30 I=1,12
DO 30 J=l,12
AA(T,J0=0,
AlIsd1=0,

00 40 1=1,3

JEAR] 4]

All,J)=l.

AL 2:J)=XY{1.:1}

AL3, J=XY 1,21

Al%,J)mXY LI, 1)EXY(L,1)

AlSeJ )= XY 15 10%XY([42)

Aloy J)=XY(T1,2)%XY1LL.2)

AT, =A04,0)%XY(T,1)

AC8, J)=AlS,aPXY (1,41)
AlSsJ)=AE5,J)8XY{1s2}

ALLD s Fi=AL6s JI®XYIL,2)
ACLLoJF=XYLT 10XV LT L IEXYET, 1) %XY(1,2)
ALL2001= XYL 1) e XY {23 6XY (1,20 %X¥(1,2)
Al3,3410=1.0

AlSyJ+1l=XY(14+1)

Al el )=2.0%XYIT, 2}

AL, J+lh=XY{1,1)%XY (1,1}

AL9 g J+1)m2, 08XV (T4 1I%XY{1,2)

ALLO» I+ 11=3, 00XV {1, 20*XY(I:2)

ACLL, dr LE=XYIT,1)&XY{1,10kXY{Is1)
Al12. 40113, 0FXY (1o LIRXY (T 204XY(T,2}
A{2y)e2)m=1,0
AllyJ+2)xm2,08X¥ 10 1Y
AlS,Je2)==XY (I, 2}

AT v 2)==3 . 0FXY (T, 1 )#XYIT,1)

A(By J42)=—2,.Q¥XY U]y 11EXY(1s2)
A(SyJe2)}x=XY1,2)%XY(],42)
Al1ll,Je2)==3 . 00XVIT+11EXY(T410&XYI 21
Al12,0¢2)m=XY(T, 208XYL1L, 20 %Y1, 20
CONY INUE

Allsl)=1.0

Al3,2)=1.0

Al2,3)=-1.0

CALL INYERT (A,1Z:12,:MM,AR)

00O 210 1=1,3
00 210 J=1,9
SL{IsJ¥=20,

Sii1,11=2.0
S1l1,41=6,0%X0
S1(1,45022,0%YD
S1¢1.6})=6,0%X02Y0
51(2,3}1=2.0
S1{2,6)=2.0%X0
S142,T)=6,0%Y0
514249} %6, 0% XO%YD
S113.,2)=2.0
5143,5)=4.0%X0
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as58
359
360
36l
362
363
364
365
366
357
368
369
370
371
372
373
T4
3rs
376
377
378
379
380
381
382
383
384
385

386
387
388
389
330
391

393
394
395
395
397
398
399
400
401
402
403
404
408
406
407
408
409
410
al1
412
413
414
415
416
417
418
419
420
421
422
423
424
425

(3] (a2 Nul

o0 (2]

oDn

SL{3,6)#4,0%Y0
SL{3,8)=5, 0®XD*XD
SL{3,91=6.0%Y0*Y0

DO 220 I=1,3

DO 220 J=1,9

$2(1+J)=0.

DO 215 K=1,3
215 52(1,4d)=S2(T,J)¢CM{TX}I¥SLIK,J)
220 S2U1pJ)=-S20Ledi*nt

Do 230 1=1,32
00 230 J=1,%12
$3(144)=0.
DO 230 K=14+9
230 S3(1,J4=8S3{1,J}+S2{l+ni=A{ 234K}

DO 240 L=1.4

DO 240 I=1,3

DO 240 J=1,3

JE=E¥ L -1 )+d

Kaz3x(L—-1)+1

SAUI+3,JS)=SI(LKAIRTI3, I}

JS=45+3

SALT#3,uS)=S{T KA+ )I*THL, Jh+S3LT KAC2)%T (2, 4)
240 CONTINUE

RETURN

END

SUBROUTINE ENVERT{AMNNgM,M,C)
GENERAL MATRIX INVERSION SUBRDUTINE
DIMENSION AC1} M) 0010

D0 90 I=1:NN
90 M{I)=~1

DO 140 I=1,NN
LOCATE LARGEST ELEMENT

D=0.0

DO 112 L=1.NN

IF [M(L)} 100.100,112
100 J=L

DO 110 K=1gNN

IF TM{K}) 103,103,108
102 TF (ABSID)-ABS{A[JI}) 105,105,108
105 LD=L

KD=K

D=ACJ}
108 J=JeN
110 CONTINUE
112 CONTINUE

INTERCHANGE ROWS

TEMP=-N(LD)
MLLD}=M[KD)
MLKD}=TEMP
L=LD
K=X0
DO 154 J=14NN
CrLJi=ALL)
ALLI=ALK}
ALK =C ()
L=L+N

114 K=KN

ost



92-1

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

SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHFL
SHEL
SHEL

426
427
428
429
%30
431
432
433
434
435
436
%37
&38
439
440
451
442
443
44h
445
446
44T
448
449
450
451
452
453
&£54&
455
458
457
458
459
460
461
4562
463
464
465
4b6
%61
468
469
470
471
472
413

474
418
418
477
478
419
480
@81
432
483
484
485
486
487
488
%89
490
491
492
423

[2XaX3)

oo

aono

Ao OnOO 0

115

125
130

134
135

140

150
180

200

DIVIODE COLUMN B8Y LARGEST ELEMENT

NR=(KD-1)%N#1
NHENR+N=-1

DO 115 K=NR,NH
ALK)=ATK}/D

REDUCE REMAENING RONS AND COLUMNS

L=1

DO 135 J=] NN

IF {J=KD) 130,125,130
L=L+N

G0 TO 135

D0 134 K=mNR,NH
ALL)=ALL)=COINRA(K])
L=L+1

CONTINUE

REDUCE ROM

CiKDl=-1.0
J=KD

DO 180 K=1¢NN
Al Jy==C(K) /D
JEJeN

INTERCHANGE COLUMNS
D0 200 I=1.NR

L=0

L=+l
IFIMIL)=1) 150,160,150
K={lL=1i*N+l
dm{T=1}%Nel
MOLpeMiT}

M l=]

DO 200 L=1,NN
TENP=ALK)
AlXy=ALJ)
AlLJ)=TENP
J=Jel

K=X+1

RETURN

END

SUBROUTINE QTSHEL (KKK¢NNS,NPFsMIDy1DIS, IROT,NEF,NTF)

THIS SUBROUTINE CAN EVALUATE
sve ELEMENT STIFFNESS MATRIX vee
eee CONSISTENT NODAL FORCE VECTOR ...
=ss INTERMAL STRESSES AND MOMENTS ...

OF A SHALLOW QUADRILATERAL SHELL ELEMENT ASSEMBLED wITH & FLAT

TRIANGLESy OR OF A SINGLE TRIANGULAR SHELL ELEMENT,

* ¥ £ * x & % & & * CALLING ARGUMENTS * * % * & * & & % & & « & &

INPUTS

KKK INTEGER FLAG SPECIFYING OPERATION TO BE PERFORMED

IF KKK =-1y FORM STIFFNESS MATRIX ONLY.

IF KKK = D¢ FORM STIFFNESS MATRIX AND LOAD VECTODR,.

IF KKK = l¢ FORM LOAD VECTOR ONLY.
IF KKK = 2, EVALUATE STRESSES AND MOMENTS.

SHEL
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SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
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SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
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SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
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SHEL
EHEL
SHEL
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SHEL
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SHEL
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SHEL
SHEL
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SHEL
SHEL
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SHEL
SHEL
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SHEL
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SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
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594
495

497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
Sl
515
516

s18
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551

553
554
555
556
557
558
559
560
561
562
563
564
365
5é6
567
568

[alalz s Xe RNl s R e N el s s N s NaNa N s X s N NN e N Y e N N e N N e N e Y e E e N N N e N e Nl R e Y N e NN N N e N NN e e N N N s T RN N e Y R RN N e NN oY e N e N Fe N e N s Ra R o N Yo ¥ o]

NNS

NPF

MID

1018

IROT

QUTPUTS
NEF

NTF

Tk ¥ ¥ k¥ ¥EX

X{I}eYUID, 20T}
CHiI,d)

ALFALL)

HM(I)
HPLLY

RHOLI 4 d)

HW(T)

PLI)

T
oT(1)
SMUTeJ}

NUMBER OF SUPPLIED NODAL POINTS

IF NNS = 5, QTSHEL FCRMS A QUADRILATERAL, AND THE
PROPERTIES AT THE INTERNAL NODE 5 MUST BE INPUT.

IF NNS = 4, QTSHEL FORMS A QUADRTLATERAL, AND THE
PROPERTIES AF THE INTERNAL NODE 5 ARE SET BY QTSHEL
TO PE THEIR CORNER AVERAGE.

IF NNS = 3, QOSTIF FORMS A SINGLE TRIANGLE.

NUMBER OF GLOBAL CEGREES OF FREEDOM AT EACH
EXTERNAL NCDE (3, 5 OR &)

IF NPF = 6, THE 3 DISPLACEMENTS U, V AND W AND THE
3 ROTATIONS RX, RY AND RZ ARE INCLUDED AS D.O.F.
IF NPF = 5, THE ROTATION RI IS IGNORED,

IF NPF a 3, ONLY U, V AND W ARE CONSIDERED AND
THE BENDING STIFFNESS IS5 NOT INCLUDED (MEMBRANE
SHELL ELEMENT)

NUMBER OF INTERNAL MIDPOINTS IN QUADRILATERAL (0O OR &)
[F MID = Os THE MEMBRANE ELEMENTS ARE 234

AND THE BENDING ELEMENTS ARE LCCT=-9
IF MID = &4, THE MENBRANE ELEMENTS ARE LST-10
AND THE BENDING ELEMENTS ARE LCCT-11

IF NNS = 3 (SINGLE TRTIANGLE) MID IS ASSUMED TO BE O

INTEGER FLAG FCR THE NODAL DISPLACEMENTS UpVeW

IF IDIS = O UpVeW ARE SPECIFIED IN THE GLOBAL SYSTEM
IF IDIS = 1y U,V.W ARE SPECIFIED IN THE NODDAL DISPL
SYSTEMS DEFINED BY THE OIRECTION COSINE ARRAY TDIS.

INTEGER FLAG FOR THE NODAL ROTATJONS RXiRY,RZ.

1F IROT = O¢ RXsRYyRZ ARE SPECIFIED IN GLOBAL SYSTEM
IF IROT = 1.« RXsRY,RZ ARE SPECIFIED IN THE NODAL RIT
SYSTEMS DEFINED BY THE DIRECTION COSINE ARRAY TROT.

NUMBER OF EXTERMAL DEGREES DF FREEDOM (NEF = NPF®NEN,
WHERE MEN=4 FOR QUADRILATERAL, =3 FOR SINGLE TRIANGLE)

TOTAL NUMBER OF DEGREES OF FREEDOM ( EXTERNAL +INTERNAL]

* ¥ ARRAYS IN COMMON /QTSARG/ * % % % * * ¥ * % x *

Ial...NNS  GLOBAL NODAL COORDINATES
I=1...3; Jole=a3  PLANE STRESS MATERIAL MATRIX
RELATING STRESSES TO STRAINS IN THE LOCAL SYSTEM

I=leaa3 DILATATION COEFFICIENTS RELATING IN-PLANE
THEAMAL STRAINS IN THE LOCAL SYSTEM TO TENPERATURES

I=144.NNS THICKNESS RESISTING MEMORANE STRESSES

I=1...NNS THICKNESS RESISTING BENDING HOMENTS
Is1esaNNSy Jwle.,3 GLOBAL COMPONENTS RHOX (Jwll,
RHOY {J=2} AND RHWOZ (J=3} OF BOOY FORCES PER UNIT
OF VOLUME

I=le..NNS THICKNESS FOR COMPUTING BODY FORCES
RHO*HW PER UNIT OF ELEMENT AREA

I=1...NNS LATERAL PRESSURE (NORMAL TO THE FACES OF
THE COMPONENT TRIANGLES)

I=la..NNS MEAN TEMPERATURE VARIATIONS

I=1...0NNS MEAN TEMPERATURE THICKNESS GRADIENTS
T#ls o NNSy J21eeu3d ARRAY OF MEMBRANE STRESS
COMPONENTS IN THE LOCAL SYSTEM SIG-XX (J=1), SIG-YY
1J=2) AND SIG~XY (J=3). SM CONTAINS

MEMBRAME STRESSES IN THE INITIAL POSITION AS INPUT
WHEN KXKs3Ople2 (EXCLUDING THERMAL ACTIONS}
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569
570
571
512
573
574
575
576
577
578
579
SBO
5B1
582
583
584
585
586
587
588
5a9
590
591
592
593
594
595
596
597
598
599
600
501
602
603
604
605
506
607
608
509
510
611
6lz
613
&14
515

616

617
518
LLY
620
621
622
623
624
625
626
627
628
629
530
631
632
633
634
635
636
637
638
639
640
641
642
643

LT Y2 s RaR3 ks lalakalalsNaks s Raal e Yo FaRa N s N e Nuz e N e RaNad s ¥ e FaNal o ¥ e R uNaN e X2 e NaNa Y s X s RaNa Yo Y e Ra N s Xa RaRaRa ks ia RnRs R s R s Ruln)

MEMBRANE STRESSES IN THE DEFORMED POSTTION AS QUTPUT
WHEN KKK=2 {INCLUDING THERMAL ACTIONS!}

BM{I,4) 1=1.2aNNSy J=laaa3 ARRAY OF BENDING MOMENT
COMPONENTS [N THE LOCAL SYSTEM MOM~XX (J=1), MOM=YY
{J=2) AND MOM-XY (J=3)}, BM CONTAINS

BENDING MOMENTS IN THE TNITIAL POSITION AS INPUTS
WHEN KKK=0,1,2 {EXCLUDING THERMAL ACTIONSE

BENDING MOMENTS IN THE QEFORMED POSITION AS DUTPUT
WHEN KKK=2 (INCLUDING THERMAL ACTION)
TDIS(I,J.K) I=leen3,y J*luwu3, K=la.MEN NOT REQUIRED IF
IDIS=0. IF IDIS=1y TOIS(lee3plee3sKE MUST CONTAIN
THE (3,3) DIRECTICN COSINE MATRIX OF THE NODAL
DISPLACEMENT SYSTEM AT THE K-TH ELEMENT NODE WITH
RESPECT TO THE GLCRAL SYSTEM
TROTAL g 4o K} I2leae3y J=lesedyr KalesNEN NOY REQUIRED IF
IRGT=0. IF IROT=l, TROT{les3:s1l..3,K} MUST CONTAIN
THE (3,31 DIRECTION COSINE MATRIX OF THE NODAL
ROTATION SYSTEM AT THE K-TH ELEMENT NODE WITH
RESPECT TO THE GLOBAL SYSTEM
S(Isd I=l.eoNEF, J=l...NEF EXTERNAL STIFFNESS MATRIX
(OUTPUT IF KKK==1,0)
SMlsJd) I=1l4..NTFy J=NEF#l...NTF REDUCED [NTERNAL STIFFNESS
OF QUADRILATERAL ELEMENT. DUTPUT IF KKK==-1,0.
REQUIRED INPUT IF KKK=1,2. NOT USED FOR SINGLE
TRIANGLE.

RII} I=l...NEF QUTPUT EXTERNAL NODAL FORCES 1F KKK=0,1.
INPUT EXTERNAL NODAL OISPLACEMENTS IF KKK=2.

RID) TI=NEF+L. oo NTF REDUCED INTERNAL NODAL FORCE VECTOR
OF QUADRILATERAL ELEMENT. QUTPUT IF KKK=041.
REQUIRED INPUT IF KKK=2 IRETURNS INTERNAL NODAL
DISPLACEMENTS)« NOT USFD FOR SINGLE TRIANGLE.

* & & & * & *x ¥ & & ROLE OF ARRAYS IN COMMON /QTSARG/ #* * * % * % % %

ARRAYS OPERAT [ON KKK =-—] KKK = O KKK = [ KKK = 2
a T Q T a 7 2 T
Xy ¥y ZyCMyALFA (HNGHP (%) 1ot 11 [
RHO o HM ¢ P - - 1 I 1 1 - -

T.OT (%) - - Lo 1 1 | S

SH BN 1) - - 11 I 10 1/0
TOESsTROT {*¥) 1 1 I I H 1 I 1
S{1..NEF) 1. oNEF) U D 0 o - - - -
$(1..NTFNEF+1. . ATF) a - o - 1 - T -
R{le.NEF) - - o 0 o 0 11
R{NEF#1. NTF} - - a - 0 - /0 -

WHERE Q=QUADRILATERAL (NNS=4,5), T=SINGLE TRIANGLE [NNS=3}
1=INPUT, O0=0UTPUT, I/0=INPUT/DUTPUT, —=NOT USED.
NOTES {*) HP,DT AND BM ARE NOT USED IF NPF=3,

{(&x} TOES IS NOT USED IF IOQIS=0, AND TROT IS NOT USED
IF IROT=0.

COMMON /QTSARGZ X{51.Y(5}+2(5): HMISI,HP(5)s CM{3:3},ALFAL3),

1 HW{5)}eRHO(5:3)4P(5)s TI5).DTI5), SHIS,3},BM(5,3)» TOIS(3,3,4),
2 TRATU3,3,4F, $(42,42), RI42)

COMMON /TRIARG/ AL3)+8(3)y HMT(3)yHPT(3}y CI{343)y SMT(343),

1 BMT(3,3)s FT{Ll2}, PLU3)+P2{3)4PIL3},RM(3), ST112,12)

COMMON FTRANSF/ T1(3),T2{31,T3(3), TO(3,3}

OIMENSION F{1}, IPERMQ{4), MER(S}, LOC{S), NCL3), CAL3Y, WGT(3},
1 TOL{E33TOZ2UL31,TO3(Thy TRI(TITR2(IITRI(INy ULLIsVILI WLy

2 RX{LY4RY(1]

EQUIVALENCE {T11,T1}H,(T12, T2, (713, T1{3)).,{T21.T2)(T22,T2(2}},
1 €123,720304,(T31,T3),(732,73(2)),{T733,7T3{31}, (R.F}),

2 (UsFT)y EVeFTUTE)y (WePLliy (RXeP2)y LRY,P3)
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Eh4
645
646
647
648
649
450
651
652
553
634
655

656
£57
658
659
660
£61
662
663
664
665
666
667
668
669
670
671
612
673
674
675

676
&6TT
678
679
680
681

682
683
&84
685
686
687
£88
689
690
691
692
693
694
695
696
69T
598
699
700
701
702
703
704

1056
Ta7
708
709
710
71l
712
13
T14
715
716
2%
Tia

[aleKel

oG oon

110

120
130

140
150

140
110

180
200
210

220

DATA IPERMQ /72)3p491/) MFR /393434242/y WGT 74509450425/
LOGICAL CQUAD, TRIG, NOKP, NOST, SIST, NULDsy 3ILD, NOSHM. SISM, SKMP

INITIALIZE

SIST = KKXK.LE.D

NOST = .NOT.SIST

SIED = KKK.EQaDu.OR.KKK.EQ.1
NOLD = .NOT.SILO

SLSM = KKK,GE.2

NOSM = .NOT.SISM

IF {[NNS.NE.3).AND, tNNS.NE.5))
IF ((NPF.NE.3).AND, {NPF.NE.G})
NEN = MINO (NNSq4)

QUAD = NEN.EQ.4

TRIG = NEN.EQ.3

WG = 1.

N3 = 2%NEN - 3

NTRI = 3%NEN - 8

NEF = NEN®NPF

NSF = NEF + (NEN-3)%*NPF

NNS = 4
NPF = 5

IF (MIDJNE.41 MID = 0
MIDP = MID

IF (TRIGF MIDP =20
NFM = 3

IF (NPF.EQ«31 NFM = 2

NTF = NSF + NFM&MID?P

NOMP = MICP.LE.O

SKMP = NOMP.CR.NOST

IF (NNS.NE.4) GO TO 130

X(5) = 0.25%(X(L1eX(2)+X(21+X(4)}

Y{51 = 0.25%{Y{1)+Y(2Zle¥Y{3}+Y(4})

215) = Qu25¢(ZL1)+Z(2+2(3342(410)

HM{S} = 0.25%(HMIL) +HML2} £HM( 3) +HM{ %) )

HPL5) = 0.25%(HP (1) +HP (21 +HP {3)+HP (%))

IF {KKK.LT.O} GO TO 130

TE5) = Q.25%(TU11+Ti2heT{3)eT(4))

DY{S) = 0.25%(DY(114DT{234¢DT{3)+DT(4}}

DO 110 & = 1,3

SM{52J) = 0.25%(SMILsJ)+5M 24 JI4SHI3, ) +SKT4,0) 1
BM{S,J0) = 0.25%(BM{1,J)+BM{2,J)+BH{3, J1eBM{.J)}
IF (NOLD} GO YO 130

PES) a D 2SFIP{LI+PIZIePIINI+P (4 })

HHI{S) = Q.25%(HWILI+HH[2) +HW(3) +HW{S) )

00 120 J = 1,3

RHO(S,d} = 0.25%(RHO{L1,d)«RHO{2, J)+RHOL{B  FE4RHD (4, d1)
TF (NOST) GO TOD 150

DO 140 1 = 1.NTF

00 140 J = 1,NTF

S{I,J) = 0.

IF (SISM) GO TD 170

D0 160 I = 14NTF

Fi{l) = 0.

IF (NOSM.OR.TRIG} GO TO 200

NEF1l = NEF + 1

DO 180 L = NEF1¢NTF
M=L=-1

D3 180 1 = 1,M

RIL)Y = RILI — S{I.LI*RLT]

DO 210 1 = 1,63

ACI) = Q.

go 220 1 = 1,3

CATT) = CMEL,TIXALFALL 1 2CMI2, TH*ALFRACZI+CMID, [ 1 ALFACR)
DO 220 J = 1,3

ClIs+d) = CM{IsJ}

COMPUTE DIRECTION COSINE MATRIX TO OF LOCAL BLEMENT SYSTEM
CALL QDCOS INTRI#XeYsZ+TO)

LO0F OVER THE NTRT TRIANGLE COMPONENTS

DD 700 NT = 1l¢NTRI

N1 = NT
N2 = IPERMC(N1)

ZsT
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9
T20
T21
T22
723
T24
125
126
727
128
129
T30
731
732
133
LEL]
T35
LELS
137
138
7139
740
T4l

743
Thé
Ta4s
T46

T48
T49
750
751
752
753
T54
755
T56
15T
758
7%9
760
T61
T62
T43
764
758
766
167
T68
T69
T10
771
172
ka k]
T4
TT5
TTS
T
T8
119
T80
181
782
g:x}
184
T35
186
7871
788
789
190
791
192
793

[sXake] [aXsNula)

[a X2 X ol

«© oon

230
240

250

260

NGIl) = N}
HC(2) = N2
NC(2) = N2
MT = MIDP/2
NOD = 3 & MT

COMPUTE DIRECTION COSINES OF LOCAL TRIANGLE SYSTEM
AND THE TRIANGLE PROJECTIONS A.8 ONTD IT

CALL TDCOS (NLyNZ2sN3pXpY¥YyZsAeB]
SET UP INPUTS FOR TRIANGLE SURRCUTINES

D0 240 1 = 1,3

L = NC(T)

LOCKI) = NPF*{L=-1}

HMT{1) = HML)

HPTLL) = HPEL)

IF (NOLD} GO TD 240

ROX = RHO{L.1)

ROY = RHO(L,2)

ROZ = RHO(L,3)

ROl = T11%ROX+T12*ROY+T134ROZ
ROZ = T21#ROX+T22#R0Y+T23%R0Z
RO3 = T31¥ROX+T32+4ROY+T33*R0Z
HL = HWiL}

PL{I) = ROL*H]L

P2(1) = RO2%H1

P3(I) = ROI*HL + P(L)

TEMP = T(L)

TMOM = DT (LI*¥HP(LI%*»3/12,

DO 230 J = 13

SMTUEsJ) = SM(LsJ) = CA(JI*TEMP
BMT(I,J) = BM(L,J) -~ CA{J}HTMON
CONTINUE

FORM TRANSFORMATIONS BETWEEN ELEMENT AND NODAL SYSTEMS

Ll = 9%N1 ~ 8

L2 = 9*N2 - 8

CALL TRFPRD (IDISsNENsTDIS(LL)+TOIS{L2}+TDIS(L9)4T01,TDZ,T03}
IF (NPF.NE.3
1CALL TRFPRD (TROT,NEN,TROT{LL),TROTIL2),TROTIIS),TRL,TR2,TR3)
D0 250 I = 7,8

JOL{I+3) = TD1(1}

TOL(I+5) = TDI(I)

TD2{1+3) = TD2(1}

TD2(1+5) = TO2(1}

LOCl&) = NSF + NFM®(N2-1}

L0CE{5) = NSF + NFM&(NL-l1}

Ne = LOC(S) + 3

N5 a LOC(S) + 3

MEMBRANE CCNTRIBUTION

IF (SIsSM} GO TO 320

MEMBRANE STIFFNESS AND/OR LOAC VECTOR
CALL SLST (MT,KKK}

LT = 0

DO 300 JJ = 1,NOD

Jdo= 4+ 3

M o= LOCIIJ)

LL = MFR{JI}

00 300 L = 1,LL

MaH+ 1

LT =LY + 1

Cl = TDLILT}

C2 = TD2LLT)

IF (SILDY F(MY = F(M) + FTLJ-1}%CL + FTLJI¥C2
IF ¢{NOST)Y &0 7O 300

KT = 0
0o 290 1T = 1,44
I =11 + 11

KK = MFR(LI)
IF (II.EQeddb XK = L

794
795
T96
796
797
798
199
800
801
802
803
304
805
806
807
:1+1: ]
809
810
811
812
813
814
815
Bib6
817
818
819
820
821

823
824
825

854
B55
B56
asT
858
859
860
Bol
862
863
8654
;1.3
86é
867

(2] [aNalal

290
ELD)]
320
400

420

43

o

45

o

460

470

480
500

HL = ST{I-1,s~1i1%C1 + STUl-1.4b%C2
HZ = STI1 HJ-1)%C1 + STHL ,4i=C2
N = L0C(II)

N = LDCLII}

00 290 K = 1,KK

Na=H=+1

KT = kT ¢+ 1

SQ = S(NyM) + TOLIKTI®H] + TD2{KTI¥*HZ
S{NsM} = SQ

S{H.,N} = SQ

LONTINUE

CONTINUE

IF {NPF.EQ.3) GO TO 560

PLATE BENDING CONTRIBUTION

IF (SISM} GO TO &

BENDING STIFFNESS ANDIUR LOAD VECTOR

CALL SLCCT (MT KKK)

DD 500 JJ = 1,3

JT = 3%))=3

Jd=JT + 1

DO 450 L = 1,NPF

M 2 LUC(JJ! + L

L3 = L -

IF {L3.6T. DI GO TD 420

C3 = TOJT+LH

IF (SILDY F(M) = F(M} # FT(J)*C3

IF USKMP} GD TO 450

S4 = SIMsN4} + ST{J110)%C3

55 = SIMyN5) = ST{J,11}1%C3

G0 TO 430

ClL = TR1(JT+LI)

C2 = TR2(JT+L3}

IF (SILDY F(M} = FIM) + FTLJ*11%(1 « FT{J+21%02

IF (SKMP} GO TO 450

S4 = S{MyN4) + STUJI+L,100eCl + ST(u4+2,101%C2

S5 = SIMyN5) — ST{J+1,11)1%C]) ~ STL4+25111%C2

SiMeNal = 54

SIN4.MI = 84

S{HMyN5t = 55

SINSM) = 55

CONTINUE

1f {NDST} GO TO 500

DO 480 IT = 1,44

IT = 3*iy-3

1 =107 + 1

KK = NPF

o0 480 L = 1,NPF

IF (11.EQeJJ) KK = |

M= LOC(JJ) + L

L3 =L -3

IF {L3.6T.0) GO TO 480

€3 = TO3(4TeLD

HL = ST(I ,Ji*C3

HZ = ST(I+l,J}¥C3

H3 = ST{I+2,J)%C3

GO TQ 470

CL = TRL(JT+L3)

= TR2(JTL3}
= ST(D s Jeli*Cl ¢ STIT +Je2)%C2

H2 = ST{T#1,d¢10%CE # STIL¢L, 4e20%C2
= STCI#2,Jr1)%C1 # STUT #2444 20%C2

N = LOC{IN)

DO 480 K = 1:KK

N =N=+1

K3 m K - 3

Kl = IT + K

K2 = IT ¢« K3

IF {K3.LE.Q} 50 = S(NsM) + TE3(K1)*Kl

IF (K3.6T.0) 52 = S{N,M} + TRLIK21%HZ « TR2{K2)#*H23

S(NsM) = SQ

SIMeN) = 59
CONTINUE

IF (NOMP}F GO TO 700

€Gl
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6868
B69
&8To
871
B2
873
874
8715
876
877
878
8te
BBQ
881
882
LE
884
885
886
BaT
883
B89
390
891
892
893
894
B35
896
897
898
899
00
901

9203
Qa4
905
06
9071
908
909
210
911
212
913
914
918
916
917
918
919
920
9zl
22
923
924
925
926
927

928
929
930
931
932
233
9314
935

[
[
[+

oo00

OO0

540

560

580
600
700

TLHO
120

T30

740

T60
70
T80
800
900

IF (NOLD} GO TO 540

F(N4) = F(N&) + FT(10}

FINS) = F{NS) ~ FT(L1}

IF {NOST) GO 7O 700

S(N& N4} = S{N4 N4} & 5T{10,10)
S{N5.N5) = SI(N5,N5} + ST(11,11}

SIN4.NS) SI{N4,N5) - ST(10.11)
S{NS,N& ) S (NG NS}

GO TO 700

iF (NOLD! GO TO 700

FL = {P3L11+PAL2)+PIIIIVR( A3 IR2L(2)-AL2)2B(3) )/ 12,
JT = D

D3 580 JJ = 1,2
00 580 L=1,3
JT=dT+1

M= toC(ddy + L

FILK} = FIM) & FLATD3(IT}
CONTINUE
CONTINUE

IF (SISM.OR.TRIG) GO TO 200

CHECK FOR POSSIBLE INTERNAL STIFFNESS SINGULARITY (FLAT
OR NEARLY FLAT QUADRIL ATERAL WHEN NPF = 3 OR 6}

1If ({NPF.EQ.5).0R.NOST) GO Ta 730
DD 720 N = 3,643

IF {NPF.NE.N} GO TO T20

M o= SN

ML = -1

MZ = N~ 2

IF {S{MsM} . GT.{S(ML,ME}+S(M2,M2}}51.0E-08} GO TO 720
DO TIC 1 = 1,NTF

S{I.M} = Q.

StMeI) = O,

CONTINVE

CONDENSATION OF INTERNAL DEGREES OF FREEDOM

NIF = NTF - NEF
DD 800 N = LyNIF
K= NTF = N
L=K#+l

PIVOT = S{LyL}

FL = FIL)

1F (PIVOT.LE.O.)
FIL} = F(L)/PIVOT
DO 780 I = 1,K

G = S{Is)

IF (G} 740,180,740

IF (NDSTY 6D 70O 770

G = G/PIVOY

S5{IL} = ¢

DO 760 J4 = I+

50 = S{I,d) = G¥SiLyd)
S(1sd} = 5Q

5(3,1) = 50 :
FLI} = FIT) = G#FL
CONTINUE

CONT INVE

RE TURN

END

G0 TC 800

SUBROUTINE QDCOS (N X: Y2, T}

THIS SUBROUTINE COMPUTES THE CIRECTION COSINES CF THE LOCAL
ELEMENT SYSTEM OF A QUADRILATERAL (N=4) OR SINGLE TRIANGLE (N=1|

OIMENSION X1k, YL}, Z{1), T{1}
X1 = X(2HX(3)-X{N)-XL1)
Y1 = Y{2h+¥(3)-YIN)-Y(1}
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SHEL
SHEL
SHEL
SHEL
SHEL
SHEL
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934
937
938
939
940
9641
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
951
962
963

964
265
966
267
968
959
970
9Tl
972
9713
T4
9715

976,

7T
ST8
979
980
941
932
983
984
985
985
987
988
989
990
991
292
993
994
295
996
297
998
399

SHEL 1000
SHEL1001
SHEL1002
SHFLL1003

e X s X ulal

~
~N
Holod H o) RE YN

SUBR

THIS
SYST

COMH
£Quil
1 (12
DIME
Al =
Bl =
cL =
A2 =
B2 =
c2 =
131
132
T33
5 =
31
13z
713
Ti1
112
713
§ =
Til
T2
T13
121
122
123
Aty
AL2)
B{1}
Bt 2}
IYES)
B(31]
RETU!
END

T02)+2{3)=-2{NI-21 1)

X3P+ XtNI-X{1D=-X{2}

Yi3eviNnr—Y{1)-¥{2}

I(3+2IN) 201N =-212)

X1sxZ24Y | ¥k24 2 w%2

(X1%X2¢YL*Y2+2L*12} /51

X2 = C*X1L

¥2 - C»vl

12 - C*ll

SQRT (51}

SQRT {X2%%2+Y2+42+72%%2)

X1/51

¥1/S1

21/51

X2/82

Y2/52

12/52

= Xl

= X2
Y1%72-Y2=%21
Yl

=
a

= Y2

= Il%X2=22*X1
= 71

= 12

= XLeYZ-X2%Y1
N

OWTINE TDCOS {NLyN2,N3o+Xe Yy Z, As B

SUBRDUT INE COMPUTES THE DIRECTION COSINES OF THE LOCAL
EM AND THE PROJECTED DIMEASIONS OF & TRIANGL T COHPONENT

ON JTRANSE/ TL(3),T2(3),T3{3}), T(9)
VALENCE (TLRoTE)ETL2,T242) ), 4T13,72{33),1T721,72),4(T22,12121),
3sT2(31)9(T3Le T3 (T32,T3(2))51733,73{3))
NSIDON  X{(1), YI1D)s 2{Ll}, AL1), BLL}

XINY)=X{N3}

YINLI-YIN3}

ZINL)=L(N3}

XINZ) =X (N3)

YiN2)~-Y{N3}

ZINZ2)-2(N3)
= BieC2-82%Cl
= CI*¥A2=-C2%Al
= Al#R2-A2%BL
SQRT (TIVxe24TI2w%24TA32%2}

a T317%

13278

T33/8

T33xT(5)1-TI2*T (B}

TL*TI8}-T33%T(2)

T324T(Z2)1=-T31*T(5)

QRT (TL1%%2sT12%%2+T13222)

TiL/S

Y1278

T13/5

T134T32=TL2+T33

TL1#T733-T13%T31

T12*T31-TileT32
= —T11%A2-T12%82~-T13%C2

TI1*A1+T124314T13%(]

T21%A24T 224824 T234C2
—T21*Ai-T22%81-T23*Cl
—-A{1)=AL2)

-8011-8(2})

[N TR I I B B

RN

56T
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SHELL1032
SHEL 1033
SHEL1034
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SHEL1036
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SHEL1038
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SHEL1040
SHEL1C41
SHELLO42
SHEL 1043
SHEL10644
SHEL1045
SHEL 1045

SHEL1047
SHEL1048
SHEL1049
SHELL1D3Q
SHEL 1051
SHEL1D0S52
SHEL1053
SHEL 1054
SHEL1055
SHEL1056
SHEL1057T
SHELL1O058
SHEL 1059
SHEL1080
SHEL 1061
SHEL1062
SHEL1063
SHEL 1064
SHEL1065
SHEL 1066
SHEL1067
SHEL1D6a
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SHELLOTO
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SUBROUT INE TRFPRD [M:+NEN:Q1+Q2:Q3+P1,P2,P3} ’

THIS SUBROUTINE GENERATES THE TRANSFORMATIONS RELATING A LOCAL
SUBTRIANGLE SYSTEM TO THE NODAL DIS/ROT SYSTEMS AT ITS 3 CURNERS

COMMON /TRANSF/ TL(3)«T2(31,T2(3}s T(9)
DIMENSEGN PL(L}, P2(1l, P3il), QLi1D, Q2(1), Q3(1)
EQUIVALENCE (T11,TL0y(T12oTI2) 1y (T3 TR3) 9 T2 L4 21 41T22,T2(20)y
1 AT23,72(3) 0987314 T {T32,73(2)1,(733,T3L3})
PO 300 1 = 1,3
3

J w1 ¢

K=]+6

PLLI) = TILI)

PLLJY = TLA(I}

P2I{T} = T2(1)

P21y = T2(1})

P3{I} = T3(I}

P3{J) = T3(I)

IF (NEN.ME.4} GO TO 150

Cl = T(I)

CJ = T(J)

CK = TIK)

IF (M) 260,260,240
L50 IF (M) 180,180,200

180 PLIK) = TilI}

P2IK) = T2(I}
P3(K) = TALI)

G0 To 300

200 CI = Q3(I}
CJ = Q3{y)
CK = Q3{K)

240 PL{1) = TLI*QL(I) + TL2*QL(J) + T13eQLIK}
Pl{J) = Ti1%Q2(1} + T12*Q2(J} + TI3#Q2(K])
PZ{I) = T21%Q1{1) « T22*Q1(J} + T23QL{K}
P2{J) = T21%Q2(T) + T22%Q2(J) + T239Q2(K}
P31} = T31*QLUI) + TI2Z#QL(4) ¢ TIINQLIK)
P3{J) = TIAL®Q2(I} ¢ T32*QZ{J}) + T33%Q2(K)

260 PLIK) = T11x(1 + T12%CJ + TL3+LK
P2{K} = T21%L1 +* T22%Cy + T23%CK
PI[K) » T3ILCL + Ta2%Cd + T33sxCK

300 CONTINUE

RETURN
END

SUBROUTINE SLST {(MysKKK)

THIS SUBROUTINE FORMS THE PLANE STRESS STIFFNESS MATRIX AND/OR
THE CONSISTENT LOAD VECTOR OF A LINEAR STRAIN TRIANGLE (LST) WITH
6, 5 OR 4 NODAL POINTS, OR OF A CONSTANT STRAIN TRIANGLE (CST).
LINEAR ELASTIC ANISOTROPIC MATERIAL

TR ETEEL P ERESEER INPUTS F E S 2 S £ S 0 £ 5 X% % 8 &

M NUMBER OF MIOPOINTS IMCLUDED AS NODAL POINTS (M=3,2,1
FOR LST, M=0 FOR CST). NOTE.. MIOPOINTS 4-5-6 ARE
LOCATED ON THE SIDES 2-3, 3-1 AND 1-2, RESPECTIVELY,

KKK OPERATIGON FLAG
KKK LE 0 = FORM STIFFNESS MATRIX AND LOAD VECTOR.
KKK GT 0 = FORM LOAD VECTOR DNLY.

AlT),8(1) I=l...3 PROJECTIONS OF SIDES 2-3, 3-1 AND 1-2 DNTO
X AND -Y, RESPECTIVELY.
Clled} T=1lisu3y J2luuad PLANE STRESS MATERIAL MATRIX.
Hi11l T=l...3 CCRNER THICKNESSES (LINEAR VARIATION ASSUMED).

Inl,,.3 CCLRNER VALUES OF X-¥ COMPONENTS OF BODY +0ORCES

SHELLOTZ
SHELLO73
SHEL1IOT4
SHEL1OTS
SHEL1076
SHELLOT?
SHEL1078
SHEL1079
SHEL 1080
SHEL1031
SHEL1082
SHEL1083
SHEL 1084
SHEL 1085
SHEL10B&
SHEL 1087
SHEL1088
SHEL1D089%
SHEL1090
SHEL1091
SHEL 1092
SHEL1093
SHEL 1094
SHEL1095
SHEL1096
SHEL 1097
SHEL1098
SHEL1099
SHEL1100
SHEL1101
SHEL 1102
SHEL1103
SHEL1104
SHEL110%
SHEL11G46
SHEL1107
SHEL110@
SHEL1109
SHEL1110
SHEL1111
SHEL1112
SHEL 1113
SHEL1L14
SHEL1115
SHEL1ll6
SHELLLLT
SHEL 1114
SHEL1119
SHEL1l20
SHEL1121
SHEL1122
SHEL1123
SHELL124
SHELLL2S
SHEL1124
SHELL127
SHEL 1128
SHEL1129
SHEL1130
SHEL1131
SHEL1132
SHEL1133
SHELL134
SHEL1135
SHEL 1136
SHEL1137
SHEL1138
SHEL 1139
SHEL1140
SHEL1l41
SHEL1142
SHEL 1143
SHEL1144
SHELL145
SHEL 1146

(s i zEesNalslalaNaNs N NNl NeRnNal sl s e Nal

N

* &k

s

140

150

180

190
200

220

PER UNIY OF ELEMENT AREA [LINEAR VARIAT ION ASSUMED].

I’l--13n'J‘l..-3 INITIAL MEMBRANE STRESS COMPONENTS
S1G~XX (J=1), SIG=YY {J=2} AND SIG~XY (4=3 AT THE
CCANERS fr1,2,3 (LINEAR VARTATION ASSUMED).

MT{I+ 3}

0k ok k k B % ok & Kk ok & & QUTPUTS * & % & & % & & & & & & & % & &

121 ,.NDFy Jel..NDF WITH NOF (NUMBER OF DOF) = &#2%M, 5
THE ELEMENT STIFFNESS MATRIX ASSOCIATED WITH THE NODDAL
DISPLACEMENT ORDERING

ULy VEL) yU L2 0, VE20,UL3), caasa Vi3sM)
WHERE Ul&]y oes VI34M), IF M GT O, ARE DEVIATIONS
FROM LINEARITY AT THE MIDPOINTS l...M.

T}

FTLL) T=1..NDF CONSISTENT NODAL FORCE VECTOR ASSOCIATED
WITH THE NODAL DISPLACEMENT DROERING DESCRIBED ABOVE.

COMMON /TRYARG/ A{3),8(3), H{3), HPT(3), C(3,3), SMT{3,3),
1 BMT (3,31, FT(L2), PXI3)4PY(3) 4PTLAL ,RMI3 L, ST(12,12)
DIMENSION Q(343), QA(3}, QB3 )y A4(3), B4{3), IPERM{3},
1 SEX{31,8YYL3), SXY(3)

EQUIVALENCE (SKX,SMT ), {SYY,SMTI4) b, (SXY, SHT(T}}
LOGICAL NOS

CATA IPERM 723341/

NOS = KKK.GT.O0

NDF = 6 + 2%M

AREA = A(3)¥8(2)-al2)%B(3]

SUMH = HIL)+H{2)+H(D)

HO = SUMH/3.

1F {HO} 500,500,140

PXS = PX(iJ#PX(2)ePX(3)}

PYS = PY{1)+PYIZ}+PY(3)

SXXH = 0.

SYYH = 0.

SXYH = 0.

D0 150 1 = 1,3

CH = (SUMH#H(I1) /24,

SXXH = SXXH + CH*SXX(I)

SYYH = SYYH + CH#SYY{(1}

SXYH = SXYH & CH#SX¥(I)
FAC = HO/{2.*AREA)

CLlL = C(1,1¥%FAC

€22 = C{2,2)1%FAL

C33 = C(3,3)*FAC

Cl2 = Cl1y2)8FAC

CL3 = Cl1:3)%FAC

€23 = €(2,3)*%FAC

00 200 J = 1,3

L= )+

FYIL=1] = (PXS+PX{J) I*AREAS24. ~ (BLJIRSXXHEALI b4SXYH)
FTIL} = (PYS+PY{ JJI*AREA/24. = (A{JI*SYYHeB{ S HSXYH)
IF (NOST 6O TO 200

00 190 1 = 1,J

K=1+1

AA = A{II*ALS}

BB = BUTI*B{J}

AB = AtI)Iwe(s)

BA = BU]I%ALJ)

ABA = AB+BA

ST(K=1,E=1) = C11+%BB + C33%AA & C133ABA

STIK 4L )} = C22%4A4 + C33%DB + C23*ABA
ST(K=lysL ) = C12%BA + C3A3#AB + C13%AA + (23888
STIK 4L=1) = Cl2#AB & C323%BA + C1l3*0B8 + C22%AA
CONTINUE

IF (M) 350,350,220
DO 240 1 = 1,3
Aell) = &.%A(1)
84011 = 4.%8(1)

J = IPERMIT)

K = IPERM(J)

R = H{1)/HD
QUIs1} = 0.L#R/15.

¢St



16-a

SHELL147T
SHEL1148
SHELL149
SHEL1150
SHELELSL
SHELLL152
SHEL1153
SHEL L1154
SHEL115%
SHEL1156
SHELLL57
SHELL158
SHEL L1159
SHEL1160
SHEL1161
SHEL1162
SHEL1163
SHEL 1154
SHELL165
SHEL1l686
SHEL1167
SHEL1168
SHELL169
SHELt1TO
SHELELTL
SHELLLT2
SHELL1T3
SHEL1174
SHEL117S
SHEL1l 76
SHEL1177
SHEL1178
SHEL 1179
SHELL180
SHELL181
SHEL1l82
SHELL1G3
SHEL 1184
SHEL1185
SHEL1186
SHEL L1187
SHEL1188
SHEL1189
SHEL1190
SHEL 1191
SHEL1192

SHEL 1193
SHELL194
SHEL1195
SHEL1196
SHEL1197
SHEL 1198
SHEL11%9
SHEL 1200
SHEL 1201
SHEL1202
SHEL1203
SHEL1204
SHEL120%
SHEL 1206
SHEL1207
SHMEL1208
SHEL1209
SHEL1210
SHEL1211
SHEL1212
SHEL1213
SHEL1214

[sXalsisEEEels NaRaRaleRaRaNaRa e NaNeRa ol ol

Q(JeK) = 0,1-R/60,

240 QUH,J) = QLJ.K)

£0 300 J = 1,M

41 = IPERM{J])

Jd2 = IPERMIJL}
L=J+J}+6

FX = 0.

FY = 0.

00 250 N = .3

Ql = QiNsJ1)

Q2 = QiN,J2)

QAINY = Q2¥A4lJLI+0QI*AsiI2)
QB(N] = Q2*B&(41)+Q1l*Ba{ 2}
FX = FX = QBIN)*SXX(N}=QALN}®SXY{N]

250 FY = FY = QA(NI=SYY(N)=QB{NI*SXY (N}

FT(L-1) = (PXS~PX{J})*AREA/12. + FX¥HO/2.
FT{L) = (PYS-PY(J}I®*AREA/LZ. + FY®HO/2.
IF (NOS) GO TO 300

SUMQA = QA{1)+QA(2)+QA(3)

SUMEGB = QfAl1H+ABC214+QB{3)

M = § + 3

0C 290 1 = LlsJM

K=T1T¢+TI

IF (1.GT.3) GO TO 260

AA = A(L)ESUMQA

AB = A{I)*5UMIB

BA = B{I)®SUMRA

88 = B{I}&SUMQB

G0 TO 280

260 1t = IPERM{I-3)

12 = IPERM(IL}

AA = AL{I21*QA(I1)+A4{T2)*QA(I2}
AB = A4(T2)¥QB{T I vAS{TLI*QBII2}
BA = BA{IZ2)*QA(I1}+B4A(]1)*QALI2)
BB = B4(IZ)P*QBII1)+B4(I1)*QB{12)

280 ABA = AB+BA

STIK-1,L-1} = C11%8B + C3I3%AA + C13¥ABA

STEK oL ) = C22%AA + C33%BB &+ (23%AB8A

STUK—14L } = CL2¢BA + C33%AR + ClI*AA + (23=08
290 ST(K «L=1) = CL2%AB + C33%BA + Cl34BB + (23%AA

300 CONTINUE
350 DO 400 I = 2,NDF

DO 400 J = 1,1

400 ST{I4+Jd] = STUJ+1)
800 RETURN

END

SUBROUTINE SLCCT (MyKKK)

THIS SUBROUTINE FORMS THE PLATE BENDING STIFFNESS AND/OR THE
CONSESTENT LOAD VECTOR OF A LINEAR LURVATURE COMPATIBLE TRIANGLE
(LCCT} WITH &¢ 5¢ & OR 3 NOBAL POINTS

*oh ok A &k kR ok &k k INPUTS & & % & & & & & & & & % & % & &

M NUMBER OF MIOPOINT DEGREES OF FREEDOM {M =3+241)0).
NOTE.. MIDPOINTS 4-5-6 (IF INCLUDED) ARE LOCATED BN
SIDES 2-3, 3-~1 AND 1-2, RESPECTIVELY.

KKK OPERATION FLAG
KKK LE 0 = FORM STIFFNESS MATRIX AND LOAD VECTOR,
KKK GT 0 = FORM LOAD VECTOR ONLY.

AlT).B(1) I=#lese3 PROJECTICAS CF SIDES 2-3, 3~1 AND 1-2 ONTO
X AND =Y; RESPECTIVELY.
CllIyd) I=leaedy J=lasad PLANE STRESS HATERIAL MATRTX.

SHEL1215
SHEL1214
SHELL1217
SHEL 1218
SHEL1Z19
SHEL1220
SHELL1221
SHEL1222
SHEL122Z3
SHEL1224
SHEL1225
SHEL1224
SHEL 1227
SHEL1228
SHELL229
SHEL1230
SHEL123)
SHEL1232
SHEL1233
SHEL123%
SHEL1235
SHEL1236
SHEL1237
SHEL1Z38
SHEL1239
SHEL 1240
SHEL 1241
SHEL1242
SHEL1243
SHEL 1244
SHEL1245
SHEL 1246
SHEL1247
SHEL1248
SHEL1249
SHEL1250
SHEL 1251
SHEL1252
SHELL1253
SHEL1254
SHEL1255
SHEL1256
SHELL1257
SHEL1258
SHEL 1259
SHEL1260
SHEL1261

SHEL1262

SHEL1263
SHEL1264%
SHEL1265
SHEL1266
SHEL1267
SHEL1Z68
SHELLZ269
SHEL1270Q
SHEL1271
SHEL1272
SHEL1273
SHEL1274
SHEL1275
SHELL276
SHELL1Z277
SHEL1278
SHEL1279
SHEL12ZBO
SHEL12B1
SHEL1282
SHEL1283
SHEL12B4
SHEL 1285
SHEL1286
SHEL1287
SHEL128B8
SHEL1289

OOMNOOONOAOOOONOONG 0000

B

* %

s

120

LIS 8] I=1,..3 CORNER THICKMNEXSEE (LIMEAR YARIATION A

TN I=l...3 CORNER VALUES OF LATERAL DISTRIBUTED LOAD
(LINEAR VARIATION ASSUMED),

MT(I.J} I=leu03s J=leea3 INITEAL BENDING MOMENT COMPONENTS
MOM=XX {d=1}, MOM-YY (J=22) AND MDOM-XY (J=3) AT THE
CORNERS Ial.s.3 (LINEAR VARIATION ASSUMED) .

ok ok ok ok ok % ok ok % ok ok & QUTPUTS * # * & % * % % & % & * = % £ %

TEIe ) 1=1..NOFy J=1,.NDF WITH NDF (NUMBER OF DQF} = 9+M, [5
THE ELEMENT STIFFNESS MATRIX ASSOCIATED WITH THE NODAL
DISPLACEMENT ORDERING

WILERX(LI,RY T}, ME2), cues RYE3I4RMiLIY 20 RM(M}
WHERE RM{1)y eso RM{M)y IF M 5T O, ARE MIDPOINT
DEVIATIONS FROM NORMAL SLOPE LINEARITY

FI(I) I=1..NOF CONSTSTENT NODAL FORCE VECTOR ASSOCIATED
WITH YHE NODAL DISPLACEMENT QROERING DESCRIBED ABDVE.

COMMON /TRIARG/ A(31,8031, HMT{31, H(3), C{3,3), SMT{3, 3},
1 BMT{3,3), FT(12), PX133,PY{3) PT{3},RM{3)y ST{12,12}
DIMENSION P(21r12)s GE2L)y QU3,5), QBi3s6)y TU31; U2}, w7133,
1 TX(31, TY(3): IPERM[3}, XM(3,3}, XMO(3)

EQUIVALENCE (CMLY,CU10),LCML2,C(2}),(CHL3,C03H),{CM224CU51],
1 (CM23,C(61)¢(CHAZ, CLT))

LOGICAL NOS, FLAT

DATA IPERM/2:3+1/

HO = (HUL}+H(214HI31)r3,

IF {HO.LE.0.} GO TO 1000

NOF 2 9 + N

NOS = KKK.GT.O

FLAT = (H{1).EQ.H{2}).AND. (H{2) .EQ.HI3Y)

AREA = A(3)#*B{2)-a{2)¥B(3)

FAC @ HO%¥3%AREA/864,

PTF = AREA/6480.

T3 = L.

DO 150 1 = 1,3

J = IPERMUTI

X = IPERMLJ)

K o= ALLP**24B(1 )&%

YOTH = ~CACT 1RALJ) #BCT I*B{IND /X

X = SQRTIX)

Y = 2,%AREA/X

TX{EY = Y*A(I}/X
TY{l)y = ~veB([)/X
Al = AUI)}/AREA
A2 = A{JIZAREA
81 = B{TI}/AREA
B2 = B(J)/AREA

Q{l,I1} = B1=*Bl
Qt2,11 = Al*AL
Ql3,11t a 2.kAL¥B]

QULyI#3) = 2.%B1¥8Z

Q(2,T¢3) = Z,%A1#42

Qi3,L431 = 2.%{Al«B24A2481)

DO 120 N = 1,3

XM{NyI) = BMTIN, [} ®AREA/72.

IF (FLAT) GO TO 150

D0 140 N = 1.3

L = [PERMIN)

TELE = HINI/HO

TL2) = H(L)/HO

IF (T{11.GT.0.1 XMIN,I) = XMIN,T)/T{1)%%3
€1 = Ti1)

2 = T{N

€3 = T}

C4 = C2¢(2

€11 = Ci*CL

C23 = C2%(3

€5 = CAR{2.2C14C4) + 6,11 — 2,%(23

9¢1
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SHEL1290
SHEL1291
SHELL292
SHEL1293
SHEL1294%
SHEL 1295
SHEL1296
SHELL129T
SHEL1298
SHEL1Z299
SHEL1300
SHEL 1301
SHEL1302
SHELL303
SHEL1304
SHEL1305
SHEL1306
SHEL1307
SHEL1308
SHEL 1309
SHEL1310
SHELL1311
SHELL1312
SHEL 1313
SHEL1314
SHEL1215
SHEL1316
SHEL 1317
SHEL1318
SHEL1319
SHELL320
SHEL1321
SuEL 1322
SHEL 1323
SHEL1324
SHMEL1325
SHEL1326
SHEL1327
SHEL 13238
SHEL1329
SHEL1330
SHEL 1331
SHEL1332
SHEL 1333
SHEL 1334
SHEL1335
SHEL 1336

SHEL1337

SHEL1338
SHEL1339
SHELE340
SHEL 1341
SHEL1342
SHEL1343
SHEL 1344
SHEL1345
SHEL 1344
SHEL13&7
SHEL1348
SHEL 1349
SHEL1350
SHEL 1351
SHEL1352
SHEL 1353
SHEL1354
SHEL1355
SHEL1356
SHEL1357
SHEL1358
SHMEL1359
SHEL 1360
SHEL1361
SHEL1362
SHEL1343
SHEL136%

140
150

€6 = C5 & 3.¥CawCs - 4.*{C11+(23)

QBINgl ) = (CL®(L0.*CLL-3.0C23)¢(6*(5}/17.5 - 2.0
QBINy 143} = (CL*{C11-2.%C23}+CH3C4)/35.0 « 1.0
CONTINUE

00 200 [ = 1,3

4 = IPERMIN

K = JPERM(J)

1T = 3*]

JJ = 3%y

KK = 3K

AL = A{D)

A2 = ALJ)

A3 = A(K)

Bl = B(I}

B2 = B8(J}

83 = B{IK)

ur = wn

uz = ut)

U3 = WK)

WL = l.-ut

WZ = 1,-U2

W3 = 1.,-U3

810 = Bl + B1 -
B2D' = B2 + A2

830 = B3 + B3

ALD = A} + Al

AZD = A2 + A2

A3D = A3 ¢ A3

C21 = pl-B3*ul + TX(K)

C22 = =BID+B2¥W24+B3%U3 + TX(J)=TX(K)
C31 = Al-A3%U3 + TY{K)

€22 = =BlD+B2%N2+B3%U3 + TA(JI=-TXIK}
€31 = A1-A3%U3 + TY(K)

C32 = =ALO#A2%H24A32U3 &+ TY(J)=TY (K]
€51 = B34N3-B2 + TX(K)

€52 = B2D-B3*W3-Bl*Ul + TX{L}=-TX(K]
CH1 = AB*NI~A2 + TYIK)

C62 = A2D-AIMNI-ALPUL ¢ TY(I}-TYI(K)
€81 = B3—-B2D-B2%U2 + TXx(d)

C82 = BID=-B3+B1aWL + TX(I}

COL = A3~-A2D-A2#)2 + TYL3)

€92 » ALD-A3#AL*W] + TY(I)

Pl = PTLLIPTF
PZ = PT{J}*PTF
£3 = PTLKI#*PTF

U3t = T.%¥u3
WZT & T.®N2
NZ4 = 4.4W2
U34 = 4,.%U3
Cl = 54,4027
C2 = 54,437
C3 = 15.4H24
€46 = 39,4037
€5 = 39,#W27
C6 = 15.,4U36

TXS = TXUJI+TXIK])

TYS = TYLJYIeTYVIK)

ET(IT-2) = 6.2 {90.+U3TeW2TI¥PLe{36.¢U3T4H2415P2 ¢( 5. +U3S4eHZT ISP 3}
FT{II=-1) = (CL®B2-C2¥B347,*TXSI*PL + (CI*B2-CA¥BI+4.*TXSs
1 3.*TX{KII®PZ & (C5%B2-Co8BI+a, STXSHILFTX(J))I*PI

FTLIL} = {C1*A2=C24A3+T . ATYSI4PL ¢ (CISAZ-CA®AI+4, 4TYS+
1 3%TY(K)I*P2 & ((LS*A2=-COo*AI+&. 2TYS4IATY(J) }*PI

FTIK#9) = (7.%(PL+P2) #4.*PAIRHT (K}

XMOLID = (XM(L, I 0eXM(2,1)¢XM(3,100/3,

DO 200 N = 1,3

L= 6%(I-1} ¢ N

Qll = QeN.T}

Q22 = Q(Nys J)
Q33 = Q{N.K)
Q12 = QIN,T+3)
Q23 = QiN,J¢3)

Q3L = QENyK#3)

Q2333 = Q23033

Q3133 = 031-Q33

PiL #11-2) = 6.6(=0114W2%A33+UI%02333)

SHEL1365
SHEL1366
SHEL 1367
SHEL 1368
SHELL369
SHELL1370
SHEL1371
SHEL 1372
SHEL L1373
SHEL k374
SHEL137S
SHEL1376
SHEL1377
SHEL 1378
SHEL1379
SHEL1380
SHEL1381
SHEL1382Z
SHEL 1383
SHEL13B4
SHEL1385
SHELL386
SHEL 1387
SHEL1388
SHEL 1389
SHEL1390
SHEL 1391
SHEL1392
SHEL1393
SHELL1394
SHEL12395
SHEL 1394
SHEL 1397
SHEL1398
SHEL1399
SHELL1400O
SHEL1401
SHEL1402
SHEL 1403
SHEL1404
SHEL1405
SHEL 1406
SHEL1407
SHEL 1408
SHEL1409
SHEL1410
SHEL1411
SHEL 1413
SHEL1414
SHEL1&l5
SHEL14L6
SHELL14L7
SHEL 1418
SHEL1&419
SHEL1420
SHEL L1421
SHEL1422
SHEL 1423
SHEL 1424
SHEL 1425
SHEL1426
SHEL1427
SHEL 1428
SHEL1429
SHELL1430
SHEL L1431
SHEL1432
SHEL 1433

200
300

320

340

360

340

3350
400
10¢0

PIL  ¢Il-1} = C21%Q23+C229033-B30%Q12+B20%Q31
P{L fI1 ) = C314Q234C324Q33-A2D%Q12+A20%Q3)
PIL  4dJ=2) = 6.%(Q22+4W3%Q2333)

P(L  yJJ-1) = C51*Q2333+830%Q22

PIL  9JJ ) = C61*Q23I3+4AD9Q22

P{L  sKK=2) = G.*[1.+U2}%Q33

PIL  +XK=1) = CB14%Q33

P(L KK ) = C91*Q33

PIL  +149 ) = O.

PIL  »J+9 ) = HT(J)1%Q33

PLL JK+9 ) = HTIK)*Q2333

PIL#3 »T1-2) » 6.%(Q11+U3Q3133}

P(L#3 SE1-1) = C21%Q3133-830%ClL

PIL#3 ,I1 ) = C31#Q3133-A30%Ql11

PIL+3 yJd=2) = 6.4{=022+U1+Q33+W3403133)

POL+Y ,JJ-1) = C51%Q31+052%Q33+BINFQ12-B1D*Q23
PLL#3 4JJ ) = C61%Q314C5629Q334A3D%Q12-A10%Q23
P(L®3 pKK=2) = 6.#(1,4N1)%Q33

P{L#3 ,KK=-1} = CB2%Q33

PLL¥3 LKK ) = C92xQ33

PILEI 149 ) = HT(1)*Q33

PIL#*3 13+ ) = 0.

PIL+3 ,Ke9 ) = HT{K)*Q3133

PINSLB,TI-2) = 2.%(QL1+U3*Q12¢W2%Q31)
PIN#1B,KK~1} = {({BLD-B201#Q33+C829Q234C81%Q31) /3.
PIN#18,KK } = {([ALD-AZD)*(334C929Q23+CIL*Q31)/3,
PIN+LBsKe9 ) = HT{KISQL2/3.

DO 400 J = 1,NDF

DO 340 L = 1,2

Il = L

KK = [ + 18

P3 = PUKK, S}

GLKK) = O,

D0 340 N = 1,3
I = IPERM(N)

Ju o= 1
PL =P
P2 = p

I1+13
(11,4
[FFPR] ]

SUM = PL ¢« P2 + P3
Gl = SUM + Pl
G2 = SUM + P2
G3 = SUM &+ P3

IF (FLAT)

GO TO 320

Gl = Gl + QBIN:11%P1 + QBIN,&}%P2Z + QBI(Ns5)2P3
G2 = GZ + QBN+ 6I*PL ¢ QBIN+2}5P2 ¢ QBIN, 4} %P3
G3 = G3 + QB(N,SIsPLl + QBIN,4 P2 + QBIN,3)%P3
GLII) = G

1t =¥

1+ 6

FTUJ} = FT{J} = XM{NsLI¥Gl ~ XM(T,L 0%GZ ~ XMO{L)*G3

IF (NOS} GO TO 400
00 360 N = 1,19,3
Gl = GIN}

62 = GIN+1)

G3 = G(N+2}

GI{N) = CML1I%GLl + CM12%G2
GIN#1} = CM12%G1l + CM22¥G2
GIN#2} = CML3*G1l ¢ CM23¥G2
DO 390 I = LvJ

oo 380 K = 1,21

X = X ¢ GINJ*PIN, [}
X = X®FAC

ST(leJ) = X
STids1) = X
CONTINUE

RETURN

END

*

+

CM13%G3
CH23463
CM338G3

st
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BOUN 1 SUBROUTINE aCUND : BOUN 69 SAL1s2)=T24TRACE

BOUN Fd COMRON At1) BOUN 70 SA(193)3T3®TRACE

BOUN 3 COMMON /ELPARS NPAR(14), NUMNP,MBAND,NELTYP ,NL,N2 N3, N4, N5, MTOT,,NEQ BOUN 71 StLy1l)=T1*T1#TRACE

BOUN 4 COMMEN 7/ JUNK 7 LT LHeL,SIG(20) BOUN 72 S{1+2)=TLRT2*TRACE

BOUN 5 ¢ BOUN 73 SE1,3)=T1=T3*TRACE

BOUN 3 1F (NPAR(L}.EQ.Q) GO TC SO0 BOUN 7% S(2y2)2T2*T2¥TRACE

BOUN 7 CALL CLAMP (NPARI(Z2),ALNLY  A(NZ] JA(N3),AING), NUMNP,NBAND] goOUN TS S{2y3)=T2*TI*TRACE

BOuN 8 RETURN BOUN 76 S{3¢3)=TI*TI*HTRACE

BOUN 9 ¢ BOUN T7 PP=TRACE*SD

8OUN 10 500 WRITE (6,2002) ROUN 78 RULI=T1*PP

BOUN 11 NUME=NPAR(2) BOUN 79 R{2)=T2ePP

BOUN L2 DO 803 MM=1,NUME BOUN 80 R{3}=T3%PP

B0uN 13 CALL STRSC [A(N1I¢AIN3})NEQ,0) 80UN 81 GO TO 35¢

BOUN 14 WRITE (56,2001) BOUN 82 300 S(ly1)=0a

BOUN 5 DO 800 L=LTsLH BOUN 83 S{192)=0.

BOUN 16 CALL STRSC (A{N1),AIN3)/NEQ,1) BOUN B4 SiLl,3)=0.

BOUN 1T WRITE (56,3002) MMyL,(SIG{TI1,0I51,2) BOUN 85 §42,2)=2.

80UN 18 800 CONTINUVE BOUN 86 5(2,3)=90.

BOUN 19 RETURN BOUN 87 S5{3¢3)=0.

BOUN 20 C BOUN 88 SA[L:14=0.

BOUN 21 2001 FORMAT (s} BOUN 89 SAl1+2)=0.

BOUN 22 2002 FORMAT (/18HO CONSTRAINT FQRCE J/ BOUN 90 SAl1.3)=0.

BOUN 23 1 55H NODE NUMBER LOAD CASE FORCE MOMENT/ /) BOUN 91 R(1}) =0,

BOUN 24 3002 FORMAT (1X,2I10+4X,2E15.51) BOUN 92 R{2)=0.

BOUN 25 END BOUN 03 R(3)=0.
BOUN 94 ¢
BOUN 95 350 IF {XR.EQ.O} GO TO %00
BOQUN 96 SA(2Z,%)=T12TRACE
80UN 97 SA{2,53=T2&TiACE
BOUN 98 SAL2,4)=T3*TRACE
BAOUN 99 SCaya)=T1*T1I#TRAGE
BOUN 100 S(%e5)=T1*T2ZHTRACE

BOUN 26 SUBRDUTINE CLAMP (NUMEL (TO,Xs Y, Z, NUMNP s MBAND Y B0OUN 101 St4s6)=TLETIMTRACE

BOUN 27 COPMONZEM/LMI24 ) yNDpNSyS124026) o PI2%4p &0 XM{22) ¢ SAC12,24) yTTI1Ze4} BOUN 102 SI5:5)=T24T24TRAGCE

BOUN 28 DIMENSION XULl14V11)9ZU1)2IDINUMNP,1) BOUN 103 SES 612 T2*T3*TRALE

BOQUN 29 COMMON / JUNK 7 R{6)RML4) BOUN 104 S(6s5)=TIATTIXTRACE

BOUN 30 ¢ BOUN 105 PP=TRACE®SR

8OUN 31 DO 30 I=1, 1058 BOUN 106 R{4)=T1%PP

BOUN 32 30 LN{(I)w0 BOUN 147 RESt=T2%pD

BOUN 33 N§=2 BOUN 108 R{&6)=T3I*PP

BOUN 34 NO=6 BOUN 109 GO TO 450

BOUN 35 READ (5,1005) RM BOUN 10 400 S(4¢4)=0.

8OUN 36 C BOUN 111 §$(4,51=0.

BOUN 37 RE=0 BOUN 112 Sl4y 610,

80UN 38 WRITE (6,2000) NUMEL BOUN 113 5({5,5)=0.

BOUN 39 210 KG=0 BDUN 114 5{5s6)=0.

BOUN 40 MARK=0 BOUN 115 S{bsbl=0a

BOUN 41 C e e e B BOUN 116 SA[2y4)=0,

BOUN 42 200 READ (5,10001 NP,NI,N4,NK,NL,KDyKRyKN,SD,SR,TRACE BOUN LL7 SAL2,5)=0.

BOUN 43 IF (TRACE.£Qe0.) TRACE=1.0E+10 BOUN 118 SA{2,6)=0.

BOUN 4% IF (KG.6T.0) GO FO 550 AOUN 119 Ri4)1=0.

BOUN &5 C BOUN 120 RES)I=0.

BOUN 46 KG=XN BOUN 121 RI5)=0.

8OUN 47 IF{NJ.EQ.0} GO TO 250 B80UN 122 450 00 500 I=2,%

BOUN &8 X12X(NJI-XINT) BOUN 123 I1=1-1

BOUN 49 Y1=Y{NJI=¥INI} BOUN 124 00 500 J=1.11

BOUN 50 Zi=Z(NJI-Z(NT) BOUN 125 500 StI+Ji=StJe1)

BOUN 51 XZaX{NLI-XINK} BOUN 126 D0 520 I=1.,ND

80UN 52 ¥2=Y{NL}=YINK) BOUN 127 b0 520 J=1,4

BOUN 53 Z2=Z{NL}=-Z{NK} BOUN 128 520 PUI¢Jb=R{1}I*RHLY)

BOUN 54 TlaY1%Z12-v2%1} BOUN 129 NN=NP

BOUN 55 T2a21*X2-72¥x1 BOUN 130 NNI=NI

BOUN 56 T3aXLBY2=-X2%Y] BOUN 131 ANJ=NJ

BOUN 57 GO TO 260 BOUN 132 NNK =NK

BOUN 58 250 TlaxX{NI)~XINP} BOUN 133 NNL=NL

BOUN 59 T2oY(NII-YI{NP) BOUN 134 NK DakKD

BOUN 60 T3aL{NI)-Z(NF) BOUN 135 NKR=KR

BOUN 61 260 XL=TL*TL+T2%T2+T36T2 BOUN 136 $50=8D

BOUR 62 XL=S0RT (XL} BOUN 137 SSR= SR

BOUN 63 Ti=TL1/ XL BOUN 138 TTR=TRACE

BOUN  b& T2=T2/X1 BOUN 139 GO TO 560

BOUN 65 T3aT37XL ROUN 140 550 MARK=1

BOUN 65 . BOUN 141 555 NN=NN+KG

BAUN 67 IF (KD.EQG.0) GO TD 300 BOUN 142 NNISNNI+KG

BOUN 68 SA{1;1)aT1*TRACE BOGUN 143 560 WRITE (621001 NNyNMI,NNJ NNKNNL oNKD s NKR KN+ SSDsSSRsTTR

8CT



re-a

BOUN
BOUN
BOUN
BOUN
BOUN
BOUN
BOUN
BOUN
A0UN
BIUN
BOUN
BOUN
BOUN
BUUN
BOUN
B8IUN
BOUN
BOUN
BOUN
BJUN
BOUN
BOUN
BOWN
BOUN
80UN
BOUN
BOUN
BOUN

lad
145
146
147
148
149
150
151
152
153
154
185
156
Ls?
158
159
160
161
162
163
164
165
-3
167
168
169
170
171

NEaNC+1

DO 600 I=1,ND

600 LMC1I=T0(NN. T}
c .

<

NDM=24

CALL CALBAN (MBANDyNOIFsLMyXMsS P eNO,NOMI

WRITE {11 MOsNSH{LMI{L),L=14ND)s (CSA{L,KIsL=1+NSF+K=14ND},
L CUTTOL Ky L= NSy K=14)

IF [ N «EQ. NUMEL ) GO TO 700
IF (NN.LT.NP) GO TO 555
IfF {MARK.EQ.1} GO TO 210
GO TO 200
TO0 WRITE {6&,2005) RM
RETURN

1000 FORMAT (815,3F10.0}
1005 FORMAT (&F10.0)}
2000 FORMAT {25t1 o+..BOUNDARY ELESMENTS...//28H CELEMENT TYPE.casoaseo®
« T//23H NUMBER OF ELEMENTS...= I3 ///
s 6X 4HNODE 40H «.NODES DEFINING CONSTRAINT DIRECTION.. 5X SHCODES
»  5X 7X SHDISPL S5X B8HROTATION TX SHSTIFF/9X 1HN BX 2HND 8X 2HNJ
. BX 2ZHNK 8X ZHNL 3X ZHKD 3X 2HKR 3X 2ZHKN [1X IHD 11X LHR 11X 1HS$}
2005 FORMAT (7////25H ELEMEKRT LOAD MULTIPLIERS//
. 9X 1HA 9X 1HB 9X 1IMC 9X 1HEL 74F10.4)
2100 FORMAT {S110,315,1P3E12.2)
END

66T
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TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHE
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
TEHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL

OO NP

OO0 00

SUBROUT INE THKSHL

COMMON JELPAR/ NPAR(14), NUMNP,MBAND NELTYPSNLyN2 yN3y N4y NSy HTOT 4 NEQ
COMMCN FJURKS MMyl KNTAG,51G12001)
COMMON A(1)

IF{NPAR{1).EQ.0) GO TO 500

N6=NS+NPAR (3)

NT=No+NPAR (3)

NB=NT+NPAR{3)

NO=NB+NPAR (3}

Nl O=N9 #NPAR(4)

N1L=N10+NPAR (&)

N12=NL1eNPAR{%4)

N13=N1Z+NPAR (4}

N14=N13463%63

N15S=N14+42%63

TF(N15.GT.MTOT) CALL ERROR{N15=MTOT)

CALL ELST3D {A{NL3),AINL4) NP AR{Z I, NPAR(3),NPARI S}, ACNLY AINZY,
TACNI) pAGNA) g AINSI S ACNE I pAINT) dA(NB) pA(NT) yAINLD) yAINIL 2 AINL2) s
ZNUMNP)

RETURN

500 CONTINUE

CALL ST3D1€& (A{N3),AINL)sNEQsNPAR(2)}
RETURN
END

SUBROUTINE ELST3D {5,5TRyN3IDEL, NMAT yNLDs IO, X5 Yy Zp EERENURHO, ALPT
IKTYPE+PRy YREF ¢NFALE ¢ NUMNP)

STIFNESS SUBROUTINE FOR 48 D.F. ISGPARAMETRIC30 THICK SHELL ELEM.
LINEAR ELASTIC JSOTROPIC MATERIAL

NINTSNINT*{NINT~1} GAUSSTAN INTEGRATION RULE USED

NINT=1+24344

COMMON FELPAR/ NPAR{14),NUMN , MBAND,NELTYP N1oN2N3yN4, NS, MTOT \NEQ
COMMDN/EM/EM{58) ,ND o NDMyRF {53443 o XM(48)y SALZL13),0L126),TT[48),
LXLF{4 )y YLF 140 ZLF{4} s TLFL4 )y PLE(4) NP {18}, INPLL& ), 0ETTLLS)

GOMMON £JUNKS E1,£2,E3,DET,MLOI4),KLDE&) MULT(4) 4AL3, 30,
1PU3,21)9B03,3), XX(1643)yQ019) REFT,TNELy ININT,TMAT 1 INC,TTEMP NEL,
2ML yNINTpMAT g INC s TAGeTEMP s SKIP 31+ JoKsL s FAC,CCLyCC2yCE34LC4y Gy DEN,
BFACTGT1GGaC1eC24C39CeK14K2

COMMON/GASS/XK {4 ,4 boWGT (4,4}, IPERM{ 3}

CIMENSION S(639631 STRIS2963)4KTYPECL) PRULI+YREF{ L) 4NFACE(L)y
AXELY oY CEY 2 ZUL) IDCNUMNP LD 4EE (LY pENULED sRHO(L) ¢ ALPT (L)
OIMENSION STPTS(7.3)

DATA TPERRK f 24341 /

DATA XK / Qo Qeor O.y Qet
1 ~.5773502¢91896, 5773502491 8%6, Ouy Ouy
2 = T14596£692415, 0000000000000, «TT45966692415, [ 79
3 -.861135631159414~,3399810435849, «33998L0435849, ,8611363115941/

DATA WGT /7 2.000, Q.0 1 199 [ 29
1 1.0000008000000,1.00000000060300, Ouy [+
-2 . 9555555555556, «86808883888889, .5555555555556, Qay
3 ,3678558451375y +5521451548E25y 6521451548625, 3478548451375/
CATA STPTS /7 04 + Lo 2=ls » O0u ¢ Os » 00 s O ¢
1 O o Ou 9 0u » 1o 4=le » 0u o+ 0u ¢
2 Os 9y 0 » Ou y Oa v Do oy Lla o~ls /

00 & I=1,350
§ LM{11=0

MATERIAL PROPERTIES

TSHL
TSHL
TSHL
TSHL
TSHL
T3HL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSuL
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
TSHU
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL

124
125
126
127
128
129
120
131
132
133
134
135
136
137
138
139
140
141
142
143

[aRulal

[3¥2)

19

15

16

23

20
3

O

40

50

55
56

33

57

58
59

&0
61

&%
€2

£0

63

100

WRITE {&,1300)
DO 10 I=]1,NMAT
READ  (5,1001) N,EE(NI,ENUINI,RHOIN): ALPT{N}
WRITE (6,2001) N.EE(N},ENU{NI,RHO{NI ALPTIN)

ELEMENT DISTRIBUTED LOAO CARDS
IF(MLD} 23,23,15

WRITE {6,1202)
D0 16 I=14MNLD

READ  {5,1002) NsXTYPEIN)sPRIN) ;YREF(N), NFACELN}
WRITE (6,2002) NoKTYPE(N)+PR{N) ,YREF(NI,NFACE (N}

READ [5,1003) REFT,GRAVyPLFyTLFyXLFYLF,ILF
WRITE {642003) REFTyPLFyTLFeXLFYLFyILF
GRAV=1.0
WRITE {&,1301%
NEL=0

READ {5,1000)
00 29 I=1,4
MULT{I)=1
IF(TINC.EQ.O) TINC=1
IF(IMAT,EQ.O) IMAT=1
NEL=NEL+1

ML= INEL-NEL

IE(ML] 50,55,60

WRITE {6,4003) INEL
STOP

DO 56 1=1,16
NR{I)=INP( I
NINT=ININT

MAT=IMAT

INC=IINC

TAG=1H]

TEMP=TTEMP

SKIP=999,

IF{NINT) 33,33,57
NINT=IABS {NINT)
SKiP=1,

IFININT.EQ.O) SKIP=O,
CONTINUE

0O 59 1=1,4
KLD{T)=TABSEMLDLT )Y
IFUMLD(I)) 58458459
MULT (T }=0

CONTINUE

60 TO &2

00 61 I=1,16

NE{I)=NP(I}+INC

TAG=1H

D0 64 I=1l44

KLD(I)=KLD{L)*MULTH])

WRITE {6,20001 NEL.NP:NINT MATTAG:XKLDTEMP

DD B0 I = Lglb

K=NP{I}

XXCE, Lh=X{K)

XX{I,21mY(X)

XX(Y p3)=2EK]

K=MAT

CC4=ALPT{K % {TEMP-REFT )

FAL = EE(K)/{{1a=2.2ENULKII*( 1. +ENUIK) )Y
FACTsFACRALPTIK ) #({TEMP~REFT)#{1.+ENU(K])])
IF(SKIP) T0:7Ds63

SKIP=3KIP=-1,

CCl=1.-ENU (K}

CL2=ENUIK)

CC3=L5-ENU(K)

DEN = RHO{K)

L3=s3%63
DO 100 I=1l,4L3
S(I)=0.

TNELs ININT I PAToIINC, HLDy TTEMP ¢ INP

091
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TSHL 144 DD 110 I=1,48 TSHL 219 E2=STPTS(LL+2}

TSHL 145 110 T7(I)=0, TSHL 220 E3=8TPTS(L1,3)

TSHL 146 00 120 I=l:lé TSHL 221 CALL FUNCT(2,5A)

TSHL 147 120 DLE1Y=0. TSHL 222 DETTILLI=DET

TSHL 148 € TSHL 223 C

TSHL 189 C LOOP OVER NINY®#3 INTEGRATION POINTS TSHL 224 L3=64L1=0

TSHL 150 € TSHL 225 D0 402 K=1,21

TSHL 151 MINT=NINT~1 TSHL 226 K3=3%K

TSHL 152 00 300 LX = L¢NINT TSHL 227 K23K3-1

TSHL 153 E1=2XK{LXyNINT) TSHL 228 K1=K2~1

TSHL 154 DO 300 LY = L,NINT TSHL 229 STR{L3+1,K1) = SA{K,I)
TSHL 155 E2cXKILY,NINT) TSHL 230 STR{L3#2,X2) = SA(K,2)
TSHL 154 00 300 L2 = L4MINT TSHL 23% STREL3+3,K3) = SA(Ks3)
TSHL 157 E33XKI(LZ,MINT) TSHL 232 STRIL3+4,K1} = SA(K,2)
TSHL 158 C TSHL 233 STR{L3I*+4,K2) = 3ALK,1)
TSHL 139 CALL FUNCT1{1:SA}) TSHL 234 STR{LI#5,K2} = SA(K,3)
TSHL 180 C TSHL 233 STR{L3I+5,K3) = SAlK.2)
TSHL 161 G = WGTUILX JNINTI*¥WGTEL Yy NINT}®WGT (L24MINT) TSHL 236 STR{L346,KL) = SA(K,3)
TSHL 162 GT=G TSHL 237 402 STRIL3+6,K3) = SA(K, L}
TSHL 163 GG=CGHDET*DEN TSHL 238 C

TSHL 164 GeG*FAC/DET TSHL 239 405 LZ2=L2+3

TSHL 165 CiaG*CC1 TSHL 240 C

TSHL 166 €2=G*CL2 TSHL 241 € STATIC CONDENSATION
TSHL 167 €3=G*CC3 TSHL 242 C

TSHL 148 L=0 TSHEL 243 DO 710 M=1,15

TSHL 169 DO 310 I=l,Ll6 TSHL 244 MNEs4—-M

TSHL 170 DLCI)=0L{I} + GG*QLI) TSHL 245 MO=MN-1

TSHL 171 DO 310 K=1+3 TSHL 246 €

TSHL 172 L=L+l TSHL. 247 € STIFFNESS MATRIX - §
TSHL 173 310 TTILI=TTIL) + GTHSA(1,K}) TSHL 248 C

TSHL 174 ¢ TSHL 249 SP=S{MNMN )

TSHL 175 C ADD CONTRIBUTION TO STIFFNESS MATRIX TSHL 250 DO 650 I=1,M0

TSHL 176 C TSHL 251 650 SIMN,I)=S{1,MN)/SP
TSHL 177 00 300 1=1,21 TSHL 252 DO 740 K=1,M0

TSHL 178 X3 = 3] TSHL 253 SPaS(MNyK]

TSHL 179 K2 = K3 ~ 1 TSHL 254 00 700 J=1,K

TSHL 180 KL = K2 =1 TSHL 255 T00 SUJsKI=SEI 4K} — SPRSIJMN}
TSHL 181 UT=SAl1,1) TSHL 256 €

TSHL 182 VIaSA(I,2} TSHL 257 ¢ DERIVATIVE MATRIX - STR
TSHL 183 WI=SALI,3) TSHL 258 €

TSHL 184 00 300 J=1,21 TSHL 259 D0 71O J=1442

TSHL L85 L3 = 3% TSHL 260 SP=STR(J+MN)

TSHL 186 L2 =13 -~1 TSHL 261 IE{SP.EQ.0D.) GO TO T10
TSHL tB87 LL =12 -1 TSHL 262 DO 705 K=1,MO

TSHL 188 UI=SAlJ,:1) TSHL 263 705 STRUJyK)IEETRIS 4K} ~ SPES{MN,K]}
TSHL 189 vi=SAld,2) TSHL 264 710 CONTINUE

TSHL. 130 wi=SA{g,3} TSHL 265 DO 760 [=1,48

TSHL 191 VU=UI*yJ TSHL 266 DO 760 Jdu[s48

TSHL 192 VV=VIsv) TSHL 287 760 SEJ+11=S11,J1)

TSHL 193 Wi=H1*WJ TSHL 288 C

TSHL 194 Uvsuirvy TSHL 269 C SAVE ELASTIC PROPERTIES
TSHL 195 YUsvIi*yJ TSHL 270 C

TSHL 196 UN=Ul*Wd TSHL 2T1L DETT{8)=(L1

TSHL 197 WU=HI*JJ TSHL 272 DETT(9)=CC2

TSHL 198 VWzvIeNl TSHL 2732 DETT(10)=CC3

TSHL 199 WV=Wixy ) TSHL 274 DETT(L1)=FAC

TSHL 200 S(KLsL1} = SIK1sLL) & CLl%UU + CI®{VV+HN) TSHL 275 DO 510 I=l,4

TSHL 201 S1K2+L2) = S(K2,L2) + CLl&VY + CI*{WNeUU)} TSHL 276 510 DETT{11+1)=CCa*TLF(I)
TSHL 202 SIK3,L3) = SIX3,0L3) + Cl¥WuW + CIH(LULVV) TSHL 277 70 CONTINUE

TSHL 203 SIKLeL2) = S(KLyL2) + C2*UV & C3%wy TSHL 2718 €

TSHL 204 S(KLeL3E = SIKLIoL3} + C2%UW + C3%WY TSHL 279 C DISTRIBUTEL LOAD

TSHL 205 S{K2,L3) = SIKZ,L3} + C2%VW + C3*wy TSHL 280 ¢

TSHL 206 IF (I.EQ.Jd) GO TO 300 TSHL 281 DO 410 J=1,¢€3

TsHL zo? SEKZeLL) = S{K2yL1) & C2¥VYU ¢ CIsyy TSHL 282 DG 410 I=1,4

TSHL 208 SIK3LL) = SEK3,L1) + C2%WY + C3I*UW TSHL 283 410 RFECJ.TH=0.

TSHL 209 S(K3¢L2) = S{K3,L2) + C2%WV + L3wvy TSHL 284 C

TSHL 210 300 CONTINUE TSHL 235 440 CALL LDCAL (RTYPE ,PR,YREFNf ACE}
TSHL 211 ¢ TSHL 286 C

TSHL 212 € FORM STRAIN MATRIX TSHL 287 ¢ SELF WQT.

TSHL 213 € TSHL 288 C

TSHL 214 00 305 I=L,2¢46 TSHL 289 450 DO 460 [I=1,16

TSHL 215 305 STR{I)=0. TSHL 290 LEELD R

TSHL 216 L2=1 TSHL 291 J=Kew )

TSHL 217 DO 405 Lisl,7 TSHL 232 I=4-1

TSHL 218 E1=5TPTS({LL:s1} TSHL 293 B0 460 L=l ,4

T9T
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TSHL
TSHU
TSHL
T3HL
TSHL
TSHL
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TSHL
TSHL
TSHL
T3HL
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
TSH,
TSHL
TSHL
TSHL
TSHL
TShL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHE
TSHL
TSHL
TSHL
TSHI
TSHL
TSHL
TSHL
TSHL
TSHE
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL

294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315

316
317
318
319
320
321

322

323
324

325

3Z¢
327

328

329
330

331

332

333

334

335

336
37

338

339
340
341

342

343

344

345

346

347
348
349
350
351

3152
353
354
55

3156
357
358
359
360
361
362
362

364

oan

Gan

[z X223

(xR ¢ oo

RFET.L) = RE{I,LIXPEFILY + DLLI)®EXLFLL)
BFELJSL) = RE(JPLI*PLF{LE + DLITIN®YLFIL)
@60 RF(K L) = RE(K,LI*PLF{L) + DL{IIV*ZLF(L)

THERMAL LOADS

DD 470 I=1+48
GT=TT{I)}*FACT
D0 470 Jd=1,4

470 RE(1,J1=RF{L,Jd) + GT*TLF(J}

MASS ARRAY

L=0

a0 465 131,16
DO &65 J=1,3
L=L+l

445 XMILI=DL(])/GRAYV

w

1J=0
00 650 I=1,16
IT=NPLE}
DO 550 J=1,3
1J=14¢1

550 LM{IJ)=ID(1I1,d)
NS=42
ND=4B
NDM=&3

CALL CALBAN (MBAND,NCIF,LM:sXM;S,RF,ND,NOM)
WRITE (1) NDyNSy (DETTOI) oX=1415)s (LMIT}sT1=LoNDI st ISTRII9J) »I=1 NS}
11d=14ND}

CHECK 1F LAST ELEMENT

IF{N3DEL~NEL) 50,600,590
590 IF{MLI 30, 30+40

600 RETURN

10CC FORMAT (415,412,2X,F10.2/1615)

1001 FORMAT (15,4F10,0)

1002 FORMAY (21522FL0.2+15)

10C3 FORMAT (2F10.2/14F10.2))

2000 FORMAT (14X 815/TXy8I5, 19 112,8XeALe3Xy415,F8.17)

2001 FORMAT (XoI394E15.4)1

2002 FORMAT (1541992F13.3,112}

20C3 FORMAT (31Hl.....STRESS FREE TEMPERATURE = Fl0.3//4/

38H LOAD FACTORS FOR 4 ELEMENT (OAD CASES /f/

46X 1THELEMENT LDAD CASE /

36X 1HA 9X LHB 9X IHC 9X LHOD /

30H PRESSURE LOAD FACTORS . . 4F10.3/

30H THEAMAL LOAD FACTORS . 4F10.37/

30H PEREENT GRAVITY [N +X DIAN, 4FE0.37

30H PERCENT GRAVITY I[N +Y DIRN. 4F10.3/

H PERCENT GRAVITY IN +1 DIRN. 4FLQ.3/ }

1300 FORMAT (SHIMATERIAL 10X IHE 12X 2HNU 10X 3HRHO 11X THALPHA-T /
« BH MNUMBER [}

1361 FORMAT (30Hl..,16 NODE SOLID ELEMENT DATA ///
« BH ELEMENT 10X LSHCOMNECTED NOCES 17X 2BHINTEGRATION HWATERTAL I
«NPUT TX LIHELEMENT LOADS S5X THELEMENT /
« BH NUMBER 3X,38H1 2 3 4 $ 6 T 8 6Xy SHORDER
« TX$3HNC, 6X 3HTAG 7X 16H1L 2 3 & 4% SHTEMP. /
+ L1X436H9 10 11 12 13 14 15 16 /7 ¥ .

1302 FORMAT (///7726H ELEMENT DISTRIBUTED LOADS //
« 52H NUMBER KTYPE PR YREF FACE 1}

4003 FORMAT (3&6HOELEMENT CARD ERROR, ELEMENT NUMBER= 15)

LR R A A

END
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365

3e6
367
Jed

369

310

371

372

373

374

375

374

3717

37a

379
380

3§l

332

383
394
385

EET-S
3a7
asa

389
390
391
392

393
394
395
396
397
298

39¢
400

401

402
403
404
405
406
407
«08
4G9
410
411
412
413
Gl
415
416
417
418
419
420
421
422
“23
424
425
426
%27
428
429
430
431
432
433
434
435
436
437
438
439

oan

aoo

100

SUBROUTINE FUNCT (KX.D:

COMMON ZJURK/ R3S 3T DET MLOCS) KLDUAT o MULT (4} »A (3433,

1P{3,2114BL3,3),X2{L16,53),Q(19)
COMMON/GASS/ XK{4:+4),MGT(4,4) + IPERMIZ)
DIMENSION ©421,3),BB(3)

R2=2,%(l.=(R*%2)}
§2=2.%{1.=15%*2}}
FP=.125¢{1.+R)
RAN=4125*{1.-R)
SPel,+5

SN=1.-5

TP=Ll.+T

TN=1,~T

RPSP= R+5—].,
RPSN= R-5-1.
RNSP=-R+E-1,
BNSN=-R-§~1,
XPP= 2,%¥R4S

XPN= 2,%R-3
XNPz=2, ¥R+
KNN=w 2 #f=g

YPP= RE(Z.*5)
YPNa R~(2.%5)
YNP=—R+{2,%5)
YNN=z=R=~{2,%5}
XX=.12%5

IF EKK.EQ.2Z1 GO TC Q0

SHAPE FUNCTIONS

QL 1) =RP*SPRTPERPSP
QU 2}=RN*SP*TPRRNSP
Q1 3)=RN®SHNATP#RNEN
Qi 4)=RPRSNTPERPSH
Gl S)=RP*SPRTN®APSE
Ql 5)=RNXSPETNERNSP
Q1 TI=RNASNSTHN®RNSN
QU B)=RPRSN&KTN&RPSN
QA FI=R2%SP*TPEXX
QIO I=RNES2% TP

Qi1 }=R2*SN*TPERXX
QUL2)=RPEIZ*TP

Q1 13} =R2%SP*TH*XX
Gila)mRAN®S 2%TN

QU 15)=RZ®SN# TN* XX
Q{161 =RP*523TN

DERIVATIVES OF SHAPL tini 1 URS
XR ==, G*R
XS=—4.%§

Pllylym XX®ESP2TPHXPP
PU1y2)==XX®SPRTPRENP
Pil,3)==XXkSN&TP+INN
Pil,al= XX*SNRTFH4PN
P{1y5)= XX*¥SPRTN¥XPP
P16 )==XNASPRTNLIND
Pll, T)==XXeSN&TN&XNN
P{l,8)= XX*SN¥TN*XPN
Pll,9)= XRESP*TP
P{1y10)=—XX%S2% TP
P(Lyll)= XR¥SN*TP
Plly12)= XX%S2*Tp
P{1,13)= XR*SPkTN
PLLlaT4d=-XXRS2%TN
P11y ES)= XR¥SN=TN
Pllslé)= XX*352%TN
Pl1,1Ti=1.=(3.%R*R}
P(ly18)=0,
P{1,19)=0,
P11,20)=5%11,0-(3,0*R*R})
PL1,211=5*{1.0=-{5%5))

29T
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TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
T5HL
TSHL
TSHL
TSHL
TSHL
TSHL

440
441
442
443
444
445
446
467
448
449
450
451
452
453
454
455
456
457
458
459
460
461

462
463
464
4865

466
467
468
469
470
%71

472
473

474
75

678

477
478
“79
480
481

482
483
484
485
486
%37
488
489
490
491
432
493
494
495
496
437
498
499
500
s01
502

503
504
505
506
507
508
509
510
s1t

512
513
514

Qoo

s X Xal

[aNaN e

150
200

300

350
400

600

Pi2yl)= RPTP®YPP
P{2,2)= RN*TPAYNP
P{2,3)=-RN*TP*YNN
P(2y4%)2-RPETPRYPN
P{245) = RPETNE®YPP
PL216)= RN*TNAYNP
PU2, T)=~RANETREYNN
P12, 0)=~RPETNSYPN
PL23;9}= R2*TP*XX
PL2,10)= XS*TP*AN
PL2yll)==R2*TPEXX
Pl2s12)= X5*TPERP
P{2:13)= RZ®TNEXX
P(2,14)= XS*TN*RN
PL2,15) 3~R2:Thx XX
Pl2Zylo)a XS*TNRRP
P{Z+17}=0.
Pl2418)=1.~(3.%85%8)
Pl2,19)=0,
P(2:20)2R*(1.0—(R*R]))
P(2921}=R*{2.0-(3.0%5%5))

Pl3,1)= RPFSPFRPSP
P(3y2)= RN¥SPERNSP
P{3,3)= RN®SN*RNSN
Pl3s4)= RPHSN®RPSN
P{3,5)=-RPSP4RPSP
P{3,6)s~RN¥SPERNSP
PU3,7T)=-RN®SNSRNSN
P{348)=-RPESNERPSN
PL3,9)= R2#5P*XX
P(3,10)= RN*S2
Pl3ylll= R2*SN®XX
P(3,12)= RP*52
Pi3,13)=~R2¥SPEXX
P{3,14)u—RN*S52
PL3g 15 }3-R2ZFSNEXX
PI3:16)=-AP%S2
Pl3,171=0.
P{3,18})=0.
PU3y19hm—2 T
P{3+20)=0.0
PU3,211=0.0

JACOBTIAN MATRIX A

DO 200 I=1,3

60 200 41,3

C=0,

D0 150 Kslyl6

C=Ce+PLT sKI®XZIKe J}
AlT,J¥=C

IF {KK.EQ.3) GO TO 400

INVERT JACOBIAN

oo 300 I=1,3

JRIPERM{T)

K=IPERMIJ)

BETo I =ALds JPRA{KKI-AUK,JIRAL),K}

BT Jl=AlK s JI*ALTKI=A{T 2 J)I®ALK,K)

BUIp 1ImACS  KI®AIK, T =ALJs T PRALK,KD
DET#A(Ll)*BAL, LI+ALL,21*B{2,1)+A(1,3)%B(3,1)

MATRIX OF X-¥-I DERIVATIVES

DO 400 Iwly3

DO 400 J=1:22
C=0a

00 350 K=1,3
CaC+BLIsKI*P IR, D)
DEJ+11=C

RE TURN
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TSHL

TSHL

TSHL
TSHL
TSHL

TSHL
TSHL
TSHL
TSHL
TSHL
TSHL

TSHL

TSHL
TSHL

5186

5186
519
520
521
5§22
523
224
525
526
527
528
529
530
531
532
533
534
8§35
536
537
538
539
540
S4l
542
543
544
545
546
547
548
549
550
551
552
553
S54
235
556
557
558
559
560
561
562
563
564
565
566
567
568
569
sT0
571
572
573
574
575
516
577
518
5719
580
581
582

10

laNaXal

LaNalal

[t X sl

200

OO0

END

SUBROUTINE LOCAL(KTYPEEsPRR,YREFF,NFALE)

COMMONFEMZLM (48 ) NDoNDMyRF163+4 1+ XM (481, SAT21:3),0L116)
COMMON/ JUNK/ETALSY yOET,MLDI4 } JKLD (4 ) HULT L4),AL3,31,

LP1{3+21)9B{343)pXX{16+3),Q(19)

COMMON/GASS/CUM{L2) 4 XK(4) ;DOUKI 121, WGT L4 1 [PERM{3)
DIMENSION KTYPEE{L),PRR{LY,YREFF{1},NFACELLI, KCRDIG) FVALIGD,

IKFACE( 6,8])

DATA KFACE / L 2,
Sy b
16914913415, 3¢ 7y
By T4
4y 34
12,10, 9,11,12,15,
Oy Oy
0y Oy

NOn P BN

2y 3 24 &
6y Tolleld,

51 8511415
1o 4r 42 By

Oy Oy 1y 5
Oy Oy 9913/

DATA XKCRD / 14142424343/
DATA FVAL /las=loslaw=leslav=1l./

DD 700 KK=1l¢4
NNN=KLD (KK}
IE{NNNY 700,700.10
KTYPE=KTYPEE {NNN)
PR=PRR(NNN}
YREF=YREFF (NNN)
KF=NFACE{NNN}

INTEGRATE OVER THE SURFACE

ML = KCRO(KF)

MM = TPERM (ML)

MN = IPERMCMM)
ETA(ML) = FVALIKF)
DG 300 LX = 1,4
ETAIMM) = XKILX)
DG 300 LY = 1,4
ETAIMN} = XK(LY)
CALL FUNCT (3,5A)

COMPUTE DIRECTION COSINES CF NORMAL {0 SURFACE

Al = (A{MM ZI*A{MN: 3)-ALMH 3} %ALIMN, 2]}
A2 = {A(MM I PRALHN, L 1=A{MM, L }*ATKN, 3))
A3 = {AIMM,L}*AIMN,2)-A(MM,21*A(MN, L))
AAZSQRT (ATFN24A2%X2 +A3¥X2)

Al = Al/AA
A2 = A2/AA
A3 = A3/aa

COMPUTE FIRST FUND, FORM (SIN 7 )

AA = 0.
B8 = O,
CC = 0.
00 200 I = 1.3
AA=AAFALHM, I 12
CC=CLHALMN, T 12

B8 = BB + A(MM,T)*A(MN, 1}
C=SQRT (AA®LC - BB*DBB)

CECMPUTE PRESSURE,LDAD COMPONENTE,

IF IKTYPE.EG.2} GO TO 170

FORCE = PR

STORE TN R

£9T
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TSHL

TSHL |

TSHL
TSHL
TSHL
TSHL
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TSHL
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TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
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TSHL
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TSHL

583
584
535
536
537
588
589
590
591
592
393
594
595
596
597
594
599
500
691
502

503
604
608
[1:].)

607
608

509
610

612
613
6l4
615
6156
617
618

6528
629
630
631
632
633
634
438
636
637
638
639
64Q
541
642
£43
644
&45
646
647
648
643
650

17o
iso0

185

150
A

300

c
T00
c

501

GO0 TO 185

¥¥y = 0.

DO 180 I = 1,16

YY = ¥Y & QUIPFXXIT,2)

YY = YY - YREF

FORCE = —PR=EYY
IFIYY.GT.0.) FORCE = 0,
CONTINUE
TS=FORCEXWGT (LX) *WGTILYI*C

0O 190 I = 1,8

N = KFACE(KF,I}

IF (N.EQ.0) GO TO 190
QQ=TS*Q(N)

K=3%N

REIK=2,KK) = RF{K=2,KK} + QQ%Al
RFIK-1,KK) = RF{K-1,KK) + QQwaz
RFIK 2KK] = RF{K KK} + QQ=A3
CONTINUE

CONTINUE
CONT INUE

RETURK
END

SUBROUTINE ST3DL&(DsSTRy NEQy NUME)

COMMON /ELPAR/ NPAR {14}, NUMNP,MBAND, NELTVP.NI'NZ'NB N4y N5, MTOT, MEQ

COMMON/EM/ND NS pLM{4B) ,ST{42,468),0ETTI1S

CUMHDNIJUNKILTvLH.HH.L.K.SIG(b,.STN(b'vEl3|3l1Cl'CZICJII.JgIL,Jl,

1J29d3¢11aT2,:13¢SS2DET KXo KYrKZyDD9SXsFAC
DIMENSEON CUNEQs 1)y S5TR{4,1)
WRITE {6,2005)

WRITE {6.3025}
DO BOO MM=1, NUME

READ (1) NOGNSp(DETTUT}pImlp 150, (LMII D Iw14ND)y EUSTUE ) Im1,NSI,

LJ=15ND}
.C1=DETT(8)
C2=DETT(9)
C3=DETT(10)
FAC=DETT{111
DO 501 1=1,3
£1l.1)0C)
E{1:2) = C2
E{1,3) =
E(2,3) =
El(2,1) = C2
E{3,1) =
E(3,2) =

00 700 L=LTyLH
WRITE (6,2000)
Li=bL+l

DO 540 IL=l,7

00 503 I=1+3

J=1+3

£5=0.

00 502 KK=1+4
§S=SS—DETT(L1+KKIXSTRIKK, L)}
STN{I}=55

STN{J}=0.

DET=DETT(ILY

JLl=6*{IL-1}
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TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL
TSHL

551
652
653
654
655
656
657
633
659
660
&61
662
663
664
665
666
667
668
669
670
671
672
673
674
475
676
LY&4
678
619
&80
681
632
683
684
685

4

c

3025 FORMAT i//245 %
c

DO 510 I=1,48

Tl=LM(I]

IFUI1) 510,510,505
505 D0=0(11+LL}/DET

00 508 J=i.6
508 STN(SI=STNCJ)Y + STOJ1+ Sy 1I¥D0
510 CONTINUE

S5X=C3%FAC
0O 515 I=143
$3=0.
DO 514 J=1,3
514 85 = SS + E(1,J1STNIJI*FAC
SIG{1Y=5S
J=1+3
515 SIGUJI=STN{.4I*SX

1=fL-1
WRITE {(693005) MM:L,I,516

540 CONTINUE
590 CONTINUE
700 CONTINUE
800 CONTINUE

RETURN

2000 FORMAT (/)

200% FORHAT {36Hl....15-HODE SOLTD BLRMEMY SYRLSBES i
o 31Xs8TH SIG-XX SIG~vY 516-772 SIG-NY
. SIG-IX )

3005 FORMAT (/169125185 0PRELZ.D)

EMEMT LDAD NO.  FACE )

END

2IG-¥2
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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 piilar mine
was identified by a system of finite elements as shown in Figure E.1.
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 invoived
approximately 2 man-days. Selective results are plotted in Figures

E.2, E.3 and E.4.
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