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ABSTRACT

The finite element method is used for the analysis of thin shells
of arbitrary geometry. The shell surface is idealized by an assemblage
of flat triangular elements, and the stiffness properties of each element
are evaluated. The stiffness of the complete assemblage is obtained by
the direct stiffness procedure.

The computer program is suitable for the static analysis of linear
shells subjected to arbitrary surface pressure Toadings and concentrated
nodal forces. Displacement boundary conditions can also be specified.

The use of the program and a Tisting of the FORTRAN IV program
for the CDC 6400 are given in the report. Also, a discussion of the
analysis of a toroidal shell with meridional stiffeners is included as an

example.
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1. INTRODUCTION

The widespread use of thin shell structures has created a need
for a systematic method of analysis which can adequately account for
abritrary geometric form and boundary conditions. Classical thin shell
theory yields differential equations of equilibrium or continuity which
have been solved for only special geometric forms and certain boundary
conditions. This is evidenced by the extensive study of spheres and cir-
cular cylinders using classical solution procedures.

A completely general approach for the solution of problems in
continium mechanics was introduced in the late fifties and later became
known as the finite element method [1]. This method was first applied to
the solution of plane stress problems and subsequently was extended to the
analysis of plates and shells [2]. The advantages of the finite element
method are many. With the finite element solution procedure one can
accommodate arbitrary geometry and boundary conditions together with
variable thickness, variable material properties, discontinuities in the
shell surface (cut-outs), and general loading.

The present report deals with the development of a general
computer program for the static analysis of linear shells of arbitrary
geometry and loading. The shell surface is discretized by an assemblage of
flat triangular elements. In addition, a quadrilateral element, composed
of four triangular elements, is possible. The material properties of the
individual elements are assumed to be homogeneous, isotropic and Tinearly
elastic. Automatic data generation options reduce and simplify the task

of supplying input data to the program.



A toroidal shell with meridional stiffeners is analyzed in order
to illustrate the use of the program. Consideration is given to the selection
of a mesh which could adequately simulate the behavior of the shell. The

selection of a nodal point numbering system is also discussed.
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2. METHOD OF ANALYSIS

2.1 Discretization of Shell

The basic concept of the finite element method is the idea]ization
of the continuum as an assemblage of discrete structural elements. In
the analysis of thin shells, the finite element idealization consists of
the geometric discretization and the displacement field discretization.
The geometric discretization is due to the use of planar triangular elements
to approximate the actual smoothly curved surface of the shell (Fig. 2.1).
In addition, since the boundaries of these elements are straight,curved
shell boundaries are also represented approximately. The displacement
field discretization is caused by evaluating the stiffness properties of
the individual elements from an assumed set of displacement shapes which
only approximate the actual deformation of the shell.

The effects of the discretization error have been shown to diminish
with mesh refinement using the analysis procedure described herein [2].
Hence, with adequate mesh refinement the finite element solution can be

expected to be a satisfactory one.

2.2 Element Stiffnesses

Since shell behavior is characterized by both membrane action
and bending action, it is essential to recognize both of these in evaluating

the element stiffness properties.
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Two types of finite elements are available in the program,
both of which include membrane and bending stiffnesses (Fig. 2.1):

a. Triangular element

Membrane stiffness ... Constant strain triangle [1]

Bending stiffness ... Fully compatible plate bending element
after Hsieh, Clough and Tocher [3]

b. Non-planar Quadrilateral element

Membrane stiffness ... An assemblage of four lTinear strain
triangies with linear displacements
along exterior sides [4]

Bending stiffness ... An assemblage of four bending elements
as per a. above

The superior stiffness properties of the quadrilateral versus the
triangle motivates the general use of the quadrilateral.

The stiffness properties of the complete structure are obtained
by superposition of the individual element stiffnesses using the direct
stiffness procedure. This gives a system of linear equilibrium equations
in terms of nodal point loads and displacements. The equilibrium equations
are characterized by a symmetric positive definite matrix that can be ex-
pressed in a banded form. Hence, they may be solved for the unknown nodal
displacements with a minimum of storage and computer time. A direct
method, a modification of Gaussian elimination, was used to solve the

equilibrium equations.



2.3 Coordinate Systems

A global coordinate system x, y, z (Fig 2.1) must be chosen for

the shell which 1is to be analyzed. Althoughthis choice is arbitrary,
simplification of input nodal coordinates usually dictates the proper
orientation for this coordinate system.

In addition, another set of coordinates g], EZ’ g3, called surface
coordinates, must be selected. This coordinate system is characterized
by the fact that £3 is normal to the shell surface at each nodal point,
while 51 and 52 are tangent to the shell surface at each nodal point. Sur-
face generators may be conveniently used to describe this coordinate system.
For example, in Fig. 2.2 the surface generators are taken as the straight
line generators, and the required input at node I is the direction cosines
of g] and 22 with respect to the giobal coordinates. The normal, 53, is
automatically constructed by a cross-product of g] and 52, and g2 is then
determined by the cross-product of &3 and £ to insure a right-handed
orthogonal system. Care should be taken to input g] and 22 so as to con-
sistently have an outward normal, g3.

Average plane coordinates (n-coordinates) are generated within

the computer program for use with quadrilateral elements. The N1—N2 plane
is the plane which "best fits" the coordinates of the exterior nodes
(i,3.k,1), and is established by minimizing the sum of the squares of the
normal distances from this plane to the exterior nodes. This plane is
established automatically from the coordinates of the exterior nodes, and
the N] axis is determined from a plane normal to the N]—N2 plane which

contains side i-j of the quadrilateral element.
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Element stress resultants computed for a given element are
expressed in this coordinate system. In addition, pressure loads are
assumed to be positive if they act in the N3 direction. As a result,
element nodal point numbers i, j, k, 1, should be numbered in a counter
clockwise direction about the normal to the shell surface in order to ensure
that the positive direction for pressure Toads coincides with the direction
of the outward normal to the shell surface.

A five degree of freedom nodal point displacement system for the
assemblage is utilized. These five degrees of freedom consist of three
linear translations and two rotations, and are defined as follows:

D1

th

Translation in either global x-direction or surface gl-dir.

D2 = Translation in either global y-direction or surface gz—dir.

|

D3 = Translation in either global z-direction or surface £3-dir.

D4

Hl

Rotation about g] coordinate.

D5

i

Rotation about gz coordinate.
It should be noted that all translations are either in global coordinates
or surface coordinates.

Base coordinates are defined as the coordinates in which the five

degrees of freedom at each nodal point of the assemblage are expressed.
From the above description it is evident that the two options for base
coordinates are:
a) Global coordinates for the three translations and surface
coordinates for the two rotations.
b) Surface coordinates for both the three translations and two

rotations.



The two rotation quantities are always referenced with respect
to the surface coordinate system. These rotations are defined by vectors
lying in the tangent plane to the shell surface. Hence, surface coordinate
direction cosines at each node must be supplied as input data to the computer
program in order to define the tangent plane.

The third rotation quantity, the rotation about the normal to the
tangent plane, is considered small in comparison with the other two rotations
and is neglected in the analysis procedure. The technique that is used to
eliminate this rotation is equivalent to assigning a zero stiffness to it.

It was assumed that this treatment of the rotation about 53 would be
negligible in the analysis, and results from numerous examples have verified
this assumption [2].

If a coordinate system other than the one defining the tangent
plane were used as base coordinates for rotations, three rotation quantities
would have to be considered at each nodal point. This would present no
problems provided all the elements meeting at a particular nodal point do
not 1ie in the same plane. If that should be the case, then the stiffness

matrix for the assemblage of elements would be singular and no solution of the

equilibrium equations could be obtained.
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3. COMPUTER PROGRAM USAGE

IDENTIFICATION

Analysis of Thin Shells

Programmed -- C. Philip Johnson, University of California, Berkeley

PURPOSE

The purpose of this finite element computer program is to provide
a general capability for the analysis of thin shells of arbitrary geometry.
The analysis includes the determination of nodal displacements as well as
element and nodal stress resultants. Bending and membrane stiffnesses are
considered in the analysis. Arbitrary loading and boundary conditions, as
well as variable element thickness and material properties, may be accounted

for.

3.1 Input Data

The first step in the finite element analysis of a thin shell is to
select a global coordinate system x, y, z and a surface coordinate system
E], 52’ £3. Next a finite element mesh is obtained by subdividing the shell
surface into a finite number of quadrilateral or triangular regions (elements).
Although the exact proportions of the individual elements are arbitrary, care
should be taken to ensure that the element proportions do not become overly
exaggerated. Elements and nodal points are then numbered in two numerical
sequences, each starting with one, and the input data is prepared as described

on the following pages.
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Abbreviations: A = alphanumeric field

I = integer value (must be packed to the
right of the field).

F = floating point number (must be punched
with a decimal).

1. TITLE CARD (A) - alphanumeric information for problem identification.
2. CONTROL CARD - (415, 5X, I5)

Cols. 1- 5(I) NUMEL Number of elements (400 max)
6-10(1) NUPTS Number of nodal points (400 max)
11-15(1) NUBPTS Number of nodal points with displacement B.C. (100 max)

16-20(1) IBANDP Nodal point half band width: Max element nodal dif-
ference + 1 (20 max)

21-30(1) IFLAG Specifies base coordinates for translations;

if IFLAG
if IFLAG

0, translations are in global coordinates.
1, transiations are in surface coordinates.

H i

3. NODAL COORDINATE CARDS - (14,6X,3F10.0)

One card per nodal point. Nodal coordinate cards must be input in
numerical sequence corresponding to the nodal point numbering.

Cols. 1- 4(I) Nodal point number.
F) Global x-coordinate.

21—30(F§ Global y-coordinate.
F

Global z-coordinate.

4. SURFACE COORDINATE DIRECTION COSINE CARDS - (I4, 6X, 6F10.0)

One card per nodal point. Surface coordinate direction cosine cards
need not be input in numberical sequence. A blank card must be used to
terminate this data set.

Cols. 1- 4(I) Nodal point number I.
11-20(F) Component in global x-dir. of unit vector g]

or blank*

21-30(F) Component in global y-dir. of unit vector £
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Cols. 31-40(F) Component in global z-dir. of unit vector £ } or blank*
41-50(F) Component in global x-dir. of unit vector 52
51-60(F) Component in global y-dir. of unit vector EZ or blank**
61-70(F) Component in global z-dir. of unit vector 52 j
*If Cols. 11-40 are left blank, then the input cosines for E] are suppressed.
**If Cols. 41-70 are left blank, then the input cosines for EZ are suppressed.
Suppression of input cosines for either g1 or 22 may be useful when coordinate
generation options are used.

5. ELEMENT NODAL POINT NUMBER CARDS - (514)

One card per element. Element nodal point number cards must be
input in numerical sequence corresponding to element numbering.
Cols. 1- 4(1) Element number

5- 8(I) Element nodal point I
9-12(I) Element nodal point J
13-16(I) Element nodal point K
*17-20(1) Element nodal point L

*A triangular element is assumed if Cols. 17-20 are Teft blank.

6. ELEMENT MATERIAL PROPERTY CARDS - (14, 6X, 3F10.0)

One card per element. Element material property cards must be
input in numerical sequence corresponding to element numbering. Material
properties are assumed constant over each individual element.

Cols. 1- 4(1I) Element number
11-20(F) Modulus of element
21-30(F) Thickness of element

31-40(F) Poisson's ratio of element
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7. BOUNDARY CONDITION CARDS - (I4, 5I1, 1X, 5F10.0)

One card per nodal point having a specified displacement component

(whether zero or non-zero). Boundary condition cards need not be input in
numerical sequence. The five degrees of freedom are ordered as follows:
Cols. 1-4(1) Nodal point number

5(I)= 1 for specified value for D1; 0 otherwise

6(I)= 1 for specified value for D2; O otherwise

7(1)= 1 for specified value for D3; O otherwise

8(I)= 1 for specified value for D4; 0 otherwise

9(I)= 1 for specified value for D5; O otherwise
Cols. 11-20(F

*Specified value for DI

)

21-30(F) Specified value for D2
) Specified value for D3
)

41-50(F Specified value for D4
51-60(F) Specified value for D5
*Specified value may be non-zero.

8. CONTROL CARD FOR LOADS - (415,F10.0, I5)

A maximum of three independent Toad cases for a single problem
may be specified on this card.
Col. 5(I) Number of independent load cases

Number of loaded nodes for load case 2

)
6-10(1) Number of loaded nodes for load case 1
11-15(1)

)

16-20(1) Number of loaded nodes for load case 3
21-30(F) Uniform pressure Toad UPL (+ in direction of N3, Fig2.1)

31-35(I) Number of elements having a pressure different from UPL.
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Loaded nodes are joints where concentrated point loads are applied.
UPL is assumed to act on all elements of the assemblage if Col.'s 31-35
are left blank or zero. Only linear nodal force components resulting from
the pressure loading are considered. The pressure loading will be applied
in load Case 1 only. Hence, input nodal forces which are designated as load
Case 1, will be superimposed on the pressure loading.

9. ELEMENT PRESSURE CARDS - (15, F10.0)

One card per element having a normal pressure different than that
specified as UPL on the control card for loads.
Cols. 1- 5(I) Element Number

6-15(F) Pressure normal to surface of element
Sign convention: Pressures are positive when they act in the same direction
as N3.
10. NODAL POINT LOAD CARDS - (I3,7X,5F10.0)

Input nodal point forces correspond in an energy sense to the nodal
point displacement components, i.e., PiDi’ i =1,5. The number of input cards
for each load case must be equal the specified number in (8) above. The
input format for each load case is the following:

Cols. 1- 3(I) Nodal point number
11-20(F) Value of P] which corresponds to DI
21-30(F) Value of P2 which corresponds to D2
31-40(F) Value of P4 which corresponds to D3
41-50(F) Value of P4 which corresponds to D4
51-60(F) Value of Pe which corresponds to D5

These points need not be in nodal point numerical sequence, but all cards for

each load case must be grouped together, in the sequence: Load Case 1,2,3.
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3.2 Automatic Generation Options

The previous section provided a general input format by which all
the information which is necessary to completely define a given problem is
input via data cards. The generation options described below are intended to
simplify and to reduce the amount of that required input.

1. NODAL COORDINATE GENERATION

Five geometry types are available. The first four types treat
surface generators which occur frequently in shell structures: Straight lines,
circular arcs, parabolas, and ellipses. Sequential numbering along individual
generators is required in order to utilize these features. Two cards designated
as Card 1 and Card 2, sequentially placed in the set of nodal coordinate cards
(3) are required for the utilization of these types of coordinate generation
described below.

The fifth type of generation described below is useful when the
coordinates of a set of sequentially numbered points may, by constant in-
crements, be defined from a previous set of sequentially numbered points.

Only one card placed in the set of nodal coordinate cards is required to
utilize this type of coordinate generation.

If any of these five types of generation are used, then two sets of
direction cosines are generated. The procedure for the generation of these
direction cosines is described below for each type of coordinate generation.
Inmany cases, these generated direction cosines will correspond with the
chosen surface coordinates g] and 52, thereby eliminating the need of
inputing these direction cosines; in other cases the generated direction

cosines will have to be replaced by manually computed values.
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a. Type 1 -- Straight line (see Fig. 3.1)

Card 1 -- Cols. 1- 4(I) Node I of straight line
8(I) =1

11-20(F)  Global x-coordinate of point I.
21-30(F) Global y-coordinate of point I.
31-40(F Global z-coordinate of point I.
Card 2 -- Cols. 1- 4(1 Node J of straight line (J > I).

21-30(F

)
)

11-20(F) Global x-coordinate of point J
) Global y-coordinate of point J
)

31-40(F Global z-coordinate of point J
The straight line is subdivided into (J - I) equal parts and the
intermediate global nodal coordinates are computed.
The two sets of direction cosines are computed by:
al) Assuming E] is in the direction from point I to point J.
a2) Assuming €5 lies in the x-y plane and is normal to the line
obtained by projecting line I-J onto the x-y plane, i.e.,
gzzy (Fig. 3.1), and by ensuring a right-handed system for
X,¥,z. For example, if the numbering had required a reversed
direction for x and hence El’ then y and EZ would be reversed
to order to maintain a right-handed system without changing the
direction of €3. In the case where g] is parallel to z (either
direction), then €s is assumed to be in the same direction as the
global y-coordinate.

b. Type 2 -- Circular arc (see Fig. 3.2).

Card 1 -- Cols. 1- 4(1) Node I of circular arc

8(I) =2
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Card 1 -- Cols. 171-20(F Global x-coordinate of point I
21-30(F Global y-coordinate of point I
41-50(F

Global x-coordinate of point J

51-60(F

)
)

31-40(F) Global z-coordinate of point I
)
) Global y-coordinate of point J
)

61-70(F Global z-coordinate of point J
Card 2 -- Cols. 1- 4(1) Node J of circular arc (J > I)
11-20(F) Global x-coordinate of point m
21-30(F) Global y-coordinate of point m
31-40(F) Global z-coordinate of point m
The circular arc is subdivided into (J - I) parts of equal arc
Tength and the intermediate global nodal coordinates are computed. The
Tocal right-handed cartesian coordinate system X, y, Z is constructed as
follows:

1. x is positive from I to J where J > I.

™No
Ni

is positive from n, a point equidistant from I and J, to
point m, the mid-point of the circular arc.
3. y 1is established by a cross-product of X and z (+ inward as
shown in Fig. 3.2).
Surface coordinate direction cosines are computed by assuming:
1. & lies in the plane X - z and is tangent to the circular arc
at each node. It is directed along the arc going from I to J.
2. 52 is assumed to be in the positive direction of y. Note that
if the nodal point numbers had increased from right to left in

Fig.3.2, ¥ and hence &£, would be positive outward.
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The circular arc may have an arbitrary orientation w.r.t. the global
coordinates.
c. Type 3 -- Parabola (see Fig. 3.3).
Card T -- Cols. 1- 4(1) Node I of parabola
8(1) =3
11-20(F) Global x-coordinate of origin point O
21-30(F) Global y-coordinate of origin point O
31-40(F) Global z-coordinate of origin point O
41-50(F) Counterclockwise angle w (in degrees)
from x to x.
Card 2 -- Cols. 1- 4(1) Node J of parabola (J >I)
11-20(F) Local x coordinate of point I
(negative for Fig. 3.3)
21-30(F) Local x coordinate of point J
31-40(F) Largest absolute value of 21 and Ej
The horizontal distance between I and J is subdivided into J - I equal
intervals and the intermediate global nodal coordinates are computed.

The local coordinate system X,y,z is constructed as follows:

>4

1. is positive in the direction from I to J

N1

2. is parallel and in the same direction as Z.

3. y forms a counterclockwise angle of w + 90° from the global x-axis.
Surface coordinate direction cosines are computed by assuming:

1. £ Ties in the plane x - z and is tangent to the parabola at

each node. It is directed along the parabola going from I to J.

2. 52 is parallel and in the same direction as y.
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d. Type 4 -- Ellipse (see Fig. 3.4)
Card 1 -- Cols. 1- 4(I) Node I of ellipse
8(I) = 4
11-20(F) Global x-coordinate of origin point 0O
21-30(F Global y-coordinate of origin point 0
31-40(F Global z-coordinate of origin point 0

51-60(F

)
)

41-50(F)  Counter clockwise angle from x to X
) Distance, a, from 0 to ellipse along
)

61-70(F Distance, b, from 0 to ellipse along

Card 2 -- Cols. 1- 4(I) Node J of ellipse
11-20(F)  Local x-coordinate of point I
21-30(F)  Local x-coordinate of point J
The ellipse arc length between nodes I and J is subdivided into J-I
equal arc Tengths and the intermediate global nodal coordinates are computed.
The local coordinate system X,y,z is constructed as follows:

1. x is positive in the direction from I to J

N

2. is parallel and in the same direction as z
3. y forms a counterclockwise angle of w + 90° from the global
X-axis
Surface coordinate direction cosines are computed by assuming:
1. g lies in the plane X - z and is tangent to the ellipse at

each node. It is directed along the parabola going from I to J.

2. &, is parallel and in the same direction as y.

Restriction: Zz must be parallel to the global z axis and angle 10J<180°,

N

>
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e. Type 5 -- Incremental nodal coordinates - (214,2x,3F10.0)

Cols. 1- 4(1 Node I

5- 8(1

21-30(F
31-40(F

)
)

11-20(F) Global x-increment
) Global y-increment
)

Giobal z-increment

Node J preceded by a

Hi

in

I

This card causes the generation of global coordinates

through J as a function of the preceding J - I + 1 nodes M and

-JdJ-Tand N=1-1 as:

XI = XM + XINC YI = YM + YINC ZI

XI+1 = XM+1 + XINC YI+1 = YM+1 + YINC JA
and . . . and

XJ_] = XN—1 + XINC YJ_] = YN-1 + YINC Z

XJ = XN + XINC YJ = YN + YINC ZJ

I+1 ~

J-1

N-1

minus sign
XINC

YINC

ZINC

of points I

N where M = 21

+ ZINC
+ ZINC

+ ZINC
+ ZINC

When this option is used, the orientation of the surface coordinates g] and

€5 for points I through J is assumed to be as follows:

(£);  =(&))y, (5,);  =(g,),

Eo e =Gy (G =Gy
and

(g.l )J-—] E(E-I)N_-I (gz)d_'l E(gz)N_]
(1) =(&)y (€505 =(&,)y
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2. SURFACE COORDINATE DIRECTION COSINE GENERATION

When nodal coordinate generation options are used assumed
orientations are assigned to E] and 22. No distinction was made between
€o and 52 in the previous section, Nodal Coordinate Generation, since
22 is constructed perpendicular to g].

If the orientations assigned for either g] or EZ differ
from the desired directions or if nodal coordinate generation options do
not apply for all nodes, surface coordinate direction cosines must be
supplied as input data.

Surface coordinate direction cosines may be input for arbitrary
nodal points as described in (4); however, the following option may con-
siderably reduce this input. This option is exercized by preparing cards
as described in (4), with the following modifications, and including them in
the surface coordinate direction cosine cards.

Cols. 1- 4(1) Nodal point number I

11-70(F)  See (4) page 11
Cols. 73-76(1) MOD
77-80(1) LIM
This option sets the direction cosines of points
I +MOD, T + 2*MOD, ..., LIM
equal to these specified for point I.
g] generation is suppressed by leaving Cols. 11-40 blank.

22 generation is suppressed by Teaving Cols. 41-70 blank.

3. ELEMENT NODAL POINT NUMBER GENERATION

a. Typel-- If M element cards are omitted in (5) these

missing elements will be generated by increasing the
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nodal numbers I,J,K,L of each of the preceding elements
by 1.

b. Type 2 -~ If on the card for element N we specify

]

Cols. 21-24(1) MOD = number of elements in direction of

numbering.

it

Cols. 25-28(I) NLAY = number of layers with similar
element nodal numbering.

A regular mesh will be constructed for elements N through
(N + MOD * NLAY - 1). The element number for the initial element and its
nodal numbers will be specified on this card and the node numbers I[,J,K,L
should be ordered as per Fig. 3.5.

The nodal point numbering should run in the direction with

the smallest number of elements in order to minimize the nodal point half

band width (Max. element nodal difference + 1) of the assemblage. The
element numbering should follow the general path of the nodal point numbering
to insure successful formation of the assemblage stiffness.

A regular mesh is defined as a mesh having the same number of
subdivisions in two directions throughout a portion of the idealization. An
example of a regular mesh and its assumed nodal and element numbering is
illustrated in Fig. 3.5. Element nodal points I,J,K,L are numbered counter
clockwise with node I having the smallest number as illustrated for element
1.

Regular meshes should be used when possible. This simplifies
the required input, thereby reducing possibilities of error in preparing the
input data. Moreover, regular meshes usually result in minimum nodal point
connectivity (max. element nodal point difference), hence reducing the

computation time for a given problem.
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4. ELEMENT MATERIAL PROPERTY GENERATION

If element material property cards N+ 1, N+ 2, ...,
N+L-1areomitted, the modulus and poisson ratio of the missing L - 1
elements are assigned the values specified for element N, while the thickness

is assumed to vary linearly between N and N + L.

5. BOUNDARY CONDITION GENERATION

If on a boundary condition card for node I we specify
Cols. 63-66(1) MOD > O
67-70(I) LIM > I
the boundary conditions for points
I +MOD, I+ 2MOD, ..., LIM

are set equal to those specified for point I.

6. LOAD GENERATION

Two options are available:
a. If on an element pressure card for element M (9) we specify
Cols. 63-66{(I) MOD> 0
67-70(1I) LIM > M
the pressure on elements
M+ MOD, M +2* MOB, ..., LIM
is set to that specified for element M.
b. If on a nodal point load card for node I (10) we specify
Cols. 63-66(I) MOD> O
67-70(1) LIM > I
the nodal point loads for points
I +MOD, I + 2*MOD, ..., LIM

are set equal to those specified for point I.
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3.3 OQutput Information

The following information is printed by the computer program:
1. Reprint of input data together with all data developed by automatic
generation options.
2. Total applied nodal point forces for each load case. . . The forces Pi
are in the base coordinate system and they correspond to displacement
quantities Di’
3. Nodal point displacements Di in the base coordinate system for each
load case.
4, Element stress resultants for each load case...these quantities are with
respect to the average plane coordinate system (N - coordinates) defined
in section 2.3 of this report. The sign convention for these quantities
is identical to that illustrated in Fig. 3.6 for surface coordinates. These
stress resultants can be assumed to be acting at the centroid of the
quadrilateral element.
5. Averaged nodal stress resultants for each load case. . . the element
stress resultants in all the elements surrounding a given node are averaged
to obtain the nodal stress resultants. The nodal stress resultants are then
printed with respect to the surface coordinate system £ These quantities

are shown in Fig. 3.6 for a differential element in the surface of the shell.
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4. PROGRAMMING INFORMATION

The program is written in FORTRAN IV. The program at various
stages during its development has been successfully executed on the IBM
7094, IBM 7040, CDC 1604, CDC 6400, CDC 6600 and the Univac 1108 computers.

On-Tine input output is done via FORTRAN statements READ N, Tist,
and PRINT N, 1ist. FORTRAN Togical units 1, 2, 3 and 4 are used for inter-
mediate storage via FORTRAN statements WRITE (I) Tist and READ (I) 1ist.
The program consists of less than 2000 FORTRAN statements and is subdivided
into a main program and 24 subroutines. Overlay features are not utilized.

In addition to the Timitations regarding the number of nodal points,
number of elements, etc., as discussed in the preceeding chapter, there is
another limitation which can cause difficulties in some shell analysis
problems. There is a limitation regarding the number of nodes contained
in any one equilibrium equation of the complete structure stiffness matrix.
No more than six (6) nodes can be involved in any equilibrium equation, I.
Only the nodes larger than and including point I have to be considered in
this count.

For example, in the mesh shown in Fig. 4.1, five (5) nodes are
involved in the equilibrium equation for node 8. This number is within the
lTimitation defined above, and, hence, the numbering scheme is acceptable.

On the other hand, the numbering scheme depicted in Fig. 4.2 is
not acceptable since eight (8) nodes are involved in the equilibrium

equation for node 5.
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FIG. 41 ACCEPTABLE NODAL POINT NUMBERING SCHEME

FIG. 4.2 UNACCEPTABLE NODAL POINT NUMBERING SCHEME
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5. EXAMPLE -- TOROIDAL SHELL

Several examples with known exact solutions were solved to verify
the method of analysis and to establish the validity of the computer
program. Some of these examples were documented in another report [2].

In all cases, as the mesh was refined, the results approached the known
values.

In order to illustrate the application of the program to a
particular problem, the analysis of a toroidal shell with meridional
stiffeners and subjected to a uniform external pressure was selected. The
shell is pictured in Fig. 5.1.

In order to take advantage of symmetry, a 30° segment of the top
half of the shell was selected for analysis. The mesh representation of
the toroidal shell with the meridional stiffener is illustrated in Fig. 5.2.
The nodal point numbering system shown was selected to take as much advantage
of the automatic generation options as possible. Hence, input data to the
program was kept to a minimum.

The control card contained the following information:

NUMEL 40
NUPTS 54V
NUBPTS 26
IBANDP 20
IFLAG 1

Surface coordinates were selected as base coordinates for the

translational degrees of freedom in order to facilitate the input of the
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displacement boundary conditions and tq maintain the symmetry of the problem.

Ellipse nodal coordinate generation was employed to define the
nodal coordinates (and surface coordinate direction cosines). Circle nodal
coordinate generation could also have been used as an alternative. The
directions for the generated surface coordinate vectors g] and 52 are
indicated in Fig. 5.2. These directions are satisfactory for all nodal
points except those on the outer boundary of the meridional stiffener. It is
possible to input direction cosines redefining the vectors 51 and 52 so that
they lie in the surface of the stiffener for these points. However, since
the rotation quantities associated with these directions are zero for this
particular problem it makes little difference whether we redefine these
quantities or not.

Element numbering was selected to follow the nodal point numbering.
Three "regular meshes" were defined -- two 8 x 1 meshes and an 8 x 3 mesh.

As a result only three input data cards were necessary to define the element
nodal point numbering.

Since the same material properties were used throughout the entire
shell, including the stiffener, only two cards were needed to define the
thickness, elastic modulus and Poisson's ratio of all the elements. These
quantities were input on cards for the first and last elements, and the
computer program generated the material properties for all the intervening
elements.

Special care had to be exercised when specifying the displacement
boundary conditions for the problem. The symmetry of the problem was

studied, and the appropriate displacement quantities were set to zero so
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that the analysis of the SQf segment selected would reflect the behavior
of the entire structure. The selection of surface coordinates as base
coordinates for translations made it possible to specify these skew
displacement bLoundary conditions.

The control card for loads indicated that only one load case was
to be considered. Since the Toading consisted entirely of an external
pressure (UPL = - 1 ksi), the number of loaded nodes was zero. Eight
elements, comprising the stiffener, had a pressure different from UPL,
and the pressure on these elements was set to zero with an element pressure
card.

Nodal point load cards were not needed for- this problem.

It should be noted that the dimensions for all quantities must
be consistent. That is, all length and force quantities must be in the same
units. This applies for the elastic modulus, E, as well as for the nodal
coordinates X, y, z. For this example the kip is used as the unit for
force and the inch is used for length. A listing of the data necessary to
run this example can be found immediately following the program listing in
the appendix.

Some of the output data for thi; example has been plotted in
Fig. 5.3. Displacements are exaggerated since the scale used for defor-
mation is different from that used to plot the toroidal shell. Nevertheless,
an overall view of the behavior of the toroidal shell subject to the uniform
external pressure can be seen. The plan view indicates that both the
inside and outside diameters of the torus are reduced. The influence of the
stiffener is depicted in the two section views. The distortion of the
circular cross section of the torus is reduced significantly in the area

of the shell immediately underneath the stiffener.




34

The toroidal shell was analyzed on the CDC 6400 at the University
of California Computer Center at Berkeley. Approximately 32,000 words of
central memory were needed for storage and the central processor time

was 67 seconds.
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COMPUTER PROGRAM LISTING
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PROGRAM SHFLL (TNPUTsOUTPUT s TAPF13TAPF25sTAPE3,TAPEG)
COMMON /v /NUMEL 4 NUPT<s s NIIRPTS, TRANNDP, MRAND ,NRLOC NNFRF, IFLAG,LVECT
NTMFNSTON TITLF(12)sr(5)
1 READ 100sTITLESNUMFL o NUPTS,NIIBPTS , IRANDP, IFLAG
IF (NUMEL.LE<O) <sTOP
PRINT 200sTITLESNUMFL4NUPTS,NIBPTS, IBANDP, IFLAG
1F (IFLAG.LF,0) PRINT 20n
TF (1FLARLGF,1) PRINT 301
NDFRF =5
MRANND=TRANPP¥NDFRF
NRLOC =(NUPTS*NDFRF) /MBAND
TF ( (MBAND¥*NBLOC-NIPTS*NDFRE) o NEon) NBLOC=NRLOC+]
REWIND 4
REWIND 1
RFWIND 2
RFWIND 23
CALL SFCOND(C(1))
CALL SFTUP
CALL SFCOND(C(2))
CALL SPARSF
CALL SECOND(C(3}))
CALL SOLVE
CALL SFCOND(C(4))
CALL STRESS
CALL SFCONN(C(5Y)
PRINT 80
NO S I=1+4
T=C(T1+1)=C(1)
& PRINT 9n,T

GOTO 1

1NN FORMAT (12A6/+41546Xs14)

2NN FORMAT (1H&////12A6/77/

1 40H NUMBRER OF FLEMENTS 1477
2 40H NUMRFR OF NOnes 147/
3 404 NUMRFR OF NONRFS WITH NTISPLACEMENT Relo 147/
4 404 RANNDWINTH 147/
5 40H BASF COORNINATFS FOR TRAN%LATION% 14)

30N FORMAT (1NXs8H(GLORAL) )
3N1 FORMAT (10Xs9H{SURFArrFy)
RN FORMAT (///719H SOLUTION TIMF LOG )
N FORMAT(F13,.4)
FAD
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StIBROUTINE SETHP
COMMON/CV/NUMELsNUPTR,NHBPTS9IBANDP,MBAND,NRLOC,NDFRE,IFLAG,LvECT
FOMMON TR401)sXQ(254N0) s X4 YY) o7 (4)sTQL4ANY KAL),
1 PTR(65401)eN1(354)sN (54 s/ (AY sV I sS(2NT)sT(252),
2 F1(3)sF2(3)sFMON(4N0Y s THTK(4NNY ¢ XMON (4NN
FOUIVALFNCF
T (UCIYsXT Yo lU(2) o YTy o (U)o ZT) o (11(4Y) s XKy s(tI(RYs VK)o (11{R)9ZK Y,
2 (U)o XNy s (DY oYMy o (U{2) 37205 (11 {4Ys MYys(1I[{E)s AYo(l(AR)s Ry,
2 VI aXIY o IV (2)sYI) o (V(3)a7J) s (V1) sRT) s (V(2)sRJ)Y
LOGICAL TEST1sTFSTo
NO RN T=1.401
NTR{&sTY= N,
AN TR(T1)=nN
P1=3,1415926535898_-JJ =0
Ceoeoaa GFNFRATF NONAL COORDINATFS ANP NTRFCTION CcOSTNES,
1 RFAD Q9NsT11s1G0sU
1FI1GOGT.0) RFAD 0NnsJJdeT eV
IF(IGO.LTeN) GOTO 117
1G0=1G0+7
XINC=JJ-11
GOTO ( 25 45 B851N512)5760
2 DO 3 1=1473
3 XQ(TeITY=U(T)
GOTO 19
Cosesoe STRATGHT LINF,
4 XJ=XJ=-XI
YJ=YJ=~YI
7J=e7J0=-71
XL=SQRT(XJ¥¥o4y Koy 7 JH#its)
XN=XJ/XINC
YD=YJ/XINC
ZD=2J/XINC
DO 5 I=11,JJ
XINC=1-11
X161 )Y=XT+XD*XINC
XQ(2s1Y=YTI4YD#XIN~
§ XQ(3e1)=Z2T4ZN¥XINr
SQ=SQART(XJ¥XJI+YJI¥*YJ)
NO 7 I=11sJJ
PIR(1sT)=XJ/XL
NIR(2sT)=YJ/XL
DIR(3,1)=2J/XL
TF(SQeFQeoN) GOTO 6
DIRl4s1Y==YJI/SQ
NTRIB,TY= XJ/SQ
GOTO 7
6 DIR(4s1)Y=N,
NIR(SsIY=1,
7 CONTINUE
GOTO 19
Coeoooe CTRCHLAR CIJRVF 4
R NTJ=CSORT((XT=XJ)¥¥#o4(YI-YI) R4 (2]1=7J) #¥*9)
NTL=SQART ((XT=XKy¥*¥o4 (V1-YK)¥¥o4(71=7K)y %%y /o,
DJIL=SQART (DI J#¥ =Dl #%9)
NFL=P1 =2 ¥ATAN(DIL /HJL)




A-3

XL=(XT14XK) /2o
YL=(YI+YK) /2
ZL=(7147ZK) /2,
Re DIJ/SININFL/9,.)
Tls1¥=(XK=XLY)y/DTIL
T(2s1)=(YK=YLy/DIL
T(3s1)=(2K=ZLYy/NIL
Tl1e2)=(XJ=XL)/DJIL
Tt2e2)=(YJ~YL)/DJL
T(3,2)=(2J=ZL ) /DJL
T(ie2)= T{D13%T(2:2)=T(2s2)%T (251
T02033==T{ 101 )¥T(252)4T{1s2)%T( 21}
T(3e3)= T(1s1V¥T(22)=T(1e2)%*T (2,1}
CONST=SQRT (T(1s3)¥#24T (23 )R%24T(242) %%
AINC=DEL/XINC
PO 9 1=11,JJ
XINC=1-=11
ANG=AINC*XINC
DX=R#SIN(ANG) *¥COS(DEL=-ANG)
PY=R#%¥SIN(ANG) *¥SIN(NFL~-ANG)
XQAC1oT)=XT+T(11)%¥NX4+T(142)%NV
XQUE2o1)=YT4T(2:1y#NX4T (25 2)%DY
XQU3sT)1=2T4T(3s1)%NX4+T(352)¥NY
C=COS{DFL=2,%ANG)
D=SIN(DEL=2%ANG)
PIR(1s1)=T(1s1)¥C4+T(12)%D
NIR(I2s1)=T(2s1)*C4+T(2,2) %N
ATR(2s11=T(3s1y#C4+T(352)%N
NTR(4s1)Y==T(1+3)/FONST
NTR(8s1)=—T(2+3)/~ONST
9 NTR(6e1)Y==T(3s3)/rONST

GOTO 19

Cooeoses PARABOLA,.

10 IF(ARSI(RI)GT.ARS(RJY)Y CONST=72J/af*%>
IF(ARS(RJY) ,AF L ARS(OTYY FONST=2Jd/RJ%%>
NTJ=ARS(RT)I+ARS(RI)Y
W=W*PT1 /18N,

FW=COS (W)

SW=STN(W)
NINC=DIJ/XINC

DO 11 1=11,JJ
XINC=1-11
PDX=RT+NINCH*#XINC
XQU1s T Y=2XN+NX¥CW
XQ(241)=YN4DX*SY
XQU3,1y=2n+CONSTH#RX#NY
ANG=ATAN( 2, ¥CONSTH*#NX)
PDIR(1s1)Y=CcwW*CcOS(ANR)Y
DIR(2:1)1=SW*COS{ANG)
DIR(3s1)= SIN(ANG)
DIR(4s1)==5W

11 NTR(B,1)= CwW
GOTO 1jo

(OQOOQF.LLIPSFQ
12 A2=A%*A
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14

1%
16

B2=B#B
AB=A/8

RA=B/A

ATB=A%R

W=W#P1 /180,

SW=STN(W)

CW=COS(W)

IFAC=200

FAC=1FAC

XK=B2/SQRT{A2+B2)
Z1=AB*SQRT{B>=-BI*R81)
Z2J=AB#SQRT (B2~BJ*R )
Wi==PI/2,

Wd= P1/2e

IF (Z1.GToeN) WI=ATAN(RT/Z1}
1F{ZJeGToaN) wJ=ATAN(QJ/7J)
DW=(WJ=WI1)/FAC

WC=P1/2s =WI-Dw

S{1)=N,e

PO 12 I=1,1FAC

SWC=SIN(W)

CWC=cOS(WeY

R= ATR/SQRT(R2* SWCHSWC+AP#CWCHrWe )
DX=R#CWC-B1

DZ=R#swC=~71
S{T14+1)=S(T1)1+SART(NX*NX+N7#nZ)
RTI=BI+NY

Z21=71+Dh7

WC=WC=Dw

NS=S{IFAC+13/XINr

ST=N,

WC=P1/2e ~=WI

PO 15 K=1,I1FAC

J=K+1

IFIS{J)eGEL,STY GOYO 36
CONTINUF

AINC=(J=2)#NW
ANG=WC=AINC=( (ST=S(J=1)) /(S (J)=S(J=1)))*PW
S5=STN(ANG)

CC=COS(ANG) :
Re= ATR/SQRT (R2¥SS# GG 4 AR C* ()
XR=ARS(R#CC)

ZR=ARBS(R#S5¢9)

Q=SIGN{1.9CC)

TF(XR,LF XKy ANAT=—Q#*ATAN((AR#XR)/SQRT(R>=XR*¥RY)
TF{XReGToXKy ANGT==Q¥*(P1/5, =ATAN(RA*ZR/SQRT(A>-7R¥7R}))
SA=SIGN{1e5A)
XQ(1s11)=Xn4+XR*¥CW*Q
XQ(2,11)=YD+XRESWHQ
XQ(2,11)=20+ZR#gA
DIR(1sIT11=COS{ANGT ) # WA
NTR(2oT111=COS{ANGT)*SWHSA
NIR(3s1T1)=SIN(ANGT)#*#5A
DIR(4s1T1)==SW

PIR(5s11)= CW
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IF(I1.EQeJJ)Y GOTO 19
T1=11+1
ST=ST7+08
GOTO 14
Coeose RFPFATED NODAL COORDINATFSsAND F1 cOSINES,
17 JJ=1ABS(1GO)

I=JJe1=-11
DO 18 J=11l,JJ
Ked=1

DO 18 L=1+13
DIR(LsJY=DIR(LK)
DIR(L+3eJ)=DIR(L+2,K)
18 XQ(LoJ)=XQ(LsK)y+U(L)
19 IF((JI LT NUPTS) ANPD  (T1,LT,NUUPTSYy)y AOTO 1
Ceecoe INPUT DIRECTIUN COSINES FOR ARBITARY NODAL POINTS,
§1 CONTINUE
53 READ 95 M,IGO’E],E?,MOD,L!M
IF( MoLFeN) GOTO 57
TEST1=ARS(FLI(1))+ARS(FI(2)14+ARS(FI(3)) (T,
TEST2=ARS(F2(1))+ARS(C2(2) ) 4+APS(F2(21) ¢ TooN
IF(MODeLFe0D) LIM=M
IF(MOD.LFe0) MOD=1
DO 52 L=M,LIM,MOD
DO 52 K=1,3
IF(TEST1) DIR(K s Ly=FE1(K)
52 TF(TFST?2) DIR(K+3, LY=F2(K)
GOTO 513
Coosoo INPUT MFSH,
57 CONTINUF
59 RFAD 935JJds (1Q(1sJJ)sT1=154),MOPL,NLAY
62 11=JJ
IF(MODLoGTeN) GOTO 64
IF(1T1.EQsNUMEL) GOTO 66
READ 92sJJs(IQ(I,JJ)sI=154)sMODLSNLAY
IF(I1+1FQeJJY) GOTO a2
Jdedd=2
DO 63 J=11,JJ
NO 63 K=1s4
63 1Q(KeJ+1)=1Q(KsJ)+1
Jd=JJ+2
GOTO 62
64 DO 65 I=1,NLAY
LL=>
DO 685 J=1,sMODL
IF (11.FQeJJ) 1O TO 641
PO 640 N=1s4
640 TQ(N,II)=IQ(NosII-7)+LL
641 LL=1
65 11=11+1
IF(I1-1LTeNIUMEL) GOTO 89
Cooooe INPUT MATFRIAL PROPFRTIFS.
66 CONTINUF
RFAD 90sITsT1sFMON(TIT)sTHIK(TTY) s XMON(TT)
IF(T1.FQ.NUMFLY #A0OTO 73
READ 90sJJsIsEMOD(JJ) 9 THIK(JIJ) ¢ XMOD(JJ)




72
73

T4

75

81

R3

90
92
93
94
95
ang

905
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IF(I1+1.EQsJJY GOTO 44

XINC=JJ=1T ‘

XINC=(THIK(JIY=THIK(TT))/XINC
Jd=JdJ=-2
NO 72 1=11.JJ
FMOD(1+1)=FMON(T)

XMOD(I141)=XMOD (1)

THIK(141)=THIK(I)+XINr

IF(JJ+2.LToNUMEL) GOTO 45
PRINT o9ns
NO 74 1=1sNUPTS

PRINT 92515 (XW(JsT)sJ=153) 9 (RTR(JsT)4d=1,6)

PRINT 905
PO 75 I=1.NUMFEL
MAX=MAXO(TQ(15T)sTQ(25T)5TQ(3s1)51Q(4s1))
MrN=MINO(IQ(1-I>’10(7,1),10(3,r),IO(A,I))

ND=MAX=MIN

PRTNT 94919(IQ(J91)9J:],4),FMOn(t),THTK(T),XMOh(I),Nh

DO 83 M=1,NIUMFL

NODESs=4

IFLIQM4sM)4LF.0) NONFc=13

KQ“‘-’ = OQ

DO 87 J=1sNODES

K=sIQ(JsM)

KQ(J) =K
DO 81 L=1413

NItLsJY=DIR(L sK)

N2(LeJ)=NIR(L4+34K)

X(J)=XQ(1-,K)

Y(Jy=XQ(2:K)

Z2(J)=XQ(3,K})

IB(K)Y=TR(K)+1

WRITFE(3) KQsXsYsZs FMON (M) s THIK (M) o XMOD (M) ¢ NODF € 4D1 N2

REWIND 14

RETURN

FORMAT (214 42X s6F1N,6)

FORMAT( 1592X93F17,692Xs6F10,6)

FORMAT(714)

FORMAT (51593F17+6511Xs13)

FORMAT(214¢2X96F10.6o2Xs214)

FORMAT (8SHINUDAL COORDINATES AND DIRECTION CO<INES FOR c1RFACE co
cORDINATFS F1 AND F> RrAR 7/

1 51 NOn:le,leléx,1HY16X,1u71lxg3HF1X7X,3H=1Y7x,3uclz7x,3Hr2x
2TX93HF2YTXs3HF22) '

FORMAT (53H1FLFMENT NOnAL POINT NUMRFRS ANM MATERTAL PROPrRTIFS //
1 94 PLFMFNT91H14Xo1HJ4X91HK4X91HL7X97HMODHLU91OX99HTHI(KN¢<58X9
2 9HPOISSON R 6X»15HNODE DIFFERFNCE )

END




SUBROUTINE SPARSE

~OMMON TR(401)+1Q(4) s TRNI1N0s6)0TRC(4NNY) 3Q (6525 ) s FMoNIT, THTK ,

1 PXI(IO?);X(A);Y(a)’?(a)oTG(393o4?9PX?(2ﬂ70)gh(7J,6,?%),Pr(1nn,5),
2 PX3(302)’UPL9((394)9F(394)9L0ADS(3)

NTMENSTON P(500o5;3)9R(5)9nX(5,5);JX1(550)9r01(45nn)9r02(8310)
DIMENSION PR{ 400}
cOMMONICV/NuMEL,NUPTs,NUBPTs.IBANDP,MBAND,NBLoc,NDFRE,IFLAG,LVECT
EQUIVALENCE (IBsP)s(TRsCQ2) s (TRCsJIX1) 5 (DscQT)

INTEGER Q

REAL Nu
c n(NDFRF**2o6»25).rnntNUnPTq,Nn:R:+],,nr(NunPr;,NncRp,,an(N”pTS)
€ IR(NUPTS),P(NUPTS,NnrRF),R(NnrRF),VQ.X,Y,7(NOn=§).

PATA DX/l.94*0.90.91,,3*0.,2*”.,1,,2*0.;3*0.,1.,n.,4*n.,1./
Cooooo INITIALTZF IRC5Qsn,4RrA, (P ANPD PM FOR suRl aNp RLAY) .
DO 5 I1=1+556
5 JX1(1)=n
PO 6 I=1,4500
6 CQRI(1)=0,
I1K=1
L=0
7 L=L+1y
RFAD 80’(IRD(L’K$9K=196)9(HClL0K)9K=195)9M009LIM
IF(L.EQsNUBPTS) GOTO 74
IF(MOD) 75758
8 K=IBD(Ls1)+MOD
DO 7n I1=K.LIMgsMOD
L=L+3
IRD(Ls1Y =1
NO 70 J=1:5
IAN(LeJ+ly=TRAN(L=10J+1)
70 BClLeJ)=BCIL=1,J)
IF(LLToNUBPTS) GOTO 7
74 PRINT 90
PRINT o%
DO 79 L=1,NURPTS
79 PRINT BlolIRN(LKYsK=196) 9 (RA(LoK)4K=145)
READ 49,LVECTSLOAPNS!JPL,NPR
PRINT B0sLVECT
PRINT 51s(LOAPS(IYels1=1sLVFCT)
PRINT 8§24NPR,UPL
Ceooooeosoeoe NORMAL PREgSURF
PO 100 I=1,NJMFEL
100 PR{1)=yPL -
IF (NPR,LEo,0) GO TO 2nn
PRINT 53
MM=0
108 READ 55,MsPL,MOD,L M
IF (MODeLEeO) LIM=M
DO 120 L=Mo,LIM MOD
MMaMM+ 1
PRtL)Y=PL
120 PRINT 54,LoPL
IF (MM,LT.NPRYy GO TO 1058
49 FORMAT (415sF10e0515)
50 FORMAT (21HINUMBER OF LOAD CASFS 15/77)
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51 FORMAT (15¢31H LOANFD NODFs FOR LOAD CASE NO, 15)
£2 FORMAT (//15044H FLEMENTS WITH PRFSeIIRF NIFFERENT FROM (IPL =F1%e5 ;
£3 FORMAT (//8H FLFMENT gXsRHPRESSIIRF)
54 FORMAT (155F15,5)
55 FORMAT (159F10,0547X5214)
200 PO 9 1=1sNURPTS
J=1BD(1s1)
9 IRC(JY=1
DO 10 LZ=1¢NUMEL
READ (2) IQsXsYsZogFMgTHIK sNII4NONFE o F
PO 20 1=1,NODES
TA(1eloT¥=C{1sT1)
TG(1e2:1Y=C(2+1)
TG(1s3e1)=C(351)
TG(3s1sT)= Cl2sIVHF(34T)~C (35T )¥F(2,7)
TE(3e2sT1==C{1sIVHC( 34T )4C(3oTVHF (1,71
TG(3e397)= Cl1sI V¥R (D241 )=C(DsT)*E(1,T)
CONST=SQARTITA (351 s T)¥*04T R (20T ) %%24 TR (2927 ) %%
TAE(361T3I=TR(31sTY/ONST
TG(3s2e1)=TG(3s2s1)/rONST
TA(363e7Y=TR(3s351)/~0ONST
TAE2s19Ty= TARI1s3 1Y %¥TA(352s 1) TR( 12T )*Tr(35351)
TG(Z;Zyr)=—TG(1s3oT)*TG(3’19I)+TG(1.191)*Tﬂ(3o%9!)
20 TG(2e3eT)= TG (192 T)*¥TAR 35161 )T (16101 )%TG( 24751
NMPL=PR(LZ)
CALL QDSHEL
10 CALL SURSPR({IK,NONFS)
RFWIND 4
JK=NRLOC*IBANDP
TF{TKeGT ¢JK) GOTO 73
K=1
DO 30 I=1IKgsJK
20 WRITF(2) KsTs((DX(JsL)sL=1sNDFRF)sJ=1 sNDFRF)
37 RFWIND 2
CoosoolLTMIT RELOW MUST eQuAL STZF OF €12F Of RLANK COMMON, seeoocccacs ool
NO 32 1=158310
32 CQ2(1)=0,
PO 11 L=1sNUPTS .
11 RFEAD(4) (P(LsJs3)sJ=1sNDFRE)3(P(Loads1)sJ=1sNPFRF)
DO 40 1=1sNUPTS
DO 40 J=1sNDFRE
NO 40 K=1,?
40 P(T1eJsKy=P(TsJs3V4P(T,JsK)
NO 72 I=1sLVFCT
11=1
TF(LOANS(TYeLFo0) ~OTO 73
71 RFAD 1000sMgRsMOD,LIM
IF(MOD.LE.N) LIM=M
IF(MODLE.N) MOD=1
PO 77 L=M,LIM,MOD
IRERSES]
NO 72 K=1,5%
72 P(LsKs1)=P(LsKsl)Y4+R(K)
TF(IT.LF.,LOANS(TY) rOTO 71
73 CONTINUF




75
13

14

80
81
85
86
1000
88
90

91

92

DO 75 I=1,LVECT

PRINT 92,1

PRINT 8¢

PRINT 88;(L,(P(Lngr$;J=1§%);L=19NHPTS)

REWIND 4

PO 14 N=1,NBLOC

Ke (N=1)*IBANDP+1

L=K+I1BANDP=1

WRITE(a)(((P(IoJ9IJ);J=]oNDFRF)9I=KoL)9IJ=1.LVFCT)

REWIND &4

RETURN

FORMAT(I4’5Tl91X95=10.0’2XQZI4)

FORMAT(Tll94X95T395X95F15.694X92!5)

FORMAT(11155X55F15,652X52714)

FORMAT(1HO 6Xs4HNONE 9Xs2HP1 13Xs2HP2 13x,214P3 13x,21P4 13x42HP5)

FORMAT (135 7Xs5F1N,Ns2Xs214)

FORMAT(11165X95F15,.6)

FORMAT (55H1ROUNDARY CONTITIONS OF POINTS HAVING SPFCIFIFD prePle,
e /TXs90HN1sN2sN3, aRE TRANSLATIONS TN RASE COORNINATES, P4, NS ARE
«ROTATIONS 1IN SURFarr rOORNINATES, /)

FORMAT (1HO 6Xs4HNONFE 5Xs14Hn1 n2 n3 N4 N5 IXs2unl 13%x,2u4n2 13
152HN3 13Xs2HN4 13X,2HN5)

FORMAT (34H1TOTAL APPLIED NODAL POINT FORCES oHLOAD CASE 14)

END




SURROUTINF SURSPR({ 1K ,NONFS)
rOMMON TR(401)’TQ(4)9YX1(1000$9Q(69?5)9PX7(]67)95(379?7)yPX?(642)q
1 h(2596,25$9px3(625)9PM(25o5$9PX4(15),pT(371,PYR(?R)
COMMON/CV/NUMEL9NUPTS9NUBPT5yIBANDP,MBAND;NRLOF,NDFREoIFLAG,LVECT
INTEGER Q

PO 4 11=1,NONES

I=1Q¢I1)Y

L=¢Il=1)%#%

K=l=1K+1

PM(Ks1)=PT(L+1)+PM(K,s1)
pM(K,?,:PT(L"-?)"‘PM(K,?)
PM(Ks3)=PT(L+3)+PM(K,2)

TR(IY=IR(1)-1

NO 4 JJ=1,NODES

J=1QrJJy-IK+1

IF(IQ(JIYeGTT1Y GOTO &4

DO 1 LL=1,7

IF(QILLyJYFQ,.0) QiLLsJ)=1
TFIQ(LLJ)FQ,T)Y GOTO 2

CONTINUE

IS=(11-1)*NDFRF

JS=(JJ=1 ) ¥NDFRF

PO 3 1C=1+NDFRE

N=1C+JS

MN=(1C=1)*NDFRF

DO 3 IR=1sNDFRE

M=TR+1IS

MN=MN+ 1

DIMNSLLsJ)Y=D(MNsLLsJ) + S{MgN)

CONTINUE

IFITR(IKYeGT,0) n»ROTO g

CALL BLAYER(IK)

DO &5 I=1,24

NO 85 J=1s56

Q(Jdse1)=Q(JsT+1)

DO 5 K=1925

D(KsJsl)=D(KsJsI+1)

IK=1K+1 .
TF(IKGLF NUPTS ANNLIR( TK) o FQ,NY) GOTO 1n
RETURN

END




SUBROUTINE BLAYER(J)
OMMON 1x1(405)ornh(10096)stnr(hOO);Q(észsy;PX1(2178),h(25,6,25)9
1 RCUIN0Ds5)sP(2555)sPM(25,55) sPXD(18),PT(27),PX2(258)
cOMMON/CV/NuMEL,NuPTq,NuRPTS,IRANDP,MRAND,NRLO(,NPFPE,IFLAG,LvECT
INTFGFR QsQQ(6)sXeYs?
NTMFNSTION NDN(55546)
FQUYVALENCFE (WsQQ)5(MyePP)Y
1 DO 10 11=1,6
1=QQ(11)
IF(1,EQe0) GOTO 1n
1IT=11
X=1TBC(1)}
Y=18C(J)
Z2=1-J+1
C.......................O....l.'..........‘....l............l..'........l
TF(T1,FQJ.OR X ,FQ, 0y rOTO 4
C..OQ.MODIFY LOAD VECTOR FOR BoC. ON UPPER BLOCKS..................'.....
PO 3 L=1sNDFRE
TF(IRDIXsL4+1),FQ.m) ~0TO 2
NO 2 M=1,NDFRF
2 PU1sMy=P(1sM) = DN(LMIT)*¥RCIXY,L)
3 CONTINUF
Cl.....0...0.........0...0.0......‘O....o.‘o.".l'...............0....0..
4 IF(Y,FQ, 0y 6OTO 7
C.....MODIFY LOAD VFCTOR an B.C. Ohl LO"!FR HL()CK--C'Q.‘.QQQQQO....'0........
DO 6 L=1,NDFRE
IF(IRD(YsL+1),FQon ~OTO &
NO 5 M=1,NNDFRF
P(7,M)=P(Z,M)‘DD(M,L,TI)*P((Y,L)
5 NPD(MeLoeTT)=n,
& CONTINUF
C...C..0.0o..‘.l...‘.O...laOQ............‘...O.C....O.‘C..O..‘.‘....Q....
7 IF{X.FQ.nY GOTO 1n
NO 9 L=1,NDFRE
IF(IRD(XsL+1) oEQen) ~OTO o
PO 8 M=1,NNFRF
PO(LMsTTIV=N,
8 TF(T.FOQJ.ANh.LQFQQM) nn(MQLQYT"=1¢
9 CONTINUF
CG...GQ....l...b......‘...l.C....0.'..l........QQ.O.....OOOO..........000
165 CONTYNUF '
WRITFE(2)
T ITo(QQET)9T=1sTT) ol (PNIT,LaK)sT=14NNERFY 4L =1 NAERE) 4K=1,1T)
1F(YLEQ.0) cOTO 14
N0 11 K=1,NNFRF
TRFITIRDIYsK+1),FQ,.7) PM({1sKy=n,
11 TFOIRDIYsK+1)oFQ1) P(1sKY = RA(Y LK)
14 WRTTF(&)((p(YsK);K:loNﬁFRF)9Y=]9]39(PM(19K)9K=195)
PO 12 1=1,24
NO 1?2 K=1sNDFRF
PM{T,K)=PM(141,K)
12 P(TsK)=P(I4+1+K)
RFTURN
FND




SUBROUTINE NLOAD(NT)

OMMON TX101555) sPX1(1545) sAN(354) sRN(354)sPX2(5100)sPF(3s5),
1PX3(37)sUPLsPX4(24)

Al=AD(1sNT)

A2=AD(2,NT)

A3=AD(3,NT})

B1=BD(1sNT)H

R2=BN(2sNT)

A=A3%B2/2,

Yi=s=A1%¥A3/ (A1 %*#24R1%%9)

Y2==(A2%A1+R2¥B1) /(A% #D4Bo##))

Y3u—A2#A3 /A3 %%

Pz ARUPL

PO 1 1=143 i
NO 1 J=1,3 : , i
PF(IOJ’=00
PE(351)=(10,-Y3+Y2)%*PZ /30,
PF(3:2)=(10,~Y14Y3)*P2 /30,
PE(3:3)=(10=Y2+Y1)*P7 /30,
RETURN

END




SUBROUTINE QDSHEL
COMMON/CV/NUMEL,NUPTSQNUBPTS9IBANDPQMBANDQNBLOCQNDFREQIFLAGQLVECT
¢ OMMON YXl(#Ol)!TQ(Q)yTXZ(1150)9FM9NU9THTK9ARFAopf3)9A(3’9
1 ST(IOQIO)9X(4’9Y(4)97(4)9TG(39?94)oTn(Bsq)QS(°7937)9X1,Y1§Z19
2 X29Y29229X39Y39239Ah(394)99ﬁ(3’439Tf39394)9T”TQ(39393),
3 TROT(3s393)9Th(3g%6);TR(3936)9PX1(4803}sP=(39q),PTl37);pX?(25)
C.‘......‘..................'......‘...'.........‘...'............‘...O..
NTMENS 1ON 55(37’13)9TX(393)9TPPRM(4)9LOCQ(]594\0LOCQ(39594)9
1 LOCM(s)
FQUIVALFNCcE (S{T741)955Ys(X1sTX)
DATA LOCQ / .
1 25 35 65 7, 8;21,22923928929935926927934,

1
2 65 To 8911912913921922923,30931936928929.35,
3 11,12913’16917918921g229239329339379309319369
4 16417418, 1, 2, 3021922923426927634532432,37 /
nATA LOCQ / 19 2, 3, 49 5, 6, Ts 8 991ﬂ9219229239249259
1 69 7; 8, 9’10911912913914915921922923,24’259
2 11,12,13,14,15.16917,18,19,20,2],2?,23924,25,
3 1651791851920 145 24 34 4 59216272623524425
DATA LOCM/153,5+749/s IPERM /2930441 /

7 TO ZBAR.........".....l..'.‘....'.......O.O.

Co.o.oT(39394)oooooooFROM

C.....TO(BQB,.O‘.'.C.FROM
C.Q...TG(3’3’4).....OFROM
Coo-o.TROT(B’BQB)ooopFROM
C..OQ.TDIS(39393)....FROM
Coo.coT(BQBQQ’ooo.oooFROM
Ceoooe COMPYTE INTERNAL MID

? TO 20..0000000000000000.o......oc..O...O....I
Z TO 7¢
7

ZR TO ZBAROOOOQQOOOCOQOQo.ut.aooloaootgogltloQ.

Qooeo.ooonoooo..ooooo.oooco-000.-.000000

TO ZBAR..O....'......O....O....l..ﬁ.....!...

78 To ZO'O..O.....’.........'...'..."l'...'!l'

POINT COORDINATES IF QM 1AD e socsesocsssescsnscss

NTRI=4

TF(TIQ(4),LT,1) NTRT=)
IF(NTRIGEQ.1) IADD=1Nn
IF‘NTRIQEQ.4, IAOD=20

DO 1n 1=1,3
LOCQ(T9391)=TANN+T
PO 11 I=155

10

11 LOCR(T1+1051)=TANN+T
IFINTRI,FQ,1) NDPIM=15
TF(NTRI.FQQ4) NDTM=37
PO 160 T = 1sNDIM
pT(I)=Oo
DO 160 J = 1,:NDIM

160 S(1eJY = N,

IF(THIKLT,eN0N0ONTY #OTO 100N
Xr 0.2%*(X(1)+X(7)+X(3)+X(4\1
Y O.25*(Y(1)+Y(2)+Y(3)+Y(4)’
c 0.25*(2(1)+Z(?)+Z(3)+Z(4))
IF(NTRI.FQes) 6OTO 700
XC=X(3)
YC=Y{(13)
2C=2(3)

Coo00eCOMPUTF ELFMENT DIRFCTION COSINFR, T(1I,

700 NO 13n N 1 sNTRY

M IPERM(N)

J’a)O..O..I..‘..C......‘....
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X1 = X(M)=X(N)
Y1 = Y(M)=Y(N)
Z1 = Z(M)Y=-Z(N)
X2 = XC = X(N)
Y2 = YC ~ Y(N)
22 = 2C = Z(N)
S11 = X1¥X14Y1#Y14Z1%71
S12 = X1¥X24Y1%#Y24721%72)
S22 = XD2EX24Y2#Y2470%#79

C0Ss12 = =-S12/511

X2
Y2
22
51
S2
T(ls1eN)y
Tl1e29N)
T(1s34N)
T(2919N)
T(2s25N)
Tt?2:3:N)
T(397sNy
T(3s7sN)
T(3535N)y
Coooee COMPUTE
AD( 24N}
AD(3,N)
AD{1,N)
RN 1N
RN(2,N)
130 RD({3sN)H

o uwuw o un

Al

CeooeeDIRECTION
PO 900 1=1,3
PO 90N J=1,13
TA(TsJ)=TG(IsJ53)

9ND TNTIS(TeJe3)= T(TsJsl)

IF(NTRT.FQ,1) GOTO 701

Cooeee COMPUTE DIRECTION COSINES OF N1yN2 PLANE.....'......O.....Q“.O...O
CALL AETNRM(45XsYsZ9A33R343r341FRRORX oY rroZc)

T0(3,1)y)=
TN{(3¢2)=
TN(3,3)=

NSFTA =

A3
B3
Cc3
T
T
T

X2 + X1#C0s1>

Y2 + Yi#¢€0s51°

2?2 4+ 21%c0s1~

SQRT(S11}
SQRT(X2¥X24YO#YD472%#7 D)

X1/51 -

Y1/51

21/51

X2/82

Y2/%2

722752

T(l’?DN)*T(’!’QN) - T(’gqu’*T(7979N)

TC1e3sNYIET(251N) = TU141,NYRT(243,N)

TCls1oNY*T(252sNY = T(142sNY¥T(D41,4N)

S AND B'SOO........‘......Q.'.Oo.‘........l.l............
S1¥C0Os12

s1
=AD(3sNY=AD(24N)
~(S224+c0512%#S12) /52

=RN(1sN)
De

COSINES FOR MIND POINT IF FLEMENT IS A TRIeoescsco0vcsecssoe

19151}
12241)
13:1)

A3X = A3%X]

R3AFE = R3*FTA

3an C3RNSFTA

X1 = (R3#FDH4C3HFD XY = A3¥((C3N+R3F)
Y1 = (C3¥¥4pa3%%0)%FTY - R3¥({A3X+r3D)
Z1 = (A#EDLRIAUEDYANGETA — C3*#(RAFHA2X)
NORM = SQRT(X1#¥o>4y #9477 13#%2)

TN(1s1) = X1 /NORM

TN{1s2) = Y1/NORM

TN(1,3) = Z1/NORM
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TO(251) = TO(1s3)%R3 = TO(1,2)%C3
TO(2+2) = TO(1s1)%C? = TO(1,53)%A
TO(2+3) = TO(1s2)%A3 = TO(191)¥%P3

CoeooaSUM OVER 4 TRIS, IF QAP OR 1 TRT, TF FLFMFNT [S A TRIseececsccscns
701 DO 301 NT = 1,NTRT
N1 = NT
N? = IPFRM(N1)
Cooose COMPUTE TRANSFORMATIONS FOR FACH POTNT OF TRIANGLF cecoec000c0000ses
PO 200 1 = 143
A(T) = ADIISNT)

B(1) = RNDI{TNT)
Tl = T(Is1eNT)H
T2 = T{1e2eNT)
T3 = T(1s3oNTy

RO 200 J = 1,3
TROT(19Js1) TI*¥TA(Je1sN1Y) 4+ T2¥TA(Js2sN1) 4 T3%*¥TR(Js3,N1)
TROT(1sJs2) TI*¥TG(Js1sN2Yy 4 TO¥TG(Js2sNDy) + TA%TG(Je34N2)Y
TROT(1sJ53) T1%70(Js 1) + T2¥#TN(Js2} + T3¥T0(Je2)
TFINTRIEQe4.URIFLAG,FQ.1) TPTS(ToeJdse3)=TROT(T1sJ472)
IF (TFLAG.FQeNY GO TO 180
TNIS(TsJs1) TROT(14Js1)
TRTIS(1sJs2) TROT(15J52)
GO TO 200 ‘
180 TNIS(1eJsly
TNIS(1eJs2)
" 200 CONTINUE
Coooee STORE BASE TRANSFORMATION MATRICES.O.....l.QDOOOQOOOOO...........0
KK=(NT=~11)%09
PO 1 K=143
L=KK4(K=1)%13
NO 1 J=1,3
JL=J+L
DO 1 I=1,3
TD(TJLY=TNIS(IsJeK)
1 TR{IJL)=TROT(IsJ,K)
Ceoooe ADJUST TNIS FOR TRANSFORMING TO N COORDINATESccoccoccscsccsccoscss
IF(NTRI.FQ,1) GOTO 13
NO 2 I=143
PO 2 J=1,13
TRTIS(TsJds1)=TNTS(TsJ,3)
2 TRIS(1sJ92)=TNTIS(T9J,3)
COGOOOCOMPUTE AREA OF TRIANGLE...O.......O........0.....................-
3 ARFA = A(3)#R(2) = A(2)*R(13)
CoeoosoFORM AND TRANSFORM MFMBRRANF STIFFNFSS TO RASF CYSTEM IF A TRTsssces
CooooeFORM ANPM TRANSFORM MceMrRRANE STTEFNESS TO Zn SYSTEM I A QUANeo oo,
IF‘NTRlopool, CALL SrST
TFINTRT ,FQge4) raALL SLSTIN
TFND=3
TF(NTRI.FQe4) IEND=5
N0 27 11=1s1FNN
1=LOCM(T1T1) :
IF(11.LTe4) TL=11Y
PO 27 Jd=1,11
J=LOCM(JJ)
IF(JJelTos) JL=JY

T(TeJeNT)H
T(IsJaNT)H




LS=1

NO 27 K=1:3

N=LOCQ(K o JJsNT)

H1=2ST(1  sJ)®¥TNIS(9sKsJLY4+STI Y 9 J+1VRTDTIS(2,KyJL )

H?=ST‘I+19J’*TDTS(]QK’JL)+CT(T+19J+7§*TnVQ(79K9JL‘

IF(1,FQeJy LS=K

DO 27 L=LS,3

M=LOCQ(L sIT«NT)

S(MoN)=SIMsN)+TDTS(1sLsTL)*HI+TDTS (2L s TL ) *H>

27 S(NsM)=S(MyN)

Cooees FORM AND TRANSFORM PLATF STIFFNFSse TO RAGF SYSTFM IF A TRIceeo00eos
CoooeeFORM AND TRANSFORM PLATE STIFFNFSS TO Zn SYSTEM IF A QHAD....-..

CALL SLCT9

nO 300 11 = 143
K= 3%11 - 2

KK = 8%(11=1)

DO 300 JJ = 1143

L = g#JJ - pd

LL = §#(JJ=-1)

NO 360 M = 1,5

J = LL + M

JS = LOCR({J4NT)

IF (MogGT63) GO TO 270

T3 = TD1S(3:MeJJ)
H1 = ST(Ks LY*¥T3
H2 = ST(K+1,L)%*T3
H3 = ST(K+2,L)#T13
GO TO 280
270 T1 = TROT(1,M—-3,J4)
T2 = TROT(DP M=2,Ul)
Hl = ST(Ks L+1)1%*T1 4 ST(Ks L42)%T>
H2 = ST(K+1sL41)%*T1 + ST(K41sL42)*TD
H3 = ST(K+2sL+1)¥T) 4+ ST(K42,L42)%T>

280 DO 300 N = 1,5

I = KK + N

IF (1.GT.J) GO TO 13nn

18 = LOCR{TINT}

TF (NoGT.3) GO TO 29n .

S(1S5+JS) = S(1SsJS) 4+ HI*¥TNIS(3,NsTT)

GO TO 295
290 S(1SsJS)
298 S5(JS,18)
30N CONTINUE

" CALL NLOAD(NT)

PO 8NN 1=1,5

Ke=1

IF(NTRIFQoe4) K=3

Q1=PrF(1,1)

Q2=PF(2,1)

Q3=PF(3,1)

DO 80N J=1,3

L=LOCQ(J,I¢NT)
BNO PT(LY=PT(LY4TATISI1sJoK)*Q14TNTS(2,J,K)*¥Qo4TATC(2,J,K)%#QA
301 CONTINUF

IFINTRTI,FQ,1) GOTO 1000

S(1SsJSY) 4+ H2¥TROT(14N=3,77) 4+ Ha¥TROT (2 eN=3411)
S(1SsJs)
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CeooooELIMINATE TRANSL, COMPONENTS NORMAL TO Ny,N> PLANE OF MIDSIDE NODE=<
NO 34 1=1,37
S(Ts 33=S(1s 3)+S5(T1634)/2,
S(Ts 8)=S(1s B8)+S(T+38)/2,
S(19139=S(1513)45(1s36)/2,
S(1s181=S5(1518)45(7+37)/2.
34 SUT523)1=5(1523)4(S(T434)4S(1535)45(T4361+5(137))/7,
NO 35 J=1,37
St 3eJ)=S( 39J)+5(34,J)/2,
St 89J)=S( B89J)+S(36,J)/2,
S(13sJ91=S(135J)4+5(36sJ)/2,
S(18sJ)=S(186J)+S5(237,J)/2,
36 S(23:J)=5(239J)4(S(344J)145(35,J)145(26sJ)+£S(275J))/2,
PTt 3y=PT( 3)4PT(24)/2,
PTt 8y=PT( 8)+PT(38y/>,
PT(13)=PT(13)+PT(36) /2,
PT(18)Y=PT(18)4+PT(27)/>,
PT(23)=PT(23)4(PT(34)+PT(28)4+PT(26)4+PT(37)) /2,
C.QQCQCONDENSE INTERNAL DEGREES OF FREEDOM.00.0.0.....0..0...."O...C...l
Nno 4nn N = 1,13

K = 23 = N
L =K 41
PIvOT = S(LsL)

NO 40N T = 1,K
C = s(I.,L)y/PIVOT
PTII)=PT(I)-C*PT(L)
StlsL)y = C
N0 4nn J = 14K
SUTsJ) = S(TeJ) = (Ll yJ)
470 StJdety = S(tedy
CoooeeFSTARLISH TRANSFORMATION FROM RASF cOORDS, TO N1sN2? PLANFosooesovos .
TFITIFLAG.FQ,1) GOTO 29
nO 38 L=1s4
NO 38 I=153
NO 38 J=143
2R T(TedolY¥=TNOA(T,.J)
GOTO 41
29 N0 4n L=1,4
NO 40 1=1.3
nNO 40 J=1,7
T(IsJsl)=N,
NO 40 K=1,3
40 T(TsJdsl)=T(TsJsl)4+TNIToKIHTE(JIK,L)
Cooooe TRANSFORM THF 4 EXTFRTOR NONFe TO THF RASF CYSTFMeooovocovansoesso
41 K=n
NO 43 171=1451645
K=K+1
NO 42 1=1s3
PO 472 J=1,3
42 TX(1,J)=T(1:J:K)
Q1=PT(I1 )
Qo=PT(T1+1)
Q23=PT(I1+2)
PTIIT )=X1%Q1+Y1%#Q2+71%Q72
PTU1141)=X2%Q14+Y2#Q24+72%Q3




PT(IT+2)=X3*¥Q1+Y3#Q24+73%Q2
PO 43 1=11,20
F=S(1s1T1 )
G=S5(To1141)
H=S({1s17+2)
S(is77 Y=F¥YX14G%EYI 47
S{TeTT4+1)=FEX24+GRYI4H#72

43 S(Te1142)=FRX34a#YI4L1%73
K=n
DO 45 11=341845
K=K+1
NO 44 1=1:3
NO 44 J=1,3

44 TX(Je1)1=T(T1sJsK)
PO 45 J=1s11
F=S(11=29J)
G=S(11=-1,J)
H=S(T1 s J)
SIIT-29Jy=X1RF4XDRG+X2¥H
S{TT=190J)=Y1#F4YD#ARL+YIHH

45 S(TT  sJYy=Z1%#F472%nA47 %K
N0 46 J=1.20
NO 46 I=Js20

46 S(Js14=S(T1eJ)

1000 WRITF (1) TQsFMoNUsTHIKSAND RN TN TR, T
TE(IQ(4),GF1) WRyTE (110 (SS(Tod)oT=1933)Jd=1512)9(PT(1)sT=21:33)
1001 RETURN ’

END =




aka¥ala)

200

300

SUBROUTINE sSCST

STTFFNESS SURROUTINE FOR ONSTANT STRAIN TRIANALE (£ST),
LINFAR FLASTIC ISOTROP1C MATFRTAL

COMMON/cV/NUMEL s NUP TS s NURP TS s TRANDP ,MRAND 4NRLOC 4NNFRE 4 NODE g 4 LVECT
COMMON 1X1(1555) 9FMsNUsTHTKsARFASR(3)5A(3)sST(10s10)sPX1(6645)
REAL Nu

o | FM¥THIK/ (2 #¥ARFA¥ (1 ,=NU%¥2))

c2 C1*NU

2 Ooq*CI,*(lo-NU)

RO 200 T = 1,3

K =1 + 1
nO 200 J =
L= J + J
AA A(TYRA(D)Y
RR RITY*R(J)
AR ACTY®EAR(J)Y
nA RITY®AL(D)

n

NI

1¢3

wnwu

ST(K=14L-1)
ST(K oL
ST(K=~1sL
ST(K sL-1)
nO 30N =
K =7 -
no 3nn
ST(T.J)
RFTURN
FND

ST

n = —

C1%nn
r1¥%a4
C2%nA
C2%aAR
2 96

N

1K
{Js1)

++ ++

CARAA
r3#nRn
C3*¥an
C3#pA
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SUBROUTINE SLST1n

FLEMENT STIFFNFSS <112RONITINF

LINFAR STRATN TRIANﬁLC WITH 5 NOnal POINT= {10 reaReps OF cRpanM)
LTNFAR FLASTI 1SOTROPI- MATFRTAL

FXTFRNALLY CONSTRATNER StPF 15 1-2

 OMMON IX1(155R),rM,NHgTHIK,ARCA,nta)9A(1)95T(10.1ﬁ)9PX](]765)0
1 rx1(3),rx2(3y,rxa(3»,rvl(1).rv7(1».rva<ay.UV(1,5,7),Px7(4939)
DTIMENSTON U(355) sV (3458)sTPFRM(2) 4RA(2,2)

FQUTIVALFENAE (RAsRY s (1IVsl)), (U161 4V)

REAL NUs NUH

NUH = 0¢5%(1,~NU)

FAC = FMETHIK/ (24, %AREA* (1 =N 1¥%5y

NO. 150 N = 1,2

NO 150 T = 1,2
NO 140 J = 142
140 UV(TeJsNY = RA(JIGN)
UV(TsTeNY = 1JV(TsTeNy) = 2o ¥RA(23,N)
HVITs3sNY = —RA({2,N)
HV{3sTsNY =  =—RA(T,N)
K:E,-I
UVIIsKeNY = 4,%¥RA(2sN)
UV(2sKsN) = 4,%¥BA(T,N)

UV({TIsI+2sN) = n,

150 V(3,34N) = 3 ,¥RA(2,N)
nO 3nn T = 1,5
SUMy) = 1o TY4(2s Tyl 25T
SIIMVY = VI1sT)4VI25T)4V (361
NO 200 L = 143

X = (SUMU+U(L Ty )*FAC

Y = (SUMV+V(L 1) )*FAC

CX1(L) = X

Cy2(Ly =Y

CX2(LY = X¥Ni

CYT(LY = Y#Ni

CX2alLly = Y*NUH
200 CY3(LY = X*NUH

Ko = p*1

Ky = K2 =1

nNO 30N J = 1,5

L2 = o%J

LY = L> -1

X1 = D,

X? = Oo

X3 = Ne

X4 = 0D,

NO 280 K = 1,43

X = U(KeJ)

Y = VI(KeJ)y

X1 = X1 + CX1(KYy¥X 4+ £xa(Ky*y

X2 = X2 4+ CX2(K)y*Y 4 Y3 (Ky%x

X3 = X3 4+ CYV(KY*X 4+ Yz (Ky*y
20 X4 = X4 + CY2(K)y*Y 4+ ¢Y3(Ky*y




300

ST(KisL1)
ST(L1sK1)
ST(L2sKY)
ST(K2.L1)
ST(L1sK?2)
ST(K2sL2)
ST(L2+K2)
RETURN
END

[ O { T R I ||

X1
X1
X2
X2
X3
X3
X4
X4

A-21
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SURROUTINE SLCT9

STIFFNFSS SURROUTINF FOR COMPATIRLF TRIANGULAR PLATF FLFMENT
WITH 9 DeF. (3 NOPAL POINTS) - RIGHT HANDEND COORPNINATE SYSTEM -
LINEARLY ELASTIC 1SOTROPIC MATERIAL

COMMON/CV/NUMEL9NUPTG,NUBPT59IBANDP,MRAND,NRLOC,NDFRE,NODEs,LvECT
FOMMON 1X1(1555)seMyNIjyTH sARFA R (3)5A(3)45T(10s10)4PX1(1813),

1 P(?199)sH(?])sU(71)9Q(1,6)sTY(?);TY(?\’PX7l4=77)

PDIMENSTON IPFRM(3)

REAL NUs NUH

DATA IPFRM/2s3,1/

ARFA = A(3)¥R(2)=A(2)*R(3)

FAC = FMETHER3/(BE4 , HARFA*R2E(] ,=NU*%Dy)

NUH = 2.%(1.—NU)

PO 120 1T = 1,3

J = 1PFRM(1)

X = A(T)y¥%o4n(1)%%>

Uty = ~(al1y*alJdy4n(Try¥a(Jyy /X
TX(T) = 2.%ARFA¥A(T) /X

TY(1) = =2¢%ARFA¥n(1}Y/X

QU1s7) = R(TY*R(T)

Q251 = ACT)*A(T)

Q21 = R{TI*A(T)

QE1sT+3) = 2, %a(Ty#R(J)
QU2eT+3) = 2, ¥A(TYH#A(J)Y
Q(397+3) = ALIY¥R(JY4+A(J)*R(T)
Nno 2nn T =143

J = IPERM(1)

K = IPERM(J)

11 = 3#]

JJ = 3#Y

KK = 3%K

Al = A(T)

A2 = A(J)

A2 = A(K)

R1 = BR(T)

R2 = B(J)

R2 = R(K)

Y = U(TY

1 = U(J)

2 = UKy

W1l = 1,.,~U1

W2 = 1,-U2

W3 = 1,~U3

RIN = 2,%#R1

RPN = 2,%A>

RN = D,%*A3

Alh = 2.*A1

A2D = 2,%#A2

AN = D *A3

€21 = R1-R3%#|)3 + TX(K)
C?2 = =RIN+R2*¥Wr+RA*Y2 4+ TX(J)~TX(K)
€21 = A1—-A3#()3 + TY(K)




210

24N

260
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P{N+18s11-2)
P(N+184KK=-1)

2. ¥(Q114U3%#Q124W2*Q317)
({RIN—ROPI*¥QA34CRI*Q234+CBT1#Q31Y /2,

€32 = =AID+AP*WI24+A3¥* (12 + TY(J)~TY(K)

51 = R3¥W3I-R? + TX(K)

€52 = RZN-R3¥W3-RI*¥U1 + TX(T)=TX(K)

r61 = A3Z¥W3-A2 + TY(K)

C62 = APD—A3¥W3-AI*UUY1 + TY(I)=-TY(K)

81 = R3=R2N=R2%¥#(J? + TX(DY

CR? = RID-RBR3+RB1¥*y1 + TX(T)Y

Col = A3=A9D-A2%*()> + TY(J)

£O2 = AIN—A3+A]%*W1 + TY(T)

NO 200 N = 1,3

L = g¥(1-1) + N

Q11 = Q(N, 1)

Q33 = Q(N,K)

Q12 = Q(Nys1I+13)

Q23 = Q(NsJ+3)

Q271 = QINgK+2)

N2333 = Q23-0313

03133 = 031-Q33

P(L 3112y = B #(~Q114W2¥#Q334+U3%Q02233)
P(L sT1-1) = C21%¥Q234C22%Q32~-R3AN*Q12+B2N*Q31
PeL sIT ) = C31*#Q22+C32%¥Q33-A3N*Q1 2+A2D*¥Q2
PtL sJJ=2) = R F*(Q292+WAH*Q22212)

P(L oJJ=1) = 51*¥Q22234RAN¥QDD

P(L sJJ ) = CRI#AI2324+AANRQD

P(L sKK=2) = go%#(1,+112)%Q32

P(L sKK-1) = g81#Q32

P(L sKK 'y = ro1#Q2a

P(L+3 5171-2) = 6.,%¥(Q114U3%¥Q31133)

PIL+3 »11-1) = C21*%Q3133-R2aN¥Q11

P{L+32 511 ) = C31%Q3133-A2N%*Q11

PtL+a sJJ=2) = Ro*(—Q22+111%#Q22+W2%Q2122)
Pl{L43 sJJ-1) = 51#¥Q214r52#0324R2ANAQT 2-R1NXQ22
P(L+3 osJJ ) = r61%#Q21+r62%¥Q334420*¥Q12=A1A%*Q22
PlL+2 sKK=2) = g,%(1,+W1)*Q23

P(L+3 +sKK=1) = (C8p*Q132

PiL+3 sKK ) = C9o%*Q313

P(N+18sKK ) = ((AIND=A2N)¥Q234r02%*Q234+021%Q31) /3,
NO 3NN J = 1,9

nO 240 L = 19,21

H(L) = 2,%P(LsJy

PO 240 M = 1413,6

N=M4+L - 19

COMM = P(NgJ) + P(N+a,J) + P(L,J)

HIN) = P(N,J) + COMM

H(N+2) = P(N+3,J) 4+ COMM

H(L) = H(L) + COMM

nO 260 N = 1,19,3

N = H{N) 4 NU¥H(N+1)

IN+1Y = H(N4+1) + Nu#4(N)y

1WIN+2)y = NUH¥*H(N+2)

NO 300 T = 1,.J

X = Ne




280

200

nO 280
X = X +
ST(1.J)
STtJde1)
RETURN
END

A-24

N = 1,21
UIN)Y*P(NgyT)
X*¥EAC
ST(TsJ)




170

120
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STIRROUTINE GETNRM (NeP XY 37 3A34R24025 TFRROR Y oY, 7()
NIMENSTON X(1ys Y(1ys Z(1)

THTS SURROUTINFE COMPUTES THF 3 NIRFCTTION OcTNES (A3,R3,4r3)
OF THE NORMAL TO THE PLANE P wHICH Is THE LFAST <QUARE FIT FOR
tNSPe+ SPACE POINTs wHOSE GLOBAL COORDINATFS ARE

X{T)s Y{TI)s 7(1)s T=1 s6ee NSP
{A35R34r3) ARF RFEERREND TO THE (XsYe7) COORPINATE cyaTeEM,

THF 2 NIRFETION cOSTINFe ARF THE FLEMENTS OF THE NORMAL 17FD
=1GFNVFrTOR cURRFGPONNTING TO THF SMALLFST FIGENyALUFE OF THF
(32 X 3) NORMAL MATRIX CONSTRIICTFN WITH THF COORNINATFS OF THF
*NSPs POINTSs AND ARF ORTAINED RY INVERSF ITERATION,

TF eNSPt IS LFSS THAN 2, THF COMPIITATION T eKIPPER ANP THE
FRROR FLAG ¢IFRRORe 18 SFT TO 1,

tPREFSY 1S THF PRer12t1ON NESTREA FOR THE NTREFTION ~OSINES AND
SHOULD RF SFT TO 1N #*%*(=N+1), WHERFE eNt Tc THF NiMRER OF
SIGNTFICANT DFCIMAL NIGITS CARRIED 0T RY THF COMPIITER IN
FLOATING POINT ARITHMFTIC,

REAL MT?, MT?, M22a
IFRROR = n

TE (NSP,LT,2) O TO 2nn
PRFCS = 1,0F=07

XX = 00
YY = Do
27 = Ne
XY = N,
Y7 = N,
2¥ = N,

NO 1NN 1 = 1,NSP
X1=X(1)=XC
Y1=Y{(I)=Yr

Z1=2(1)~2C

XX = XX+X]¥*%¥>
YY = YY+Y]3#¥0
27 = 77+Z1%¥%>
XY = XY+X1¥*Y
Y7 = YZ+Y1%71
IX = ZX+71%X1
NIT = n

FPS = 1N

A3 = 1N

R3 = l1eN

A= 1N
CS=XX+YY+77
Fy=—q#PRFCSg
1J11 = XX — Fv
1112 = Xv

1113 = 7ZX

M12 = XY/u1l1l
M1a = Z2%x/U1




140
16N

190

200
280
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122 = YY = FV — Mio¥ino

123 = Y7 — M12%#U12

M23 = (YZ = M13%U12) /112>

33 = 22 = EV — M13#1113 = M233%#(j213

1F (U33,6T¢Ne) GO TO 140

EV = EV = nNeNO1/S

GO TO 120

IF (NIT.EQen) GO TO 18n

R2 = B2 — M12¥%A3

€3 = C3 — M13%¥A3 ~ Moa#pg
€3 = C3/U33

R = (R3 — (J23%c3y)/12?

A3 = (A3 = Ul12*R3 = 1113%C3)/U11
S = SQRT(A*¥24B3 %% D42 %%)
A2 = A3/S

R3 = R3/S

€3 = C3/S

NTT = NIT + 1

tF (NIT.LT42)Y ~O TO 190

FPS = AMAX1 (ARS(A3=AP),ARS(R2~AP) ,ARS(C3~rPy)

IF (FPS LT PRECS.ORNITeGTe25) GO TO 25n
AP = A3

RP = R13

cP = C3

TF (EPSATeNe0NSY)y A0 TO 160

FY = FY 4+ N,999/%

GO TO 120

TFRROR = 1

RFTURN

END
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$IRFTC sSOLv DECK :
SHIBROUTINFE sOLyE
rOMMON MgNsP {100y 2)sR(100s 3)sA(1NNs10N)
cOMMON /¢cV/NUMFL 4 NyPTS, NURPTS s TRANDP yMRAND ,NRLOC 4 NPERF, NOpEc,LvFCT
DIMENSION Py (4504543)
EQUIVALENCE (P,Pv)
M=MBAND
N=NBLOC
M1=M=1
NO 5 T=1sM
NO 5 J=1sM
5 A{TleJYI=0,
CALL CHOL(M1)
REWIND 4
CALL BPASS(M1)
RFWIND 4
PO 1 K=1.N
K1=(N=-K)*IRANDP+]
K2=K1+IRANNDP-1
1 READ(AY(UIPV(1sJsL)sd=1sNNFRF) sT=K14K2)sl=1,LVECT)
PO 2 Lv=1,LVECT
PRINT 1n,sLV
PRINT 11
DO 2 K=14NHPTS
2 PRINT 4oKs (((PV(T4JsL)sJ=14NDFRF) 4 T=KsK)sL=LizgL\/)
4 FORMATI(T11145F2Nn,6)
REWIND ¢4
REWIND 1
10 FORMAT(28HIDISPLACEMENTS FOR LOAD CASF 15)
11 FORMAT(1HO 6Xo4HNONFE 9x,an118x,2H0218x92H0318x, 24n418X s 2HN5)
.RETURN
END
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SURROUTINF FORMK(1T1sMY)

COMMON MoNoP (1005 3y,R(100s 3)3sA(1NN1NNY) 4N (BB s6)4Q(4)
COMMON/CV/NUMEL sNtIPTS 4 NUBPTS 4 IBANDP ¢MBAND yNBLOC 4 NDFRE ¢ NODE € (LYVECT
INTEGER Q

K=1+1

PO 1 J=KsMRAND

A(TeJ)=N,

PO 2 J=19sMBAND

A(MBANDsJ) =0,

JI=(TI1=-1)*IBANDP

DO 7 IK=1,1BANDP

READI2) TTolQUT)aT=TsTT)o(((N(TsJsK)sT=1sNNFRF)3J=1 4NNERF) 4K=7151T)
NO 7 K=1,1IT '
IX=(Q(K)=JJ-1 ) *NDFRE

JX=(1K=1)*NNFRF

11=NNFRF

TF{IXeGFMRANND) TX=T1X=MRAND

PO 7 L=1sNDFRE

IF(IXeEQeJdX) I1=L

L¥=Tx+L

NO 7 1=1,11

MYX=JX+1

A(LX;MX)=D(L91QK)+A(LX9MX)

RFETURN

END




B
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SUBROUTINE CHOL (My)
COMMON MyNoP(100s 2),n(100, 3YsA(INNALINNY
COMMON/CV/NUMELsNUPT§;NUBPTS,IBANDP,MBAND,NRLO(9NDFRE,N0DES,LVECT
PO 11 ICHOL=1,N

CALL FORMK(ICHOL sM1)

DO 5 J=1.M

LizJ~-1

Do 5 I=J’M

SUUM = 0,

IF(J,EQ.,1) GOTO 4

PO 3 L=1,L1

SUM = SUM+A(J,Ly*a(T,L)

IF(1.FQ,J)  A(1sJdy = SART(A(T,J)=SUM)
IF(TNEGJ) A(Tody = (Al(TJ)=SUMy/A(JsJ)
BEGIN DECOMPOSITION OF LOWER TRIANGLE CASE 1
IF(ICHOL.EQ.N) GOTO &8

DO 7 I=1.M1

Ki=T+1

Kop=Jd=1

SUM=0 0

IF(K1.GT-K2) GOTO 7

DO &6 K=K1,K2

SUM = SUM+A(JK)%A(T,K)

AlTsed) = (A(TsJy=SUMY/A(JIsJ)

CALL FPASS(ICHOL sM1)
WRVTF(l)((A(!;J),J:],M),r=1,My,((q(K,L,,K=1,M),L=1,Lv:r7)
IF(ICHOL.FQ,N) GOTO 11

PO 10 J=1,sM1

DO 10 I=J,M)

K1=1+1

StiM=n,

DO 9 K=K1 .M

SUM=SUM+A(J,K) %A (T ,K)

A(1sJ)=—SUM

CONTINUF

RETURN

END
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SUBROUTINE SWITCH
COMMON MyNsP (1005 2)5R(10N, 3)5A(10A,10N)
cOMMON/CV/NuMEL,NUpTc,NURPT5,IRANDP,MBANn,NRLOr,NDFRF,NOnEq,LvECT
MD=M/2

MJI=M+1

PO 1 T=1.MD
LI=M=I+1

DO 3 LV=1,LVECT
C=P(1,LV)
P(I’LV)=P(LIQLV)
PtLisLvy=C
MJ=MJ=-1

DO 1 J=IsMJ
LIaM=J+1

C=A(Js 1)
A(JdsI)=A{LI LU
AtLI,LJY=C
CONTINUF

MJ=M+1

NO 2 1=1+MD
Li=M=1+1

MJ=MJ-1

JI=1+1

DO 2 J=JJsMJ
LdeM=J+1

C=A(T,sJ)

AlTsJ) = A(LJIGLTY
AlLJsLTY = C
CONTINUF

RETURN

END
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SURROUTINF FPASS{TCHOL 4M1)

COMMON MsNsP(100s 2)sn(1N0, 3)5A(100s1NN)
COMMON/CV/NUMELsNUPTS9NURPT59IHANDP9MBANDsNRL0C;NDFREgNODEs,LVECT
TFI1CHOL ,FQ 1) READ(4) ((P(TsJ)sT=14M)sd=14LVFFT)
DO 20 Lv=1,LVECT

Bl1sLVI=P(1,LV)I/A(151)

NO 2 Lv=1sLVFCT

DO 2 T=2,M

K:I-1

nNO 1 J=1sK

PUTsLV)Y=P(I,LV)Y=A(T1sJ)*R(J,LV)
RUTsLV)I=P(TIsLV)/A(TsT)

READ(4) ((P(I9J)DI=19M,’J=19LVprT,

PO 2 LV=1sLVFCT

NO 3 T=1,M

L=T+19

NO 2 J=L M

PlTsLV)=P(TIsLV)=A(TsJ)*R(J4LV)

RF TURN

FND
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SHURROUTTNFE RPASS(M1Y)

COMMON MsNsP (1005 2)5R(100, 3)54(100,1N0N)
COMMON/cV/NUMEL sNUPTS s NURPTS s TRANDP ;MR ANN NRLOC o NAFRE s NOPE € s LVECT
PO 7 11=1,N

BACKSPACF 1

TF(I1T1eGTel) BACKSPACF 1
RPAD(l)((A(T’J)’J=1’M)’T=1¢M)q((P(KsL)9K=19M),L=1,LVFFT)
CALL SWITCH

IF(TT.FQs1) GOTO 12

PO 2 Lv=1sLVFCT

PO 2 1=1eM1

L=1+1

Do d J=L ,M

PUTosLV)=P(T1sLVI-A(TsJ)*¥B(JsLV)

PO 10 Lv=1,LVFCT

RET1sLVYI=P(15LVY/A(151)

PO & Lv=1,LVFCT

NO 85 T=24M

K=1-1

NO 4 J=1.K

PUIsLV)I=P(TI4LV)I-A(TI,J)*B(J,LV)
R{ToLV)=P(ToLV)/A(TsT)

NO 6 Ly=1,LVFCT

NO 6 T=1¢M

17=M=T4+1

PrTslV)=R(1Z5LV)
WRTT?(A)((P(TQJ)9T=19M)9J=19LVFfT)

REWIND &4

RETURN

END
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SURROUTINF STRFsS
C.O..ll.“......i...........OCO..0.0.....000000000000.'.l...‘....'..'.ol...
COMMON/¢cV/NUMEL s NUPTS o NUBPTS s TRANDP gMBAND 4 NRLOF 4NDFRE s NODEQ ,LVECT
~OMMON 1X1(2) +RX{45Ns503 ) UM(504) sVM(B4b4)sRP(9s4)sTN(3:36) s
1 TR(3,36)9Ah(394)99ﬁ(?94’9c(33913)9pp(4”ﬁ96)977(39394’977(19394)9
2 ZQ(395)9GA035354Y9R1(2s394)s03(354)9AP(21)4RQ(3s8),
2 1Q(4)YsTC(40N)Y 4 NTRT NQIAN
COMMON AJsAKsRJIsRKsFMoNUs THIP(2149) 5 TQ(35344)
COMMON/cGe/ PT(13)
REAL NU
C.I.O.....O.B.........O.............0.‘......'......O."0...........0......
PO 7 Lv=1,LVECT
RFEWIND 1
Cooosoo INITTALTZF PP,THE MATRIX STORING AVFRAGEND MOMENTS AND cTFsch........
DO 1 I=1sNUPTS
Ic(1y=0
NnO 2 K=155
? BRX{TosKsly=RX(TsKsLV)
NO 1 J=146
1 pP(I,J):O.
CO.'C.S(,M OVER NIJMBER OF ELEMENTS...Q0.0.0..'0.0......‘...'0........‘..‘...
PRINT 9nsLvy
PRINT 913
nNO 6 JQA=1NUMFL
READ (1) 1QsfFMeNUTHLARRN TR, TR, TQ
NCNFESs=13
TFITQU4YGF,1) NONFS=4
PO 8 I=1,NODES
K=IQ(I)
8 10(Ky=1rr(Ky4+
TFIIQU4)Y.GF,1)Y Rean (1) SePT
NOUAD =1
TFIIQ(4)Y6GE,1Y NQUAR=4
CooesaOMPYTE TNTFRTOR NOnAL PT, NTSPL, FOR Qijan, ANm NOPaAL PT, n1cPL, FOR
C.l...TRI. IN ELEMENT COORDS‘O...........O.l’....‘...l“....‘..'...l......0-
CALL GDISPL
CoooooCOMPYUTFE AND TRANGFORM FLEMFNT STRFQGFS ANP MOMENTC,00ces0c6000c00 8000
NO 3 NTRI=1,NQUAD
CALL MEMS1n
2 CALLL MOMENT
Feoooo PRINT FLFMeNT STRrgSER ANP MOMENTe tF FLFMENT 15 A TR;ANGL:..........
TF(NQUAN.FQ.1) CALL PRTRT
Coooosa AVFRAGE AND PRINT STRFSSES AND MOMFNTS IF FLEMENT 1S A QU'APccoccccssses
6 IF (NQUAD.EQass4) CALL PQUAD (JQ)
Coooos AVERAGF AND PRINT NONAL PT, MOMFNTS AND STRESSFSocceccsssscscesccosooe
PRINT 91,.LV
PRINT o»
N0 & I=1,NUPTS
XP=1c(1)
NO 4 J=1s6
4 PP(I,J)y=PP(1,J)/XP
& PRINT 110sTePP(I52)sPP(1s71)9(PP(TaL)gL=344)
7 CONTINUFE
RETIRN
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90 FORMAT (1H16X 39HFLFMENT STRFSS RFESULTANTS FOR LOAN rASFE o 13,
o 5X 26H(WRT AVFRAGF PLANF rOORNS)

91 FORMAT (1H16X46HAVFRAREFN NOnAL STRFSS RESULTANTS FOR LOAN CASF 13,
e 55X 20H(WRT SURFArF rOORNS)Y )

92 FORMAT(1HNO TXo4HNONE 6Xs2HM1 10X s2HM2 10X e3HM12 9xX42HN1 10X, 2HN2
1 10Xe1HS)

93 FORMAT (1HOs10Xs THFLEMENT 36X 92HM141NX32HM2 1NXs3HM12 9Xs2HNI 10X
o 2HN2 10Xs1HS)

110 FORMAT(7H s1583Xs6F12.4)
FND
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SHIBROUTINE GDISPL
C.l..........o..‘................C...0.0..0‘".......OO....C...O.‘.C...,.OO
FOMMON tX1(2)sR(45Ns5)sPX1(4BN0YoIM(554) VM Bo4)s0P(0,4)TH(236)
1 TR(3,36)’Aﬁ(394§QDH(?¢4)9qf33gl?\opp(40096)077(3919h3¢7T(?9394)9
2 ZQ(395)9&A(39394$9G1(39394)9C?(?94)9ﬁp(?1)-GQ(19q)9
3 1Q(4)97C{40N)sNTRTSNQUIAN
COMMON  PX2(196)sTQ(25354)sP(39)sR2(13)sN(5s544)
COMMON/CQg/ PT(13)
CO....'0.0......l..‘........'........0...‘...00...0.'...............Oﬂ......
TP=1Q(1)
JP=1Q(2)
KP=1Q(13)
TFINQUANFQ,4) OTO 1N
nO 11 1=1,5
N(Te1s1)=R(TPsT}
NiTs2s1Y=R(JP,T)
11 D(T1s351)=R(KPsT)
GOTO 1?2
10 LP=IQ(4)
C.....GROUP DISPL. OF CORNFR NODES IN p.‘.."“.oooo.o.oeo..cn.‘ooco"oc-..
nO 1 M=1,3
P(M 1=TA(Ms 1511 %#a (TP, 114TQA(My2,51)*#0(TP42)4TQIMg2471 ) %R (TP ,2)
P(Mar 1=TQ(Moa1,2)1%#¥n(JP 114 TQ(M242)%R(JP 4512 TQ(Mg242) %R (JP 1)
PiM410)=TQ(Ms142)¥R(KP31)14+TQ(M42,2)%#P (KP42)4+TQ(Myg2,2)%R (KP,3)
1 PUM418 ) =TQ(Ms 1 341 ¥R(LP 1 )14TQ(My2 44 ) #¥R(LP 32 )4 TQ (M2 44 ) ¥R (LP 42
nC 4 M=445
P(M )=R(IPsM)
P(M4r ):R(JP;M)
P(My10)=R(KP,M)
4 P(Myys)y=R(LPsM)
Cooooe COMPUTE DISPLse AT INTFRIOR NODEScoeovoo06000006000600600600006006060060060e.s
NO 3 1=1413
L=19+1
RO2(I)=PT(I)/S(L+71,1)
nNO 2 K=1,L
2 R2(IY=R2(1)-S(KeTy¥P (K
3 P(1+20)=R2 (1)
Coeose STORE ALL THREF DISPL, COMPONENTS. AT MID SIDE NONFE IN Pococsocscsscsse
NO 5 I=1s4
J=(I=1)%2
Ke(1=-1)%3
P(K+26)=R>(J+5)
[ P(K+77)=R?(J+7)
Pt28)=(P( 3)y+P(23y) /2,
P(21y=(P( 8Y+P(23y)y/2,
P(34)=(P(12)+P(23)y/2,
P(37y=(P(18)y+P(23yy/2,
C.....STORE DISPLO COMPONFNTS FOR FACH TRI. IN D.O.....‘.........C.....‘...
NO 6 1=1+5
N(Ts1s1)Y=R(TPsT)
NiTe2s1Y=R(JP,T)
N(Ts4s1)=P(14+28)
N(TeBs1)=P(T4+25)
N(Ts3s1)=P(T+20)
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N(Te1e2)=R(JP,LI)
D(1+2:2)=B(KP,I)
NlTs4a?2y=P (1431}
DUTsFs2)=P(1428)
N(T193:2)=P(T4+20)
N{Ts1e3)=02(KPs7)
NiTe?e3)=R(LPsTY
N(Tebs3)=P(1434)
N(Ts5e3)=P(14+31)
N(T1s3s3Y=P(T4+20Nn}
NMTe1s4Y=R(LPsT)
N(Te2s43=R(TP,T)y
N{Totstiy=P(T428)
N{Tes5s4)=P(T+34)
6 N(T1e3e4)=P(14+20)
CO....TRANSFORM NODAL PT. DISPL. TO FLEMFNT CO()R?JSOOOOOOCOOO.....‘..‘..
12 DO 8 K=14NQUAD
KK=(K=1) #9
NO 7 J=145
TF(JelLTes) L=KK+(J=-1)%13
UMEJsKy=TA 1 s b1 ) ¥n (1 o s Ky 4TI oLa2 ) %N (23 J Ky 4TR (1 4L+ %0 (2 ,0,K)
VMUK =T ool 1y %n (1 5JaKy 4TI oLad 1 ¥ M (230K )14 TRI3,L 421 %N (2,J,K)
1F{J.GTe3) nOTO 7
I=(J=-1)#%3
RP{T4+1sKY=TN(3sL411¥N(15JsK)+TN(25L+2)¥D (25 JsK)+TP (3L 43)%#0(34J5K 5
BP(I+2’K)=TR(]OL+1)*nfhyJ;K)+TR(l¢L+7)*D(59J9K’
QP(T+1yK)=TR(29L+1)*n(hoJ:K)+TR(7QL+7)*D(qu’K)
7 CONTINUF
8 CONTIYNUF
RFTURN
END
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SURROUTINE MFMB1n
C........0..‘..0.......'......I................0............l............

FOMMON 1X1(2)sR(45055)sPX1(4500)sUM(594)sVM(5,4)50P(954)sTR(3936),

1 TR(3936,’Aﬁ(3’4ﬁoﬂh(294§9<(33913)9PP(4ﬂ096)977(39394?97T(19394)9

2 2Q(395190A039394)9r1(35304)9r23(354)eAP(21)50Q1255),

2 1Q(4)sTC(400)sNTRTsNQIIAN

COMMON AJsAKsRJIsBKsFMgNUs THsP (21459}

COMMON PX2(18B)sU(B)sVIBYsX(3)sY(2)e7(3)

REAL Nu
C.Qo...o....oo......lcooocoo00..Q....O......O.ooo.....'o.o-.0.00.0...0.0
C..OOOGROUP MEMBRANE DIQPL. IN l, AA!D V.‘..C.'...Q............O.'..C..O..

PO 1 1=145

UlTI=UM(TsNTRT)

T VII)=VM(TIsNTRY)
C.....MODIFY STRAIN DISpL. MATRIX IF FLEMENTT Iq A CRT.................O

TF{IQ(4)eGT .0y GOTO »

Heay=(12y)y+11(3Y)) /2,

VIL)Y={V(2)Y+V(3)) /2,

sy =(U(1Yy4+U(3Y)Yy /2,

VIS y=(VI114+V(3)y/2,

C.....COMPUTE STRAINQ IN x DIR...................0.0I..l....‘...........
2 F=RD(1sNTRI)Y

X{1)=(U1)=U(2))*F

X{2)y=(U1)y=U 2y #rF

X2 (=1 (1 )4+ (DY b o ®(=11(L)4II(BY)) ) #E

A:AD(]’NTRI’

r=AN(2sNTRT)

N=AN(3,NTRT)

Co.oooCOMPUTE STRAINS IN Y DIR.‘....OOO;OOOO.....Q...QOQQOO..0.....00".

Y1) = (A=2 M) BV 1) 4 0¥V D) ~RRY ([ 2) 44 ¥N#Y (R

YU =A¥V (1) 4(C2¥MY ¥V (D )=NEV(2) 44 ,¥N¥*V (4

Y(R)==ARV 1) =CHEV (D142, BNFYV (2 )40 HORYV (L) +L#AFV(E)

C....‘COMPIJTE SHEAR QTRAINQIOUO....'.C......‘..O........O..O.O.....‘....

Z01)=(VIY=VI2) Y ¥ ( A=2  #PyHU (1Y 4r®) (DY =NE {2y g g ¥n¥ (8

Z2Yy=(V 1Y~V R EL AR (1 Y4 (C=D BNV RI Dy =nF (2 y4p *NH (1)

ZU3Yy={=VIIY V(DY 44 R =V {4 Y4V (5Y)) ) #r

1 =ARUTY ORI 42 ¥ N Ry 44 ¥ OF ) (4 44 AR B
C.....CoMleTE STRESSESQ................~......................0..........

N==FMETH/(DRF¥* (1, ~N#%2) ) '

NO 3 I=1,3

77(1oToNTRIY=X(T)¥D+Y (1) *XD*NU
Coooee TRANGFORM gTREGSFE G TO <lIRFACF COORDQQ00000000000000000oocooooooooo

2Z(2sTsNTRT ) =X(T)RAENIILY (TN

2 ZZ(3TsNTRI )= B*Z (1Y% (1,=Nij)sn

K=NTR1

KK={NTRT1-1) %0

DO 4 J=193

L=KK+{J=1)%*3

C=TR(1sL+1)

R=TR(1,L+2)

FS=SORT(C##o4R#t%>)

C=C/CS5

R=R/CS

F=22(15sJsK)
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G=22(2+JsK)

H=72Z(3sJ4K)
2T(1eJoK)=F#CHH>4GRR#* =¥ 5, ¥R*#(
ZT(2oJsK)=FRRH RS LGRCH o 4HI 5, #R¥(C
ZT(2oJsK)2F#R¥C~GHREC 4 H¥ (CH*5—R¥*#9 )
RFTURN

FND
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SUBROUTINE MOMENT
Co...ooo....l.l'oo‘....ooto.odo0.0.'o.oo....'eooaoQQQOOOODDQQOOQQOQQl.eQ

COMMON 1X1(2)sR(45055) sPX1(4500) sUM(564)aVM(5s4)sRP(0434)5sTN(34367} s

1 TR(3936)aAn(3,4)onD(1;4);S(33g13).Pplhﬂngé)g77(39394)’7T(39394)a
2 ZQ(395)3GA(39394)9G1(35394)eR2(3s4)sAP(21)4RR(3,5),
3 1Q(4)YeTCH4N0Y sNTRT S NQIIAN

COMMON AJAKsRISRK s EMyNIIa THIP(2159)sPX2(207)sRG(352453) sRQA(0)

RFAL Ny
CO'......'Q......li.......l.......Q..O............Q.............‘.Q.Q...
Coo...PLACE NODAL pTo DISPL. IN BQ.........‘...O..‘...........C...l..ﬂ..

NO 1 1=1,9 ,

1 RQ(I)=RP(INTRT)
NO 720 I=15757
2N RQUTIY==-RQ(TI)
CoooesCOMPUTF MOMENTS FOR &1IRLFMENTS ANN STORF TN APicesccocestocobsocssse

AJ=ANL2sNTRTY

AK=AD(1sNTRT )Y 4AJ

RJ=RAN(3,NTRT)

BRK=BN(2,NTRT)

CALL MOMT

CALL MATMU3 ( P4BQ,AP42149)

C.Q..OGRO[JP MOMENTS FOR QUB FLFMFNTq IN GG.........QO...O..O...QC..I.C‘.

NO 2 J=1,3

K=(J=1)%4

NC 2 L=1e2

M=(L=-1)%3+K+1

GG(JeLs1)=AP(M)

GG{JsLs2)=AP(M+1)

2 GGE{JsLe3)Y=AP{M+2)
CooosoDFTFRMINF AVFRAGE MOMENTS FROM SUR FLFMFENTS AT TsJsKeooooooesooses

K=NTR1I :

nNO 3 J=1463

GALJe 1K =R (1sleJY4RR(3s2eJYY /2,

GAlLJs2eKyY=(Ar(1e29J)Y+An {210V /2,

3 AA(Js3sKYIS{AR(2920 140 (301 6JYY /2,
(‘.....TRA'\’QFORM AVERAGE MOMFNTq TO ‘;”RFA(F COORDQC..‘........Q.'........

KK=({NTRI=1)%*9

NO 4 'J=1,3

L=KK+(J-1) %2

rf=TR{1sL+1)

R=TR(1sL4+2)

CS=SQRT(xE*>4LRH¥*0y

C=C/CS

R=R/CS

X=GA(19JsK)

Y=GA(?esJesK)

7=GA(3sJsK)

61(]9J9K):X*C**7+Y*R**7"7*90*R*C

GY1(2sJsK)=X¥RF Ko LyRCHF 947 %9 #R¥X(

4 GI{2sJsK)y=XHR¥C —y*RACH7¥* (CHHEs—R¥* o)

GR(1sK)=AP (10 ) # %54 AP (00 ) ¥R¥¥>=AP (59 ) ¥*> *R¥(

G2(2:K)=AP (19 ) ¥R#X 54 AP (o) HCHK DL AP (27 ) ¥ >  ¥R%C

(2(29K)=AP (19 ) ¥R*¥A=AP (90 ) #R¥CLAP (21 ) ¥ (CHEA~R¥*% )

RFTURN

END
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SURROUTINF PRTRI

C....O.l............ﬁ.......‘............................'....'....C.....l
COMMON 1X1(2) sR45ENs5) sPXT1(4500)sUM(554)sVM(B54)9RP(034)5TN(2536),

1 TR(3936)9Ah(394)9nﬁ(194,09(33’1?)ypp(4n096$977(3,?94)97T(19194)9

2 ZQU355)90GA039394)9R1(39304)9R3(354)3AP(21),6Q(3:5),

2 TQU4YsTCl4NNY o NTRT o NQUAD
Co....OO...O..OC..'O..O....‘.O..Oo!.0...0.......000.0.0.....00000000000000v
CoeoeeoADD NODAL PTe MOMENTS AND STRESSES IN PPocoecocvosscococeoceccsconoscesasse

PO 1 J=1,3

K=1Q¢J)

PO 1 L=1,3

M=l +13

PP(KsLY=PP(KsL)+G1(LsJs1)
1 PP(KgM)=PP(KsM)y+ZT(LsJs1)

C"..OPRINT MEMBRANE STRESQFq IN ELEMENT COORDg...............'.........C.
PRYINT 10s(((ZZ2(TsJsK)sK=191)0J=1s1)s1=1s3)

Cosoeoe PRINT MOMENTS AT CFNTROIN IN ELFMENT AND S!RFACF COORNSsecccovcccsea -
PRINT 129 (AP(T)91=19521)s((G3(TeJ)sJ=151)sT=1,2)
RETURN

1n FORMAT (3F12.4)
12 FORMAT(AF12.4)
FND
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SUBROUTINE PQUAD (JQ) |
C.............‘.......‘.........‘......'.................’...............
COMMON 1X1(2)9R(45055)sPX1(4500)sUM(554)3VM(G54)sRP(Q54)sTN(3636) s

1 TR(3036)QAH(3’4)9Pﬁ(194”5(3391?)gpp(4ﬂ096)977(39?94)97T(3o194)9

2 20(395)QGA(39394)9G1(393,4)oﬁ3(3’4’9ﬂp(2])QGQ(?,ﬁi’

3 1Q(4)71CL40N) JNTRTSNQIIAN
C..........'....‘........‘.......................‘..........‘.............'
Cooooo COMPYTE AVERAGE MOMENTS AND STRESSES FOR QUADsccccesscssccececcccsse

PO 1 I=1,3
GA(T91)1=(Gl(T191s114GL(T62:4)3/2,
GAUTs21=(6G1(T1221)4+6G1(15192)9/2,
GAlTs3)=(G1{T192e2)V4+01(Ts1e3)Y/0,
GAUTs4)=(6G1(T7602e3)V+G1(151s4))/2,
GQ(195)=(G1(T93,1)+G1(79392)+G1(T,3931+G1(Yg3,4$)/4.
ZQ(1s1)=(ZT (19191 42T(T124))/2,
ZQ(1e2)=(ZT(19291Y4ZT(1512)Y/7,
ZQ(1e3)=(ZT(192e2)V4+2T(T91s3))/2,
Z2QUTs4)=(ZT(192s3)4ZT(Tole4)Y/2

1 ZQ(195)=(ZT (19391427 (T93s2)47T(19353)+2T(Ts354)) /b,

C.....ADD NODAL PT. MOMFNT: AND qTRF_qSES IN pp.........‘.‘...............

RO 2 J=1s4
K=1Q(J)
NO 2 L=1+3
M=L+13
PP{KoL)=PP(KsL)+GQ(LsJ)

2 PP(KyM)=PP(KsM)+2Q(L,J)

Coooee PRINT AVFRAGF MOM:NTS ANN STRFSSFS FOR QUADecsccsccecccoscosstsoccssca

M=JQ
PRINT 10sMeQ (2551 96Q(15)56Q(24R) 6 (7Q(T45)4T=1,2)
RFTURN

10 FORMAT (10Xs15+6Xe6F12,.4)
END
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SURROUTINE MOMT

FOMMON TX1(2)sPX1(10102)5T1X2(40R)

~OMMON AJ,AK,PJ;RK,CM,NH,TH,P(2],9),pXZ(ZQQ)gH(Q,?1),Pﬂ(?],?),
1 A{399)9A(3)5R(3)30S(2)sAS(2) oA (Y 4t1( )W {2y 4 N(2)46N(2)
NTIMENSION R(2159),1PERM(3)

NATA TPERM/2,3,1/

RFAL Nu,NuT

FQUIVALFNCE (P,4R)

TNTTTALTZF

Al1)Y=AK~AJ
A(?2)==AK
A(3)=AJ
R(1)
R(2)
R{13) -RJ

ARFEA AJ¥RK-BJ*AK

no 11N T = 1,3

J TPFRM{ 1)

K TPFRM( W)

X A(TYREDER (T *%D

WIT) = —(A(T)*A(KY+R(TV1*¥R(K) ) /X
UCTY = 1.—W(I)

X = SQRT(X)

HE(T)Y ==ARFA/YX

FN(TY = A(T)/X

SNITY = =a(T)/X

13 = 1./3,

rl16 = 1./6.

P27 = 26/276

ARFA12 = GHo*AREA

ARFAE = 3.%ARFA

ARFARE = 18.,%ARFA

BJ-RK
RK

W unnu

D 120 T = 1,21
PO 115 J = 1,3
PN(TsJdy = 0,
N0 120 J = 1,9
p(IQJ’ = N,

FORMATION OF CORNER CitRVATIIRE-NODAL DI<PLACEMENT MATRIY P

NO 18N 1T = 143
J = TPFRM(I)
K = TPFERM(J)
M2 = 3#]

M2 = M3=]

M1 = M>=1

N2 = a%J

N2 = N2-3

N1 = N2-1

R = R(T)

R? = R({J)

R2 = R{({K)
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Al = A(I)

A2 = A(IY

A3 = A(K)

w2 = W(J)

w2 = W({K)

U2 = Uty

13 = U(K)

R3? = R3-R?

A32 = A3—A?

BwW = B3#w13

RI) = B2¥U»

AW = A3¥y2

Aly = A2#U0

H? = 2.%¥HG(J)

H3 = ?Q*HG(K,

C?2 = CN(J)

C3 = CN(K)

s2 = SN(J)

91 = SN(K)

Gl1sM1Y = C12 + CI227#(WD=W3)

~{29M1Y) = =(5,%A14AWLAL)) /AREAS

F{3sM1) = (5.,%R1erW4nlIY) /ARF AR

GL1sM2Y) = (4,%R324n1)=AW4H2*24H3%#~3y /81,
GL1eM3) = (4,%A324AU-AWHH2%#S24H3%#53y /81,
X = A2¥R2¥(1,4WP) — AR¥RR*(] ,41)3)
G(2sM2) = =(X4+4,%A1%R32)/ARFA36 + 16 — (r2%c2403%03y/9,
GL3eM3y) = (X+4.,%¥R1%A22)/ARFA3A + 16 — (S2%CD4c3%53)/0,
X = (C2#S24+03%53)y 79,

Gl2sM3) = (=2 ®A1%A324C13 % (AUX*AD-AW%¥A2YYy/ARFATD - X
F(3eM2) = (2.,%¥R]1%#0324r13% (RWH¥RI-AII%DD)) /AREALD — X
AS{3)y = A(K)

AS(1Y = (A(TY—A(KYY/Z3,

AS(2) = (A(JY—A(KY)Y/3,

R&(3) = R(K)

RS{1)Y = (R({TY-R(KY)y/3,

RG(2) = (R(J)=R(K}))/3,

W2 = (1.,4+W(KY)/3,

112 = 1e—W73

NO 14N L = 143

H{LoT) = RS(LY**>

H{Ls2) = AS(L)*%>

H(Ls2) = 2,%AS(LY#RS (L)

M = TPERM(L)
N =L + 13
HiNs1) = 2,%RS(L)*rS(M)

H(Ns2) 2 XAS({LY®AS (M)

H(Ns2) =(ASILY*RS(M)y4AaS{My*¥nS(L))*>,
R3 = 2,%#AS(73)

A2 = 24%#AS(13)

R2 = ?2,%¥BS5(2)

A2 = 2.¥AS(?2)

R1 = 2.%RS(1)

A1 = D.#AS(1)

HTC = C13%#43%¢3
HTS=(C13%#H3%53




180
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RU=RS(3) *¥U3-RS(1)+HTC
AU=AS(3)*¥U3—-AS(1)+HTS
BW=BS(2)-RS(3)*¥W3+HTC
AW=AS (DY =AS(3)¥W34HT<

L=g®#(1=7)

NO 150 J = 13

L1 = L4J

L2 = L1+3

L3 = J+18

H1 = H{1sJ)

H? =  H(2:J)

H2 = H(3,J)

H1?2 = H{4sJ)

H?3 = H{8sJ)

H31 = H(6sJ)

P(L1oM1ly = 6,%(HL4H124+U3%#H234H31)
P{L1sM2) = R3I¥H124RU¥H23=R2#H31
P(L1sM3) = A3¥HI24AUNHD3=AD*H3R]
P(L1sN1) = 6o*(HI4+W3HHD2)
P(L1gN2) = =RI¥HI4LAWHEHI2
PiL1sN3) = —A3¥HD4AWHHDI2
Ph(L1s1) = 6o0%*H3

PO(L1s2) = R2#H3

PO(L1s3) = A2%#H3

P{L2sM1) = 6e*(H14U3%#H21)
P(L2,M2) = B3¥*H1+RU#H2Y

P(L2oM2) = A3#H]+A#HAY

PIL2gN1y = 6, #(H24H124H234+W3#13]
P(L2sN?2) = =~R3¥HIZ2+R1IXH2I4RWH*H3]
P{L2sN3) = =A3HHIO4AT#H224$AWHHZ]
PO(L?2s1) = 66%*H3

PO(L?2s2) = ~R1%*H3

Po(L2s3) = —A1%¥H3

IF (1GTe1) GO TO 1sn

P{L3sMT) = g ¥ (H1+U3HHTD)
P({LagM2) = —B2#H]14RII¥H]?
P(L3sM3) = <~AD#HI4AUNHTD
PIL3gN1) = 6, F(H2+W3#*H1))
P{L3gND2) = RI¥HI2+RWH*HI D

P(L3sN3) = AI¥H24AWHHID

PO(L351) = 6,*(H3+H234+H31)
PN(L3;2) = —RI¥H23+R2#H3
Ph(L23s3) = —A1¥H23+AD#H3
CONTINUF

CONPFNSATION OfF ceNTROTN NTSPLACFMENTSs MULTTIPLICATTION RY
MOMENT~=CURVATURF LAW ANP STRATN ENFRAY INTFGRATION

FAC 9o /ARFA#%2
NUT 12e%(16e—~NU¥*H*>\)
D = EM¥TH*%¥3/NyT
GX = D¥(1.=N11y /o,

PO 28n J = 1,9
nO 180 1 = 1,21
= 1,3

no 170 K
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170 PilsJd) = P(IsJ) + PO(IKIRG(K,sJ)

180 P(IsJ)

250

Do
M2
M3
R
R2
R(M
R(M
R(M
RET
END

Pt(lsJ)®FAC
250 Ml= 1,19,2

M1 + 1

M2 + 1

P{M1,J)

P{M24J)

1eJ) n#E(R1+Ny#a o)
2eJ) D#(R2+NU#R 1)
35J) GX®P (M3, J)
URN
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SUAROUTINFE MATMU3(AsRCsT sJ)
NDIMENSION A{I1sJ)sR(JVsCI(T)
DO 1 K=1,l

C( K)=O.ﬁ

DO 1 L=1,.J
C(KY=C(KY+A(K,L)Y*R (L)
CONTINUF

RFTURN

END




¥ TOROIDAL SHELL =
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MERIDIONAL STIFFENER

40 54 26 20 5 1
1 4 207,8472 120, 306 60, 60,
9 60, 60,
10 4 221,7312 91,8432 2265 60, 60,
18 60, 60,
19 4 231,8232 62,1168 15, 72 72,
27 T2 72
28 4 231,8232 62,1168 15 606 60,
34 606 606
37 4 237,9456 31,3272 7.5 60, 6N,
45 60, 60, ,
46 4 240, 60, 60,
54 60, 60,
1 1 10 11 2 8 1
9 10 28 29 11 8 ]
17 19 28 29 20 8 2
1 29600, 1.75 03
40 29600, 1,75 o3
111011 8 S
4611011 8 54
201010 1 8
4701010 1 53
1010011 9 37
1810011 9 45
1 -1e
17 1 24






