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AUTOMATED SHELL-THEORY FOR ROTATING
~ STRUCTURES (ASTROS)

SUMMARY

The ASTROS (Automated Shell Theory for ROtating Structures) pro-
gram is a digital computer program that can analyze any disk or shell of
revolution of arbitrary cross section under inertial loads caused by rotation
about the shell axis and various static loads, including thermal gradients. The
program output is the elastic stresses and deformations caused by the inertial
and static loadings. This report contains all the information necessary for
the application of this program.

INTRODUCTION

This program was developed because of a need for an easy-to-use and
accurate computer program that is oriented directly toward solving for the
stresses and deformations in rotating disks and shells of revolution such as
those encountered in rocket engine turbomachinery. Several programs are
already available for determining the stresses and deformations of rotating
structures, but these are limited to disks and are based on the finite difference
method. In using the finite difference method, the user must divide the
structure into very small segments and determine values for each segment for
use in the program. In the analysis of almost all geometric shapes, the input
values must be approximated, especially for a variable-thickness structure;
therefore, the results can be made more accurate only by dividing the structure
into more and smaller segments for closer approximations. Thus, it was
desirable to develop a program that could handle larger segments in the com-
puter model to minimize the amount of input to the program and would have a
larger program capability and more accurate results.

It was determined that the STARS II (Shell Theory Automated for
Rotational Structures II) Computer Program developed by the Grumman Air-
craft Engineering Corporation [1, 2, 3] already incorporated most of the
necessary theory and programming for analyzing rotating structures, using a
numerical integration approach. However, the STARS II Computer Program,
although it can be used, was not directly oriented toward analyzing rotating
structures, and a considerable amount of hand calculations to determine



the inertial loads caused by rotation would have to be performed before inputting
the data. Thus, by making modifications to the basic STARS II program and .
incorporating additional programming so that the inertial loads could be cal~
culated internally and converted into static-load components, the ASTROS
Computer Program was developed for rotating structures. Much of the infor- -
mation in the STARS II users' manual [2] is repeated in this report for -
completeness.

The ASTROS program has the capability of analyzing any disk or shell
of revolution of arbitrary cross section under inertial loads caused by rotation
and various static loads, including thermal gradients. The geometric shapes
incorporated in the program are ellipsoidal, spherical, ogival, toroidal,
conical, circular plate, cylindrical, and parabolic.

Four classifications of information are used as program input:

1. Geometry Data. The geometric description of each segment of the
disk or shell of revolution.

2. Material Data. Thickness and material properties of the segment.

3. Topology Data. The manner in which all the segments are inter-
connected to form a structure.

4. Load Data. Temperature and loading data, both concentrated and
distributed, and angular velocity.

The purpose of the program, as stated earlier, was to present an
easy-to-use and accurate method for solving the stresses and deformations
in rotating disks and shells of revolution. The program should not replace
the engineer with a computer but instead should allow the computer to become
the engineer's tool.

PROGRAM CAPABILITY

The use of an accurate shell theory to analyze rotating disks and shell
structures involves complex mathematics and numerical techniques, which
are nearly impossible to treat without the aid of automated procedures. On
this basis, ASTROS was developed using the basic STARS II Computer Pro-
gram [1,2,3], which is based upon the Love-Reissner first-order shell theory.



" The program can analyze isotropic or orthotropic stiffened disks and shells of

revolution, subjectedto symmetric distributed loading or concentrated line
loads, as well as thermal strains. Furthermore, a disk or shell with arbitrary
boundary conditions, under loads which vary arbitrarily with position and

under a temperature variation through the thickness, is tractable with this
program. The rotating structure can consist of any of the following geometric
shapes:

Ellipsoidal — spherical

Og'iiral — toroidal

. Modified ellipsoidal shape

Conical — circular plate (disk)

Cylindrical

.0’01:#00-[0.#

Parabolic

The rotating structure cross section can be a sheet, sandwich, or
reinforced sheet or sandwich. The reinforcement can consist of rings and/or
stringers or a waffle construction rotated 45 deg to the principal coordinates.
The reinforcement material properties can also differ from those of the main
shell.

The basic approach to the problem [1] is to cut the structure into
several regions. These regions need to be singly connected and can have only
line loads applied at their end points. There are no restrictions on geometry
or on uniform or thermal loads. The regions are further subdivided into
several segments, each being free to have its own geometric shape, provided
that the shape falls into one of the categories just mentioned.

Stiffness matrices obtained for each segment are coupled by standard
matrix methods to obtain region stiffnesses, which, after being reduced in
size, are in turn coupled to form the total structure under analysis. The
program can handle a structure composed of up to 24 segments in each of 19
regions arbitrarily connected to each other. There is a limitation on the size
of a sheli segment, which is a consequence of the demand that boundary dis-
turbances be felt throughout the segment. This limitation is mathematically
described as a length parameter in the next section, Input Information, under
the heading, Calculation of Segment Length. This parameter, however, is not
reliable near the apex of any shell shape (¢ = 0), and the segments needed in
this region are actually much smaller than predicted by the parameter. A



mathematical singularity occurs at the apex where r, (the radius of revolution)
becomes zero. It is this singularity which prevents the length parameter from
being meaningful near the apex. Furthermore, the point (¢ = 0) is not an
acceptable input point of the program, although any point outside a circle of
infinitesimal radius is satisfactory. _

There is considerable latitude in what can be done within each segment.
The thickness of any segment can be symmetrically tapered, and it can contain
up to 14 points of discontinuity, provided that the segment centerline remains
continuous and describable by a single geometry. A temperature distribution
through the thickness can be specified at three points in a homogeneous shell
and four points in a shell of rigid core sandwich construction. The distribution
is considered to be linear between these points. Thus, it is possible to
approximate temperature distributions other than linear distributions. In the
event of physically discontinuous centerlines, a kinematic link is available for
use in the analysis. The link relates displacements across the discontinuity.
This link may be used between regions and between segments within a region.

The program is also capable of a nonlinear analysis. The analysis of
this large deformation case is accomplished by use of iteration. Details of the
nonlinear theory involved are presented in References 1 and 4, and the program
utilization of this option is described in detail in the next section of this repoxrt,
titled Input Information.

The output of the program is the amplitude of the displacements, stress
resultants, and stresses at the inside and outside surfaces as a function of the
radial coordinate, r,. This output is printed out for each segment of the
shell at intervals specified by the user of the program.

INPUT INFORMATION

The preceding section provides some insight into the capability of the
ASTROS progi'am and the potential it might have for future use. If the
program is applied judiciously it can be an extremely powerful tool. The
mechanics of applying it should be clearly understood. With this in mind, the
remaining sections should be studied carefully.

The required input data may be subdivided into three main parts:
geometric, topological (or coupling orientation), and joint data (degree-of-
freedom description for each joint component) . Each segment requires its
own geometric configuration and numerical integration control.



. The output consists of stiffness coefficients for each segment, and the
actual symmetry of the coefficients is presented in a convenient form for a
check on the accuracy of the integration through the segment. Region stiff-
nesses and their symmetry checks are also provided. Final stresses, dis-
placements, and Huber-Von Mises-Hencky "effective stresses' are printed
out for each segment at intervals along the segment as specified by the user
of the program. The output will be further discussed in the next section,

Output Informatmn

The full program capac1ty is described as follows.

Segments

Segment. joints

Regions .

Region joints

Number of points available
per segment for specifying
geometric or load data
Number of points available
through the thickness for

specifying temperature data

Geometries

Wall cross-section options

Number of material property
tables per submissien

Number of points per material

property table

24

25

19

20

- 30

4

ellipsoid, sphere, translated ellipsoid, modi~
fied ellipsoid, ogive, toroid, cone, annular
plate, cylinder, and second-order parabola.

single sheet, equal face sheet sandwich,
unequal face sheet sandwich, eccentric rein-
forcement (rings, stringers or both), waffle
reinforcement rotated 45 deg to coordinate
axes.

10

10



Number of consecutive load
conditions per submission 5 (except thermal or nonlinear = 1)

Orthotropy options isotropic or orthotropic sheet, isotropic or
orthotropic sandwich, isotropic or orthotropic
sheet or sandwich reinforced by different
property rings or different property stringers
or both, isotropic or orthotropic sheet or
sandwich reinforced by a different property
waffle system rotated 45 deg to coordinate
axes, other combinations obtained by rede-
fining stiffness parameter formulas (see
the subsection, Reinforced Shell Stiffness
Formulas, in this section; also Reference 1.)

Figure 1 shows the detailed option flow chart for the program.

General Notes

Before discussing the specific input order, it would be advantageous
to introduce some general guidelines in the area of idealizations and topology.
In many computer programs there is such an abundance of numerical com~
putations that minimizing numerical roundoff errors becomes as important
as getting the final answers. In some cases the engineer can aid the program
in this effort by using judicious idealizations. Such a possibility exists in the
ASTROS program, since many internal operations are involved with building
and inverting stiffness matrices. The object of the user, therefore, should be
to help the computer by avoiding the creation of ill-conditioned matrices at
any step [5]. Physically, the way to achieve this end is to have all the segment
stiffness matrices of the same order of magnitude. This will, in turn, pro-
duce region stiffness matrices that are of similar orders of magnitude and
minimize possible ill-conditioning in the total structure matrices. The user
can help to achieve this end by sizing his segments in such a way that no short,
stiff segment is contained alone in a region with all other long, flexible
segments, or that no region comprised of all short, stiff segments exists in a
structure whose other regions contain only long, flexible segments. No
accurate measure can be given on the relative stiffness or flexibility of
segments allowed, and thus the best check is to see if a structure is in
equilibrium under the applied loading. The symmetry checks of segment and
region stiffness matrices are useful for many reasons but will not necessarily
alert a user to ill-conditioning.



I SET UP MATERIAL PROPERTY T. ES I

STIFFNESS 10
ISOTROPIC ORTHOTROPIC ROTATED WAFFLE
NO. OF ROWS IN NO. OF ROWS IN
NO. OF ROWS IN TABLE =7 TABLE =5
TABLE =4 g A
T.E,»,a (4
aa, d.o
IDEALIZE STRUCTURE TO SEGMENTS AND
REGIONS, SET NUMBER OF LOADING
PROBLEMS (NP = 1 THERMAL OR NON-LINEAR)
START DATA PER EACH
'CYLINDER EQUATIONS SEGMENT IN EACH REGION CONE EQUATIONS
1. GEOMETRY CLUE
(PICK CORRECT
GEOM. EQS.)
SAME AS 2. MAGIC CONTROL SAME AS
BELOW ¢ VARIABLE BELOW ¢ VARIABLE
EQUATIONS @ \an‘_gl EQUATIONS EQUATIONS
ISOTROPIC, ORTHOTROPIC, STIFFNESS
MATERIAL MATERIAL NAME MATERIAL
NAME NAME
GET MATERIAL | | GETmaTERIAL GET MATERIAL
TABLE LOCATED TABLE LOCATED TABLE LOCATED
I J L STIFFNESS
THICKNESS
Py
ROTATED
uneaum.[ EQUALT ' SINGLE STIFFNESS 10 WAFFLE
SIZE GEOMETRY TABLE SIZE GEOMEVRY TABLE SIZE GEOMETRY TABLE SIZE GEOMETRY TABLE SIZE GEOMETRY TABLE
AT ROWS =X ATROWS = 3 AT ROWS = 2 AT ROWS = 11 AT ROWS = 10
GO TO UNEQUAL FACE SH. GO TO EQUAL FACE SH. GO TO SINGLE SHEET GO TO ECCENTRIC GO TO ROTATED WAFFLE
SANDWICH EQUATIONS SANDWICH EQUATIONS EQUATIONS REINFORCED EQUATIONS EQUATIONS
READ
THERMAL CLUE v
THERMAL NO THERMAL THERMAL
STANDARD THERMAL CONSTANT INHOMOGENEOUS

s) SIZE TEMPERATURE READING
AS 4 VALUES PER POINT

b) GET MATERIAL PROPERTIES
AS FUNCTION OF TEMP.

a) NO TEMPERATURE LOADING

b} GET FIRST COLUMN OF
MATERIAL PROPERTY
TABLE FOR PROPERTIES

al SIZE TEMPERATURE READING
AS 1 VALUE PER POINT

b) GET MATERIAL PROPERTIES
FOR THAT TEMPERATURE

a} SIZE TEMPERATURE READING
AS 1 VALUE PER POINT

b) GET MATERIAL PROPERTIES
AS FUNCTION OF TEMP.

¢} COMPUTE N, M

©) COMPUTE N, My ¢) DO NOT COMPUTE Ny, My

II REGION TOPOLOGY I

I REGION BOUNDARY CONDITIONS I

KINEMATIC LINKS
JOINT LOADS

FILL GEOMETRY TABLES
ACCORDING TO SIZING ABOVE

TOPOLOGY OF ALL
IN A REGION

KINEMATIC LINKS INTERNAL
TO REGION

EXISTENT LOADS

REPEAT DATA FOR
ALL OTHER REGIONS

EXECUTE
PROBLEM

REPEAT ABOVE DATA FOR
ALL SEGMENTS IN REGION

Figure 1. Program option flow chart.
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In the use of régions, one other type of accident must be avoided. I.,
for instance, a structure were idealized using only one region and having both
ends fixed, the problem could not be solved. This is because the program
could not form a suitable boundary condition matrix for the structure. Thus,
in the use of region idealizations, which are less physically meaningful to a
user than pure segment idealizations, care should be taken so that all boundary

conditions are not zeroed out.

Order of Input (See Figs. 1 and 2)

The order of the input data to the ASTROS program is outlined on the
following pages.

GENERAL INTRODUCTORY CARDS Column "Format

1. Title Card

a. Alphameric title (submission description) 1-64 16A4

2. Program Control Card

a. Number of regions to be coupled (Max. = 19) i-2 I2
b. Total number of segments (Max. = 19 x 24

= 456) 3-5 13
c. Number of Material Property Tables

(Max. = 10) 6-17 12
d. Harmonic value 14-16 F3.1

This value must be set equal to zero (0.) such
that the loads will form an axisymmetric
loading on the structure.

e. Number of problems in this submission 17-18 12
The user is able, in one submission, to analyze
his structure under several independent loading
conditions (max. = 5). The number of these
loading conditions will determine the number of
load clue cards which will be necessary per
segment. If there is a thermal load or if the
run is to be nonlinear, this number can only be
unity (1) .



JOINT LOAD CARDS (IF ANY)

INTER EGION KINEMATIC LINKS (IF ANY)
[JOINT CONTROL DATA CARD

TRA-REGION KINEMATIC LINKS {IE_ANY)
r[i= MENT TOPOLOGY CARD

NGULAR VELOCITY CARD
SS DENSITY CARD

REPEAY FOR
EACH REGION

REPEAT
FOR EACH

SEGMENT IN/ ¥
REGION I ABLE- THERMAL LOADS (IF ANY)

ILOADING CLUE CARD

TABLE-OOR S
MASTER CLUE CARD
GEOMETRIC DISCRIPTION CARD
MAGIC CONTROL AND SEGMENT SIZING

SEGMENT IDENTIFICATION CARD
REGION TOPOLOGY CARD
|ﬁEG|0N IDENTIFICATION CARD

LE
 [MATERIAL PROPERTY CARDS
PROGRAM CONTROL CARD \

TITLE CARD

Figure 2. Data sequence.




GENERAL INTRODUCTORY CARDS (Concluded) Column

Format

f. Coupling code 19
(1) Coupling to occur, code = 1
(2) No coupling, code = 0 (or blank)
If no coupling occurs, the program will give only
individual stiffness matrix of each segment; if
coupling occurs, the program will run to comple-
tion and give state of stress and deformation of
the entire structure. Items 10 through 14 of
the segment cards and the boundary condition
cards of the regions are not included in an un-
coupled run. In addition, the number of regions
is one (1), and the total number of segments and
the number of segments on the first region
identification card must be the same. Also, the
region introductory card (topology) is not in-
cluded. Uncoupled runs present a way to size
segments by use of stiffness symmetry checks,
without a full execution of the problem.

MATERIAL PROPERTY TABLES (max. = 10 sets)

As many sets of these cards are used (=< 10) as there

are different material property segments in the structure
to be analyzed. These tables will be used to obtain the
thermal variation of material properties if thermal load-
ings exist. Thus, the range of temperatures in this table
should be greater than that of the thermal loads. If no
thermal loads exist, the values given in the first column
of this table will be used, and the rest of the table can

be left blank. If there are thermal loads, the range of
the table is to be considered as that between the second
and tenth columns with the temperature values varying

in ascending order.

1. Identification Card

a. Material title (alphameric) i1-4
Any name can be made up as long as it is con-
sistently used on the segment cards to which it
refers. The same name cannot appear on more
than one (1) table.

10

11

A4



MATERIAL PROPERTY TABLES (max. = 10 sets) (Cont.) Column Format

b. Type of table 11-14 A4
| One of several possible alphameric clues is

written here. These clues serve to size the

‘ number of cards in the property table and de-

1 fine which properties belong on which card. The

b . possible clues are:

ISOT

ORTH

STIFF

Their definitions are provided in item 2 below.

2. Material Property Cards. The Material Property
Cards are given below, depending upon which
table type clue is used. If the table type clue is
"ISOT" (isotropic table) :

a. Temperature values (5 values per card; 2 cards). 5E14.7
These are the temperatures at which the values of
material properties will be given. The first value
in the table must always be the room- or stress-
free temperature, since the material properties
in only the first column of the table will be used
in an analysis involving no thermal load.

b. Values of Young's modulus at the given temper-
atures. (5 values per card; 2 cards) 5E14.7

c. Values of Poisson's ratio at the given temper-
atures. (5 values per card; 2 cards) bE14.7

d. Values of the thermal coefficient of expansion at
the given temperatures. (5 values per card;
2 cards) 5E14.7

If the table type clue is "ORTH'" (orthotropic table) :

a. Temperature values (5 values per card; 2 cards). 5E14.7
These are the temperatures at which the values of
material properties will be given.

b. Values of Young's modulus in the ¢ direction (E )
at the given temperatures. 0 5E14.7
(5 values per card; 2 cards) '

11

L=t = shanil



Format

MATERIAL PROPERTY TABLES (max. = 10 sets) (Cont.) Column

C.

Values of Young's modulus in the ¢ direction

(E ,) at the given temperatures.

(5 values per card; 2 cards)

Values of the Poisson's ratio, v9¢) , at the given

temperatures.
(5 values per card; 2 cards)

Values of the thermal coefficient of expansion in
the @ direction (ae) at the given temperatures.

(5 values per card; 2 cards)

Values of the thermal coefficient of expansion in
the ¢ direction (« ¢) at the given temperatures.

(5 values per card; 2 cérds)

Values of the shear modulus, G at the given

06’
temperatures.
(5 values per card; 2 cards)

If the table type is "STIF" (table to be used for reinforced
shells) : i

a-g. The values in these locations are the same as

12

those above for the "ORTH' clue case and refer
to the basic shell.

Values of ring Young's modulus (ER) at the given

temperatures.
(5 values per card; 2 cards)

Values of stringer Young's modulus (E S) at

the given temperatures.
(5 values per card; 2 cards)

5E14.7

5E14.7

5E14.7

5E14.7

5E14.7

5E14.7

5E14.7

5E14.7



MATERIAL PROPERTY TABLES (max. = 10 sets) (Concl.) Column

Format

j. Values of ring thermal coefficient of expansion
: (aR) -at the given temperatures.

(5 values per card; 2 cards)
k. Values of stringer thermal coefficient of ex-
,‘pansion (as) at the given temperatures.
(5 values per card; 2 cards)

Note: In a rotated waffle construction, items H and
I and J and K, are respectively identical.

REGION INTRODUCTORY CARDS

These.two cards are placed at the beginning of each
region data information. Each region contains the fol-
lowing data set (Fig. 2): (1) two region introductory
cards, (2) data cards for each segment within the region,
and (3) kinematic link cards describing the kinematic
links within the region, if any.

1. Identification Card
a. Number of segments within the region (= 24) i-2

b. Number of kinematic links between segments
within the region. 3-4

c. Any alphameric information (region description) 5-69
2. Topology Card (Coupling Orientation)

a. Region number 1-5
Number of the region under consideration.

b. Joint (i) 6-10
Joint associated with ith (beginning) end of the
region (TIC).

c. Joint (j) 11-15
Joint associated with jth (ending) end of the
region (STOP).

5E14.7

5E14.7

12

12

16A4

15

I5

15

13



REGION INTRODUCTORY CARDS (Concluded) Column Format

There is no coordinate flow in regions, such as that
shown for the segments in Figures 3 through 10. How-
ever, the start joint of a region must match with 1 in
segment numbering, and the end joint must match with
the highest segment joint number in the region

(Fig. 11).

— =N

Figure 3. Typical shell segment.

SEGMENT CARDS

This sequence of cards is repeated for each segment
within the region.

14
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TOP ELLIPS0ID

SPECIFY o, p= 2 and C= 0

BOTTOM ELLIPSOID

SPHERE
SPECIFY o, P= 1

or use ogive with
'r] =q,C=0

Figure 4. Ellipsoid.

N

|

TRANSLATED ELLIPSOID
SPECIFY o, = b!l AND C <0

[ TRANSLATED ELLIPSOID
- \L\ SPECIEY o, = h/a AND C >0

Figure 5. Translated ellipsoid.
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n =1 b/a = 0,707

n =0 b/a = 0,666
|

n=.% b/a = 0.639

ne -1 b/a —= 0.618

Figure 6. Modified ellipsoid.

STANDARD OGIVE
SPECIFY N c>0.

TORUS

SPECIFY r, c<ao.

SPECIFY e Cc<o.

0§360 deg.

Figure 7. Ogive.
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_ STANDARD CONE

SPECIFY >0
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ouT PLATE
-0 i IN J SPECIFY @ = 0
!
P d
Z — |
PARA = f 4+ + 602 )
BOLA  z = £ + for 3
SPECIFY f_, § f INVERTED CONE
| - 1" 2% 3 SPECIFY <0

Figure 8. Paraboloid. _ . Figure 9. Cone.
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INJOUT

SPECIFY "o.

Figure 10. Cylinder.
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REGION NUMBERING
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2 s
*r—=0—o9p—o0— 9o

®

é
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(X) SEGMENT NUMBERING

@ SEGMENT JOINT NUMBERING

\

. (2) Modified ellipsoidal segment, code
(3) Ogival — toroidal segment, code = 13

T

“NUMBERING O\F SEGMENTS WITHIN REGIONS.

Figure 11. Topology schemes.

SEGMENT CARDS (Continued) Column

Format

1. Identification Card

a. Segment identification code 1-2
. (1) Ellipsoidal, translated ellipsoidal, or

11
12

spherical segment, code

/U

F2.0

19



SEGMENT CARDS (Continued)

20

b.

Column

Formaf

(4) Paraboloid segment, code = 14
(5) Conical — circular plate segment, code = 21.
The plate is treated as a cone with
zero angle,

(6) Cylindrical segment, code = 31

Any alphameric information (segment description) 3-66

"MAGIC" Control and Segment Sizing Card

a.

Initial value of ¢ in radians or s in inches
(TIC) 1-14

Final value of ¢ in radians or s in inches
(STOP) . 15-28

Interval at which final answers are printed out

(DTAU) 29-42
The ¢-coordinate is defined for all geometric

shapes except the cylinder, cone, and plate,

for which the s coordinate is used. Figures

3 through 10 describe these coordinates for

each shape.

Difference 43-56
The value recommended depends upon the com-
puter used. For the IBM 7094 it is 1.0 E-6;
for the IBM 360-75 and the UNIVAC 1408 it is 1.0
E-4. :
] 57-70
Integration interval
Recommended interval = 0. 01'x segment length
s s

71-72
Delta : )
For a fixed-step integration, delta = 0. This card
controls the Runge-Kutta numerical integration
scheme. The suggested values above yield
accurate results for a fixed-step integration
method. '

16A4

Ei4.1

Ei14.1

Ei14.1

E14.1

E14.1

F2.0



Calculation of Segment Length

There is a restriction on the length of the shell segments. Physically,
the restriction demands that boundary distrubances at one edge be distinctly
felt at the other edge. This is a consequence of using a matrix approach which
requires the calculation of stiffness matrices for the segments. Since the
stiffness matrices must be symmetric, the magnitude of each matrix element
must be such that a computer roundoff error never becomes prominent.
Limiting the segment length insures satisfaction of this criterion. This length
is a function of both geometri¢ shape and segment location within a specific
geometry. One of the limiting factors is that the ratio of the radii of revolu-
tion at the initial and final points of a segment be greater than one-hundredth
and less than one hundred. This requires smaller segments than will normally
be predicted by formula in the area of an apex. In addition, note that ¢ =0
is not an acceptable input point.

For a cylinder, the segment length parameter,
1
A=(1+v)% As ,

should be held to about 4.0. In this expression, < is a nonlinear parameter.
For homogeneous shells '

b [ (Se)

It is zero for a linear problem.

The rate of decay of a disturbance in the shell is measured by 8.
The meridional length is As.

The values of g% and As for various shell geometries are given below:

For v=0.3, As 4
_ 2 b
Homogeneous Cylinder pl= ﬂl_l,ﬁ;'-)- a8 = Mﬂ’%
.:—:3# H * (1+ 7
- . _!_3_(,1'_"2)_!_ ' < [ 2 a1 21}
::ﬂr;:cfylmd:: pt= A mITent 3y ... AB = 3.11 | ro"(4h* + 6ht + 3t%)
4
h
.Th 3(1 - %) hl*ho ’ T ] 3
Sandwich Cylinder - gt= " a8 = 3.1 —2- [(h +h )44+ 12hh t(h +h +:)]
Unequal Fuceiheetl (h‘ + ho) + 12"1"0'“’1 + hu +t) Ty hi + ho i o 101 o
B
T
ho
i T -



Approximate formulas can be obtained for near-cylindrical regions of generally
curved surfaces. The length parameter,

1
A= (1+y)2x A9 ,
should be held to about 4.0. In this expression - has the same definition as

in the cylinder case.

The rate of decay of a disturbance in the shell is measured by x. The
angle intercepted by a meridional arc length As is A¢ = As/r;. The values
of A% and As for various shell geometries are given below:

For v = 0.3, A = 4:

1
ps = S:11(zaD?

1
(1+7?

. . 1=t :
Sandwich Construction - Al= ;ZZ%SETZGL_:%&ZT As =< 3.11 |:r22(4h2 + 6ht + atz)JI

Equal Face Sheets
2
3(1 - A)rf (hi+h°>

]
(hi + ho) + 12hihot(hi + h°+ t) Ty

.
Homogeneous Construction | at=3(1 - »?) r—zr‘l_le
2

H

Sandwich Construction - A=

1
2 \2
as s34t ) [th +h )4+ 12nh t(h +h +t)]
Unequal Face Sheets 4 o i o io i ]

The minimum allowable segment length is 1 x 10~° (inches or radians).

SEGMENT CARDS (Continued) Column Format

3. Geometric Description Card

a. Ellipsoid and sphere (Figs. 4 and 5)

(1) Semiaxis perpendicular to Z-direction (a) 1-14 Ei4.1
(2) Ratio of semiaxis in the Z-direction (b) 15-28 E14.1
b
to (3.) s B - a
(3) C = offset distance (x) (C = 0 if no offset) 29~42 E14.1

b. Modified ellipse shape (Fig. 6)

(1) Axis ratio coefficient (n) 1-14 Ei14.1
(2) Semiaxis perpendicular to Z-direction (a) 15-28 Ei4.1

22




e

SEGMENT CARDS (Continued)

c. Ogive (Fig. 7)

(1) R, = radius
(2) C = offset distance (z)

d. Paraboloid (Fig. 8)

(1) f£; = position parameter,
(2) f,= shape parameter
(3) f; = shape parameter

e. Cone (Fig. 9)
(1) Angle ¢ in radians (for flat plate, ¢ = 0).
Keep in mind that this ¢ 1is a constant for
a given cone and should not be confused with
the ¢ on the MAGIC Control and Segment
Sizing Card.

f. Cylinder (Fig. 10)
(1) Radius

4, Master Clue Card. This card contains a series of

clues which determine the program and table loca-
tions to be used for the segment being described.
For a master flow chart of clues and options in the
program, see Figure 1.

a. Material Table Type Clue

This clue defines the type of material property
table to be expected for the segment. This, as
well as the following clue, determines the mate-
rial properties that will be used in the structural
analysis for the segment. Thus these two clues
should match the two clues used on the identifica-
tion card of the corresponding material property
table. As mentioned before in this section under
the category Material Property Tables, the three
possibilities are:

ISOT

ORTH

STIF

Column Format
1-14 Ei14.1
15-28 Ei14.1
1~-14 Ei4.1
15-28 Ei14.1
29-42 E14.1
1-14 El14.1
1-14 Ei4.1
i-4 A4
23



SEGMENT CARDS (Continued)

24

b.

Material title

This name should be the same as the name which
appears on the material property table which
contains the properties to be utilized for this
segment.

Sheet Clue (segment construction) .
This clue informs the program as to what kind
of shell wall cross section to expect. If the
shell is of single~sheet construction, the clue
to be used is: SING. If the shell wall is an
equal-size face sheet sandwich, the clue to be
used is: EQUA. If the shell wall is a sandwich
but the face sheets are not equal, the clue to

be used is: UNEQ. Finally, if the shell is
reinforced by rings, stringers, or a waffle, the
clue to be used is: BLAN.

Reinforcement Clue

This clue describes the type of reinforcement
that is present on the shell. If the shell is
purely of single-sheet or equal or unequal-size
face sheet honeycomb construction (no reinforc-
ing), the clue to be used is: THIC. If the rein-
forcement consists of rings or stringers or both,
located along the coordinate axes (6 and ¢ or s),
then the clue to be used is: ST10. If the rein-
forcement consists of a waffle which is rotated 45
deg to the coordinate axes, then the clue to be
used is: RWAF. If another shell cross section
{for instance, some sort of layer combination)
can be cast so as to have the same integrated
Hooke's Laws as either of the reinforced cases
(see Ref. 1, Appendix A), then the appropriate
clue, ST10 or RWAF, can be used for its
description. The formulas for the appropriate
stiffnesses need only be changed (Ref. 1 and this
section under the heading, Reinforced Shell Stiff-
ness Formulas) so as to describe the new shape
properly. The numbers based on these new

Column

Format

11-14

21-24

31-34

7
/

A4

A4

A4
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SEGMENT CARDS (Continued) Column

Format .

formulas can be input in card set 6 as described
in succeeding pages under item 6, Table of Wall
Cross-Section Geometry, and this new cross
section will be analyzed by the program.

Thermal Clue , 41-44
This clue describes the type of thermal problem
which exists in the segment. The user is re-
minded that if there is a thermal loading on the
structure, only one load problem may be run in
the submission (see this section under the
heading, Order of Input, and subheading,

General Introductory Cards). If there is no
thermal load on the segment, the clue to be used
is NOTH. If the thermal loading on the segment
is of a general, standard type, that is, if there

is variation of temperature through the thickness
as well as in the coordinate directions, the clue
to be used is THST. If the thermal load is such
that the variation is all in the coordinate direc-
tions and there is no thermal variation through
the thickness, the clue to be used is THCN. The
last clue concerns a shell which is inhomogeneous
in the meridional direction. This is not really

a thermal problem at ail but merely a manipula~
tion of the material property tables. If a struc-
ture has a wide variation in material properties
*in the meridional direction, without this last
option one must take short segments of constant
properties for analysis. With this option, how-
ever, the property variation is placed in the
material property table and expressed on the
segment as a function of temperature. No thermal
loads are calculated, however, and the temper-
atures are used only to interpolate for material
properties as integration is progressing along the
segment. Thus, continual variation of properties
in the meridional direction is accommodated. The
clue for this option is THIN.

A4

25
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SEGMENT CARDS (Continued) ' " Column

Format

f. Stress-free temperature = : - - 51-60
The value of the temperature (usually room '
temperature) at which the segment has no
thermal stresses or distortions induced is -
provided here. This is the temperature at
which the shell was manufactured. If there -
is to be no thermal analysis, this value is not
used and can be set to zero (0.0).

g. Nonlinear Clue 61-64
If the analysis is to be linear the clue is LINE.
For a nonlinear analysis see Reference 1, Section
7, and use the clue NPHI.

'h. Table control — number of pomts in each of the
following tables. 71-72
This can vary from 2 to 30, depending upon the
shell geometry and loading. For a linearly
varying geometry and/or loading only two input
points would be required. These two points

" 'would be the end points.: For more general
loading and/or geometry a large number of points
are required. In particular, each abrupt change
is specified by two points. One should use as

.- many points as necessary (up to 30) in order to
completely describe the problem.

5. Table of ¢ or s Values
a. Initial, intermediate, and final values of ¢ or
s. Each point requires 14 columns on a card,
and thus there can be 5 values per card and up
to 6 cards to make a total of up to 30 points.

In preparing input data for this card, one should
always make the first table value slightly smaller

than the initial value of ¢ or s specified under item
2a. The last value has to be slightly greater thin the
final value of ¢ or s given under item 2b. The table
overlap is necessary to initialize the 1nterpola§10n
scheme A suggested overlap value of 1 x 10 ~ will

26
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SEGMENT CARDS (Continued) Column

Format

.’insure good results. The mmlmun} value of this

- overlap that can be used is 1 x 10

Table of Wall Cross-Section Geometry. The contents
of these cards (up to six cards per item below) arxe
dependent upon the clues registered on the Master
Clue Card. If the shell to be described contains no
reinforcing, the pertinent clue is item 4c, the Sheet
Clue. For these cases the geometry is input and the
stiffnesses are calculated internally by the program
(Fig. 12). The input is-presented below as a function
of the Sheet Clue. If the: Sheet Clue is SING (single
sheet construction) :

a. iniﬁal, intermediate, and final values of wall thick~
_ness (hi.) at points defined by table of ¢ or s values.

If the Sheet Clue is EQUA (équal-size face sheet
sandwich) :

a. Initial, intermediate; and final values of face ,

5E14.7

5E14.7

sheet thickness (h,) at points defined by table . . . ...,

of ¢ or s values

b. Initial, intermediate, and final values of core °
thickness (t) at points defined by table of ¢
or 8 values.

If the Sheet Clue is UNEQ (unequal-size face sheet
sandwich) :

a. Initial, intermediate, and final values of inner
face sheet thickness ( hi) at points defined by

table ¢ or s values.
b. TInitial, intermediate; and final values of core

thickness (t) at points defined by table of ¢
or s values. :

c. Initial, intermediate, and final values of outer
face sheet thickness ( ho) at points defined by

table of ¢ or s values.

- 5E14.7

5E14.7

5E14.7

5E14.7
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Figure 12. Calculated shell section properties.
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SEGMENT CARDS (Continued) Column

Format

If the shell is reinforced, the Sheet Clue will be BLAN.
In this case it is the following, or Reinforcement Clue

~ (item 4d), which will determine the contents of card
.8Beries 6. For the reinforcement cases the geometry

can be complex and varied, since all types of reinforcing
are to be included. Thus, rather than geometry, actual
stiffness parameters will be input. Formulas for calcu~
lating these parameters are derived in Reference 1.

They are presented for those and additional cases on the
following pages. The reinforced shell input is presented
below as a function of the Reinforcement Clue.

If the Reinforcement Clue is RWAF (waffle reinforcing
rotated 45 deg to the coordinate axes):

. a. Initial, intermediate, and final values of the
reinforced shell extensional stiffness in the ¢
direction (K;4) at points defined by table of ¢
or s values.

", b. Initial, intermediate, and final values of the
reinforced shell Poisson's ratio effective
extensional stiffness (K;p) at pomts defmed by
table of ¢ or s Values -

" c. Initial, intermediate, and final values of the
reinforced shell extensional stiffness in the
¢ direction (K,,) at points defined by table of o
¢ or s values. .

d. Initial, intermediate, and final values of the
reinforced shell shear extensional stiffness
(Kg3) at points defined by table of ¢ or s values.

e. Initial, intermeédiate, and final values of the
reinforced shell bending stiffness in the ¢
direction (Dy) at points defmed by table of
9 or s values.

- 5E14.7

._5E14‘. 7

S5E14.7

5E14.7

5E14.7
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SEGMENT CARDS (Continued) Column

Format

f. Initial, intermediate; and final values of the
reinforced shell Poisson's ratio effective bending
stiffness (Dj;) at points defined by table of ¢

~or s values.

g. Initial, intermediate, and final values of the
reinforced shell bending stiffness in the ¢
direction (D,,) at points defined by table of
¢ or s values.

h. Initial, intermediate, and final values of the
reinforced shell shear bending stiffness (Dg3)
at points defined by table of ¢ or s values.

i. Initial, intermediate, and final values of the
reinforced shell waffle eccentricity parameter
(Cy;) at points defined by table of ¢ or s values.

If the Reinforcement Clue is ST10 (reinforcement consisting
of rings or stringers or both) :

a, through h. The items contained on these cards
are identical to those described for the RWAF
clue above.

i. Initial, intermediate, and final values of the
reinforced shell ring eccentricity parameter (Cy4)
at points defined by table of ¢ or s values.

j. Initial, intermediaté, and final values of the
reinforced shell stringer eccentricity parameter

(Cyy) at points defined by table of ¢ or s values.

Reinforced Shell Stiffness Formulas

5E14.7

5E14.7

5E14.7

5E14.7

8 sets of 5E14.7

5E14.7

5E14.7

The formulas for the reinforced shell stiffnesses are given és follows.

1. Waliffle Construction (RWAF Clue)

a. Single sheet reinforced by rotated waffle:

30
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K= v v Ka2 = 1-v v * 78
$0 0¢ o0 0¢
v Eh E A E_A
K2 = 99 6 + R Kss=G, h + R
27 4y 87 Yoo S
¢0 09
E_AC -E h3 E
Cqyy = R D (o) _ RI
u S 22 12(1-u¢0v9¢) S
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D11= ~ - D33= +
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127 12(1~ S
2( v¢9v9¢)

b. Equal-size face sheet sandwich reinforced by rotated waffle:

2 E_A 2E h
E,h R E¢ E_A
K= 1-v v * Koz = i-v v * S
¢0 09 0 69
2v E h E_A E_A
K,- 00 0%, ‘R Ky = 2G_ h + —2
27 ey v S 33 0 i S
96 0¢
E_A -E h (4n? 2)
. ZAC - E, iLi +6ht+3t?) E_I
1= 22 < _ =
S 6(1 V¢0V6¢>)
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-E h, (4h,2+ éht+ 3t?) E_I
g i\ 1 i

R
Dy = = - ~
6(1 v¢9v6¢) S
- 4h2 2
. Vo Eglt ( , +6hit+3t)- EI
12 — 1~ )
6( V¢0V0qb) S
h (4;h2 +32) E
) GQ)G ; A +6hit t RI
Dy = P 3

c. Unequal-size face sheet sandwich reinforced by rotated waffle:

A i
E (h+h) Ep E, (b +h) E A
K = i{-v v * S Koz = 1-v, v . - + s . .
$0 0¢ 0 69 o
¥
v E (h.+h) E_A E_A
6¢ 0 1 (8] : : R
K= —7C + Kgz= G, (h +h )+ —o—
1 V56”0 S . ‘?9' i .o .8 R
A ,:.’
ER C
Cﬁ— ]
4
D B (hi + ho) + 12hihot(hi + ho+ t) i ERI
1= ~ —_
0 12(hi + ho) (1 v¢eve¢) S
4 h ' _
o . (hi + ho) + 12hi 0t(hi + h0+ t) ERI
2=~ - -
0¢ 0 | 12(h +h)( v¢6ve¢) S
h 4 h
o - & ( i+ ho) + 12hi ot(hi+ h0+ t) ) ERI
2 ¢ 12(h +b ) (1-v ) S

%006



N

h.+h )%+ 12hh t "
Dez G (b, +h)"+ 12hh t(h + b +1t) . Egl
"8 Mg 12(h +h ) S

where in the preceding presentation:
A = area of reinforcement

C = eccentricity of reinforcement (measured from the basic shell
centroidal axis to the centroidal axis of the reinforcement — positive
inward)

I = moment of inertia of reinforcement about basic shell centroidal
axis

S = spacing of reinforcement
and the subscfipt R refers to reinforcement properties.

As can be seen from the changes in corresponding equations for the
single sheet and sandwich basic constructions, any basic construction
reinforced by a rotated waffle can be analyzed by the program by merely
calculating its. stiffnesses and adding to them the appropriate reinforcing
stiffness terms. In addition, any other wall cross section which is not
explicitly reinforced can be analyzed by this option if the integrated Hooke's
laws of the cross section can be cast into the form of equations 4-10 in
Reference 1, and the definitions of the stiffness parameters thus derived are
used.

2. Ring — Stringer Reinforced Construction (ST10 Clue)

a. Single sheet reinforced by rings and/or stringers:

E h op 0 ) E¢h op 9
Kn= 15 5 T s Kn=1"75_ % S
$6 0¢ 0 $0 0¢ ¢
v Eeh
K12= 1_3%_;— K33-— G¢6h
¢0 6¢
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b 6 8 ¢p ¢ ¢
Ciy= S Cop = S o
7] )
-E b’ By I -E b3 Es Lo
Do = 0 _°R Doe — & R
1= 7 = 922 = — -
12(1 v¢9v9¢) So 12(1 v¢eve¢) S¢
_ s s G, J G J
<y E h G h o o 0.0
Dy= —28 0 Dy -0, "R7 'R
- 1
12(1 V¢9V9¢) 2 4S¢ . 489

b. Equal-size face sheet sandwich reinforced by rings and/or

stringers:
A f
2E h, Ee 6
01 R
Ku= i-v, v * S
@8 0¢ 0
E A
2E h, ¢ ¢
o i R
Ky = - v S
2 h
Vo oro
Kyp = i-v v
®6 0¢
K33 = 2G¢9h
A
E6 Ce 0
R
Cy= S
0



E C A
¢p ¢ ¢
Cpp= —F5—

S
¢
-E h, (4h.’+ 6h,t+3t2) By Ty
Dy = 8 11 i i - R
6( -v¢0v9¢) S‘9
E, I
-E h 2 2
. E, b (t_mi +enp+att) So ls
B 6(1-v, v_.) S
50" ¢
2
b oo “(411 +6ht+3t)
12= -
6(1 v¢0 0¢)
G, h (4h.2'+ 6h.t + 3t2) Gy Jo CGy_J9
D= 90 1 i i + R + R
2=
6 5 s

c. Unequal-size face sheet sandwich reinforced by rings and/or

stringers:
E (h+h) To %
6 i o) R
Ku = i-v v + S
006 ¢ ;
E (h+h) TEg %
:K = 0] 1 0 + R
. e i-y v S
P00 6¢ ¢
E (h +h)
K, = Bq) 6
¢9 9¢’
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Ksg = G¢9(hi+ ho)
A
EeRce 6
Cu= S
0 ~
E C A
¢p @ ¢
CZZ': S
¢
((h_+h )44+ 12hh t(h. + h +1t) Ey Ly
Dy = -E i o i oh i_o _ _R
0 _ 12(1-v¢91}9¢)( i+ho) s9
[ 4 E, I
o - (hi+ho) 12hihot(hi+ho+t) i ¢R¢
ntZ A i- h
qu 12( V¢0v6¢)(hi+ 0) qu
(h.+h )*+ 12h h t(h. + h +t)
D12= -y E 11 o h 10 1 (o]
00 0 2(h, + 0)(1-V¢0v9¢)
(b, +h )%+ 12hh t(h +h +t) G¢ J¢ Go_ I
Due= G i o) io i ] + R + R
3= +h 45’
®0 12(h, o) 5 459

where in the above presentation:
A = area of reinforcement

C = eccentricity of reinforcement (measured from the basic shell
centroidal axis to the centroidal axis of the reinforcement — positive
inward)
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I = moment of inertia of reinforcement about basic shell centroidal
axis

J = twist constant of reinforcement cross section

S = spacing of reinforcement

The subscripts 6 or ¢ indicate coordinate directions, and the subscript R

refers to reinforcement properties. With reference to reinforcement pro-
perties, ¢ refers to stringers and # to rings.

The ST 10 equations are somewhat approximate. First, since the
reinforcement properties are '""'smeared, ' the equations will not be accurate

where the reinforcement is widely spaced. Second, because of the first-order

theory assumption that M 0 = -M e the torsional constant is only approxi-

mate in cases where reinforcement properties GJ/S are not equal in the two

coordinate directions. For an amsymmetrlc loading this apprommatlon will
have no effect unless a pure ‘torsion load is applied.

As previously, changes in corresponding equations for the single sheet
and sandwich basic constructions indicate that any basic construction with
reinforcement can be analyzed by the program by calculating its basic
stiffnesses and addmg them ‘to the appropnate reinforcing stiffness terms.
Again, any other wall cross-section which is not explicitly reinforced can be
analyzed by this option if the integrated Hooke's laws of the cross section

can be cast into the form of equations, 4-1 in Reference 1, and the definitions
of the stiffness parameters thus der1ved are used.

R

Both the ST10 and the RWAF equations are applicable to obtain accurate
stress resultants for a reinforced shell structure. Stress calculations based
upon ""'smeared" properties, however, are inaccurate and are not carried out
by the program. 'The user, having the actual geometry and the stress
resultants, can easily make this calculation (see Appendix A).

SEGMENT CARDS (Continued) Column Format

7. Loading Clue Card. The contents of this card are

numerical clues which alert the programs to the

types of loads that exist on the segment. If the clue

indicates: that some load does not exist, the appropriate
.+ .cards‘in:series 8 which would ordinarily contain the

numerical values of this load are omitted from the
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Format

SEGMENT CARDS (Continued) Column

sequence. The series of cards 7 and 8 are repeated
for the number of problems indicated on the Program
Control Card (item e) up to a2 maximum of five. If
three problems were being run, the following card
sequence for that segment would be:

Loading Clue Card for pattern one (card 7)
Load Values for pattern one (card 8)
Loading Clue Card for pattern two (card 7)
Load Values for pattern two (card 8)
Loading Clue Card for pattern three (card 7)
Load Values for pattern three (card 8)

The appropriate clues are as follows:

38

a.

Thermal Clue i
If there are no thermal loads (Item 4e is
NOTH) the clue number is zero (0).

If there is a standard thermal variation through
the thickness (item 4e is THST), the clue number
is four (4).

If the temperature is constant through the
thickness (item 4e is THCN) or if the in-
homogeneous option is used (item 4e is THIN)
the clue number is one (1).

If a thermal loading does exist on the structure,
then the stiffnesses matrix is thermal dependent,
and only one loading problem may be run per
submission (see Program Control Card, item e).

Circumferential Load Clue (fe) 2
If there are no circumferential loads, then the

clue number is zero (0).

If there are circumferential loads, then the clue
number is one (1). '

I1

I1
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SEGMENT CARDS (Continued) Column Format

c¢. Meridional Load Clue (f ¢) 3 I1

The meridional load clue number must always
be one (1) whether or not there are any
meridional loads.

d. Normal Load Clue (f E) 4 - I1

The normal load clue number must always be one
(1) whether or not there are any normal loads.

e. Circumferential Moment Load Clue (me) 5 11

The circumferential moment load clue number
must always be one (1) whether or not there are
any circumferential moment loads.

f. Meridional Moment Load Clue ( m¢) 6 11

If there are no meridional moment loads, then
the clue number is zero (0).

If there are meridional moment loads, then the
clue number is one (1).

g. Any alphameric information (load description) 7-70 16A4

8. Table of Applied Loads (see Figs. 13 through 15 for
the sign convention) . The appropriate card sequence
is given as follows as a function of the Loading Clues
on card 7. If the Thermal Clue is one (1):

a. Initial, intermediate, and final values of the 5E14.7
temperature of the shell at points defined by table
of ¢ or s values. [These values will be used
 either for a thermal problem where there is no
thermal variation through the thickness (Clue =
THCN) or to calculate varying material properties
along the shell for an inhomogeneous problem
(Clue = THIN) .]

If the Thermal Clue is four (4):
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Figure 14. Moments on shell element.
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Figure 15. Shell element geometry and displacements.
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SEGMENT CARDS (Continued) - . Column

a.

Format

Initial, intermediate, and final values of the
temperature Tii-" at points defined by table of ¢

or s values. (The subscripts, nm, indicate
temperature location; see the following sketch.)

i Inside ]

S Face Sheet .

T JITEVTUTTETETd
ic |[Honeycomb Corek

TR Ty

. Face Sheet Y
Too Outside

o’—’J

Initial, intermediate, and final values of the
temperature Tic at points defined by table of

¢ or s values.

Initial, intermediate, and final values of the
temperature Toc at points defined by table of
¢ or s values,

Initial, intermediate, and final values of the
temperature T00 at points defined by table of

¢ or s values.

If the Thermal Clue is zero (0), the above cards are
omitted.

If the Circumferential Load Clue is one (1):
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Column

Format

SEGMENT CARDS (Continued)

Initial, intermediate, and final values of the
circumferential loads fe at points defined by

table of ¢ or s values. For a discussion of
distributed loads, see Reference 6, Appendix A.

e,

If the Circumferential Load Clue is zero (0), the cards in
item e are omitted.

The Meridional Load Clue on card 7 is always one (1)
whether or not there are any meridional loads. Thus, if

there are no applied meridional loads on the segment,
zero values must be used (or blank cards) according to

the following format:

f. Initial, intermediate, and final values of the
meridional loads f¢ at points defined by table of

¢ or s values. This card or cards cannot be

omitted.

The Normal Load Clue from card 7 is always one (1)
whether or not there are any normal loads. Thus, if there

_are no normal loads on the segment, zero values must be
" used-(or blank cards) according to the following format:

Initial, intermediate, and final values of the normal

loads f ¢ at points defined by table of ¢ or s

values.

g.

This card or cards cannot be omitted.

The Circumferential Moment Load Clue from card 7 is
always-one (1) whether or not there are any circumferential
moment loads. Thus, if there are no circumferential
moment loads on the segment, zero values must be used
(or blank cards) according to the following format:

h. Initial, intermediate, and final values of the
circumferential moment loads m 9 of points

defined by table of ¢ or s values.

5E14.7

5E14.7

5E14.7

5E14.7



SEGMENT CARDS (Continued) : Column  Format

This card or cards cannot be omitted.
If the Meridional Moment Load Clue is one (1):

i. Initial, intermediate, and final values of the -5E14.7
meridional moment loads mq5 at points defined :

by table of ¢ or s values.

If the Meridional Moment Load Clue is zero (0), cards
i are omitted.

As noted, the load clue on card 7 for the meridional load, normal
load, and circumferential moment load must always be one (1) even if these
loads do not exist on the segment; thus, card 8 must include the numerical”
values of these loads using zeros or blank cards for any nonexisting applied
loads. The reason for this is that the program internally calculates the
inertial loads on the segment caused by rotation and breaks these loads down
into the following three static component loads: meridional load, normal
load, and circumferential moment load. The program then adds these loads
to the external loads which have already been applied to the segment using

‘cards 7 and 8. The program then stores these loads into the static load array;
thus, the static load array for meridional loads, normal loads, and circum- "
ferential moment loads must always be open even if it means putting in zero
values or blank cards for items f, g, and h on card 8.

Column Format

9. Table of Assumed Meridional Membrane Force N
for Nonlinear Problems. If item 4g on the Master
Clue Card is NPHI:
a. Initial, intermediate, and final values of N ® 5E14.7
at points defined by table of ¢ or s values.
If Item 4g on the Master Clue Card is LINE, card sequence

9 is omitted. If the problem under consideration is non-
linear, the stiffness matrix depends upon N¢ , and only

one loading problem may be run per submission (see
Program Control Card, item e).
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Nonlinear Analysis

The Rotating Structures Computer Program is capable of considering
nonlinear effects using an iteration technique. The iteration technique, which
is not automated, can be accidentally made to diverge. To insure convergence,
care must be taken to satisfy the segment sizing parameters, since symmetry
of the stiffness matrix for a nonlinear analysis is no longer a requirement.

A nonlinear analysis would then use the following steps:

1. The first approximation to N is obtained from a linear solution,
which may yield larger results than the actual nonlinear final value.

2. After the preliminary values are obtained, the structure segments
should be resized in the areas where local nonlinear behavior is suspected,
using the nonlinear sizing parameter (vy). previously described in this section
of the report under the heading, Calculation of Segment Length.

3. If nonlinear effects are locally large, the value for N obtained
from a linear solution (step 1) may dominate the loading terms in a nonlinear
analysis and cause oscillations. To eliminate this possibility, the first N
approximation should be lower than the value predicted by a linear analysis .
(90 to 60 percent, depending on the suspected magnitude of nonlinearity). If

osc111at10ns are encountered at any stage, they can be eliminated and a trend

toward convergence reestablished by using smaller values of N.

4 " With this step the procedur_e is repeated. A nonlinear analysis
is made, and the N output is compared with the barred (assumed) quantities.
This procedure is carried out until convergence is reached.

SEGMENT CARDS ( Continued) Column  Format

10. Stress Clue Card. This card contains a series of
clues used to identify the proper Hooke's law to be
used for stress calculations.

a. Meridional Stress Inner Edge Clue 1-4 A4
This clue informs the program as to what kind
of construction exists at the meridional inner edge
of the shell segment. If the construction is part
of the basic shell, the clue is SHEL. If the con~
struction is part of the rotated waffle reinforce~
ment, the clue is WAFF, If the construction is
part of a stringer, the clue is STRI.
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SEGMENT CARDS (Continued) Column

11,

46

b.

Meridional Stress Outer Edge Clue 11-14
This clue informs the program as to what kind
of construction exists at the meridional outer
edge of the shell segment. The same possibilities
as in item a exist, and the possible clues again are:
SHEL
WAFF
STRI

Hoop Stress Inner Edge Clue 21-24
This clue informs the program as to what kind

of construction exists at the hoop inner edge of the

shell segment. If the construction is part of the

basic shell, the clue is SHEL. If the construction

is part of the rotated waffle reinforcement, the

clue is WAFF. If the construction is part of a

ring, the clue is RING.

Hoop Stress Outer Edge Clue 31-34
This clue informs the program as to what kind
of construction exists at the hoop outer edge of
the shell segment. The same possibilities as in
item c exist, and the possible clues again are:
SHEL
WAFF
RING

Reinforced Stress Calculation Table. The contents
of these cards are dependent upon the Reinforcement

Clue (item 4d). If this clue is THIC, the whole set

of cards 10 and 11 is omitted. If the Reinforcement

Clue is RWAF':

a.

Initial, intermediate, and final values of extreme
inward distance to reinforcement edge at points
defined by ¢ or s table. This is a signed

(£) value, measured from the basic shell centroid
to the extreme point of shell or reinforcement,
positive inwards.

A4

A4

A4

5E14.,7



SEGMENT CARDS (Continued) Column

b.

i,

Format

Initial, intermediate, and final values of extreme
outward distance to reinforcement edge at points
defined by ¢ or s table. This is a signed

(x) value, measured from the basic shell centroid
to the extreme point of shell or reinforcement,
positive inwards.

Initial, intermediate, and final values of waffle
reinforcement spacing at points defined by ¢
or s table.

Initial, intermediate, and final values of waffle
rib thickness at points defined by ¢ or s table.

Initial, intermediate, and final values of inward

or outward distance to waffle reinforcement centroid
at points defined by ¢ or s table. Thisisa
signed () value, measured from the basic shell
centroid to the centroid of the waffle reinforcement,
positive inward.

Initial, intermediate, and final values of equivalent
“"'smeared" thickness of the waffle reinforcement at
points defined by ¢ or s table. [Note:
""smeared' thickness refers to average thickness of
stiffener per stiffener spacing (t = stiffener cross-
sectional area/spacing) .]

Initial, intermediate, and final values of inner face

sheet thickness (hi) at points defined by or S
table. (If single-sheet construction, items h and i

must be included but can be replaced by blank
cards.)

Initial, intermediate, and final values of core
thickness (t) at points defined by ¢ or s table.

Initial, intermediate, and final values of outer face
sheet thickness (ho) at points defined by ¢ or s

table. (If equal-size face sheet sandwich, this card
still must be included and thus will be the same as
card g.)

5E14.7

5E14.7

5E14.7

5E14.7

5E14,7

5E14.7

5E14.7

5E14.7
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SEGMENT ‘CARDS (Continued) | Column

Format'

If the Reinforcement Clue is ST10:

48

a.

Initial, intermediate, and final values of .
extreme inward 6 distance to reinforcement

_edge at points defined by ¢ or s table. This is

a signed (+) value, measured from the basic
shell centroid to the extreme point of shell or
ring, positive inwards.

Initial, intermediate, and final values of extreme
outward ¢ distance to reinforcement edge at
points defined by ¢ or s table. This isa
signed (z) value, measured from the basic shell
centroid to the extreme point of shell or ring,
positive inwards.

Initial, intermediate, and final values of extreme
inward ¢ distance to reinforcement edge at
points defined by ¢ or s table. Thisisa
signed (+) value, measured from the basic shell
centroid to the extreme point of shell or strm@r
positive inwards.

Initial, intermediate, and final values of extreme
outward ¢ distance to reinforcement edge at
points defined by ¢ or s table. This is a signed
(+) value, measured from the basic shell centroid
to the extreme point of shell or stringer, positive
inwards.

Initial, intermediate, and final values of ring
reinforcement spacing at points defined by ¢ or
s table.

Initial, intermediate, and final values of stringer
reinforcement spacing at points defined by ¢ or
s table.

Initial, intermediate, and final values of ring
thickness at points defined by ¢ or s table.

5E14.7

5E14.7 -

5E14.7

- 5E14.7

5E14.7

5E14.7

5E14.7
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SEGMENT CARDS (Continued) Column

If the rings or stringers are other than a plate rib in
shape (i.e., hat or "c¢' sections), the values in items
gand h should be the largest-width dimension of the
reinforcement construction.

h. Initial, intermediate, and final values of stringer
thickness at points defined by ¢ or s table.

i. Initial, intermediate, and final values of inward or
outward distance to ring reinforcement centroid at
points defined by ¢ or s table. This is a signed
(+) value, measured from the base shell centroid to
the centroid of the rmg reinforcement, positive
inward.

j. Initial, intermediate, and final values of equivalent
smeared thickness of the ring reinforcement at points
defined by ¢ or s table. [Note: '"Smeared'" thick-
ness refers to average thickness of stiffener per stif-
fener spacing ( t = stiffener cross-sectional area/

spacing) .]

k. Initial, intermediate, and final values of inward.
or outward distance to stringer reinforcement

.. centroid at points defined by ¢ or s table. This.
is a signed () value, measured from the base -shell
centroid to the centroid of the ring reinforcement,
spositive inward.

1. Initial, intermediate, and final values of equivalent
smeared thickness of the stringer reinforcement
at points defined by ¢ or s table.

If the reinforcement is unidirectional (i.e., only rings
or only stringers), the appropriate values in items e
through 1 referring to the nonexistent reinforcement
can be replaced by blank cards.

m. Imt1a1, intermediate, and final values of inner face
... sheet thickness (h) at points defined by ¢) or s

table. (If smgle-sheet construction, items n and
o must be included but can be replaced by blank
cards.)

5E14.7

5E14.7

5E14.7

5E14.7

5E14.7

5E14.7
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SEGMENT CARDS (Continued) o Column  Format

n. Initial, intermediate, and final values of core ' 5E14.7
thickness (t) at points defined by ¢ or s =~
table. R

o. Initial, intermediate, and final values of outer - 5E14.7

face sheet thickness (hy) at points defined by ¢

or s table. (If equal-size face sheet sandwich,
this card still must be included and thus will be the
same as card m.)

12. Mass Density Card. The contents of this card are
the numerical values of the mass densities of the
shell segment and its reinforcements.

a. Segment skin mass density 1-14" E14.7
This value is the mass density of the skin material
whether it be of single-sheet (SING), equal-sheet
(EQUA), or unequal-sheet (UNEQ) construction.
If equal- or unequal-sheet sandwich construction,
both face sheets must be of the same material.

b. Segment core mass density 15-28 - E14.7

This value is the mass density of the core material
in a sandwich construction. Often the core
material has such a small mass density compared
with the skin that this value is taken as zero. If

. a value other than zero is used, it must be
remembered that the basic shell centroid calcula-
tion must include the core material. (If single-
sheet construction, this value is taken as zero.)

c. Segment inner reinforcement mass density 29-42 E14.7
This value is the mass density of the reinforcement
material used on the inside of the shell segment
whether it be waffle construction (RWAF), ring,
or stringer construction (ST10). If no inside
reinforcement is used this value is taken as zero.
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'SEGMENT CARDS (Continusd) Column  Format
d. Segment outside reinforcement mass density 43-~56 E14.7
This value is the mass density of the reinforce-
ment used on the outside of the shell segment
whether it be waffle construction (RWAF), ring, or
stringer construction (ST10). If no outside rein-
forcement is used this value is taken as zero.
Note: The mass densxty value is calculated as follows:
p=v/g = 1b/in.3
= lb-sec?/in.4 g = 386. 4 in./sec?
13. Angular Velocity Card. The contents of this card are
the numerical values of the angular velocity of the
segment.
a. This card contains the angular velocity values 5E14.7
that correspond to the number of problems to
be run. (See Program Control Card item 2e.)
14. Segment Topology Cards
“a. Segment number 1-5 15
Number of the segment under consideration.
b. Joint (i) 6-10 15
Joint agsociated with ith end of the segment (TIC).
c. Joint (j) 11-15 15
Joint associated with the jth end of the segment
(STOP).
Since within a region the segments are all singly connected,
the segment joint numbers should be in adjacent numerical
pairs. That is, if joint (j) is 6, joint (i) could only be
5 or 7. This is true only within a region. In addition, the
initial joint of each region must  must be 1 in segment topology
numbering, and the final joint of each region must be the
last (highest) number in the segment topology numbering
(Fig. 11). The coordinate ¢ or s increases from TIC
to STOP, ito j. The user is again advised to see
Figures 3 through 10.
) |



INTRA-REGION KINEMATIC LINK CARDS : : Column Format

These cards, if any exist (Region Introductory Card,.
item 1b), are placed at the end of all the segment data
for the region. They contain the following information:

a. Joint (j) dependent joint 1-2 12

b. Joint (i) independent joint 3-4 12
For intra-region kinematic links these joints
must be in consecutive decending order. That is,
joint (j) should always be greater than joint (i)
by one.

c. Angle v in radians (Fig. 16) 5~19 E14.7
Angle vy cannot equal o or 7. The angle vy
describes the orientation of the link; it is the
inclination angle of the link from the vertical
(Z-axis). The number of kinematic link cards
must equal the number specified in item 1b of
the Region Introductory Card.

REGION JOINT CONTROL DATA CARDS

These cards are placed at the end of the data for all
regions.

1. Joint Control Data Card

a. Number of region joints 1-5 15
Total number of region joints for problem
(max. = 20).

b. Number of kinematic links 6-10 I5

Total number of kinematic links between regions
for problem. '
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REGION JOINT CONTROL DATA CARDS (Continued) Column Format

2. Kinematic Link Cards (inter-region)
a. dJoint (j) dependent joint i-2 12

b. Joint (i) independent joint _ 3-4 12

-For kinematic links between regions there are no
restrictions upon joint numbering. If there is more
than one inter-region kinematic link, the dependent
joint (j) numbering, as they appear in the data
deck, must be in an increasing order.

- .c¢.. Angle vy in radians (Fig. 16) 5-19 Ei14.7
- Angle vy cannot equal 0 or 7w . The angle vy
describes the orientation of the link; it is the
inclination of angle of the link from the vertical
(Z-axis). The number of kinematic link cards
must equal the number specified in item 1b of the
Joint Control Data Card.

3. Boundary Condition Cards (joint data — one card per
region joint) '

a. Joint number ' 1-2 12

b. Joint component conditions on:

(1) A, - 3-4 F2.0
(2) AZ or AN (Figs. 17 and 18) » 5-6 F2.0
(3) AR or AQ 7-8 F2.0
(4) QB 9-10 F2.0

Four different codes are used to prescribe joint
component conditions. They are:

(a) 0= no displacement allowed.

(b) 1= displacement allowed in the
indicated direction.
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Figure 17. Description of general coordinate rotation (a # ¢).

55

1,



ROTATION CODE 1 2 3 1
~N N -
fAT F +1 : 0 i 0 : 0 AT_ h
| |
J AZ 0 : SIN a I coS ¢ | 0 AN
MATRIX A 2 o | I I J
R I ~CO0S a | SIN & 0 AQ
| : | ] } o
99 | o | 0 I 0 | #1 || <
L %) — L e )
ROTATION CODE 1 2 0 ' 1
() | ! g
AT F +1 | 0 | 0 AT
]
A o ! siNe | o A
z
MATRIX < = : | N
L r o | ~-cose | 0 2
| |
Q J 0 0 +1 _J
(] = ] |
~
ROTATION CODE ! 0 3 1
~ - —
(AT 1 0 | o a.
| |
4, 1 o cosae | 0 A,
MATRIX < , = | I
AR 0 | SIN a I 0 Qe
| |
Q ] 0 0 +1
~ 0, — ! ! -

56

Figure 18. Provision for local rotations.



- REGION JOINT CONTROL DATA CARDS (Continued)

(¢) 2= A
of (v/2 - @) » and become A

(d)

When using rotation codes code 2 can exist only as A

coding; code 3 can exist only as AR

7 and AR

N and AQ’

Column Format

are rotated through an angle

respectively, while a displacement is allowed

in the A__ direction.

N

= and
3=A nAR

A

(r/2 - @) and become A

N and AQ’

rotated through an angle of

respectively, while a displacement is allowed

in the A__ direction.

Q

Z
coding. Codes 0

and 1 can appear in either column 4 or column 6, in
addition to columns 8 and 10. Thus, there are 12 possible

boundary conditions when rotation codes are used (o

for the following table) . (See Figs. 17 and 18 for an

explanation of codes 2 and 3).

¢

-
Free Edge (possible AQ = 0, Normal AN = 0, Membrane
2‘; 2;’2 gbil;iaerlz:gé ) Support (possible |[Support (possible to
to apply membrane |apply shear load)
i - o | load)
2,0 |
Brs 2, 1,2,3,1 1,2,0,1 ,0,3,1
B *Free
AT, Qe 0,2,3,0 0,2,0,0 0,0,3,0
Fixed
A, Fixed 0,2,3,1 0,2,0,1 0,0,3,1
Q Free
AT Free 1,2,3,0 1,2,0,0 1,0,3,0
Qe Fixed
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'REGION JOINT CONTROL DATA CARDS (Concluded)  Column

Notes: (1) To establish a datum for measuring displace-
- ment, free body motion must be eliminated from the -

structure; this should be accomplished by suitably applied
boundary conditions, and (2) the ability of a dependent
joint in a kinematic link to prescribe motion independently
should be removed by setting all boundary conditions of
that joint to zero (see the subsequent subsection, titled
New Problem Cards). _

c. Angle a in radians 11-24

To be used only in conjunction with a 2 or 3
code.

Note: There must be as many Boundary Condition Cards
as there are joints as indicated in item 1a of the Joint
Control Data Card.

JOINT LOAD DATA CARDS
1. Load Control Data Card

a. Number of joint loads i-4
Total number of joint loads in analysis. (Line '
loads can only be applied to region joints.)

b. Any aIphameric information (load description) 5-69

2. Joint Load Cards (as many as in item 1a above)

a. Problem number 1-5

Number of loading problem in which the line load
exists. (See Program Control Card, item 2e.)

b. Row identification _ 6-10

The identification is the location of the degree of
freedom at which the load is applied. This is
obtained by counting the nonzero codes entered in
the Boundary Conditions Cards, starting with
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JOINT LOAD DATA CARDS (Concluded) - Column  Format

Joint 1; T, Z, R, 99, Joint 2; T, Z,.... .. .etc.,

and stopping at the joint and degree of freedom
where the line load is to be applied. The location
number of this degree of freedom is the information
necessary.

c. Applied joint load 11-24 E14.7
The input i8 27 r, times the running load in

Ib/in. In the particular case of the axial

axisymmetric load, this is simply the net force.

For the sign convention, see Figures 13, 14, 15,

17, and 18.

3. Problem Termination Card

a. A blank card is required by the program only if
there is no joint load data.

NEW PROBLEM CARDS

It may be necessary to repeat a problem with some different data.
This may be accomplished in the following ways:

1. Loading Changes. With the present program five separate loading
problems can be run simultaneously. This applies both to distributed and
line loads.

2. Full Data Duplication. If it is desired to analyze a new structure,
it is necessary to submit a complete new individual data deck. If several
data decks are to be run with one submission, the decks must be stacked. The
number of full data decks that can be stacked in one submission is limited
only by time requirements.

It is hoped that the user is now able to use the ASTROS Computer
Program to good advantage. It is a powerful tool, which will increase in
value to the user as he uses it. One of the more complex areas of input is
the description of topology, especially when involved with rotation codes and
joint loads. An illustrative example of a Y-joint representation is therefore
presented (see Fig. 19 for the structure and idealization). The idealized
structure contains three regions and two kinematic links. The region joints
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are numbered from 1 to 6. Loads are applied (blade loads) to joints 4 and 6,
and the structure is supported at joint 1. All regions must be coupled.

The secornid card in each region description (topology card) is as

follows: .
Region © Joint (i) Joint (j)
i ' i 2
2 3 ' 4
3 R 6

The Joint Control Data Card would contain a 6 in column 5 and a 2 in
column 10.

In this example, the restraint at joint 6 must be rotated from the
fixed (global system) to a local system so that loads may be applied. In

addition, joints 2 and 3 and 2 and 5 are to be coupled with kinematic links. Thus,

the motions of joints 3 and 5 are dependent upon the motion of joint 2. This
dependence will be insured by using two Kinematic Link Cards and setting the
displacements of joints 3'and 5 equal to zero. It should be noted in this
particular case that the motion of joints 3 and 5 is not being equated to zero,
but rather the ability to prescribe motion independently is being removed.

The data required for the Kinematic Link Cards have the following appearance:

" * Joint (j) Joint (i) Angle Note: It a double link of the type
' ' shown in Figure 19, one joint must
3 2 ) be consistently independent (joint 2

in this example).
5 2 Y2

The data required for the Boundary Condition Cards have the following

appearance:
Joint T Z R 9 Angle
1 1 0 1 0
2 1 1t
3 0 0 0 0
4 1 1 i i
5 0 0 0 0
6 i 2 3 1 (o 7]
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The Load Control Data Card would contain a 3 in column 4,

The external loads (one load problem assumed) are applied to the
structure through the Joint Load Cards which, in this example, would appear
as:

Problem No. Row Load
1 9 21 Ry X AR Load (lb/in.)
1 12 21 Ry ¥ AN Load (1b/in.)
1 13 2m Ry X AQ Load (1b/in.)

In Appendix B, example problem 1 has been set up to determine the
elastic stresses in a gas-turbine disk in a thermal environment. This problem
serves as a typical example of rotating machinery problems.

In Appendix C, example problem 2 has been set up merely to show
the complex geometries that the program can handle.

OUTPUT INFORMATION

The output of the ASTROS program is straightforward; however, a
description is in order since the user should learn the signficance of the
various checks that are provided. In addition, familiarity will be required
with the possible error messages. It is important to point out that the output
of the program will include a printout of the input data. This gives the user
the opportunity to check whether the input data were correct. In the detailed
description of the complete output which follows, the user should refer to the
output of the problems in Appendix B as examples.

The title page of the output contains all the data from the General Intro-
ductory Cards, prominently placed, and needs no comment. The next page
of the output contains the first region Identification Card in the center. The

following output is then presented for each segment in this region (in order
of appearance):

1. Contents of segment Identification Card

2. Contents of MAGIC Control and Segment Sizing Card

62



t
§
§
i
¢
)
1
i

3. Contents of Geometric Description Card
4, Contents of Master Clue Card

5. The material property table used for the segment

6. Cross-section description table
7. Temperature load table (if any)
8. Distributed load tables (printed per problem)
9. Contents of Nonlinear Cards (if any)
10. Segment influence coefficients (MAGIC output)
11, Segment stiffness matrix
12, stiffness matrix symmetry c_heck
13. Segment load matrices

Item 12, the stiffness matrix symmetry check, is a check upon the
validity of segment sizing and the accumulation of round-off error. For
perfect symmetry to exist, it is necessary to have. zeros above the main
diagonal and zeros or ones below the_diagonal.' The amount of error induced
by improper sizing or round-off-is related to the amount that the off-diagonal
terms in the lower triangle differ-from unity. An attempt should be made to
keep the upper limit on this difference at one percent (maximum number in
lower triangle differ from unity. An attempt should be made to keep the upper
limit on this difference at one percent (maximum number in lower triangle
should be 0.1010. .. E 01).

Ag mentioned previously, items 1 through 13 are repeated for all the
segments within region one. At this stage in the output, the topology of the
segments within the region and the description of the intra-region kinematic
links are presented. In the segment topology, the radius of revolution at
every joint i8 also given. These should be checked at corresponding jo_ints"
of adjacent segments to make sure that proper coupling has been specified.

At this point in the output the region matrices are presented, Given
in order are the region stiffness matrix, the stiffness matrix symmetry check,
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and the region load matrices. Again the numerical round-off, evident in the
-symmetry check, should be kept to a maximum. of one percent (6.1010. ... E-01
in lower triangle) . The output to this point, that’is, sets-of items.1 through
13, segment topology and links, and the region matrices, are now repeated as
a group for each region within the structure. When this is completed, the
. region topology is presented. In this area, the appropriate radii of revolution:
_are again provided for checks. The next items to be provided by the output
are the descriptions of the infer-region kinematic links and the boundary
conditions. At external points of the structure these are physical boundary
conditions. At internal points they merely state the fact that no restraint:
exists and the joint in question is free to move. The last column in this set
gives the angle o, which is zero unless a rotation code is indicated. It is
important to refer to Figures 17 and 18 once more and point out that «
represents a rotation of the coordmate system

A variety of errors can be made in .submitting- input data. Certain
errors may be detected and can be signaled by specially programmed error
messages. The messages are mainly self-explanatory and are presented as :
follows.. = - o T I : :

IERROR = 8000
ONE OF THE MATERIAL PROPERTY TABLES CANNOT BE IDENTIFIED

AS ISOT ORTH OR STIF

IERROR = 8036
A MATERIAL PROPERTY TABLE NAME FOR A SEGIVIENT CANNOT -

~BE FOUND IN THE TABLE LIST.

IERROR = 8086
THE.TYPE OF GEOMETRY OF A SEGMENT CANNOT BE IDENTIFIED

AS ONE HANDLED BY THE PROGRAM

IERROR = 8087
THE TYPE OF MATERIAL PROPERTY TABLE FOR A SEGMENT

CANNOT BE IDENTIFIED AS ISOT ORTH, OR STIF.

IERROR = 8089
THE WALL CONSTRUCTION OF A SEGMENT CANNOT BE IDENTIFIED

AS SING, EQUA, UNEQ OR BLAN,

IERROR = 8090
THE TYPE OF TEMPERATURE INPUT FOR A SEGMENT. CANNOT

BE IDENTIFIED AS THST, NOTH, THCN, ‘OR THIN,
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IERROR 8013 _'
"THE PROGRAM CANNOT DETERMINE WHETHER THE PROBLEM -
INPUT IS LINEAR OR NONLINEAR.

IERROR = 8009
THE PROGRAM CAN EXECUTE ONLY ONE NONLINEAR PROBLEM
PER DATA DECK.

IERROR 8031
- THE LOAD INDICATOR CLUES CAN ONLY BE ZERO BLANK ONE
--OR FOUR.

IERROR = 8008
THE PROGRAM CAN EXECUTE ONLY ONE THERMAL LOAD
PROBLEM PER DATA DECK,

IERROR = 8001
THE MAGIC CYCLE HAS GONE PAST STOP BY MORE THAN THE"
PERMITTED VALUE. CHECK TO SEE IF FIXED STEP SIZE IS TOO
LARGE, A

IERROR = 8003
THE FIRST ST TABLE VALUE (PHI OR S) SHOULD BE OVERLAPPED.,

IERROR = 8006 _
THE LAST ST TABLE VALUE (PHI OR S) SHOULD BE OVERLAPPED.,

IERROR = 8007
THE INTERPOLATED VALUE OF TEMPERATURE FOR THE
"MATERIAL PROPERTY TABLE IS LESS THAN THE SECOND
TEMPERATURE VALUE,

IERROR = 8067
THE INTERPOLATED VALUE OF TEMPERATURE FOR THE MATE-
RIAL PROPERTY TABLE IS GREATER THAN THE LAST VALUE OF
TEMPERATURE. '

IERROR = 8101
THE Kii STIFFNESS PARAMETER IS ZERO.

IERROR = 8102
THE Ki2 STIFFNESS PARAMETER IS ZERO.
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IERROR = 8104 _ _
THE K22 STIFFNESS PARAMETER IS ZERO, i

IERROR = 8105 :
THE K33 STIFFNESS PARAMETER 1S ZERO.

IERROR = 8106
THE Dii STIFFNESS PARAMETER IS ZERO

IERROR = 8107 L
THE D12 STIFFNESS PARAMETER IS ZERO.

IERROR = 8109
THE D22 STIFFNESS PARAMETER IS ZERO.

IERROR = 8110 N _
THE D33 STIFFNESS PARAMETER IS ZERO.

IERROR = 8088
THE PROGRAM CANNOT DETERMINE WHETH“‘B THE PROBLEM

INPUT IS THIC, RWAF, OR 5710.

IERROR = 8120 .
THE Y2 BLOCK IN THE SEGMENT MAGIC OUTPUT IS SINGULAR.

IERROR = 8841
IN THE COMPUTATION OF THE REGION STIFFNESSES THE K22

MATRIX WAS NOT POSITIVE DEFINITE.

IERROR = 8777
IN THE COMPUTATION OF THE REDUCED FLEXIBILITY MATRIX,

THE REDUCED STIFFNESS MATRIX IS NOT POSITIVE DEFINITE.

IERROR = 8797

FOR KINEMATIC LINKS BETWEEN SEGMENTS, THE DEPENDENT
JOINT NUMBER MUST BE GREATER THAN THE INDEPENDENT JOINT
NUMBER.,

IERROR = 8787
THE NUMBER OF POINTS IN 8T TABLE MUST BE BETWEEN 2
AND 30.

iERROR = 8501
FOR NONLINEAR ANALYSIS, HARMONIC MUST BE ZERO.
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All the above error messages will undoubtedly be caused by erroneous
; input data, including the ones on matrix singularity. Error 8120 will prob-
ably be caused by improper segment sizing. Error 8841 could be caused by
bad segment sizing, bad segment topology, or bad intra~region links. Error
8777 could be caused by bad region topology, bad inter-region links, or
improper boundary conditions. If the problem is correctly set up and idealized,
only an unfortunately awkward geometric combination could cause matrices
which are so ill-conditioned as to trip one of the singularity errors [5].

After having corrected any errors so that it is now possible for the
program to run to completion, the problem solution can be discussed. The
first item provided which represents the solution of the problem is the
structure ﬂembihty matrix. This matrix should also be checked for symmetry.
After the reduced flexibility matrix, the applied line loads and the region end
deflections are presented per problem. The deflection values are given for the
region joints in numerical order, starting from joint 1.

Following this output, the program prints the internal load distribution
results per segment. First, there is a reproduction of some input data pre-
viously discussed. Next, there appears a diagram which outlines the format
of the tabulated results; see Table 1 for interpretation. Below that appear
the numerical results for each point where a printout is called. They are
printed out at a prescribed interval and per problem. Special cases can occur,
depending upon meridional and wall cross-section geometries. Treating the
block of numbers as a matrix:

1. The 1, 2 element will be zero for cylinders and cones.
2. The 3,2 and 4, 2 elements will be the same for linear analyses.

3. The 6,2 and 7, 2 elements will be zero for a nonsandwich construc-
tion or a sandw_ich construction with reinforcement.

4. The 6,2 and 7,2 and the 6, 6 and 7, 6 elements will be zero for any
reinforced construction. The 6,6 and 7, 6 stress calculations are not useful
for design or failure ¢riteria, since such criteria are material dependent.
However, they are useful for comparison since they combine all stress
compohents in a consistent manner characterized by a single number (see
vol. I, p. 3-14, of Ref. 1).
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TABLE {." TABULATED OUTPUT INFORMATION"

68

1,1 PHI (RADORIN) -~ —==~-===--= & or 8 at which calculations aré made l .
2,1 EPSILONTHETA=---==-====-= €9, circumferential strain (in./in.) o
3,1 U ==orememm e e — - circumferential displacement (in.)
4,1 V —=e=-ececrceecerccarae=a meridional displacement (in.)
5,1 W eermeemccmr e rcccnccn— normal displacement (in.)
6,1 OMEGA THETA-----=-===--- w@, circumferential rotational displacement (rad)
7,1 OMEGA PH] ~=~====w=~ca-- w ¢, meridional rotational displacement (rad)
1,2 DEGREE --~-=----=-=---- & expressed in degrees »
2,2 EPSILON PHI =~ ===-r===e=== €¢, meridional strain (in./in.)
3,2 QPHI ~=--=--c-wcecmcn——= Q¢, meridional transverse shear stress resultant (lb/in.)
4,2 JPHI=--==w-mrmecerccacn=" J¢, effective meridional transverse shear stress resultant (lb/in.)
5,2 Q THETA =-==w=c-mmecc=eaa Q6, circumferential transverse shear stress resultant (lb/in.)
6,2 TAU ZETA PHI = Q/T ~=-=--=-- 7¢$ = Qp/t, meridional transverse shear stress (lb/in.%)
7,2 TAU ZETA THETA = Q/T -’- -~= 7{9=Qd/t, circumferential transverse shear stress (Ib/in.?)
1,3 PRINT INTERVAL «=~~~====~ interval at which answers are printed out
2,8 GAMMA PHI THETA -------- v$ 9, shear strain (in./in.)
3,3 ' K PHITHETA -~-===-==== ~- K¢#8, apecific twist (in./in.)
4,3 NTHETA —=--=-—=====c-=- N6, circumferential force resultant (lb/in,)
5,3 M THETA --------------- Mg, circumferential bending moment resultant (in.-1b/in.)
6,3 SIGMA THETA IN=~-====~==== 00 in, circumferential stress on inside fiber (lb/i.n.z)
7,3 SIGMA THETA OUT ==~=~====~ o9 out, circumferential stress on outside fiber (lb/in.’)
1,4 STEP+~==—-==-ec--ecc-ce==-- numerical integration step size
2,4 KPHI -—-=~=---=--==cece~a- K¢, meridional curvature (1/in.)
3,4 J PH] STAR ~=-==~======-= * J ¢, nonlinear effective transverse shear stress resultant (1b/in.)
4,4 NPHI -~=~-=--==c===-==== N¢, meridional force resultant (1b/in.) :
5,4 MPH] =~=~-=~m=cmceccnae=~ M¢, meridional bending moment resultant (in.-lb/in.)
6,4 SIGMA PHILIN -=-===+==c=== o¢ in, meridional stress on inside fiber (lb/in.z)
7,4 SIGMA PHI OUT-==~===e==== o¢ out, meridional stress on outside fiber (lb/in..z)
1,5 RZERO -~==-~=~=====«—-== R0, radius of revolution about Z-axis
2,5 K THETA ~------~--=~---- K¢, circumferential curvature (1/in.)
3,5 T PHITHETA ----------- ~= T¢6, effective in-plane shear stress resultant (Ib/in.)
4,5 NPHI THETA -=~=~=====-=~- Ng¢g, in-plane shear stress resuiltant (I1b/in.)
5,5 M PHl THETA ~=-=~-==cvw=-= M¢6, twisting moment resultant (in.-Ib/in.)
6,5 TAU PHI THETA IN ~~======~= T¢$9,in, in~plane shear stress on inside fiber (1b/in. 2)
7,5 TAU PHI THETA OUT===~====~~ T¢ 6 out, in~plane ‘shear stress on outside fiber (1b/tn.2)
1,6 NUMBER OF CYCLES-=—====~~ number of cycles
2,6 N TEMPERATURE THETA ---~- NT§, circumferential temperature force resultant (1b/in.)
3,6 N TEMPERATURE PHI-----~- NT¢, meridional temperature force resultant (1b/in.)
4,6 M TEMPERATURE THETA --~- MT¢, circumferential temperature bending moment resultant (ib/in.)
5,6 M TEMPERATURE PHI ~---~- MT¢, meridional temperature bending moment resultant (Ib/in,)
6,6 SIGMA FIN --=--~--=c-«-- oF in, Huber-von Mises~Hencky effective stress (lb/in.’)
7,6 SIGMA F OUT =~=-==~--====~= oF out, Huber-von Mises-Hencky effactive stress (lb/in.?%)
a. See Figures 13 through 15 for interpretation of the above table variables,




This completes the program output. The user is reminded to check the
continuity of stress resultants across segment boundaries where applicable.

In utilizing the program, it is frequently necessary to relate applied
edge loads to the net forces across a section.. The relationship between forces
in the fixed (global) coordinate system and any rotated coordinate system is
_given [1,4, and 6] by the followmg relat1onsh1p (Fig. 18):

F.. 1 0 o 0 F,
Fz o |00 0 )N
FR 0 dee” s, o
M L'o 0 0 ‘™M
, ]

The relations between the net resultant external loads and the magmtudes of
distributed edge loads are: ~

F, i"z 0 1 0 0 F

- . z\ 2)
-~ = 21|'r. (
M, | ry 0 0 0 Fo

It is frequently desirable to be able to calculate net forces at a cut
section or a built-in edge directly from output values in order to check the
equilibrium. The net forces in terms of the stress resultants (in local
coordinates as they appear in the output) are:
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FZ(j) 0 +s¢ +co O N¢ (j)
- i = :i:27l'r0 i . ’ (3)

i
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where the sign is chosen to correspond with the edge (i or j) on which the
applied force is desired.

Equation (3) should be used to check the overall shell equilibrium for
unfamiliar geometries because it is a good check on the solution to the
problem.

THEORY

The ASTROS digital computer program is an automated procedure for
the analysis of rotating structures constructed from thin shells of revolution,
reinforced in various ways, and subjected to symmetric loads. The program
can handle shells having multiple-connected joints, walls of sandwich construc-
tion, and thermal variations through the walls. The various shell geometries
that can be handled by the program are ellipsoidal, spherical, ogival,
paraboloidal, cylindrical, conical, or any selected special geometry.

For the general theory and derivations used by this program, refer to
the STARS II Numerical Analysis of Shells [1]. The additional equations shown
in this section express the inertial loads generated by rotation about the shell
axis into equivalent static loads such that they can be used by the program as
a static loading condition.

The equilibrium forces of a typical shell element are shown in Figures
20 and 21. The equilibrium equations corresponding to these forces have
been changed from those listed in Reference 1 (equations 1-ib, i-1c, and
i-1d). The changes were necessary because of the addition of the inertial
forces. The new equilibrium equations are shown as follows.
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Note: IL = Inertial Load due to rotation = mass x radius x wy“ (perpendicular

to axis of rotation).
IL¢= (IL) cos ¢ 1]’_,t = (-IL) sin ¢

2 2 : .
= (pwyryx hx reds x ride)cos ¢ (-pwyrgx hx rydox ryde) sin ¢

- riro(pwg ro h sin ¢ do d¢)

2 .
ryro(pwgy ro h cos ¢ do do)

r,ro(f(;) do do) —'riro(f't do d¢)
Figure 20. Eguilibrium forces.
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Note: IMO = Inertial Moment due to eccentricity of nth

n
from reference surface.

IM, = (-IL)) cos ¢ J_
= (-pnw%rox hx rqdox ride) co'sqbin
= - riro(pn wg r; h cos ¢ Yn do d¢)
= - riro(mé dg d¢)
Figure 21. Equilibrium moments.
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t?: EF¢ = 0: (N¢ro)»¢ + 1‘1N¢9,0 - N rycos ¢ - r0Q¢ = - riro(f¢+f(;))
} EFL_—O (Q¢r0),¢ +r1Q0,9+N9r.1 sin ¢ +r0N¢ = riro(f§+f§)

i EM0=0: -(M¢ro),¢-r1M¢0,

+M rico8 ¢ + 7T = =1 +m'
0 pT1C08 ¢ oriQ(p Fo(m, o)
where the prime (') quantities represent the contributions of the inertial loads
.caused by rotation about the Z-axis.

A sandwich shell segment with stiffeners is shown in Figure 22 with
the inertial loads for each shell "layer" caused by rotation about the Z-axis.
These inertial distributed loads can be represented by equivalent static forces
per unit area and separated into normal and meridional components as shown

“in Figure 23.

These inertial distributed loads for any shell layer can be calculated as

1 = 2

f¢n » Ipwo.rnhn_'cos¢.
f! =-pwir h sing
L’n n n

" where the subscript n represents any desired layer (skin, core, or
stiffengr) .

The static loads as shown in Figure 23 can be expressed at the
neutral axis of the shell as seen in Figure 24, using the following expressions:

t ] 1 1 ] ] |
f = f =1 +f +f' +f +f
Potal b Pn %is P % %0 %os
1  § 1 T ] 1 ]
£ = ) f, =f +f +f +f +f
ztotal n Cn- zis zi gc zo ros
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A OUTSIDE

ILis = Inertial Load caused by inside stiffener
ILi = Inertial Load caused by inside skin

ILc = Inertial Load caused by core material
IL0 = Inertial Load caused by outside skin
ILOS = Inertial Load caused by outside stiffener

Figure 22. Shell inertial distributed loads.

t 1 t - | — 1 - T - 1 -
- — - f - f - £
e L, o Yis . Vi g Yol 7

o 08
total n n is i c o ¢ oS

where the ; is a signed value (+) measured from the basic shell centroidal
axis to the centroid of the shell layer (positive inward).

Thus, the inertial distributed loads for any shell segment can be

represented by equivalent static meridional, normal, and circumferential
loads at the neutral axis of the shell as follows:
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INSIDE

hn = ti‘s’ inside stiffener, smeared thickness
h = hi’ inside skin thickness
n )
= { , core thickness
n c
n - ho, cutside skin thickness

-'hn = tos’ outside stiffener, smeared thickness

smeared thickness = _s~t.1ffener area.
stiffener spacing

Figure 23. Shell equivalent static distributed loads.
f' =fp, wir t +pwirh +pwirt +pwirh
) total ia i8 is i ii c cc o 00

9 —_
+ wgr t cos
Pos 0 os) ¢

oS
£ =~ w2 T - 2 - ) ) ,
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2 T )
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Figure 24. Equivalent static loads at the neutral axis of the shell.
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The precedlng log1c was 1ncorporated into the program as shown in
Appendix D.

George C. Marshall Space Flight Center
National Aeronautics and Space Administration
Marshall Space Flight Center, Alabama 35812, February 17, 1971
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APPENDIX A
STRESS CALCULATIONS FOR REINFORCED CASES

Several items must be noted when a stress analysis is performed upon
a reinforced construction by use of the current program. Some of these items
can be treated as rules, and some require engineering judgment. The rules
to remember are:

1. The hoop and meridional stresses output in a waffle reinforcement
are rotated 45 deg from the 9 and ¢ coordinates and are actually in the
waffle rib directions.

2. For a reinforced section, the in-plane shear stress is calculated
for the meridional face only. This means that for a construction such as that

shown in Figure A-1, Tqb P outer is calculated at point 1, and 1-¢6 inner is

calculated at point 4.
Items requiring engineering consideration in the stress analysis are:

3. If a shell cross section contains materials of different properties,
either actually or because of differential thermal loading, there is no
guarantee that the stress at the extreme point is the most critical. The analyst
should decide whether a check of stresses is necessary at each location where
material properties change. :

4. For a structure such as that shown in Figure A-1, the program
will calculate direct stresses at points 1, 4, 3 and the bottom point below 3
and in-plane shear stresses at points 1 and 4. Whereas strain is linear from
point 1 to point 4, there is a stress discontinuity at point 2. This will occur
even if the material properties of the shell and ribs are the same, since the
governing Hooke's laws differ [7]. The analyst must again decide whether the
stresses at point 2 could be more critical than those at the extreme points.

Any additional stress calculations that the analyst decides to make on
the basis of items 3 and 4 should always be made using the program strain and
curvature output and Hooke's laws for the ring, stringer, or shell [7]. This
can be done automatically in the program by providing the correct ¢ distance
(instead of the extreme) and by setting the stress clues for the appropriate
Hooke's laws (segment card data sets 10 and 11).
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APPENDIX B
EXAMPLE PROBLEM 1 -

The following problem, taken from Reference 8, will serve as a good
example on how to set up the ASTROS program for determmmg the elastic
stresses in a gas-turbme d.mk ina thermal environment.

The disk has 50 turbine blades and is being rotated at 11 500 rpm.
Figure B-1 shows the disk profile, temperature distribution, var1at10n of the
physical properties of the disk material as a function of the radlus, mass
density of the disk, turbme blade properties, andblade loading on the disk -
rim. Figure B-2 shows how the disk was idealized into various segment
geometries with their temperatures and physwal properties. Figure B-3 shows
the segment joint numbering, segment numbers, and region joint numbermg
associated with the 1dea11zed problem. :

In Figures B-4 and B~5 the 'results__of the ASTROS program are com-
pared with the results of the finite difference method of Reference 8. In this =
reference four independent solutions were calculated using 6, 10, 18, and 27
finite difference stations,.respectively; as the number of stations was increased,
the accuracy of the solution increased. The solution with 27 finite difference
stations and the ASTROS solutlon with only eight segments correlate very
closely, as seen in Figures ‘B-4 and B-5.

The input data and format are shown in Table B- -1, and the output
solution is given in Table B-2. :
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Disk

v disk = 0.26807 Ib/in.? ; g = 32.2 ft/sec?® = 386. 4 in./sec’

p mass density = v disk /g = 0. 00069377 lb-sec?/in.4

Turbine Blade
WT = 0.4892 lb (weight of one blade) ; NB = 50 (number of blades)

w,= 11 500 rpm = 1204 rad/sec ; ch = 10 in. (radius to c.g. of blades)

Blade Loading on Disk Rim

WT 5
BL = — (NB) (R_) (w
P (NB) ( cg) (w?)
0.4892 -
= 386.4 (50) (10) (1204)° = 917 639.91b

Figure B~1. Disk profile, temperature distribution, ahd_ variation of
physical properties of disk matarial »» function of radius.
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Figure B-2. Problem 1 geometry.
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Figure B-3. Problem 1 idealization.
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Figure B-4. Problem 1 radial stresses.
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TANGENTIAL STRESS (ksi)
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Figure B-5. Problem 1 tangential stresses.
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TABLE B-1. FORTRAN CODING INPUT DATA FOR EXAMPLE PROBLEM 1

PROGRAM DATE IDENTIFICATION
CODED BY FORTRAN CQDNG FORM_ o o
I siel7 10 15 20 _ 28 30 38 40 as 50 55 60 € 70 T2
[/ BXAMPLE. PROBLEM i\ [//\ ... .\ ! R I DR D R L
1. .8 4, 0.0 S ! L. L | L L. L. i ! L,
IMATL - | 1 [ I I 1 o 1 ! |
+75. ) | +600., , +638. . *+65T. | ‘|+684_|. L
SN N W #1820, | [T - T T B O 1\ 2 R L1280, ) lﬁﬂ
23.5 .., (E+0623.5, .1,. E+0623.,0 ..., E+0622.18 .., | E+0622.4 .., |E+06
22,0 E+0620.7 | E+0618.7 . | . E+0647.14 ., | . E+0615.8 L E+0.6
..333 | ,..13.33 ] N .336 ., . ¢, ..., ..8388 ., .1, ., | ..340 . . 1
.343 L 4352 | 366 L | .375 || .386 L {
9. 149 E-069.149 | . E-069.207 | ., E-0609.239 | E-~0689.289 ..., E-0§
9.337 E -069.499 | E\-069.748 .1 ., E-069.913 , ., E-0610.109 | E-06
8 REGION i . L ! IV SV EUU R B S I L
R YEDUR - B 1 [T SN T SRR SR IR R
21 SEGMENT i OF REQION 1 (PLATE) R RSP R B I I
0.50 |, Lo 2.00 425 4.0, . B-06 .045 . .. . . 0.
0.9 . [ ] ISP I B |....|.....1....|...|..|....|
liseT||. . MATL, .. |SING,... |THIC,. . JTHGN . .. . p#+75., ..  LINE, . . . |2
0.49 1 2.04 00 b b b U e e L.
4.378 | 1 4.8785 1., .. o [N SO BN SRR RPN S L. 1
101110 , TEMPERATURE (LOADING ONLY . . 1 .. . f .\ 0.\ tvii ittt 1,
+6,75. ] H6T8 . 0 )] N EUSR I‘ I 4 1
BLANK | |CARD R T S S T S R S R ST
BLANK | (CARD _ | L. D T T L N R B B
BLANK | |CARD ! [ N '1 N AU AR B B I B
..00049377 0. 0, L. |...0__.-6 P HP OO B RN SN I

MSFC - Form 1610 (Rev July 1963)
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TABLE B-1. (Continued)

PROGRAM - _ gf\“G-E:OF— IDENTIFICATION
?ODED SBGY ? 10 15 20 25 FOQTRAN 35C°D|N§0 FORM45 50 55 60 . 51: TO ::
1204, L | L W N | gl L] 1 1 | I ] 1
I | 4 2 1 1 1 e .l ! ! 1. 1 1 1
21 SHGMENT 2. OF REGION 1 (PLATE). . . Lo Ny | | |
2.00 L. 5,00 ., L 425 g . 4.9 .. ., E-06 .030 ., ., 40.
0.0 ] . I N 1 NN EPRETUNE B | L] L P P B | N
1887T _MATL | SING (... MHIC. 4 .. JTHCN | . ... 75.. 1. .. LINE | LE
1,..99 e 31,0 ! NN R v [ AR TN M. O | R | 1 .6.04 , . .. 1. !
4.375/], L, B.84 ), ., .0, 89278 4,1, 2.97 ., 1.2.68 T .l
101110] TEMPERATURE |\LOADING ONLY -, | | L y ¥
H 6 75 . L, +682. | . L ;I-L6|9-8.. 1 | +713. . L 1L+ 732, 1. L
BLANK | CARD, , , , | 1 L P S 1 i 1 1 1 1 ! 1
BLANK | CARD, - | 1 ! o 1 1 t ! { | L 1«
BLANK | CARD, ! L 1 I Lo v ot | | { ! \ I
1..0006/9877 1. . . 0.0 R Tl | 1] (! LI 2 L0, 08 v} I ISR RN _
1204, SR SV - 1T|1|444J1| P
2002 80 , |LJ4{| TN AP PN N R RN
21 SEGMENT 3 OF REGION 1 (PLATE) . .-, . .4, b0l bV by ey
FHOO 1. 51..5.0, . | oty L 2s syt 4 el En 06 . 0006 oL 10,
0,..0 ] I | N N IS I S RIS I I S S 1
LS,GT- “IMAT.L | .. I8ING. 4, ., ITHIC., I, .., ., PTHCN 1. .., . W75, 1., ., ILINE. 1. . .| .2
4.,.9.9 [ 5T 7 V| L P RPN PP RPN RPN T 1 L L
268, ol 2,372 |||1||| A I R RN B
104140 . TEMPERAT.URE [LOADING, ONLY ., | . .. (.. 0.t . Gotorot o ion e S0
732, J +769. | 1l [ R BN S Lo o C I
CARD - N N IR AL TP SN S LN EPIVEE SV R SR

MSFC = Form 1610 (Rev July 1963)
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TABLE B-1. (Continued)

googgAgY IBI-A\EE_OF IDENTIFICATION
|a sl€|7 10 15 20 25 /@TRAN “CQDINQO FORqu 50 5: (1] :: 70 .7:1
IBLANK | ICARDy , , , .| o i 1 | ! P P R A | +|4_|‘
ZBLAN!S CARD; ! i i ! 1 | ] ] ] L, . 1. _1,_“
.,0006{9377 , . 0.0 1 o 0.,0 { L. 0.0, 1 . | \ 1
1204. | 1 1 el 1 Lol | L ! ol i i I

.38 4 .. b | el P . ! I L | N B | 1
2.1 SE%MENTI 4 OF REGION 1 |(PLATE), , ..y ... . | | L] 1 N J 1
5.50 N | 6.00 i . 125 L 1, 4.0 . .1, E=-06 .005 | 10
0.0 1 | L b [V I SN BN S | NN .1-
IB_dT MATL 4 SING , | THIC , THCN |, t75 t (LINE , | 2
5..49 1, .. 6,04 . [T 1 L. N ..-L 1 ol T I B w
2..3.7.2 L 2,24, .1 1 N | P B 1 A N 1 1 1
104140 . TEMPERATURE ILOADING, ONLY . . ¢ .. .} .. . .00 0 byl I i |
+769.0 [, . .1 +798., | I [P U TP TSI R [N ST B
|BLANK | [CARD 1 1 ol 1 L1 Leww o b N NP S L

CABRRD . . -I I /PP U SIS NI ST RO EPUPEFON S S
BLANK | [CARDN ., . . .| 1 P I DT OO B P EUUPEIE PPN (I I P
.“m.ﬁj_aw.O. b 00 1 0 e ] 1
1204. ] - 1 VI RV BRI SRR SR RPN R R U SR M
. 4 4 5) o ] 1 L, .| o R IV PR VU e
21 SHGMENT 5 O BEGION 4 (PLATE), . 1. ...y 0\ too oot ottt o,
6..00 ek 700 L et . k28 oy oy 400, E~06 .08 ., 0.
0.0 el L. RTINS AR EVEFEN S B S L. ] Loy o1 L
180T ||.. MATL , ., 8ING ,,  THIC | THCN | #+15., | LINE | 2
5.99 | .01 1 IS BV IR PR D R B ]
a2ttt 2,485 | b b e e e L

MSFC - Form 1610 (Rev July 1963)
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TABLE B-i. (Continued)

PROGRAM o - — eNTIFIcATION
- ( ! )
E”DED SBGY 7 10 19 20 28 &ogTRAN SSCm'Nqo FORMQ.'A 50 53 60 G: T0 o
1.04.11/0 . TAMPERATURE ILOADING. ONLY 1 1 1 1 |- I | 1
79801, . . +1895., ) D B J | ! ] A 1 L. L
CARD . . . . 1., . . | 1 ST R 1 1 I § | L
IBLANK CARD ] 1 1 1 1 ! 1 1 1 | I 1
,n,nna|9311 [ SRR T | | .10, , . . 1 L. .0..01 1 1 | 1
11.2.0.4 et ] ] 1 1 1 1 1 i 1 1 ] |
5) 61 ] 1 el 1 ] | I | | U R SN |
2.1, | ) | RN I | ol i | | ol
7...0.0, L. . 8.00 | {225 g1, 000, E=06 .04 1 0.
R L 1 1 1 1 bl ] I ol | ] 1 L 1
0T MATL ... . 8ING .. .THIC)... [ THCN) ..., w75, y... JLINE [... .| 2
6,..99 PP | 8..01 ] NP B P a1 t 1 ] | i 1
2.155 . 22.,70 RN PP EUIVETE DD B B | | VSN N | ]
101110 TEMPERATURE ,LQADING ONLY ;. | PR I | NP BV | 1
+.8.95., iu b, 411,050, | IO BT EPEPE PPN B rad M PN TN |
IBLANK | CARDy , . . . ) .. 1 i | LlLl T D ) L o
BLANK | ICARD PP B BV |L||||| AT B | 1
BLANK | CARD, L. ] IR VAV DY BRI PR BV ! N ]
.0006/9377 , 0.0 | o 0.0 1. 0.0 \ | P
1204 1 ol ) | B DEPRPEPREN VU RO S I VI S RS
L. .. 7 1 il . NP S | M N | | | —_— ey i
21 SEGMENT, 7 OF REGION 4 (PLATE) . - "0 ., . .. 1., .1 L BNV IS | L
8,..00, e 8.50 . y,.. .26  ,4..,.1..4.0.,.. .1, EB<06..0085
0..0 ] | | PSS EPUNNUN S IR | | - |'u| | I B |
Tll.. MATL .. . BING. |... FHIC.) ... JTHCN .. . W76 1. LINE. ... .1 .2
MS£C « Form 1610 (Rev July 1963) L t
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TABLE B-1. (Continued)
g S o e
Hi sjel7 10 15 20 28 :/Roj.gmANsscm‘Nch‘FORMu\ - 80 ss (1] (] 70 '.r:'
- Za00 | I BL.A1 L) ! i | L | 1 ] d ] 1
32.703; ! L 2..38 .1 1 . | 1 ! I '1 1.~ n.— ! 1
4.04110 TEMPERATURE ILOADING. ONLY . | L L L
!-r—1050.5.j i #1152, ! ] 1 L1 L, 1 1 1 ] I
;LBLANKJ‘_!CARD N el ! | [P I W
BLANK | CARD .. . | L T T I bt ! S [
‘;B,;L_&NK;‘CARD“ o -|_ DR I T I o o | A
000693717 | 0..0 RPN T T NN RSN S WY . U BN SUUU ST IR
1204. . L. ! 1 o 1 1 L. 1 ] ! 1 Lo |
7H 7. 81 L, L. | | I | (| L 1 | 1
21, SEGMENT, 8. OF, REGION. 4 (PLATE). . . | ... 1.0\ 0.l iton o ! !
8.50 . 9.00 .y .. ... .M25 . 4. 4. 4.0 . . . ;. FE106 .005 .. . 0.
0.0 ] ! 1 L. 1 I N S A D B el
180T | | MATL SING , . JTHIC ,  \THCN, . . #76., .  \LINE | . . | 2
8.49 I e 910, DT D T D D D T D
2.38 l.. e 1181 ) TN I T [P P S | N IR R
101110  TEMPERATURE LOADING, ONLY . . | ol vuileu e il ool b il ],
1152, 1. wik S AU I T | 11|1|| P
CARD! I Lol [N I SN SR SN SR I b ol
BLANK | ICARD: 1, [N RV B I LN R SR SN BN B B
EH_NK CARD, ! o\ [ 1 D P T D DT
"loooelel3TT 0.0 4., 0.0, ., T D D S
1204, el L RS ] ! [EPEPUPAPE EVRVSTU SRS I 1 ]
=4 8 8 9 I I T D D D T DR D -

2 0 L. i [ IS BPSUTUT ST AP SV RPN P RS SR S
MSFC - Form 1610 (Rev July 1963) . ) .
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TABLE B-1i. (Concluded)

gggggAgY gﬁzE_OF " IDENTIFICATION
| sle|7 10 5 20 2% FOSQTRANH)CSDEN@OFORM‘!’ S0 83 60 . 87: .70 .7:
1 400 4 .4 L 1 i | ] 1 | ! L. 1 J 1
2 114 1 4 I 1 1 1 L 1 el [ 1 i ( !
1 | TURBINE BLADE |LOAD ;. 1 I ] ) I ] 1
1 6, +917639.9 , . .4, ,. 1 ] 1 1 ol L ! L I
1 i ! | P B B 1 L i I N B R T
IS | 1 I B (- L | Ll | - 1 .
] 1 I L el ! ot B | o N I R e
i 1 1 il 1 1 1 N PR bl 1 ]
1 1 L i 1 1 ! ] ! 1 . | 1
L ] ! ! L ! L ! ! 1 | ] 1
L 1 1 1 J ! I | o1 ] 1 1 1
1 1 1 | e ] ! o Ll L 1 1 ]
1 L t 1 L i 1 J | 1 i I 1
1 ! ] ] ] i 1 ol 1., ] 1 1 1
1 ! 1 1 A B 1 R RPN A AP B T
L. . ] 1 it 1 I ] ISP BT SRR S 1 L 1
o 1 i ] el [T R NP DT P DURTR BRI |
. 1 ! L ] [N TSR U EVREENY B | 1
: ! 1 1 1 1 1 i 1 ) 1 N L
1 1 ] el | I I PRSI SRR RSN R S SR
1 ! 1 1 1 | 1 [P B | 1 1 1
] ] ! | 1 1 N EPEUTES NS | [ A | 1
L 1 ! 1 1 1 1 1 1 i 1 1
i 1 L 4 L R AR RN B I VPP IPEP IV L.
e el N I T S S D T T D T T

MOFC - Form 1610 (Rev July 1963)
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TABLE B-2. EXAMPLE PROBLEM 1

e RUTOWATED SHECL THEORY FOR ROTATTNG STRUCTURES™
i L _ {ASTROS)

. DECK NUMBER 1 e

e - AS_OF. JULY 17, 1976 )

THE GIVEN INPUT DATA INDICATES THAT THE SHELL SEGMENTS ARE T0 BE COUPLED

/47 EXAMPLE PROBLEM | ///

NUMBER -OF SEGMENTS .» . 8.NUMBER.OF. .REGIONS. =. .} NUMBER OF. MATERJAL PROPERTY TAgLES USED = ) NUNBER OF PROBLENS » 1




¥6

THERE ARE

TABLE B-2. (Continued)

REGION NUMBER |

8 SEGMENTS AND

0 KINEMATIC LINKS WITHIN THIS REGION
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TABLE B-2. (Continued) o

SEGMENT NUNBER 1~ “SEGHENT CODE 2] ~ ° SEGMENT | OF REGION | (PLATE)
e £ 1 —STOP— """ " " DTAW C DIFF STEP DELTA
T T T T T B G00000+ 00 vZu00000+val T vi250000%00 ~ © #3000000~037 77T J1500800~01" 0 T ie”

GEOMETRY INPUT VARIABLES

10000000 +0000000 40066000

T ISQTTTTTT MATLTT T TSTNG THIT — ~ THCN T FREE = 2750402 LINE NYUMBER OF TABLE COLUMNS

_WATERIAL PROPERTY TABLE USED

«75800+02

26QU0G*UI »63800+03 v65760+03 v68400+03d ¢71890%03 ¢82000%563 . ¢%77500¢03 | +1Qg770+0%

s 2

«12800+04
Ts23550+087 T +23500%e8 +23000%08  +22800+08  +22490+08 ©22000%08 «20700%08 «18700+08 «17400°08 +1580Q+08
#33300%00_ 033300%w0___ +33600%G0 _ »338G0+00 134040+00 +3430G+00 +35290%09 «34400+G0 +37500+00 +38400400 _
«9149g~05 L L NCH *9237g*a5 «92390-05 172690=05 «93379%05 +9499g~05 +97480~45 +99130705 « 1010904
TABLE ORDER PHl OR S yS. CROSSECTION PROPERTIES
4990000400 +2000000401 T
24375000403 +4375000491 )
T m o T TABLE ORDER PHl OR S vS. TEMPERATURE LOADS oo m e i -
26750000%03 +4750000+0)
T PROBLEN TR TABLE URDER PHI OR'S VS. DISTRIBUTED LOADS (F THETA, F PHI, F ZETAy M THETA, M PHI)
LOAD JDENTIFICATION CLUES JO1110 . . N A L - B
+ 3004000 2 JGOUoOY
T 0090060 *060u00a B
T sQ00U000 _  +ubGu00d _
HAﬁTi”X AND Y (TRANSPOSED) HAGIIC"DﬁT_P'O-f~>‘— ToTTm T TR T T
L _+00udguo _ewUUGERO_ 0000000 +040GU00C +4003002+0)  +00000G0 10000000 +0000000
N +0UL000D ©9242393%086 _ *000D000 + 5000000 «0000000 01488750401 +0000000 +D0DD0OD
: 20000090 *0040000 _eGBU0EGD . +300G00Y + 0000000 +Q00URIG +1000000+01 +0000000
N »0030000 +uGu0000 +00600u0 =e1474178+09 +0000000 +00000600 ' 170292840) »1488750+0}
062499930} * 5000000 _+0Qud0uG0 0QU0009 _ _  +2547338=p7 _ +Q000000 .. .____ «00000QC . .. 0000000 _ _
T 0000000 16903126490 «0000050 +u000006 +0000000 +8414703=08 +0000000 +0000000
«0000000 +00u0Y00 02499999+00 +5415993+90  +G00UQOO _e0Q0000U0 .. ~e 1504650708 »e2581604~08
«0000000 «G0V000G *JUUGOU0 «46903126+00 +3005000 +0000000 ~e4300384=08 =:5275504=08
K +0 Q0 ~e2640623%0¢ sQOUUBUO  +0000000 0000000 -+46950833~g2 40000000 «0000000 -
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T DELTA Ty DELTA 21 DELTA Ri THETA 1 DELTA T2
TFORCTT  o4933191%4% ~ 7 Vuuuwuuo Wouovos” T 0000660 “.1233285409
FORCZY LOVLVLG ¢52542848+1¢ 1446736442 =02571206+13 «0000000
TFORCRI ~ Y] DI o f446736+02 ¢5558184+¢y9 e 7917221402 *»0UGO0LE0
THORE T T 00006067 T «e2571267%16 7 ~e¥917221452°  y2194797+10 +0000080
TFORCTZ ™~ =qa1233283+y9 +0000u00 «0UGOOUD «0000000 +3083206+8
TFORCZ2 + 0000000 «e5254249+1¢  ~.1502921+43 02571203410 +0000000
TFORCRZ T 77T G0000wul T T =VIBu9214p37  ~e3733457 49 «7917200+02 +3000000
“HONE 2 «300GL0H0 -1 4283358+1 ~e1318833¢y3 1504543915 «3000g00
e L 3 SEGHENT SYMMETRY CHECK
4933141409 e QuUudBU TR I +4300000 1000000
"o l00ubadva) ¢5254256+ 19 +G00UdGL +2600UL00 +0000G00
T TO0GLO00Y0 ] s lubuLdous ol «5558184409 *3000V00 *0ul0000
«TOGWUOD%0 1™~ e lu0ebuo*dl T eloguogutol 7T WaATuATTA1g «0000000
T Tel000004 %014 T e lgouGourul «40000ga+0! «1500000+0) »3083206+08
BRI T AT e 130ubui®ol sloguooivol 1300001 +01 «1000600%01"
T e TUNGOUUFET T e TGOURGIYo N T T T Wlgouwdaivol “31500601+01 «1060000+¥01
T e TO00000¥01 +100VaG I +o1 s logua0G1+0l 21000001401 « 1000000401
TETTITIT e T e - " T SEGMENTLDAD MATRICES
_. 0000000 . _ } el L S
=y 7990680701
_ +2595062+g7
»0006G000 -t
0006LGGL i
©3228192%00
we { Q48292408

*0000000

TABLE B-2.

(Continued)

STIFFNESS COEFFICIENTS

DELTA Z2 T TRELTA R2
" Thwe00000 T .0000000
=e5254256+1¢ =e1502923+%03
=e1502923%03 ~¢3733456+09
2571207%10 T <7917221+02
+0000000 +0000000
05254249+ 10 + 1300447403

0 1300447+03  +1030%900¢10

+4283058+1¢ 21318833403
«0000000 7 “+0000000
+0000000 +0000000
40000602 +0000000
«0000000 T T'voguodoc
+0000000 +0000000
+5254249+1g 7  +000000D

« 1000000461 7 e lgl30900¢1g"
«1000000+01° ~ T Tv1000000%01

THETA 27
T ,0000000
=a4283063¢10

‘=+1318835+03

¢ 15004% 1010

+0000000

2428305810

Te13188334037

¢5135720+10

" +0000000
+0000000
+00000Q0
*0000000
10000000

" +0000000
+0000000
v5135720+1¢0°
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TABLE B-2. (Continued)

T T SEGWENT NUNBER 2~ SEGNENT TODET2) T T SEGMENT "7 OF REGTON 1 {PLATE) Tt -
— TIC STOP IR ) 7 1) B -} | STEF —DELTA
+2000uG0+0T +5000000+07 +1250000+00 +1000000+03 +3000000~01 be

GEGMETRY INPUT VARIABLES

+ 000000 +00000g0 +0000000

TSOT MATL " 7TSTNGT T TUYHIC T T T T THCNT T T T FREETE T 750902 LINET T UTNUMBERUF TABLE COLUMNS « 5

ce e PP

MATERIAL PROPERTY TABLE USED

*+75000%02 26GUUO*YI 163800403 065700403  +168400+0) *71800+03  +82000+03 _ 97500403  ¢10770%04 12800404
T e 235004087 Te23500%ud T v23000%08 T "e22800+08 122400408 T +22000+08 20700408 + 16700408 »17400408 +15800%08
- _«33300+00 033300%uw0_ _ 233600%G0 933800400 34000400 _ _ +34309*00 _+352QQ0%Q0__ +34600+90 +37600+00 13860000

F14%0~05 9190=u5 19207005 +92390-05 19289005 +9337g~05 + 9499005 +?7480°05 *99130=08 «10107~0%

TABLE ORDER_PHl OR S VS, CROSSECTION PROPERTIES

TeIY9Y000%01 +340uw000+01  +400000u+0l +4500000401  +5001000+01
04375000401 __ 93844000401 . +3275000+0) ___ 2970000401 _  +2600600+01

TABLE ORDER PHT OR S VSs TEMPERATURE LOADS

06750000463 16824000003 +69800Qu03 __ +7130000403 __ «7320000+403 JO

T T PROBLENTTYT T TAWLE ORDER  PHITOR S VS DISTRIBUTED LOADS (f THETA, F pHI, F ZETAy N THETA, N PHI}
LOAD IDENTIFICATION CLUES itulllv e [

+00G0000 ¢ 0u0LG0D +u00UOOU +0000000 00000000

+GOsu0GG v0ubus00 +G00L0A0 +0000000 s 0000000

+ 0060000 e0L0UUULD __ suuuuwldy 00600000 _ +0000000

THATRTA X ARD Y (TRANSPUSED) ~ waGIC OUTRUT

. e0GO000O  JuGwUG00 e0UWO0eD_  _ «0000000 250000 0+gl _ .0000000 _ __ ,000Q000 ____ ,0000000 _
+0000000 0 §760013+y8 *GOU0gU0 0000000 0000000 1116839740} +0000000 «0000000
LT T L 171 171711 [V 2Q0W00U0_ . +000000g +0009030 __ 000000 . _+l000000*Q) ___ 40000000 _ _
+00u00u0 suludoiu *uLu00ud =~e21506924+08 «Q000pG0 +0000000 *31734603¢01 1389748 +p)
01599999+00 _euOuQUUV _ _ eGuubBUO _  __ _su00000p _ +6520911=g7 _  _«0000600 +0000000 +0000000
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27656250400 «GUuOOGL *YGuLQGD +4,00600y 05668401297 *NOOUQDY. .. +000000Q. . . +0000000 .
+«+0000000 «9259448+gu LY TP 1 19T e, 006000 «000uado 01791612=¢7 «0000000 +0Q000000
_ +0UGGLVY T +8750000+50 +B989075+,0 +00000G0 +0000000 e b134774=08 »s 164030607
«00L000Y euluidodu *0lVUOWY +9271588+¢0 «000u0o0 «0000000 ~+208]446~07 =43717965=07
20000000 6434582405 sude0Gul 264154553 +0000000 11090421 ~+2019959~11 e 448135211

Q0T



90T

TABLE B-2. (C

ontinued)

T STYFFNESS COEFFICIENTS

=ed711562=92

DELTA T} DELTA Z§ ~ 7 "TDELTA R} TTHETA VO DELTA T2 DELTA 22
FORCTY ~ 080867665+09  +0UULIGO .0000000 J0G00000  =.7759207+0% .0000000
TFORC2Y «0UOLLY 144283911 WATTTISTHR3 »eb365571410 «g000000 we 144203941
FORCR) +0000uu0 03717357403 7 T 42355856410  *¢196p077%03 7" «u00000 ‘=e3686860%03
THOME N T .6000Guv ~e636557 1415 7T S196007 703 o3942485+10 7 T e00000000 T 46365571e1u
"FORCT2 ~ =477592y6+97 *900VO00 «00G0000 T 0000000 +6789305+09 +0000000
FORCZ2™ ™ 7 400U =e 1442839411 " #¢3606859+03 6365571416~ <0000000 1442839411
FORCRZ "~ 40000600 D we36B86859%,3 A ZYEHTOQET0 | «1960077%03 ,go00000 < 03642646493
HOME 2 + 0009w -e8077592%1g  =e24BTTHGIGI T v2ZIVQTISITQ +0000400 08077592410
o o SEGMENT SYMMETRY CHECK _ B
+8867665+59 P DuduLiy sLULUDDY +0000000 +0000600 +0000000
«1000B0a*01 ¢ 1442839+4) "OLUU0y + 06000600 +0000000 +0000000
0 1653000+a1 s lyduduu+dl ¢2355856+10 7 7900000007 T " «0000000 « 0000000
TTUN006G00v0 1 e ludwdourul o luoo00u*oT ALY ALLA Y] »0000000 ~ +0000000
«105uboa*al s lubuvoutol 2 IgGOVOU*01 T 77 TeIgU0000401 T 16789395409 +00006009
e 1060000%01 e luvwouG*al ¢ bpuu00a%01 +1G00000+01 +§000000+01" o i442839+11
s 10GG0GU+d1 s LuduwbOG* 0l T eTGeu00a%0T + 1000U00+01 «T000000+01 +1000000+01
e 1000060+1 e lybuiuutol 50000001 T e TGO00D0%OT «1go00od+01 «1000000+51
- T SEGHENY CUAD MATRICES
* 006000
e 8453890400
22722588448
.0 2189279=42
... 2000uu00
0993791350
®e32045%1+08

‘«0uoosoo

" DELTA R2

T*s3684860+03

“=e2454900¢10

T W 1960077403

+0000000
«3642048+03

«2597831+10
+2487249+0)

+0000000
+0000000
" +0000000
+0000000

+0000000
+2597631+19

+1000000*%01

" THETA 2

Twe80775%3¢10

e 2487241403

2380736410

" +0000000
80775924107

2407240403

5775644410

40000000
+0000000
+0000000
+0000000
+0000000

¢577546%8%¢ )9
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TABLE B-2. (Continued)

SEGMENT NUMBER 7 SEGMENT CODE 2) SEGMENT 7 OF

7€

REGION 1 (PLATE)

s1oP oTAY DIFF STEP OELTA
ST e 800000 LT «8500uw00+0! " 1256000+00 +19000066=03 ™ TSGO0000=02 I o )
GEOMETRY INPUT VARIABLES
e e 300000V _+0000000 _+0000000 o . R
1sot MATL SING THIC THCN .7 FREE = 2750402 LINE NUNBER OF TASLE COLUMNS » 2
. ) MATERIAL PROPERTY TABLE WSED N .
*75G40+02 e6L00utwd +63800%(3 0 65700+03 s68450+03 7184403 +82300+03 2 77500+03 «30770+04 «12800+04
"02359a+08 0235pytub «234u0%ue +22800+QF s 224506+D8 «22000*08 +207Q0%08 0 18700¢08 «17400+08 +15800+08
033300400 03334y *uwu «33600%uy 03380u+00 +34000+00 +34300+00 »35200+00 0 36600+00 037500400 +38400+00
09349005 T 149y=ud 92370705 +92390=05 192893~05 09337905 9499905 «97480=05 «99130~05 «10109704
B ) . TABLE ORDER PHI OR 5 vS. CROSSECTION PROPERTIES ~
TTe7999000% 01 0853 0uai+ul
027660uG+a1 +238uU00*01
T o o ) o T TABLE ORDER PH] OR S VS. TEMPERATURE LOADS e mrmm e T
¢ 10S0AGU*aH +1152000+04
- PROBLEM | TABLE ORDER PHi OR S VSe DISTRIBUTED LOADS (F THETA, F PHl, F 2ETA) M THETA, M PH}}
LOAD IDENTIFICATION CLUES 10811y R e e e e e e —
N _:GOEOBO& QU _ N
T 60000GU «0ululitu
__+00Gudd0 .1 000wusd S . .
T o s e MATRIX X AND Y (TRANSPOSED) 'MAGIC QUTPUY ~~— ~— 7 TTrTTTTTTTmrmmrn oo onn nmm
. +0dwuc00 TR s0uLBUu0 +G000000 «1062500+0} +Q00G0000 _+0000000 «0000000
20060000 03129731 %06 *guulaud «$U0L000 20000000 9791162400 «0000000 +0000000
____+04p0000 2 0UVLGGL *QuUubOGD +6000000 +0000060 *0000000 _ +1000000+01 «0000000
- +00G00Ue YT A1 *pY000VD =0 [694822436 +00060G0 «0000000 14945968400 «9792702+00
. +8858131e90  «0OWGOGU  +0Bw0000 .. .+0000000 +3050527297 _ _ «0000000 0000090 +0000000
+0300000 9642995+ 00 e JuubiLo +0006000 «0600QuU0 “9537032=08 +0000080 +0000000
___ _ +0Quuouo (I +9411704+400 *4761757+g0 *+0000000 *0000000 =e7414038=0p7 =e4730851~08
+0GuddL0 s QvlOGu sQuubIvl 096491921+y¢ *«0000gud *+0000000 - =e4173190-08 *s176846731=07
. +030L0000 _ =e3583143v05 S6wwl0s0 +15490614°03 . «0000000 . e6751045=02  =e2400838=12  =.1531677=11



80T

DELTA T4

DELTA Zi

TABLE B-2.

(Continued)

STIFFNESS COEFFICIENTS

DELTA 22
«3000000
=11362741%)2

=2 4933841 %04

" 43608222+11

«Ud000OD

e1362739+12

T e H29848+04

e319814343 )

DELTA R2
0000000
-4403384] 404
~e5270558+10
21111038404

+000000G
+4029848+04
+54000368+10

09847675403

DELTA R} THETA | DELTA T2
FORCTI 1750749415 L UBUVO0 20000000 7 +000G000 < 1647764410
FORCZI 0BV OGLY 0362741412 2403723040 ~e3608222+)1 +0000600
FORCRI «Q0VaLLY H4ud723,%04 «516489+10 Teed i 1038494 «0000000
MOME 1 « G0UUGUY =e36u8222+11 ~o L111U38+uY T T S 1235868471 «00030a0
FORCT2 01647760+ 10 ITTIT Y +2036u00 " «0000000 «1550834+10
FORCZ2 «000GLL0 =e1362739+12  =¢4033835+49 036082l 6+11 + 000000
FORCR2 1 3000Guu =e4033835+34  ~45270550+10 01110370k +0G00000
MOME 2 2 000vLLY =s3198143+1) ~07847675+033 1565468110 »0000G00
e . SEGMENT SYMMETRY CHECK
1756749+ 10 1 00uUbLT +UGLU00Y +0L00000 +0000000
+1000G0a+01 e1362741+12 "uU0udaU +GuO0L00 +000000u
¢ 1000000+ p 1 s luvubuitul +516u489410 +3600000 +00006000
TUURTOGGUO04GT T e 1uduCd0+0) T VT GGU000% 0 T T e T2I0EEE T T 30000006
¢ 1000062401 «190ubdu*ol e lyuulbou+vol +1000600+01 «1550834+19
«§000000+01 c100uba2+01 T T TQau002+01 T 100000201 e lpo0ougatol
T 7T e l0BEDOT*RY T T s1u0uw002%01 T VTa40002%0] “T500002+§1 +Tgtoopd*0l™ "~
«1006000+01 218000324017 T V15000024017 TTT00000Z400 7 T+ 1000000+01

" «0000000

«000a0yYY
«0000000
+0006000
«0000030
“1362739+12
+lgogugb*o!

« 1600000+0)

T «5%00038%15

* 0000000
«0gcoaac

+0000000

0000000

«0000000

+0000600

«1000000+01

 +GO0LUIY

s 111897401
03558177438

©s 159997505
+0060000
« 1197738+

=y3836955+Q8
2429281805

T T SERMENT LOAD HATRICES

THETA 2
40006000
-e3198148¢]1
-19847690¢03
«5654690+10
+0000000
+3198143¢11
«9847675+0%

+1038762¢411

+0000000
20000000
«0000000
+0000000

" T+0000000 "

21038742011



e T

g gt 25

607

TABLE B-2. (Continued)
BT S EGHENT NUMBER - 8- - —SEGMENT CODE 2§ SEGMENT 8 OF REGION | (PLATEY ~
TR T e S T T T s S TRR CRTAY DIFF o STEP T CDELTA ST
oB5GGRUUTETT T T T9uiaudoeal TTWETSe660+430T T T T T0000G0=03 +5000000=62 I T
] GEOMETRY INPUT VARIABLES B
R +0u0UUDY . +0000000 __+0060000 R e e
T 1507 MATL .. THICS THCN 7 FREE = 2750+02 LINE NUMBER OF TABLE COLUMNS = 2
e ) MATERIAL PROPERTY TABLE USED o -
¢75000+02° +6G0U0%E3 - #63803+03 +65700+03 26849u+g3 +71800+03 +820p0+03 +77500+03 »10770+04 +12800+04
123500408 223500%08 - +230004u8 °228Qu+yl 2243G+08 022005%08 +20700%08 «18700+08 «17400+08 «15800+08
_ 93336000 «3330utwe «33600%0uy «33800+¢¢C +34000+00 34359400 ¢35200+00 +36600+00 +37500400 «38400+00
°91490%05 1949005 292070765 292399=05 »92890-05 »9337g-05 «94990=05 +97480=05 +99130-05 «10109=04
. o . TABLE ORDER PHl OR S V5, CROSSECTION PROPERTIES
«8499000%01 006GV
. 2238000u%01 s19ivbbutul
T R - TABLE ORDER PHI OR S VSe TEMPERATURE LOADS TToTmmTmm oo ) o
0 1152000+04 e 1275G0u*a4
- PROBLEM 1 TABLE ORDER PHI QR S VS, OISTRIBUTED LOADS {F THETA, F pHI, F ZETA, M THETA, M PHI)
_LOAD IDENTIFICATION CLUES jGlliv ) o
+00306000 s Yubuwidi
T e GOLWI00 eYuitulul
___«00uou00 2 GOGUb0G
T T o HATRIX X AND Y (TRANSPOSED) MAGIC OUTPUT o - B
___+0U60000 "uleLd0 »GIVDOLO «ud0U00G «1058824+01 « 0000000 «0000030 .0000000
20500600 02232738+36 *25L00LO *L 000060 +0000Q00 09799038490 + 3000030 «0000000
_«0060LO0 (YT AV ) sGouduud +u000000 +Q00ULOLD *0000U030 «1000000+0! +0000000
0000000 rwdwiudu QP =:87123p3+35 *GUOUD3D «g0000uVa e49498222+g0 «9801 667400
__..88919752+00_ s uUwOOGUL Y I «u000800y +3843797~07 +J0000UG. _ +00Q000G0_ . _  +000000Q
0QUI000 0966527245y s GuuduuY * 4000000 *000UQUD e 119103897 «300U000 +0000000
_.+0guao0v suuwdloy «9444444+50 4775688435 * 0006400 + 0000000 *~e1306875-08 =s8780926=08
+00UA0 U sudu@oUL0 e Guuboud 29663758400 *9000000 *00000u0 ~«7062710-08 =~:s3173576~07
_ . s00004u00 =e3G721)1405 1GGL00ul v 126178193 *G0VJ000 +7616625=02  ~+3852514-12 =e2527293~1) _



07T

CDELTN TV T DERTATZIE T T DELTA RYT THETA 1 DELTA Y2
FORCTYT ~ 7 T TNTINETFIG T uududoo »00006000 W 00bgo0u T =e1389435%00
FORCZI +d00000u "~ «8250780411 T T e2405270%u4  =02282897+31 »0UV00000
FORCR1 2UOUOBLG T T T 02495270404 214393%:4+10 7629463403 + 9000000
TTMOME 1T T T T, 0000000 = 220289741 ~e7029463+u3 27966008410 0000000
FORCT2 =e 13BI4ITNG T 2 00000G0 +0000000 10005000 e§1312242+)0
FORCZ2 «0O00OUT  *eB8250768%11  =e2432492+u4 02282894411 »0U00000
"FORCR2 " 0000660 =y 2ZHGZNTZ¢0q = iH84070+ 10 07429453+33 «0000000
HOHE 2 OUOUOGD T T TV 183687411 Tw 56537594+53 23397655+ 0600500

TABLE B-2.

(Continued)

STIFFNESS COEFFICIENTS

DELTA 22
+0000060
-e825078p*) 1

-s 2402495404

«2282897+1 |
+ 0006600

+8250768+}1
023992634CH

«1836187+}1

DELTA R2

T ee00060

=e2402495+04

~.4484077+10

Te7029463403

«0000000
02399263+04
" 44588916410

+5653959403

e 1478167%1¢
163090001
¢ 106L00u+01

T eludeda0al’
¢ 1005001401

s 10G0000+yl

R TP L 17

«100G0400+31

*G0GV000

=4 106627u%01
+3415353+08
=42080103-03
*GOVUTLO

01144699443

~e3676060*g8
*4752191~63

Y TV

CRY TR VI L' ) B

ERE TR S 7

BRI TV D VD I

TR T0aueE YA

T Telgounao*o!L

«1poulol»0l -~

«I30u0g1+01

«Jgauugi+ol”

SEGMENT SYMMETRY CHECK

«000wl0u | +0300000

TTTeB25WTEGHTL T T T vupUu00u +0y00000

v lgouviuorul "e4393964+1g0 " +03600000
TV G0GA00Y 0T T T« Tahub06¥0l T T 7964600841

¢ 1,00000+01

+1u0uG01+01

T el,00001+01

«1506001+u)

SEGMENT LOAD

+0000000
10000000
«000dG0Y
+000GADG
vldi2242¢1g
«1000000%01
«100G00a*oL

¢ 1300600401

MATRICES

+0000000
+0000000
0000000
+0000000
+300000LY
0825076841
«1p00ogu*ul

+1006003+01

+0000000
+0000000
0000000
+0000000
+0000000
+0000000
c4588916+1p

¢ 166GOGoG*Ut

" +0000000

T TTHETA 2
TT.oogoogo
Tee1836189%) )

»5653967+03
T 43397640%10

T 1836187411

T 5653959403

»5808328+,0

«0000000
+0000000
+0000000
+0000000

+ 0000000

'+0000000

,5808328+1¢



pagd
e

KEGION NyngER

TABLE B-2.

(Continued)

INPUT DATA FOR SEGMENT COUPLING

NUMBER OF SEGMENT JOINTS

NUMBER OF KINEMATIC LINKS ]

- SEGMENT JOINT(]) JOINTLY) RZERO( L) RZERO(J)
] i 2 +5000000+00 +2000000+01
2, 2 3 +2000000+01 +5000000+01
3 3 4 +5000000+01 «5500000+01
§ 4 5 «5500000+01 +60000L00+31
o 5 5 N »6000000+01 27000000+0)
N 6 7 « 7006000401 +8000000+0}
7 7 8 +8000000+01 +8500000+01
| 8 8 9 +8500000+01 «8999988+01
REGION STIFFNESS MATRIX
DELTA T} DELTA 21 DELTA R} THETA 1 DELTA T2 DELTA 22 DELTA R2
_FoRcT) +4569uSIPuY 2 DdUVGLY «QUO00BD +0000000 =+2538355408 *J0d0000 «0000000
Forczi «J0GLuLL s45378824y8  =e1276648+52 =71 103448 +3000000 =+4537982408 21274239400
FORCR) «GOVUGLD ~e 127664842 ©e4599840409  =02158831+01 +2000000 1274186400 =,4951787408
Bl .® . s . Al F
HOME 1 +000dbw =+701 127408 =.21580828+al +B271488+07  +0000000 +70i1144%08  .2158856+0)
FORCTZ  =42538349+y8 *dadLuaca +0V0avo0 *0000000 21410160407 +00U000D «0000000
FORC2Z «8000LLO e 4537968+y8 w1274185+u0 7611120408 « 0000000 +4537958008 =, 1426425402
FORCR 00000uLU «1274238+u§ ~a 495177348 021568849+01) 3000000 -y 1426425402 . «50846260+09
b bdo B4 -t dd hahdt L S ., ! v _*udod0ou B A bl el SRR o i iah 4
HOME 2 «O0UOULY =0 1295250+09  =e3988312+01 01692586409 «0000000 01295235409 2398824301
REGJON SYMMETRY ChECK
TTTIESOYNSIRRY T iluwavis subUvOUY +00006000 10003000 T .0000060 T 7 T TLoosogoo T T
Te 1000000401 «1537882+08 T ) *0000000 +0000030 +0U0d000 «8(00000
TTT 10000004 ) s lulGobog*ol 14599848409 +0u 00000 +00060000 +0000000 *000000C
b e e h e oo [, . e o e e e e e e i —
[ *J00000*01T «1GGwial*ul s uuu00 i +oT 8271488439 v0000000 * 0006000 +0600000
=

THETA 2
_+0000000
s 1295253+0°

«¢3988323401

.. 1492590409

+0000000
41295235407
. s39%88251+0)

«&360958¢0°9

" T, 6000000°

»0000000

+0000000

"~ T e0000000 "




(294

+1005633%ul

¢+ 104u000+01

¢ 1096600+l

. 3100ed00%a}

LY AT TAY)
*e5672103~=¢41

+1599684+y7

e6510312~p2

«0000GuY

+ 1153038+

~e37203B8U*g8

»e 1049100}

+10UpIs0+01_
o lugulu3tul

YOI L RS

slouvogdtel

_ +'90uouyeas

slguwspni+ol

« 130303+ 01

__+1goudoisul

TABLE B-2.

«1L00000+01
«,00L03+01
«1400004+G1

',1500003’0I

{ Continued)

l410160+G7
+1000000+01
o 10000GG+D1

«1g0uoou+G1

REGION LOAD MATRIX

«000000u
24537958408
» 1000000+G1

+100000y*01

+00U0000
+0000000

+5086260+09

_+1000002+01

+0000000
+0000000
+0000000

06360958409



ET1T,

TABLE B-2. (Continued)
T oo INPUT DATA FOR REGION CQUPLING — 7~ ~7 7" =70 == oo -
_ NUHBER OF REGION JOINTS 2 NUMBER OF KINEMATIC LINKS O
REGION : JOINT(]) JOINT () T TRZERO(L) T 7 T RZERO(Y)
1 ' 2 +5000000%00 +8999988+01
BOUNDARY CONDITIONS
JOINT DELTA T DELTA 2 DELTA R THETA ANGLE ALPHA
) R ’ ’ 0 1 i «0Gu0000 T
2 1 ; 1 j i 1 «0uULLOGa




141

TABLE B-2. (Continued)

THE REDUCEG FLERIBILTTY HATRIX

ROW ___CouMN A ____COMN 2  comMN 3

) *e1027754=y3 000U 00 +G000000

-2 — +00000UG 22)97u11-08 =+1072233=2) ..
3 0000000 ~el 18753242} «1398106~38
4 "o l8YPIB=G2  LG0UGud  ___ +0Q00G00.
5 0000000 eb1y6373-156 ~92622233w,8
6 _ .2000QuiD. 021389)92u9 _ _=,807935%=}6
? « 0000004 v2369921+2)

el 619243=3Y

_COnN 4

=el84992p=g2

*Oulo00G. . .

*GOLOOVD
~e3329865=g1

+00G00VO

+8000000

*+06u0000

COKN s
+3000000

.46106390-16 _

=22622244=8
+2000000
+5753401=g57
+1716988=4

=ell01747=0p7

COMN 6 COMN 7
+ 0033000 +«0000000
.JZIJ&?ZE:D’.~__122ﬂJ]21221‘
=e8074393"16 01619255=09
+ 0000000 +0000000
01716988-14 =+1101747-07
+1986935-08 "e3392489=15
~e3372489~15 03772409~08



TABLE B-2, (Continued)

EXTERNAL LINE LOADS

PROBLEN NUNBER POINT OF APPLICATION APPLIED LOAD

v9176399+06

STY

s,



b

9711

JOINT

TABLE B-2. (Continued)

TTYAE EXPANDED REGION JOINT OISPLACEMENT MATREX

(REGION END OEFLECTIONS)

PBOB_L_E_H DELTA T PELTA 2 DELTA R

] . W5 G0L00 N 2000000 0463936702

n s0G00000 = l81044=08 +7540150~01

OMEGA=THETA
o6} 93084=10

=+ 1905722~07



TABLE B-2, (Continued).

S oo . . - - REGION-NUMBER |~ - " -mormrmemmm e N
Tt e e e =~ "THERE ARE" "8 SEGMENTS AND 'O KINEMWATIC LINKS WITHIW THIS REGION "~ -~~~
SEGMENT NUMBER 1 SEGMENT CODE 2} SEGMENT 1 OF REGION | (PLATE)
T - "TABLE ORDER PH{ OR S™ VS, CROSSECTION PRGPERTIES o T
—__*49%0000%00  _ e290dedered e e e e i
1437500001 +4375000+01
TABLE ORDER PHI OR S VS» TEMPERATURE LOADS
T a6750000%33 T 1675u0uuta3

PROBLEN 1 TABLE ORDER PHI OR 5 VS, DISTRIBUTED LOADS (F THETA, F PHI, F ZETA, M THETA, N PH])
"LCUAD JOENTIFICATION CLUES lotilv

T Ty 0000000 » 000036 T T ) -
20009000 e00QwGwO . . S .- e e e e
+0000000 LLTIIR 1o ]

LTT



7

8TT

“PHT (RAD. OR INe}  OEGREES
(EPSILON THETA

EPSILON PHJ

v Q PH!
N _JPul —

M Q THETA

_OMEGA _THETA TAU ZETA PHI = Q/T .
OMEGA PH! TAU ZETA THETA = Q/7

T +5G00000+06° T e 0uduGB0
09278733-02 __ _ +4302663y2
10600000 =18994784wy2

L _e4639367-02 « 899478492

= 142854709 T

_ ee6d93084=10  _ eu0QGLID  _
s Qudua «Q000uao
26349999900 77 T egO00WIO0

1833299702 «5245375~y2

2 36U0Ua0 - 7082506=02

. .88294452~02  =+7082506=02

~1509273=09 YGUO0V00
=¢582435Q~10 YD
+ 3936000 T VT
T TTe76999976g0 7 T ~sadbouvoo

+7838817-02 +573581p=02

Te0uu00u0 ~e5843768=92
+6335887=02 58407 68=92

TUeeIseevezegy T T Tewdosbud

"e5704608=10 = _+0000Ws0_
+J000000 Leo000u00
Te49996900 «0U0ULUG
o75¥3200f02 oéDZ[VQS-uz

Tdeewoos = 496949342

2683111802

~e4969493=g2

1663864=0Y9

=e57125494~30

A0
20000V ID

TABLE B-2.

PRINT INTERVAL
GAMHA PHI THETA
K PHI THETA

N THETA

M THETA

SIGMA _THETA IN
SIGMA THETA OUT

PROBLEM

«12500u0+u0
VI 1Y

CUaUUNGH

03662699+G6
»1947671"01
*8371884+05
14371883+GS

PROBLEM

«§250000*00
+000uGuG

+GU0560T

12965435406
v1533856=G1
16778137465
16778137465

PROBLEM

«1255030+00
WLoULULD

*LOJUULE

02600272+%ub
v 1 297379=u1
e5943479+4S
05943478+05

PROBLEM

»12500050%00
*000VDG0
000uLLD
©2384672+%u6
vl1440Gd=ul
+545,678+05

T STEP

( Continued)

K PH]
J PHI STaAR
N PHI
M PHJ

.SIGNA PHI IN._. ..

S1GMA PHI OQUT

NUMBER 1 __

« 1500000yl
04203026-10
~e8994784~52
= 15625900}
02468005=¢7
0357142152
“e3571436=¢g2

NUMBER |

* 1500000~ 0!
* 159396110
e 7082506~02
06927514+05
0269845302
¢1583432+,5
«1583432+05

NUMBER |

s 153000601}
©3181837-11
~e5840768-32
e j052327+06
039021G8=p2
$2405319+p5
2405319405

NUMBER )

e 1505000=0l
=e3693631"11
=e 496949302

01261266%06

+4462793=2

»28828923+,5

T TRUZERDTT

K THETA
T PHI THETA

N P
M P

HI THETA
HI THETA

«5006L00*00
+1238617=-09
«G00EBLOU
«WOUOLUQU.
+ 0000000
+U000Q00
« 2000600

1 6349999+00
«9172207-10
«U0600600

«0000LOu

+ 3060060
«00LLYOU
+2000G00

+7699997+G0
+7408585410
«0006G00
+000000C
«0000000
«LOGOUOUL
00006000

2 9049996+00
16312206-10
*«0060000
1 00VOUOG
«000UO00
+udCoyoso

T NUMBER OF CYCLES T
N _TEMPERATURE THETA
N TEMPERATURE PHI
. .M TEMPERATURE THETA
M TEMPERATURE PH{
<~ YAU.PHI.THEVA_IN _.__SIGMA E_IN. .. ___

TAU PHI THETA OUT SIGMA F OUT

+8301592+06
«B301592+06

. +0000000. . ... .
+0000000
+8371885+05
+8371863+05

7
+8301592+06
«8301592+06
»000Q000.
+«0006000
06141472405
06141472+05

73
+8301592+06
«8301592+06
«0000g00
+0000000
5178276405
«5178275+05

109
«8301592+08
28301592406
+0000000.
+0000000
»4723054+05



+OU0000D «GOOUVIg
2 lud9999+01 sudlubub
TTTV7382827~027 T 16202352-02
* 300060y 43294452
2 7657(29~02 ~0 432449 1 4ay2
_*11741455~07 00000
=579 124~10 OubLGLG
20000000 . LUV
11174999491 IY’U T DIV
723665802 T 0632241702
v 6000000 ~e3827566=-02
18503069-02 ‘=43827566=-u2
=»1820409-09 vudlvuoo
-e5910833=10 UG UUG
... 204900909 . .20VlyuO0
V309999401 2 020GVIR
TVTTAGYT 4R T T T T a0 7752
2300060 =s3433122=p2
19362531 -02 =0 343312202
=+1%01154=09 T T
- 6054373=10 YuBUGUI0
LT+ T ] ST ¥ -1 1111 1" I+ N
s 444999+p1 s uU0LLLE
TTeT0B0bUY=0Z T T RYLIILITEY A
»9uUd0000 e311238)mp2
T R1023 14700 T Tme3l12381=2
=0 198393907 _«0Jduvuo
“ib21ibbi"1d v 0dGuuio
—*006000da . _  _«Qeduuon
- o - .
IS
© e e
11579999+g1 «UOOULYG
" 7u29884=02 T 50715832
. '0ud0uee =e2846449-02

TABLE B-2.

15450678405

(Continued)

_o2532893¢05

PROBLEM NUMBER

¢ 125000600
+0U00000 |
0204800
02246119456
¢1p35470%u!
05]133986+y5
..45133985+05

+ 150000601
Tea76l1g46=11
e 43244 4=g2

e13792083+36
1471062232
+3181904+¢5
L 931819p4%935

PROBLEM NUMBER |

» 1250000460
*G00UOLO

+00G00L0

+2151165%G6
09536789762
v4916950+35
P49 ETHI*S

0150500041
~e99037152-11
*e3B27566=g2

s1478226+06

479337732

©3378803+g5

03378843445

PROBLEM NUMBER |

. +12500008+00

+1500000%01

*6I0VWBCO =e1123911=}0

*GGQuOvo =e3433)22=y2

02082648+ y6 «1536860%u6

1889u8L8~02 *4784248=02

4760339%45 23512822445

04760338455 R 03512822+05
PROBLEM NUMBER )

_ .. *12500L0%00 * 150400001
sgogudus T evl198617=10
+0030BLD __ . =»31lz3si=p2
12031023*06 ¢]577527+G6
*8364986~02 °4722272=02
04642338445 ¢3605276+05

L. .*H8642337%05 .. .83605776%05

PROBLEM NUMBER

o 21250000260

*0udvug
*0000050

__*1500000"0!
*01235666"10
_Te2846549=02

»0006u00

+4723054+05
L +1039999+01 145
~e5568504=10 ©e8301592406
»0000600 08301592406
» 0003000 +0000000
+ 0000000 +0000000
» 606000 «4488482+05
+ Q00000 +4488482405_
1174999401 18 i
T T ed5030499=10 " 48301592406
+ 0060000 +8301592+06
«000060G +0000000
+0000U00 +0000000
+ 000000 +4356524+05
19000000 _ — 24356523+05 _
._.a)3099%9e0) 217
~e4621659~10 +8301592+06
+0000000 - +83D1592406
+ 0000000 +0000000
+000GU0D 20000000
+00GO000 - +4275339+405
_____ «0000000. .. . . _____. a4275338+05 .
L. .__si%%45%9eqd  2s3
T 429873u-10 - +8101592+06
8009000 28301592406
+ 0000000 +0000000
« 0000000 +0000000
+ 0000000 + 422062705
e +006Q000 _ 24220626405
S 01579999+01 289
T TS 4035644 =10 +8301592+06
»00600L0D 28301592406

Y S TR




S
[N
(=}
o 1110720} ~e284694%=(2
" 2068902=0Y s0u00000
06376314210 _..__s0u00uug
3000000 +000002Y
I R AL TA L 2T Y B 7T 1< TUT T
«6990026-02  #6538234-92
TTesu@000d T T = g2622385-92
v1198789=01 =02622385~92 __
*e2156113~09 « 0000006
seb544i84m19 __200d0000
«0u0U000 + 060000
Te1849999401 T T T T JLo0uoRo
26957927=02 46560831 =¢2
»000U0ag »e243J021~u2
__a1287216=08 . =e293)1021=p2
0224559709 «LOULIY
96742520219 _ _____e0OOGMOD.
3000009 + 0000030
TUERYYs0T . . Juddovoo
0693150302 -9 697703 1=02
* 0003000 ~e2255687~52
+1375%902+01 *e2265687=02 _
~e2337345009 10008600
=eb8794467=10 20000000 _
vG000030 «00006000
TRV nl T savlovde
_ +692885)-02 16578504~02
+6600000 Ter2248695w32
0138876901 42248695202
*s2347679=0" 0000000
_=e6897871230 __  _.G00U0dQ
10000000 T LI

- .. #1905046%06

TABLE B-2.

199,639 +06
07916842762
4554033405
*455,032+405

PROBLEM

0 1 25400430+400
20000200

*000u00o

0195797946
07533632=2
4475381 +0u5
¢4475381+G5

PROBLEM

1 25w0G0*G0
*L00uGG60

*000u000

e 193u759456
«7197954~02
f44131465405
e4413164+05

PROBLEMN

*1250004G%00
20000000 -

*+000u0G0

s 19G7945406
«6899439-02
+4359875+05
«4359875+G5

PROBLEM

+ 1250006400
10000000
40006050

+6868236~02
14354392405
14354391465 .

(Continued)

v1605878+p6
04629464=g2
03674579+G5
03670579+¢5

NUMBER _§

* 150000001
*11247963=10
=12622385=92

0 1625432%06_

451877902

03716273455

03715273405

NUMBER |

«1500000"01
=012493661-10
we2431021=g2

v1638472+0¢

04398091 =p2

03745078+05

«3745p978+05

NUMBER )

« 150000001
.m0 1228074=10
~02265687=2
01646532406
4272301 =g2.
03763501495
03763501 +95

NUMBER

+1500060%01
. we1225812~10
"e2298695%02

~ 21647169086

*4258)157=g2
03764959455

+3764950¢05 . .

«00uoLOU
« 0000000V
« 0000000
«00a00000

«1714999+0}
»e3815853-10

+00GULO0

« 0000000,

«G06o000

«u06Qu00

«000IU00

«1849999+01
~e3628392-10
«UOUGGOU
. «20Quwly
+0000000
+ 0000000
«00000L00

01984999+01

= 346572910

© +0000J00
«0OGWaes
« 0003000
«3000000
20000000

01999999491
-.3448938~10
0000000
.+0000100
+0000000
+0060900
3000000

«0000000
+0000000
«4180274+05
«4180274+%05

328
«8301592+06
«8301592+06
«0000000
+0000000
«41470895+05
«4147894+05

36l
«8301592+06
8301592406
+0000Q0Q00..
«0000000
04} 19950405
4119949405

97
08301592904
«8301592¢04

. -+0000000 _.

+0000000
+4094393+05
«4094392+05

401
18301592406
+830)1892%06

. _.._. _2000000D_ _._

+0000000
4091442405
4071442405



TTTTTTT T T SEGMENT NUMBER T2

TABLE B-2. (Continued)

SEGMENT CODE ‘21 -

__TABLE ORDER PHI OR S vS. CROSSECTION PROPERTIES

SEGMENT 'Z OF REGION [ (PLATE)Y

«199%000+01 0360000*01 +Yguu0uu+0l «9500000+01 +5001000%01
33750000 _r38%,000% G 0327500u+01 +2970000401 24800000}
4 : - . J S AU, e e
o o TABLE ORDER PNl OR S vs, TEMPERATURE LOADS - T
2675909a*yd 0682¢009%93 1 490yQuetdd . «713000040)  _ +7320000%0) - e
Yorog . -
.. ITTOTTT T PROBLEM L TABLE ORDER PHI OR S VSo OISTRIBUTED LOADS (F THETA, F PHI, F ZETA, W THETA, W PHI)
LOAD IDENTIFICATION CLUES joligv
10000006 JUUOLLO0  eG00Ye0u 00000600 «000QuQ0 e -
20006000 LY T Y- Y *G00U00u *3u00000 +0000000
2800000 «0QUVLOY «LOUUIOU *0u00000 «0000006

24




e

- TABLE -B-2. (Continued)
N
N . o )
“PRT (RAD, OR IN.)~ DEGREES T UTTPRINT INTERVAL T STERT T T T
EPSILON THETA __EPSILON Pul GAMMA PHI THETA K PHY
[] Q PHI K PH] THETA J PH{ STaR
v J PHI_ N THETA_ N PH]
[ Q THETA M THETA N PHY
_OMEGA_ THET) TAY_ZETA PHI = Q/F _ S1GMA THETA_IN. . _SIGMA PRI_IN.. ... ..
OMEGA PH) TAU ZETA THETA = Q/T SIGMA THETA OUT S16MA PH1 OUT
. __P@_O_IL_E_H Nuﬂlgkl 1
e 20000000l WU0U000 " + 125000000 »3000000=01
069200886292 16578794-02 *000u0L0 e 1226708~10
+G000000 «e2288704-02 “000LBLa *e224870%=g2
01386769=g1 -~ 2248794402 11904842406 1 647175¢06
.e2347670pY T s68b6229"u2 425817292
e b89787310 v04006090 0435436505 +3765430¢05
+8000000 +2300000 24354364405 37654305
. PROBLEM NUMBER |
“Te2TSUU00Y0T 1 0u00600 * 1254000400 +3000000=0}
__06%06323~02 2663209502 1U0GUOGD mell48a48~10
*+ 0900000 »e2091817-02 +000u00 *e2091817=G2
21%849859-01! 20209181742 1848412+ 0 1650035+36
s 245267 4+gY +2000VLG 06308241%02 *4145476-g2
0769127 4n}d 00000046 43341 0+GS +3842388¢p5
+0000000 2000069400 *43034)0+05 03842387+g5
e 3 PROULEM NUMBER |
B LU LTI L —— +G000uaG * 125000600 +3005000=G1
26893009%02 e6879387y2 LYY vy 2 145546910
Teewdboog 7 e 195539502 Y IV = 195539502
2158470201 =e 195639542 0179653166 1647427406
T e2560502-0Y «Qub0due 5819281°02 s4018113=92
“e7331754+10 26204900 426312205 03909297405
20036000 +00060u0 42463122405 03909296405
PROBLEN NUMBER |
TTe2%80000¢0 1 T T T T s00GvaC 21250000460 - +3000000=0!
_06878443~92 6722155702 *0000000 = 155142710
0000000 T T Tedt83s676=02 *00Cu0L0 =+1835676=02
016852180} *o 1835676~y2 2 1749G76%06 - - 1649586996
*e2671702-09 03060aG 15385887062 +3882724-g2
=e7527384=30 ___ «U900LID s423,798+55 396456235

LERY
THETA
PHI THETaA
PH] THETA
PHl THETA

ZZ-RX

NURSER OF CYCLES ™
N TEMPERATURE THETA
N TEMPERATURE PH{
M. TEMPERATURE THETA
A TEMPERATURE PHI

TAU.PHI _THETA IN _._ SIGHA F N .. __

TAU PHI THETA OUT

+2000006+01

*s3448936~10
+ 0000000

. +00Du000
+30000600
Q0060000

. +000gu0u

«21500006*01
03298260610
«0000000

+ 0004000
+3000000
+«0000000
+00000600

02300000%a1
=e3l74676>10
+ 0000000
+3060u0C
«0000000
«00UG000
«0600000

+2450600+0}

=43072401°10
+006LO00
+0000000
+0000600
+0000U00

SIGHMA F OUT

+8300654+06
+830065%+06
+0000000.
+0000000
+40%1809+05
«%0%1809+0%

21
+8159815406
+8159815+04
+0000000
«0000000
+ 4092021405
1092421405

a
+80185810¢
+8018541406
+0000000
+0000000
40974682408
+ 4097482405

(1}
27876833406
27876833406
+0000000
+0000000
e 4106075408



.;1§!§E§,ggg:zgsa

2 friiea

637

e

R

*00d0902

TTRe07056902"
0000000
0 17862%8=g1
~02766392-07
07746829210
ST

T 2749999400

Te6865613-02
000U
21088042 =g1

wy2904772=-09

T eavBdi9G67=10

. 1gud000y

+2099999400
T 6862995202
+ub0UNGG

01926268401

3927014~99
281517~39

equde0ue . .

«Jai9999+01

Tve862335-92

19033000
" 0209301201
»e3153263~07
o 856568 =)y
__200500090

03199999401

15900000

 W0E00L06

eVl

T ebTep20=02

o §729772=y2

- 172977202
«0d0uVIL
sveduvdu

KT U

[TT AT

0679774 1=02
~e b 63542102
o1 63542)=p2

sdudubuy

[ T OT BT

epudlvap

T T T
06831%6)=52

=0 155083p-02

=e1550830=02
s0Jbovuo
T T

R ITUTTS

suduuvul
0687177942
s i474560=02
“o 1497454y=02
+0u000G0
CUUAOVIY
suB0uLI0

o UOUULOD
«6923558~32
s 1405 H4G=G2

0 423,990+i8

TABLE B-2. (Continued)

23968562405

PROBLEN NUMBER |

*1250000%60
*00040L0

*000WeLd

v17u4715406
149979902
+4205242408
04205242408

+3000000"01}
e 16%0288~10
~e1729772°02
«163U4QT*ye
ed7493727=G2
4021936455
240219364GS

PROBLEN NUMBER |

+1256000*G0
*00AWLCY

*00GObaa

s1662775%06
«4645032=02
1418453805
s 184537405

«3000000"a1
s 718G728=10
*ej 63542102

01617550%06

+3595]9302.

+4070726%05
4070725465

PROSLEM NUMBER

+1250000+00
Y00000u0
+00OVG0D
11622754%04
+4318190752
+4167711405

HITRNI®ES

+300u0D0~at

~e 78068210
=+ 1550830~92
e ) 602516%06
0343262902
14115932¢95

e4115932+05_ ..

PROBLEM: NUMBER

¢ 1250000400

*060ul00
*G000aLO
1579631466
«2093841702

ETE LTS 27 N

cd1H41,9405

21250000900
*0U0A0L0

*0000du0"

«3000000"0})
=e4330926~10
=e1474560~02

0 }5854654+0gé

23269463=02

04159910405

+41599G9+g5

PROBLEM NUMBER )

+3000900701

= 190931410

T o =el405440702

3606000

+2579999¢01
~e2987243-10
+0GUP000
+000G00C
«U0GOU0L
+J00000U

Q06000 .

+2749999401
~e2%14025°10
20000000
+G00000C
+200000C
+000L00
+0600000

+»2879999¢01
©.208656%6-10
2006000

+ 0000000
+0004GG00
0000000

. 20000u00. ... ...

«3049999+01

-e2808421=10
_+ 0000300
+UBGUUO0
+00000600
+3006006

. +0000000

+%1046075¢05

T
e 7738692406
27734692404
+«0000000
+Q000000
116651405
241146451405,

101

7592120406
+75%2120%06
+0000000
+0000000
«%128808+0%
e%128300%0%

.2l

2744915406

¢ 74491 15406

+0000000

+0060000

W 4142166+08
142146205,

AL

+7307020%06
+7307020406
0291348402
0291390602
14152032+05
¢4152031+%05 .

.ul!l

oT16T699906
27167699406



1&ZYF

02196482-01 =e 140544002
we3204247.07 YT IS
~o 805801 )30 s 0UGUVGE
voub0dGy * 0000V IG
0334999901 T I T T T
v6867785-02 2697291 6=02
" e U6000UG =e13425i0~02
_22300707-0) ?e1342510~y2
*e 341914909 000UV ID
»e9202603-10 20000006
+0000000 s000GLIG
03499999+01" w0000
0 6873325-02 Tu20972-42
16000000 . 128497302
__22405663=0) _ ___=»1284973~y2
-e3558451=09 LT VTS
=e 942940510 _ WoURb L
+ 3000900 *080L0J0
TVaea9edgdolT T T 0000000
06880343402 47068037-p2
TTeG0006dg T ~el232166=02
0251133 -00 =21232166-02
~e3702%41 207 R T I
e 977887600 +GO0GLGO
TTe000000U0 +00000aL
3799990400 T T T T sublbuoR
+6888688-02 e 71143746~92
*300U0GY 118352842
.2261770¢=01 _ _ _ "el183528-02
-0 3856]15%09 «dUGUOIC
24100909209 9000000
cU000800

608090

TABLE B-2. (Continued)

1529760406
«3732212%02
e 4104534405
04104534405

11566835+(36
e3113296=02
«H204p10+p5
s 420%01G+05

PROBLEM NUMBER |

e 12540UG0%60 -
LD IV

" GOLWLOG

¢ 4B2429+G56
¢3478026~02
XY TR RALY]
*40751170S

PROULEM

+ 1250000400

*00GulGE

e 000VOLD |
e 1436899406

¢4B891235=u2

14039069%05 7
24039069465

PROBLEM

*1250000+00
*050uOL0

*GUOOUVD |
01392912%u6
04585670~02
400776405
4g1a?76%0LS

PROBLEN

* 1254050400
*300QuuY0

*0G0000L0 -
91350296406
02782594"02
03985524405
«3985524+y5

PROBLEN

«3000p00"01
=e | 96574710
=e 342510902

o }S463 1244

0295326202

¢ 4245484+g5

2 42454084+95

NUMBER

¢3060000701
0619G658=11
.0 120497302
¢1524392+0é
02816730"¢2
1428590745
4285407455

NUMBER }

*30000G0"0}
06176599-11
=e)232166=02
«1504320%36
02670625~02
04323} 43%05
+4323143+g5

NUNBER 1

*3000000"01
=e22203658=10
=e}183528=92

o 1477300%0é

«2539371=02

¢ 436038835

*e4360387+55

NUMBER: .|

FU

«000wL00
« 000000V
«00V00G0U
» 000000V

«3349999+01
*e2747347~40

+00LUUO0

«000000v

« 0990000

«000GG0L

«0006000C

«3499999+01
=e2696974=10

+0000uL00

000U 00

+G0OUG0D

«UDLUUOo

«+ 0000000

e 36499948+01°

“e2679145-10
0092000
9000600
+J000000
«03000000
«3000000

+3799998+01
=42655506=40

+0003000

«J000000

« 000000y

+200000C

+ 2000000

+0000000
+0000000
2»4155165+05
« 415516505

18l
+7028207+06
e7028207+06
«0000000
«0000000
24160573+05
«4160573+05

261
6887582404
+6887582+04

«92533040~0G2
«¢2533040-02
4167404405
eH3674084°05

221
ob745825%04
« 6745825406
-»2412409°02
=e24} 240702
«4}75820%05
«4175820%05

241 .
26602941406
vb602941+06 -
+000Q000 -+ .
+0000000
v4185565+05
0418556505
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TABLE B-2. (Continued)

T93749998ep0 "+ 000UV0 *1250000°00 - _+3000000%0l 0 37499%8+01 Zbl

veVTI0o=02 TIV60224%02 +6006000 »42300336%70 ~¢26250%1~10 . .o~snv:zoot -
20603000 melldebedep2 _*00000y0 e __.®elidssddeg2 . W000Q000 . e 4M450932406
TTeaTaNTeeRD1l T T T W 13850032 Te 1308906404 T e 1452502404 +00000U00 - »0000000
0400562720 «Q0UQ000 . ___e2570365=92 e 24)6604=02 ____ 4000000U_______ ___ 0000000 _ _
e 103689 (=0? T d000000 13962478405 T e4397189405 +0060000 +419675305
+0000009 €000V 23962477405 0437718905 20000000 . ... 21196753405

PROBLEM NUMBER |

4099998401 +0000030 . _+i250060%00 ___ +3000000%01 _ _e40999%8%01 .28}

+6908827%02 «7228155=02 +00000u0 | “we2415303=10  =+2600339-40 1631694504
20000000  =el0%6728e02 +0000000  _ __ "e10Y6928=02  _  _ +000GU0G _ . .e8316745%06
w2832618=01 ’ = 107672852 e 1257096+G6 TTTTTRI426939404 ' 40000000 - +0000000
_=ealédvae=0? - e0000000 ; 12381469702 7 42296751°02 . _+Q0G0QO0. .- 40000000 . .
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SEGHENT 3 OF REGION 1 (PLATE)

TABLE ORDER PH] OR S VS, TEMPERATURE LOADS
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PRINT INTERVAL STEP
GAMMA PHI THETA K PHI
K PHl THETA J PHI STaR
N THETA N PHI
M THETA M PH1

SIGHA THETA IN
SIGMA THETA OUT

SIGMA PHL IN
SIGMA PHl OUT

PROBLEM NUMBER |

¢ 125udu0%00 «5000000~=02
«GO0uOGU e4602651=|1
*050L0ul 9899587433
193564981 +Y5 01257237%p6 .
12407552=G2 01599956=¢2
2 349486Q+GC5 04692256+05
23494860+05 e4692255+0p5

PRUOBLEM NUMBER |}

*+125uu30%00 «5000300~02
*GUOWOLD =e3253457=10
*U00uluG ~e8767908-03
+88149462%05 e 123114726,
v} 366147=02 elSu6120~-02
03394666%05 0 4735865+¢5
¢JIPUb66405 ¢4735865+095

P -PROBLEM NUMBER 3 "

1 1250000%00

- e

*5000D00=D2
*00ALDL0 ~e7223858~1u
+00000u0 =e8551211~03
+ 8294323405 2 12044686+Q6
447981 "03 *1417234~92
+3291575+05 47807584355

+3291575+%05 w0

+125,060+00
+0004DG0
+U00UGLO
27832244405
P192022402
+3197505+G5

ST gy e e

L~ eq4780758405

1 "PROBLEM NUNBER - |

+5000000"02
0399705140 . ..

. BI44PETRGI -
__e1177981%g6

0132939402
94827585455

ZEROQ

THETA

PHI THETA

PHI THETA

PHI THETA

TAV _PHI THETA IN
TAU PHI THETA OUT

XZ XD

«5000060+0!
=e2643393~10
«00U0000

¢+ 0300000
«0003G0V
«0000060C
00040000

«513qu0u+ol
«s2661397-10

«000Q00U

+ 0000000

«0300000

20800000

«00L000D

¢5260000%01°
-+2671273=10
+000V3w00

+ 0000000
+0000000
«00U2Q00
«000030U

+«539%gu00+0!
~e2689276-10
+0000000

o 20000000

« 0000000
«0000000

" NUMBER GF CYCLES ~~~

N TEMPERATURE THETA
N TEMPERATURE PHI

M TEMPERATURE THETA
M TEMPERATURE PHI
SIGHA F IN . .. ..
SiGMA F QUT

1

e5482871¢06
«54820871¢06
142161502 . __
=:s1421515=02
04222850+05
«4222858+05

105
+5365707+06
+5345709¢06
+0000000.
+0000000
4226972405
e4226972405

209 .
+5245435+06
15245435906
+1252335-02
+1252335=02
+4237203%05
+4237203%05

33
+5122073406
«5122073+06
= 0171964202 __
rel171964=02
+4251432+05



TABLE B-2. . (Continued)

+0000000 +0000030 03197505%08 - 148275085+05 +0000000 «4253422405
''''''' PROBLEM NUNBER |~~~ ~— T T T T TT o tmoTroTThTTTTTT
+5500000+01 +Ud000a0 ¢ 125006000 +5000000=02 +5500000¢01 40}
709817502 V81¥3747+02 +0600000 *e7756663=10 “e2708973-10 +5015298+406
18000000 *v8178067vyd ... 20GQuogo. _®eBlT8g67703 . _,000QQ00_ . 05015298406 __
390399431 = 817806703 v 7406850405 1155278406 " +0000000 «1106142-02
«e 5938610907 . +QB00v00 e36Q3482%03 e )256431=02 20000090 21106342702
e 148772507 *0300000 0312181005 14869221495 « 8000000 14272496405
20000009 «Q00YVIG 24869220+05 2000000G 8272496405

63F

0312181095 L




0€7

TABLE B~-2. (Continued)
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TABLE B-2. (Continued)
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T SEGMENT MOWBER “ S~ T SEGNENT CODE 2T "SEGMENT 5 OF REGTONT I (FLATEF—~ "
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TABLE B-2. (Continued)
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TABLE B-2. (Continued)
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APPENDIX C
EXAMPLE PROBLEM 2

Example Problem 2 is an extension of Problem 1 in which two regions
have been added. The additional regions are composed of various geometric
shapes devised merely to show the complex geometries that the program can
handle. The additional geometric shapes are constructed of equal and unequal
face sheet thickness sandwich segments with some stringer and ring stiffeners.
Figure C-1 shows the overall geometry of the problem, and Figures C-2,

C-3, and C-4 show the individual region geometries. The segments which have

. stiffeners are shown in Figure C-5 and Figure C-6 with their respective

stiffener geometries and parametric values shown. The resulting topology is
shown in an idealization in Figure C-7, along with the kinematic link informa-
tion. The kinematic links were included in this problem to demonstrate how
to use them; both kinematic links could have been avoided if the centerlines of
the joining segments had been made to coincide.

The input data and format are shown in Table C-1, and the output
solution is given in Table C-2.
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REGION #1 \

REGION #2

E = 23.5x 105 P!
6= 17.616 x 10° P8I

y=01 1b/1n3
P= 00002588 Ib/3ec2/In?
C-)o=7000 pm

= 733,038 rad/sec

REGION #3

Figure C-1. Problem 2 overall geometry.
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Note 1: Stress-free temperature of Region 1 is 75°F.
(Sh Note 2: All above segments in Region 1 are plate segments.
: 0.5in] 2.0in.| 3.0 in.| 4.0m|45i)50i)s55im]6.0m] 70| som| ssm | 9.0 iu.l
1 [ { { [ o { T {
Temperature 875 675 682 698 713 732 759 793 895 1050 1152 1275
o R T O PO T A T
Thickness 4.375  4.375 3.84 3.275 2.97 2.68 2.372 2.21 2,155 2.70 2.38 1.}9'1
(in.) | | : | | |
Poisson's Ratio 0.333 0.333 0.333 0.335 0.336 0.338 0.340 0.,343 0.-’?52 0.366 0.’375 0.,386
. | | i e I i
Young's Modulus 23.5 23.5 23.4 23.2  23.0 22.8 22.4 22.0 20.7 18.7 17.4 15.8
o L |
Coef. Therm%l Exp. 9.149 9.149 9.159 9.185 9.207 9.239 9.281 9.337 9.499 9.748 9.913 10.109
(ax10 )

677

Figure C-2. Problem 2, region 1, geometry.
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Problem 2, region 2, geometry.



TST

96L045°L

.\/\[ RADIUS = 32.7278641

RING 5 ™!

(7707777
ALY

AVAVAVANAVAWAY

0= 15321483427

EQUAL SANDWICH

SPHERICAL SEGMENT
(STRINGER STIFFENED)

TAPERED STRINGER

"
o
z

EQUAL SAND¥ICH
CYLINDRICAL SEGMENT

AN

T ——
@
SASVYSNN

z
'3
o~
1Y
=
¥
-

UNEQUAL SANDWICH /

(INVERTED) CONICAL SEGMENT

5=

841.989853N

s=

Figure C-4. Problem 2, region 3, geometry.
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e 0

SECTION A-A

STRINGER SPACING 1.0
(214 STRINGERS)

—] 0.75}—
l—— 1.0 — )
_El l-—0.25 = ';"
@ 0.75 douT,, =- 1.705
ad

SECTION B-B

Segment Card
11 Calculations

Segment Card .
6 Calculations

Segment Card '
11 Calculations '

Segment Card
6 Calculations

(Ay din_, =0.955
ring
(B) dout , = -0.955
ring
(C) d mstr = 0.955
= -1.205
(D) d outstr 1.2
(E) Sring= 0.0
(F) Sstr= 0.9166
(G) tx . =0.0
ring
(H) t: str = 0.25
() Yring 0.0

(Jy t. =0.0
_ring
(K) Yetr = -1.08

(L) t_, = 0.0682

(M) b, = 0.25
(N) t=1.41
(0) h = 0.25

(A) K3 = 13.217 E06
(B) Ky, = 4. 401 E06
(C) Kpp = 14.819 E06
(D) Kg3 = 8.808 E06
(E) Dyy= -9.174 E06
(F) Dy, = -3.055 E06
(G) Dyy= -11.051 E06
(H) D33= 6.116 E06
(I) Cyy=10.0

(J) Cy=-1.731 E06

(A) din_, ~ = 0.955
ring :
(B) dout . ="-0.955
; ring
(C) din_ _=0.955

(D) d outstr = -1.705
(E) Sring= 0.0
(F) Sstr =1.0
(G) v+ ring=
* =
(H) t_ str 0.25
(I) Zring: 0.0
(JHt. =0.0
ring

(K) Yetr ™ -1.33
(L) tg, = 0.1875

(M) b, = 0.25
(N) t=1.41
(0) h_=0.25

(A) Ky = 13.217 E06
{B) Ky, = 4. 401 E06

(C) Ky = 17.623 E06
(D) Ky = 8.808 E06

(E) Dy; = -9.174 E06
(F) Dy, = -3.055 E06
(G) Dyp = -17.175 E08

(H) D3 = 6.128 E06
(I) Cy=0.0

{J) Cyy = -5.860 E06

Note: All dimensions
are in inches.

Figure C-5. Problem 2, segment 1, stiffness parameters.
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f

Ve

Rll@__i—’

@ :

~———STRINGER

[ o

= 1.205

11 Calculations

6 Calculations

A 0.25 0,955 A
/\/\, 32,7278641
= 0.25
d our’" ==1.708
B_‘Nring-
SECTION A-A
Segment Card Segment Card

(A) din_, ' =1.205
ring

(B) dout_, = -0.955
ring

(C) d mstr = 0.955
(D) d outstr= ~-1.705
(E)s.., =1.0
ring
(F) Sstr= i.0
(G) tx_. =0.25
ring
k. =
(H) iﬂ str 0.25
¢y yring= 1.08

(J) t_. = 0.0625
ring

(A)
(B)
(C)
(D)
(E)
(F)
(G
(H)
(1

©)

Ky = 14.686 E06
Ky = 4.401 E06
K, = 17.623 E06
K3 = 8.808 E06
D,; = -11.051 E06
Dy, = -3. 055 E06
Dy, = -17.175 E06
Dys = 6. 130 E06
Cyy = 1.586 E06
Cy, = 5. 860 E06

(K) ¥gp = -1.33
(L)t =0.1875

(M) b, = 0.25
(N) t=1.44
(0) b =0.25

- Figure C-6. Problem 2, segment 2, stiffness parameters.

Note: All dimensions

are in inches.
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Figure C=-7. "Problem 2 idealization.
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TABLE C-1. FORTRAN CODING INPUT DATA FOR EXAMPLE PROBLEM 2

oG, I —
i sleir 10 5 20 23 FO&TRAN sscwmgo FORMu 0 88 T o_n
LL/ El; AMPLE PROQBLEM 12. /.//1. 1 1 N 1 | ] 1. | ]
3. 46 2. ..10.0 1 44, T SR ! b T S
LMATLL. ISOT i ] N 1 | I IS ] 1 1 1 1
k75, ) 416,00, ) ol #8188 1 i1 65T, | L4684, . f .., |
748,00 L) +18.2,0,,, | L TS . ), #4017 1 1 428100, | 1
ba. s E+06213..5, .| Ek.06.230..0. L E+10.6.2.2 I!s,-"l E.+016.2.2.. 4] | E+.08
22,0, | . .  E+0620.7 1. Ew06A8.T .. 1. E40647.14 .. |, E+0615.8 I E+06 . |
, 333 b 13330 00 b L BB60 11 L3381 L8400 l.;....n-
. 343 y ... 1852 i . 3166, 1, L. .376 ., . .1.,...1..3886| ] 1
9.149 | E+069)..149 | "Epf 069,207 i E+1069,,.2139 1 E+069.,.289 1 E+.0.6
9.337"1 E+06%. 499 | En069.,.1748 L. E+1069,.9113, . E+.0161.0.,.4109, | E4+. 061 , |
PROP |, A BTIF, | I b ) A PN BUS | A SN E 1 N P |
+745-l 1 I i ! S | I 1 R IS BRI B ]

e 1 4 1 Ll P B B s |V IV IR
3.5 . E+_.061 ] L 414...1....1.)4..1...-IJ,UI,. N P |'..,..1.
% I ST EDIE REPE STRPRTEP R SV RO IR RPN SN R I
Es E+06 4 . . . .1, ., 1t A T T T P I TV T ILP O
N 1 L. 1 NP TN SRR SOOI R SPEI EPEPE PN N |
. 333 i 1 ] 0 [N B PPN EDUOUI U U N S

1 | | NP | | a1 [T I VPRI T ST | P
~B. 149 o $8=06 | i ) 1 I L A N T T S |
. e | | - Yoo b b | I ST 1 TR B U SR R i
149 | E-06, . .| T [T N AP R U SN
— 1 [ B VDRI R RPN SRS R RS 1

47.616/ . E+06 ; . b 1 L Sl ! L ] e |

MSFC « Form 1610 (Rev July 1963)
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TABLE C~1. (Continued)

:ggggAgY . g:.lG-E_._OF IDENTIFICATION
1 5(6{7 10 ] 20 28 KOSQTRAN 35cm|N§0 FORM45 50 55 €0 6753 T0 .7:
L { 1 L1 | ot N L [ RN
3.5 ., BE+06 | t [ BN I | | § PP BN
E:Q I | [ TR SN TN I ! L [T S
EJLH’) E+06 , . . . R IV ENEE SN BV SV T ) A T |
[ 1. [N BN RV 1 { 1 { 1
L4149 EB.-086 | I R A S ! ! IV B
EA 1 L L [ Lt il I VR BN |
149 N 1 X N EUY SV S SRR N SHN S I N
! ! ! L. 1 I P S VR SAPS BRI L !
8 0 | REGION 1 ., I i N I I B ! 1 1 ! ]
.4 Lo, .2 ol | 1 1 I | Lot AP I
1. SE 1. WPLATE) i BN | PR N RN S 1
1210 b di25, oy A0,y E-06 015 . | 10
0.0 e 1 1 el IR A T DA SN R S | I
[SOT IMATT. 1., SING t... THIiG (... WHCNt, . .. #95.. ! .., , LINEt. ., . . | 2
4.9 . L2000 e T e 1., I i
“. 375 1 4375 1 0 1,0 | PN RN B SR SN R 1 |
d400 . . L I S IS BTN SV U CPATPR SRR RO | b1
+675. t $675., ), 4,0 T T S i i
BLANK | CARD I SR TR T N PR R I VI T SR
BLANK | CARD{ - . .y 4 o Tyt ST RPN TR W . L
LANK | CARD BN IV SN STV RIS BT ST IESTRPIP EPPRTIPIN ST SN
‘000ﬁ5348. b, .. 9.0 .1-_.;t.+°'1‘9l“.m;1._;-._|_“°.~.0| T S B
733..038 t | PN PRI S SNSRI RPNV ST S SN O l

T | L4 Y] NN BN BT BN B B

M PPV BT BT DIPTSR B
MSFC - Form 1610 (Rev July 1963)
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TABLE C-1. (Continued)

PROGRAM . DATE . IDENTIFICATION
—_— | PP N

CODED BY - e :
N ” .. JFORTRAN CQDING FORM,. 3 w

50 - 8% €0 (3] 70 T2

24, SEGMENTI 2. QFt REGION. 1. ((PLATE). . . | L., l | N S N -

2.0 | e 550 | B . 125 ) 1.0 L. E=06 .030 L. 10..
|
1

0...0 I I i I I | Lol SR I L I e |

1SOT .. MATIL. | SING . mHIC. | THCN | ET5.. 1, LINE. ., .. .15
199]..1 3L 0 b 1 A0 1 4 S | 1 I

4 17¢‘L...1 3L 8401 . 1L 8. BAESTTTT L 2 B 1 2,680 1 !

SR Y I R WA IR [P PR TGP VSR BRI EATR SV IR S |

fn
=4
s

i

YT AT Y Y A T DY Y'Y W BRI, 7t PO BT 3. ¥ ¢ 1 ]
IBLANK . CARD: , . . . | ! RN RV T TP VUM A AT I
BEANK . ‘CARD L S IPRTRICIS RN BT SNV B 1 L NS I L
RLANK . ICARTDM 1 D EPUSEE I RN SV VU AP L 1 |
L.0002588 .| 0L 0 ! L 0,10 . . 1., 1. 0.0 R PR B { L L
783.038 | L 1 L [N IV T [EPETEP BT B Ll L

-2 20, 8 i il [T PR SRR RPEPRPR SV oo Lo | el
21. S wl(PLATE): v 1y Lo b b b e e b g
5..00 || L. BL500 0 RS ST 0l B0 008, ) 0,

0.0, , I S TV TUE RS TP ST PRV IR EPE PR BV B
1SOT MATL | . SING,, . .  THIC, .,  {fHCN ,, . ., . p¢#7%5.. ., LINE . . 2|
4.99 L 5051 ¢ .1 R T S TS T BV B BN I L
2.68 1 208372 ) e e e e
101140 ! el i el L
7,320, Cl g LR O S BN R Gt DO S SOV RN BN RPRIIPIN SN BN
BLANK CARD L. L R BRI AU R SUUDE A RSO AU VR o
BLANK | ICARD |, .. ., .| L I I T SR A W I ]
CARD

MSFC = Form 1610 (Rev July 1963)
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pny TABLE C-1. (Continued)
&
zggggAgY g:gg:o‘i__‘——- IDENTIFICATION
[} 5|5 T [[] 13 20 2% ROBQTRAN SSCOD'NQO FORM45 50 35 60 81: 70 o
588 1 01..0 i - 0..10 | L. 9.0 i | - | - i : ]
7.33...0{3/8 . . ¢ L L i { 1 1 ol Lo | 1 { i
31 4 1 a1 | L. 1 1 1 |- | 1
21, SE/GMENT 4 OFR REGION 1 {(PLATE), . . | A TR T 1 Lt !
F.s ol 6.0 Loeli2S o 3.0y E-06 .005 .| 0.
0.9 1 1 | 1 L. . i | | P o A R | |
O.T L MATL | BING ., ... [THIC | LJTHCN ), ,  #75..y ., LINE , 12
-{6...49 ... 6.0 | A I i 1 | N I L 1 ! x.’
2.37%72 1 2.210 , { [ I L i el I ! L I
104.114/0 1 1 I_QL‘ L A I N PR | | Ll M R | |
+.7.5.9 1 +17.93... 1. 1 1 1 | 1 ] R 1 1 1
IBLANK | ICARD 1 - ] el Sl Lo 1 L ) 1 ! |
BLANK | CARD L. [ 1 1 1 el 1 sl [ 1 1 |
BLANK | CARD L I { - PN S | { g 1 \
- .0,002/5/88 . | 01. 0, 1. 1,030, L 1 ., 0.0, L) L. I N
733...0838 . . 1., N T | P BN PR S SN | ! A L
A A, 5] [ N B A N I DU BN I R R
ZJLSEGliENT15 OF REGION {1 (PLATE), ., 4, ., 0, bl e b oo o by e by Ly
6.00 ! 7.00 [ | . 125 . L 1.0 . .;.E-06 .010 0.
0.9 1 1 N N | N I B P DS RTINS BV RPN EUSPEN RSP B
ISOT v -MATL SING, , .,  JTHIC ,, (THCN o,  *+75..,, .,  LINE , L .2
5.99 e LU S TN ETI B I T T T T S
2.210 L 2,158 ; | Sl Ll IO N D BN RN B
101110 1 L. . 1 L.y 4 A | SR | I SN | N P | .
+.793. 1 +1895., ], ] ul.i AT TN IR PR VAP AT SR

MSFC - Form 1610 (Rev July 1563)
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TABLE C-1. (Continued)

PROGRAM. DATE JOENTIFICATION
COPED BY. PAGE___OF s o
[} 5‘|.G|37‘ 10 1S 20 25 ROZBTRANSZ)CQD|N§0 FORM45 50 35 60 - &5 T0O T2
mlieARn- . ! | P L 1 ) 1 I L | |
BLANK | CARD 1 1 L1 1 1 ! 1 L. L. [ i L
BLANK“CARD 1 } [ l I C [ 1 I | |
.000:2588 0.0, . . L 0.0 . 1. 9.9 Lo 1 ! L
7.33..038 ., | L | Ll e 1] ol N I RV L,
| 5 51 él L L Lol L A R . L | 1
;21 SEGMENT| .6, OH REGION, 1 |(PLATE) ! 1 R B! 1 I
7..00, b 800 oy o425y oy 400, E-G6 010 [
0.0 ! L L 1 [ [ R B L 1 L
ISOTl: IMAT.L, | L, BING, | JTHIC | L THCN | +.75. 4 (LINE L .2
6..99 i, . 1. .. 8L.01 .1 1 N 1. | I R I - L | 1
2,155 I 2).,70 I | L A PR | N PR ] L1 ]
104440 , .y, 1 A I R T RO B i ] 1 1 ! L.
+895. 1 +1050., ! P R B | b 1 L
IBLANK . CARDI I R IR A S A SR TS S R B O
BLAHK“CA.RDI...I 1 [ VR DS EEVETEIE SN EUR R R
_BLAHK‘CAJ!TDI | NP RV | NP EPRIPEEE ST ST B R B SN [P
.0002588 , |, 0.0 1 et 0.0y 00 .
.|7.33.038 1 { L 1 [P S I P IR RPN U R I
. 6) 7 1 L AT R TR PR I B I N |
21, SEGMENT 7 OF REGION 1 ((PLATE), . | . - [ |
8.00 || L 8.50 . ¢+, ... -425 .., R AL , E-06 .005 L. .0
g..0 N | L. | Lo b e b b | SN I P R |
ISOT MATL_ SING | THIC , . [THCN, __ @#75. , |LINE | 2
7.99 N 8.1514, L b PN I RSN RPN WP ST S R
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TABLE C-1. (Continued)
PROGRAM gAAZE_:OF— IDENTIFICATION
l?iDED SBSY 7 10 1S 20 /ROQTRAN 35C°D|N§O FORM A% 50 55 60 61: 70 ::
.70 ] 2).38, .1 L | 1 L '. | | | ] 1 i
101110 L i ! L L 1 L i, L L. | L
*1050. 1 #1152, L. .| IV B 1 4 I L |
BLANK | CARD, L ! L I 1 ! L 1 | |
BLANK | CARD! 1 ! | L. ol L 1 1 | Ll L
BLANK | CARD) L1 1 ! N I i Lot 1 I L
0.0.0.2/5(8.8, . | 010 1 L. . 0.10 I [ 0,.01 l ol i L d
733.,.03]8 | a1 | 1 b A ] PRI IR L 1. 1, . 1
7J‘ T 8) I ] l o | I L. . 1 Lt | !
21, SEFGMENTI 8 OF REGION 1 ((PLATE), J Al | Ll 1 | 1 i
L5011 9..0.0 .1 b 125 L. 4.0 1. E-06 .005 i 0.
0.0 { | | ] 1. S S | S| | Ll L. | .
soT ‘',  MATL . . ., SING ;. ATHIC, THCN, |, L T8, _ILINE, L2
8.49 I 9.04 L Lo L I i I | 1 L.
a8, 0 .. 1,94, . L L o0 TR DR IR VT R S I
04440 [P PR | L Loww o | | NP PR ] ol L. -
1152[ L LA 2756.1 L NP N | PR R B | A [P
MK#ARM PPN RN Do N R B N P P T
BLANK | CARD, ! | | 1 . Ll P 1 | Lt ]
BLANK CARD, L. ! 1 I A [T R B ! L o 1
. 00025838 | 0.0 L 0.10_‘ L L. 0.0 Ll 1 L e sy
733'403|3#| [P | L [P Lo b ! R 1 o
. 8 8 . S Lo L. TN A S| L. L L
5. .0 EGION, 2 1., .. .| L. I ol | I [P L L., l.t
.2 . al 41 .0, 1. 1. Ll PR [N 1 R T 1.‘
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PROGRAM

TABLE C-1. (Continued)

DATE

wDED BY PAGE_OF.____ :’3IDENTIF|CATION'°
\ sielz 10 [} 20 25 /E:\OSBTRAN“CQDNQOFORM‘S 50 53 60 6 70 72
13 SEGMENT, i OR REGION. 2 (SOLID. TOROIDA L) | ! ! 1 L
0.001[00 . 0,.392699 | . 039 L oy 1.0 ..1. E-06 .00391699, 10,
‘1o, ,“ i -19..0 f I 1 1 R B | i 1 1 L
1SOT | MATL ,  SING. , .. [THIC. | . ... NOTH , rI5. . ILINE, | 12
0...0.0.05/0 l. . . .01.3928100, . . | [P B N L ! L L
1..94 ! ) 11,94, 1 1 Lo | 1 N I o 1 1
ddlo [ 1 I L || Lt ! b 1 L L.
BLANK | CARD ., . . .| DRI R TN SR SR U SRR | | |
BLANK | CARD) . . 1 L L P | L I i 1. L. oL
CARD: . . 1. . 1 ] I 1 ] 1 1 | | 0
. 0002588, .| 04, .0 | L., 0.10 | | 0...01 ] | 1 | L
733.038 . . 1.,... 1 L. I M U B 1 1 N 1 . 1
1 1) 2 ] . DT RV RPEPEE TP SR B | .|
Is s'ga%gu'rl 2 OF REGION. 2 |(EQUA SANDWI.CH |TOQROLDAL) .| . "
Q 3926’99‘.4% 0L.785319.8. . 1 .. 039 10, 4.0l sl ErmQlfe s 0.013.926.808. . . lg. |

10. . s L.

=9.0, .1 ot A NN NN B BN B | N PR B
(S0 MATL | ., ., EQUA | JMHIC .., NOTH ... . i+75..1 ... . LINE ! ....1.2
p.3920 L 0 T8y e e Y
r 25 ! 25 I L I cl e I L I L.
.44 L 1,44, 3 ., . .3 L R T L R PPN B RNV
poitilo I T S| ) ] R REPRTTE P R B
BLANK | |CARD [ PR TP TP PR T I PR AR BN | L1
BLANK | [CARD Ll AR I P BTV BN B
PLANK | |CARD Lo L1, [ SRR B B L. 1
L 0002i5|88, , | 010, . | L 0.0 % 0, 0,00 1 ol N TSP S
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TABLE C-1i. (Continued)

PROGRAM R g:EE_OF IDENTIFICATION
?ODED 5BGY 7 10 15 20 28 /E\o 3’3TRAN SSCQDINQOIFORM;!. %0 55 60 67: 70 ?r: f
7.33...0/3/8 1 1 | L, | | 14 [ | I | 1 L.
2 2, 3 L 1 Lol o 1 1. 1 1 L i
21 SEGMENT, 3 OF REGION 2 (EQUA SANDWICH CONE), | N | | |
22. 72786 27.72786 _ - 5,0 | 1.0 { . E-06 .05 | 0
7.8.5.3/9/8 ! L L el L R V| | L L L [T
1SO.T IMATL | IEQUA | THIC | ., INOTH, |, #T75.. | ILINE | L 2
2.2..71[0 1 217,..74 | | | 1 A ] R 1 o | l
.25 L 12,5 ! L L IR I ST O 1 ! | L
1,.41 i RITIX T L I L. NS P 1 { \ L
001110 1 1 1 i 1 [ 1 1 1 % I ] 1
BLANK | CARD, ] I ] ] ] o 1 ] ol ] ] ]
BLANK | CARD, | 1 L. 1 .| - ] 1 il I ! L
BLANK | |CARD, | L L L 1 ] ! .| ! 1 L
.00025/88 9.0 L L9410 L o 9,09 L L 1 1 ]
733..00318 ., 1 ol 1 L. A PR PN U BT R BN | | PR T
3 31, . . 4 ol ot R SRS SO R R | el [ B
~21, SEGMENT( 4 .0 EGI 2 UA SANDWICH \CONE)( . ., . ... 0. 0 1., i Lol
27.T72[1 86 L .. 32.72786 . ...50 N . T L, E =06 05 | L. 0.
.7853/98 1 1 [P el ! [P SV VRN N R 1 i
180 MATL, ) [EQUA (THIC | ,NOTH |,  #+76.. . .,  JLINE , , 2
27,71 ! 32.74 4, ., .1 TN BRI BT SN RN ) L
.25 1 925 b e | RV B
1.41 el 1.41 | L I T R Ll T B
001110 L L. ! I ! A IR RPN ST ST BN I .
BLANK | [CARD PPN ST N VR B RV BN B ot ol
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TABLE C-1. (Continued)
r’ROGR.AM g:;E_OF—— IOENTIFICATION
?ODED 5BGY|7 10 18 20 25 /goﬁTRANLSCwINQO FORM45 50 83 60 0: 70 :‘!
BLANK | CARDI . . . . | ! L. I 1 i L ! ! L ! !
BLANK iCAJRDu ] 1 ] 1. 1 ] 1 L. | I I 1. 1
.ooozpfss | _.0..0 I 1., .0.0 ! L. 0.0 { N i | _|
733.038 b v 1 1 o 1 1 1 L 1 L ] i
R 4| 41 | I | I NN BN I 1 N A | 1 ol
Ll,_s_qg]i_»mm, 5. OR REGION .2 1(EQUA SANDWICH SPHERICAL) l il 1
..1.85.89 ! A1.,178097 1, .039 | R W | . E-06 .00892699 0.,
32-7.%-7]86.4111 4.0 ) N D B T e A TS
ISOT | | MATL | [EQUA THIC ;  __ |NOTH , 75, . LINE [ 2
18520 | 1.1782 W T e L , .
.25 | | i 125, . | ! . [ RS S e i L
L4 I 1i,.44, .| 1 | L o ] ! L 1 ] b
0014140 ] | 1 1 | I 1 ] | o ] L 1
IBLANK | |ICARD, 1 1 1 1. 1 1 Ll 1 1 1 1 1
IBLANK | ICARD 1 1 1, ol . L., 1 | PN A 1 I
BLANKC.AJI?.D 1 | 1 L - [ ] 1 RN 1 . o
L0002588 | | 0.0 ) 1 010 o b ] Q..01 1 A | 1
1733...038 L. 1 1 1 1 L1 1 A 1 Ll |- 1 ]
5 5) 6] 1 1 1 L. 1 1., ] | | NS -
3. 1 | REGION 3, 1 1 o 1. [ | [N | L ] iy
3 4 5) L 1 [P R B R P BN BN EDUPUENE S B
11, SEGMENT { OF REGION 3 (EQUA SANDWICH 8PHERICAL) | ... .1 ... .. 0. . .1, .|
1.178097 | 4.85707%96, , , ., ..939 . . 4. .. .1, 4.0, .. E-06.,00802688, .. . 10.]
32-72I736411 1..0 i L DT T DU D D DN
BTIF l PROP, | BLAN ,,, BT40,, . .  NOQTH, . ,  #75.. ..., LINE ; ., . )2
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TABLE C-1. (Continued)

PROGRAM - glA\gE__OF IDENTIFICATION
?ODED SBGY 7 10 15 20 28 mgTRAN 35CQD|N(:’O FORM45 50 53 60 67: 70 ::
1..1.78 1 11..5.7.0.9 |.. | ot S B | | ] ] ] 1
13.24 L 1E+0643.217% E+06 ., . i ! L ! 1 1 L 1
4.401 E+064.401 | B+06 . | el N N ! | I |
14.819 E+06147.623 FBH+06 1 1 1 L L ] ] |
8...808 L JE+068.808 | B+06 .1, ., . .1 L Ll | | | ol |
-9..1.%7 E+0649.174 E+06 1. L 1 N | | ] | |
-3...08/5 ., IE+0643.08% E+086 .| 1 A | ISP IO | .l . |
-11i.051 E+06417.1%5 . E+06 ... .. | 1 | Ll N I 1 |
6.116 B+066.128 E+06 ) o L. L1 b 1 Sl i i
0.0 1 Q.0 1 | 1 A | P 1 N 1 ]
-1..731 IE+06-45.860 E1+.086 . |, 1 1 A o ] _ i 1
001110 1 1 1 | N B A Al TP | PN I A I | 1 i
BLANK | CARD { i | 1 e L I f o ( L. {
BLANK | CARD ! i 1 P | 1 L 1 Lo | 1 1
BLANK | ICARD . | T [P B by [ NP I I L. . ]
SHE L L ISTRI, .4 ISHEL, { ., ISHEL } 1 1 Lol | I L. i
:.9505 L. 19656, 1, . | PN 1 M | T R B | | |
~..955 1. -..955 ) 1 o | N ! N N B | i o
- 955 1 1955 ) N || | A P 1 | 1, I
-1..205 1 -1,..7.05 N [ I | A S | ISP BN | 1 L
0.0 L 0..0 1 ] | L. | P NP P B | 1

. .9.166 1 4.0 .. I DS ¥ N BN BT [ RN |
0.0 i 0.0 , .| L. - Ll el ] R T IR L L
.25 i 425 . L. n | N I S SRR NP L

0,..0, I 0.0 1 L Ll .1....1..;1 .|.lu.1 ] o
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TABLE C-i{. (Continued)
GODED B PAGE P e
'!n 5?: 7 15 20 25 EQ;%TRANMCQDN(:’O FORM“ 50 58 60 ':: 70 ::
0.0 L 0.0 | L. 1 ! N { 1 I Lae. 1 Ll
!'1-ﬁﬁ‘ e -1.33 | 1 I | | I L. | Lot L.
L0682 L LBTE L | L L. L. I | Ll |
W25, L1125, | L ! 1 .1 | 1 Lo ] 1
1,44 . 1, .41, ) 1. N L. 1 1 1 T L i |
125 !; I 2.5 I ] L I bl | | | L
..0002588 , | 01..0 | | 10 J | 00025881 , ., .| L L !
,733.mﬂ8. | | b1, PP R IR SR L. | L
oAy A i ! L I et ! 1 1 l
34. SEQG ER). | ! L I L
10,0, | 3 15,0 .1 ! 850 .. ., 4001 {, E-06 ...0.5 ! 10
3'2..:12‘786411 | I 1 AR NN | | N NN 1 ] ! 1
STIE ||, . PROP | BLAN ), . ST,10, ) NOTH, | 75, | ILINE, | 1.2
9.09 | | 15.04 | | T T Lo d L L. 1
14,6, L E+0644.686 E+06 1 . . .| N A I B . [
4. 404! |, E+064.401 | Ei+06 .1 ... .1 N S S : el
17..6.23 E+0647.623 .., E+06 i, A BN I B | R I 1
8.808 E+068§.808 JE+06 4 T I I 1 ! L
-14..051 E+06~511.051 ,, FE+06 _ | 1 o . L ol b } L.
-3.055 .. E+06-43,054% E+06 .41 . N . N [N B N P |
-1.7,.1{7(5 E+06-417.175 . . E+06 _ | b ol - | T I B 1
6...1.3,0 E+066.180 1 B+ 06 1. )Ll e et
1L.586 . E+061.586 | R AT S S I SR T L
-5..86|0 E+06-5.860 E+06 T ;{,. L. 1
10.01.1,1]0 1 Nl ISP NN PR B ML PR I - ] ral M TSP R

M3FC - Form 1610 (Rov July 1963)
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TABLE C-1. (Continued)

PROGRAM gﬁgE_OF IDENTIFICATION
S:ODED 5BsY 7 10 15 20 25 Z\ongRAN 3!5CQD|N§o FQRM“ 50 83 60 67: 70 ::
BLANK | ICARD| ! | L 1 | { 1 Lot 1 { !
BLANK | CARD 1 L 1 | | 1 1 I - t . !
BLANK | ICARD ] | M I | ] | | 1 | | | 1
SHE L STRI, | RING |, .,  SHEL, , L ! L 1 L 1 i
1..2089 ] L 11,205, 1 [P IR R a1 | L L ||
-..958 JU | ~1..9.5.5, | 1 1 | L. | Al - .I | o
..955 ) 1965 | 3 ) ) P | | I | ) ]
-1.170 L -1 705, | 1 i L | | 1 ! L
1.0 Lo 4.0 1 ! | . . Lo | 1 L 1 |
1.9 { 4..0 ] | | L. i 1 1 1 L 1 1
25 I 125 I ! 1 ! 1 1 o1 1 I 1
.25 1 125 1 L L 1 [N L | I L
1.08 Lt 14,..08 ! B I ! | L, L
. 0625 | 1 ,.10.6,25, . ! | I 1 Ll 1 1 1 1 !
-1...3 A =11...33 1i | B | I PRI P Uy b s | R
1,878 |, L. 11,875 1 /N N EN ] ! N P B | 1 1
2.5 | 126, . . | l IR 1 A BN S B O |
1..41 1 144, . A PR RPN R BT o SO IO SIE | PP |
.25 1 125 L. 1 [T B 1 1 [ L L.
..0002588 .. .. 0.0 1 ot L. 0002588 .. .1, ., 00102588 .., 1., [ |
733..038 I 1 1 N . [ RN R SN TR I | [ ]

2 2 3 1 PR BTN RN RN R SN SR B L ooy
21, SE . JICH M NVERITEDN .QONE). | . L. 1
841.96889853 846...993.296 | . . .. 50 I 4.0 1, Em06 ... 050034413 1
- 1483142 . ... 0L, M I M U I R R TU
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TABLE C-1. (Concluded)
PROGRAM gﬁéE_QF IDENTIFICATION
?ODED 586Y7 10 15 20 25 /KOQTRAN 35CQDIN(4;0 FORM45 50 55 60 57: 70 ::I
:'SOT . MATL_| UNEQ, |, THIC ) INOTH_| +.7.5., 1., ILINE, | 1 2’
841.988853 847.994296 , | | y , | | | , L
.25 | 1 12,5 L N 1 I 1 | ! N\ ! i A i
1.16 | .44 ! L ! ! ! L 1 ! | |ﬁ
.50 ] 2125, . ) | I | 1 ! ] el [ b l |
0*04111‘0 | | L. ] | . 1 . | Al | J ]
BLANK | CARD ! | | L L { | L L A ! 1
EMKWCA,RD. 1 1 sl L. L L . ! L. e . 1
[BLANK . CARD | 1 1 L i L. 1 Lt 1 L ! L
.0002588 1, . 0.0, |, Lo 0.0 L L. 0.0 | L i | L
733.0}38 1 1 1 ] | ] .| ] | L 1 J |
L8 .51 4 1 1 s cl i i | L. L ] 1
4 311‘-5.7‘-%7963: i 1 el 1 | L. | 1 1 1 |
5 L | ] | 1 L1 [ RO R i 1
3. .2 1.5707963 ; A A I [ S B
AR I 1 ! e 1, P R | 1 L. i
2 1 U1y ] I 1 L 1 L I Lo 1, |
3.0 0.0 6. ! ! A N I 1. 1 el R el
4.1 111 L | ! ! L L. L1 [P S IO
8. .4 4 .1 .4 { | 1 I D N A P S RPN ! |
IBLANK | [CARDt 1 1 1 1 L. Ll N I L | PR B L
I L. L P B L. I L e L.
| [ L. L. 1 L sl L. 1 L. L1
| I | Lo il . o L. L ol |
el o I Lov oo A S A RPN B B
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NUNMBER

OF SEGMENTS =

TABLE C-2. EXAMPLE PROBLEM 2

AUTOMATED SHELL THEORY FOR ROTATING STRUCTURES

(ASTROS)

DECK NUMBER 1|

AS OF JULY 17, 1970

16 NUMBER OF REGIONS = 3 NUMBER OF MATERIAL PROPERTY TAgLES USED = 2 NUMBER OF PROBLEMS =
‘THE GIVEN INPUT DATA INDICATES THAT THE SHELL SEGMENTS ARE TO BE COUPLED

17/ EXAMPLE PROBLEM ‘2 ///

l.
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THERE ARE

TABLE C-2. (Continued)

REGION NUMBER 1}

8 SEGMENTS AND 0 KINEMATIC LINKS WITHIN THIS REGJON
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TABLE C-2. (Continued)

T T T TSEGHENT NUMBER T SEGNERT CODE 21 T TSEWMENT "I OF REGION 1T (PEATEY

TIC T TTTTTSTOP T TUTAU VIFF T T T T TR TER T T T T BELTA
+5060400+v00 + 200000007 + 1256085+ 00 ~+1000060-03 «T500006=07 Te

e e __._____GEOMETRY INPUT VARIagLES } -
R +0w00030 »0000000 20000000
TTTTTTTTTOESAT T T OMATL SENG™ " TTTHIC 7 YHCN T T T FREE & T 750402 TINE T " NUHEER "OF TABLE COLUMNS w "2 — ="
- ___MATERIAL PROPERTY TABLE WSEO .
* 76000402 266000%y3 263860+u3 065700403  +68430+03  +718up+03 _ «82000%03 « 97500403 110770404  «12800+04
T 023560008 T w235U0%eB T T523006%08 T +22800+08 22400408 022000+08 2070008 «18700+08 »17400+08 +15800+08
033300400 «33340*G0 . «336u0%0¢ __ «338Q0r00  _+340006%00 +34300+00. .._23520Q%0Q . _+36600+00_ _«37500+00 __ «384600+00
e931490=05 2 9)890=05 092g79-u5 09239095 +92890-05 09337305 «9499p=05 »97480~05 099)30~08 e 10109=04
_— fpeo .. __ ___ TABLE ORDER PW] OR S ¥S. CROSSECTION PROPERTIES e
TTIR9G000%a0 | e20ab00Ge00
~__24375000%01 437500401 . B _ . N .
TTTTTTTTTTTTTTTTTT T YABUE OADER PRI OR S VSe TENPERATURE LOADS .
L *+6750000+03 *675u00u+ud N o N _ - . -
TTTTTTTTTTTT T UPROELEN L T TAWLE ORDER  PHITORS VSs DISTRIGUTED LOADS (F THETA, FPHY, F ZETA, W THETA, ® pH}) TTTTTTT
LOAD IDENTIFICATION CLUES 10111V . e e e e S
s0UOVO00 «000uO0O e B -
T e 0060000 [ T Y
80006000 s000u000 o U . —
T T T T UHAYRIN TR TANDTY TUTRANS FOSEDY T WAGIETOUTRYF T T T T T T T e e -
— . 000LB0WY  sweeDGGO_ | e0Ou0060 45000000 «4000p02+Gl __ +00000G0 +00000a0 _ y0000000
+00uo000 09242193408 *0GUOGUD *0000000 +0000g00 * 1488750401 +Q000000 «0000000
< _e006BOwS B 20Ual0R0 P LLUDLULD +3000000 +QOVOGDD *0000900 + 1000000+01 +0000000
*000LU0GO 0OIHG00 +QUV00U0 e 1474178459 +0000000 *000000U0 11702928401 «14808750%01
26249993=01 20UWLBdL _ _ e0Q00Qe6 2000000g . +25%7338=07 _ «0QO00OO . __ . _sQ000Q00 ___ _ .000000Q0 _
100u000V 69u3126%00 *0uud0u0 +0G0G000 + 000000 28414703=g8 +0000000 +0000000
204006090 . . s6UvOGYD 02479999400 | +5415993+p6 _ +00000ug _*00000a0 =~ 150655908 0258160408
R 000006y * U060 *+GUU0LLO +6903126%00 2 QU0UYVO *+Q0000J0 "+ 4300304208 =e5275504=08
: 20300000 - <e2580540%04  .uGuODLD _ +0006000  _ _+000000Q . 1698074402 +0000000 +0000009 _



- |
TABLE C-2. (Continued)
T T T T T T T SYIFFNESS COEFFI&'IENTS T 0 e

T HELTA TT T T T DELTA T DELTA R1 THETA ¢ DELTA T2 DELYA 22 7~ T OELTN R2 THETA 2
“FORCTI TEEILLE) +0UCUH00 +0000000  +0000000 "e1233285+g9 +60000600 +0000000 +0000000
TFORTZY T 7T S0000u00 T T ¢525W256+1) 1496736403  =e25712G6*10 10000000 T =eBIBNISEYI0 T S3US0ZYZ3%03 T T =e 4203063410
TFORCRT T 77 L000uu00 T T Tel446736403 T T 5558104407  *e 7917221402 20000000  ~  T=,i502923+03 ~,3733458409 ~ =, 15188354037
THORE 1 e00SLG0 T T ee257120740 = 7917221+a2 V219479710 «0060000 T WEETIZGTFIGT W 1917227402  #1500%41F10
TFURTT2 ™~ <41233283+0% ~ 7 50060000 T +0000000 +0000000 v3083206%08 "7 J00UODGO ©  +0000000 T +6000000 T T
TFORCZZ ™ T G000uuET T =e525428941p 7 we 1502921943 +2571203+10 +0000000 745254249410 L I3004NTE03” T 4203089430
TFORCR2 ™ 77T Ga000000 T T T esN502921+43T =4 373395 +u¥ 27917210902 +0000000 T« 13004474037 T 1030900+10 V1310833903
THORE 27 777 ,0000060 T =+ 42683458410 =y TIT8833903 +I500%39+10  «ao00000 +4283058+10 «1318833403° 61357204107
s e SEGMENT SYMMETRY CHECK e

XLEETEIR T 2 00Uu000 + 0000000 +0000000 +0000000 +G000000 +0000000 +0000000
TTTVI000000%g1T T #525%256%10 T «000LODY +0,;00000 v0000006  ~ +0000000 T 0000600 0000000 "
TTUVT0GOU0DYOT T e loduboutdl T «555B1R4¥0Y «0G00CD0 T~ +G000000 ° ~~ »0p0GDGE T eguoogoo T 7 7 e0cdaged T
TTTRITGR00IFOT T T T e 190600001 T TTIVTGGG08GTT XILATASERT +0000000 BEY  T71.1: 7Y Y 1+ 131 7, T B T+ 111+ - 1 [
TTTRI000001v0 1 TelgGulootal .'louuoou%'o‘l—_ol?a‘ﬂwa%‘l;;‘_-?oﬂza'biua T 770000000 T T +0000000° ° T eDgogOO0 " T T T
—VI0GU000%0) e TobuGolval " e Togul0 50T +T50000T+a1 +1000000%61 '~ +525423%+1p ~ “Joo000UOd 40000000 T

+T0GGU60%01 FTe0u0uT+0T TeTBuG00T* 0l +T00000T+0T  +T000000%01 +lpDodgd+oi  ~ +1g30900%Y0 ~~ »000OO00 ™~
TTTSTODGOGGYIT T JTagucol+gl  eloguooT ol v1G0060T#01 v1000000%01 »T0D0000%6T ~«1000000%01 ~  +5135720+10

____*806ouo6 e
*e8025065~¢0])

226ub230%¢7

+G0GuO0Y

—— 20000009

; 2321443849y . s - v
=0 1043925+08 : :

SEGRENY [ DAD WATRTCES

+ 0000000

17
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"SEGMENT NUMBER 2

'SEGHENT CODE 2j SEGMENT 2 OF REGION } (PLATE)
T o - TIC - STOP DTAU DIFF STEP DELYA — “T 7T
T TR eG00uG+ 6T T T T T T T B Laguons T T Te 1250000400 1060060037 T 7 T, 3060000001 i
o GEOMETRY INPUT VARIABLES . i
e e e .+14u00000 __+0000000 _ .+00¢0000 -
- Isot MATL SING THIC THCN T FREE = +750402 LINE NUMBER "OF 'TABLE COLUMNS = 57777~ =
e el ... MATERIAL PROPERTY TABLE USED_ e e s
+75000+02 s6uuQy el $63804+03 +65700+03 168460+g3 *7180g+03 +82000+03 +97500+03 +10770+04 ¢ 12800404
T Th23540+08 2235008 «23000%08 022800L+08 122450408 «22000+08 »20700%08 «18700+08 «17400+08 «150800+08
... %33300+30  33306%60  +336G0%0u . +33800+0g +34000+00 +34300%00 _ +35200400 +36600+00 _ 37500400 _  +38600+00
+ 2149805 29 149u~u5 9207045 +92390-05 +92890-+05 19337405 +94990-05 +97480705 +99130~05 +10109~04
. TABLE OROER PHl OR S ¥S CROSSECTION PROPERTIES e
1999000+ *306uG0o+ul v 45000G0+01 +4500000¢01 +5001000+01
_e4375090+%g) *38%w00u*0! ¢3275004+0) «2970000+01 +2480000+01 - -
T m T e T TABLE ORDER PRITOR S vS. TERPERATURE LOADS ™~ " T T T T s e
___*6750Gautpd 2682u040+02 +698L00U+D3 +7130000+03 27320090403
B PROBLEM 1 TABLE ORDER 'PHL OR S VS, DISTRIBUTED LOADS (F THETA, F pHI, F ZETA, M THETA, W PHI) o
LOAD IDENTIFICATION CLUES jolbjv —— . e e e e e e
20006000 +uQ@WODG_  su009000 40006000 _.rGoguoge - . . .
«00300u +3d0u00d *uYOL00u 20100000 +0000000
—2G0G0RRY +Qeue000 _*8p00000 _.+00000600  +0900000 __ , . - . o
T T T T T TTRRYRTR K AND Y TTRANSPOSEDT T MAG ¢ ouTeuUT
a—C ....200000u0 _ _  .000000¢ .—+2500001+0}! ___ +0000000 .+0000000 +0000000
17690713408 +20U00U0 +0000000 +0000000 *1168397+01 +0000000 +0000000
20000000 0000000 s0ulO0UD_ *G00u00D 0000000 _ 20000000 _ _+1000000+0} +0000000 ~
«0000600 *GGuG000 +QUV0La =e2150692+8 *0006000 *0000000 03173603401 0 138976840)
+1599999+00 *LUwOURD QU060 *5000000 24520911-g7  ,0000Qa0 +00000090 20000000
+0000000 0 bTY54529GG +00U0000 *u0006000 +0U0GB00 0237127297 +0000000 +0000000
—-20000000 | e00000GD 03999999400 +14687994+g) 20000000 _ +0000000 ___ = =e3097976=07 4358884307 _
*¢0500000 *4lu00Go *§3000u0 «6670860+G0 +0000900 +G000000 30149225-97 ~e24508(6wg7
—_+0009000 =+2070670%G6 _ ___ +0QU0OD 28072036704 _+0000000 _ ____+1539960=p1 TAI3I44Q2 1) me|589566"1)

TABLE C-2. (

Continued)




T DELTA I DELYA R1 7 T T YHETA LW T T DELYA T2
TFORCTI ™ 777 (HOUOIBY+L®  euuLbupD T TVuoudGop T «U000DGD T =e1927359+09 7 10000000
“FORCZL +Q0V0LLY 20012409 2926305841 =¢1347215%1g T +p000000
‘roncﬁj*"" 2 000GGGY 09263u58+¢1 06191829909 4148324402  +QUGOD00 =s1201095+02
THOHET T T T T e D000uLD T 134723541  ~e4T48T24%g2 7 V2885382410  «0000000° T Te1347215%107
TFORCT2™ T, 1927352+09 «00WUO00 " Ta0000vO0 T 0000060 T T 47709408408 T 40000000
;(QICII”' T 0000060 = P25UL04409 T ~e1201099+g2 7 S 137274107 T V0000000 Te9200iG4+0Y
TFORTRZ "7 T, 0000000 «d120TudT%02 7 "=35299418+09  W¥148320402 0000000 ~e2089310+00
1non£‘2”; T+0000uu0 e TE3T508+00  =o3HA4T23+02 " " o1 194178% 10 +0600000 “e1131508%1¢

BERNCY YT £ T LT R

© +100LUGG+0!
T «1030000+01
TTTEN00e000%01

T 1006001401

T vl0agda0tal

TTTTI006000%01
T I030008+01

20009000 _

T ee2510601900
Te2102056%04
+003J0000

TUDERTA Ty

_28166898%+07

RN T

KY DIV TR

e T

92uuli 209

sludubocrut

sluvwiporol

elogauuolirul

Telutevdlvul

6403481 %y)

®s4744597=0g3

€LY,

"22077748¢Q8

TABLE C-2. (Continued)

'STIFFNESS COEFFICLENTS

SEGMENT SYMMETRY CHECK

DELTA 22

DELTA R2

TTHETA 27 7

ond

T T ee9200G1 12909 T =e V201095402 =e1131509¢10

" elpgubolrol

7T TYleou601+ 01

+000u00y +0000000 +0000000
swB0UOCD T T y0000000 T s0000000
TTeo19T82949% T T 0000000 T “s0000000 ~

T TG 0uWU00%T ol6§5312$1o. va000006
vl0puGou*Rl T e 1gogooueol  «770949p8+08

"o Tpoo00T+01™  ¢1000000G+01

s lpuuooi+ol

+TGO000I+01 1000d0d% 0T T T

T T Toe000T+0T T «T000000v01

SEGHENT LOAD WATRICES ~~

“"voo0g060 ~ <

e 1000001401

~Jo00005
+0000000

+00G00D0

+0Q00000
eF200104%09

«1g00000*G1

5299421409
Te00000006
e 2089313400
T e 9267956409
«34041234+02

“0000000
+0000060

" sQGoO0O0

| T0000000

0600000

~ «0000000 ~

§9267954409

+ 100000001

TeHIABITYe02”

."f3404126062'
- "irrw#ifviid“"
* 40000090

+11315p8%j0
B Y PLT YT T
+2246734+10

" .0000000
+0000000
+0000000
«0000000
+0000000

+0000000

22246734 ¢1g



- TABLE C-2. (Continued)
-3
N
————SEGMENT NUHBER ™3 ~— "SEGMENT COQ0E 21 "~ ~~SEGMENT 3 OF REGTON T (PLATEF "~~~ TTTTT T Tt s s e
TYYCTTTITT T OTTTRYGER T T TTUUUUTUTDYAD T T T UTTTTTTUDIFFE T ) £ AT {1 Y
S0v0enG+0ol TTssGouboal +1256000+00 + 140000003 +5000000~02 Te
L o _ _ GEOMETRY INPUT VARIABLES L i o
N = ___sLUL000G AT «0000U00Q .
Rl 15071 MATL SiNG T OTHICT TTTTTYHCN T FREE s~ ,750+02 LINE’ NUMBER OF TABLE COLUMNS w277 "7 7777
R e .. MATERIAL PROPERTY TABLE USED ol e -
275000402 6u00O*e3 +638G0+03 +6570G+03 168400+03 «71830+03 «82000*03 «97500+03 +10770+04 «12800+04
TT235G0¢08 T +2350u*ub «23500+u8 +228Q00+08 »224006+08 22209¢+08 «20700*08 »18700+08 «17400+08 +15600+08
__233300+060 _ _+3330utui . e3360u%ug +338UQ+00. . +34000+00 +34300+00 +35200+90 +36600+00_ __+3750Q+00 . _s38600%00.
+91499~05 149y =ub 092570=05 19239005 +92890-05 +9337g-05 «94990-05 197480-05 +99130~05 « 1010904
) o ~ TABLE ORDER PHI OR S VSs CROSSECTION PROPERTJES N
T 4999000401 +5500600+ul
_»2680000+¢1 02372090+ 0)
T - "TABLE ORDER PHI OR S VSe TEMPERATURE LOADS T - }
_ . #732303u+(3 0 759400G*ud
Tt PROBLEM | TABLE ORDER PHl OR S ¥S, DISTRIBUTED LOADS (F THETA, F pHI, F ZETA, N THETA, M PHI1}
_LOAD JDENTIFICATION CLUES j0l1je e e e = - [ e .. e e e e .
+G006I00 «Uuoudou i
T Weodouoe SUHOVUOY
___«00000d0 + 0000wl
T MATRTX X ANDTY (TRANSPOSED) "~ MAGIC OUTPUT T T o
BELLTTITT T ¢ GUYUOUD +L,000V000 «1100000%01 +000UDUG .0V00000 «0000000
+ 0030000 «9515429+06 PER: T 1) +u006000 + 0000000 9717631400 +G000000 +0000000
s 0Lu0G0V *uduudLL ATV T +5000000 +00G00G0 +0000000 «1000000+01 «0000000
+0GuaouL T T AT TLLULELO ~e5u%3624+p¢ «00GO0GO »0000000 «4924864+00 »9721331+00
08264463400 e0000GO0 B Y VT [T .26a0U00y 0 23%40037p7 +000000Q. .. +0000000 __ __ .. 0000000
«0ubVGIv 29435366400 2 uGL0GLO +L000000 +00GUGUD 07693905=38 +U000V0G0 +0000000
00000V s G0UGOLS +90769¢9+00 4625419490 * 006000 +0000000 ~e6035843=09 =+23803593~08
+0Lad000 1 00uGGLU «QUUOLUD 09427767+50 «0000Q00 +0003000 =e3460769=08 ~¢1455456~07
20000600 -=e3979837405 *UGuO0VD _e1374522=g4 20000000 _ «4030774=02 ~e2892305-13  «3365627=1)



TABLE C-2. (Continued)

" TSTIFFNESS COEFF[CIENTS

CELTA TV TTDELTA 24 DELTA R1 77T T YHETA |} T DELTA T2° CTDECTATEZ TTUTTTRECTATR2 T T T UUTHETA T T T
RCT TATHZYSHT T e0ubb0d0 T T T +0000000 <0000080 - ~e1340Z4B+10° 0000000 +0U0D0G0 +0000000
“FORCZT 20000000 T TeladY3peet2 030939334047 027291224117 7T 400000007 T T ae104R304+12 T T 3089883404 -, 2483142001 7
TFORCRY  <00000L0™ T e3093433%04 03967925410  ~eB8403472+03 + 0000000 =e3089883¢04 T =44083222¢10 =0 7646054903 °
“HONE 1 sO0VULLU SR272V022« 00 T = BHOIUT2+403 T T W IZ3p452410 T Ty 0000000 T 4 2729T22%1T T T eBUH034T 2403 T T WHI30787¥0
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HONE 1 +Q0U0G0O0 T e d6GB272T0 TSVNITI0IBEIET T W 230848+ 1 TeQDOUGA0 T T T 360822247 IUT1038%09 L 5654890+10
FURCYZ — #,1e¥7761+10 0000000~ +GUUOY00 " vQ000u00 2 1550839+10 +00G000G™ ~ «<ag00000 "~ " .0000000 "
TFORCZIZT T L0000000 T =11362739412 -.4033835+94 436082016411 +0000080 Te1362739%+12° 77 J4029848404 3198343634
TFURCRZ 40000000 =e9033835%,4 " =¢5270550%10 " VITING3740%” V00006007 TV EGIIBRE LY T vEUGGOIeCIT 2 VB4 650
WOWE 2 + 0000000 =y 3198143+ e 9847675403 45654681410 +0uD0000 03198143« 1 29847675403 103876247}
s oo SEGMENT SYMMETRY CHECK
1750749+ 10 *000v000 "iauuloy »0000000 + 0000630 +0000030 «0000000 »0000000
vI00Q00U¥GT — «I362791+12 WOBuitu w0000 +3000uQ0 +0000000° 77 «0000000 +00¢00000 -
+ 1UGUT0L¥QT I MHTANT 516,489+ «009060g 3000000 «30000G0 +00G00a0 +00000060
T T0GGUO0+GT vI0000A0*dl” T «lguuboutll T T W T2I0BEEFT)T T ThGad0b0ge “e0000Ug0 Y TG Jogoodoo” T
T TOgLA0ZFOT T e T gUwGoa+al lG5U0GG+0L «1400G00+D1 -~ +15508234+1 T 90060000 “+0000UGD ~ +0p00000 "
+« [QGgUC0*al WIG0uan2+at slguuipn2egl «1,00602+01 «la0ulgu+ot 0 1362739+12 +0000ug0 " +0000000
I PTTLLAL L ¢ToULOD2¥0] lguvin2ral o TL00002%8) T T 1900ug0+0s T W )QooUg0+0Y T T vS4pgoda+ly T TT,0p00000 T T
vIDQ0U0T 1T “Tatuud2+31 2 1GuW002+01 e 1L00002+01 «lgoo0ga+ol +100000G+01 «1G00002+G1 o 1p38762+) )
SEGMENT LOAD MATRICES
16000060 o
9115525231
+3582126+98
ws2212435206
+ 0004000 . - e
01176623491
=23013999+G8
+5935667-g6



TABLE C-2. (Continued)
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SEGMENT NUMBER 8 SEGMENT CODE 2} SEGMENT B8 OF REGION 1 (PLATE)
b T1C STOP DTAU DIFF STEP DELTA
- v 85uGuOGrol T Te9uduuoao! T TeN2B0600 a0 T T TL1g000006=03" T T T Bpebdgesge T Ty T 0 T T
o GEOMETRY INPUT VARIABLES
e e - e e _auwGluOv _ __ «0000000  _ _ ____»00u000g _ e e e e e
- 1sor MATL SING THIC THCN T FREE = «750+02 LINE NUMBER OF TABLE COLUMNS = "2 ~ 7 ™" 7'~
e e e e e e _ ._MATERIAL PROPERYY VABLE VUSED
*75590+02 s6puuutyd ©63800+03 +6570u+03  +68400+03 +71800%03 +820g0+53 »97500+03 +10770+04 +12800+0%
T 7a23500408 42350u%0®  +23u00%08 +22800+G8  «22400+08 +22000%08  +20700+G8 +18700+G8  +17400+08  «15800+08
... *33300+00 03330p%ud | «33600%uu +33800%00 34000400 +34300%00 +35290+u0. +366004Q0 __ _+37500400 = +38600+00 _
+92149G=u5 0 91490=u5 92070705 +92390=05 +92895-05 «93370=05 «94999=05 +97480-05 +99130-05 «10109=04
o o TABLE ORDER PH] OR S VS. CROSSECTION PROPERTIES B
18499000+31 e FuBI00G Ul
_._*2380000+01_ e )91u00utal , N l _
- - o " TABLE ORDER PHI OR S VSe TEMPERATURE LOADS ~ ~ ~ ToTTmTmTT o momT e
2 1152400+04 s 12756ua+04
. T PROBLEM TABLE ORDER PH1 OR'S VS, DISTRIBUTED LOADS (F THETA, F PHI, F ZETA, M THETA, M PHI)
LOAD IDENTIFICATION CLUES 10111y P e SRS
+0000000  sdewedos e . . e
T T«00000uG sedveduo T
20060000 _ eUs0wOGa B el — L
T UTTTTTTTT T UTTRATRTR X AND Y TTRANSPOSED)  HMAGIC OUTPUY Tttt
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28919752+u0 +ule00H0 +0HLOVGO 10000009 23843797=97 +00QON00 20000000 0000000
200000006 «9665272+0u +00000L0 0000000 +0000000 +1191038-07 +0000000 «0000000
2000006y «00u0000 _  «+9444444+00  +4775688+q0 __ _+Q0u0QUQ _ _.20000000 __ _ me11304075+08 _ =.8780924=08
«0GuGaGa *GdulGou «GQuUoue +9663758+g0 +0000000 «0000000 -=e7062710~08 ne317357 ?
*0000000 2e2293716%05 *00ulved s 1744748704 00000060 . 27669002702 7532712613  ~e34%4656%12
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- STIFFNESS COEFFICIENTS

DELYA TT . OELTA Zi DELTA RI THETA | DELTA T2 PELTA 12 " DELTA RZ T T T THETA 27

FORCTY IATTIRTSH0  vodwbubo +00L0U00 T 7 «00000007 T *41389435+10 T 4Gol00GG  «0GODODO 0000000
FORCZT T T Te825u78g%11 029,5270+u4  =02282897+11 +0060000 =0B25078u*11  =s2402495+0% e 183610%¢)] 7
“FORCRI  L00000G0  «24u5270+04 4393964410 =»e7G29463403 +00LOGLGO0 e 2402495404 =, 4484077410  =,5653967+03
HORE 1§ +0000000 =2262897411 =e70929%63+037 47966008410 T +0000000 < 42282897411 T W7027443+03 ”;”;Siﬁidzo¥lu””'
TFURTYZ  *, 038F933¢03 7~ «000LU00 + 2000600 " +0000000 01312242430 «Gu000u +0000000 +0000000
'FUlfiI____—_Tﬁﬁﬁaﬁﬁﬁ_—_°h";ﬂ525076801| =024024924u4 0220826894411 +0000000 18250768+11 02399263404 1836108711
'ruuth——————iﬁuaﬁuaw—-'*":72§aznv7oyu = 4HBHOTOS NG T T TITGZRE539GY T L g000000 T T T T e 23902839 5E T T JUS0BIIEY10 T 56539590

HORE 2 < 00V006 e l830 871 45653959403 ©3397655+10 +0000000 «1836187¢+11 ¢5653959+023 +5808328¢}0

SEGMENT SYMMETRY CHECK

NCHITIAT) +000u0a0 eGOLU0de  +30000000 " 7T 40200003 20000000  .0000000 " +0000000
+«1000000+01) 825478440 2 uOUVGUY 2000000 +0000000 «0000000 " +0G00000 +0000000
*100G000+01 v160uw0gc*ol 43939641y *»0000000 «0000000 «00000040 -uauodno ” «0000000°
+ 100000001 TaUeT0O*Yl " " Telguuboutal T T Te79660L08%1g " e0000u00 00006600 ~ T epo00OUOD T ""s0p00000 ~ T
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T © 7777 SEGMENY LOAD MATRICES ™
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e 20762% =04
+G060G0L . e e i e o i
«1125600%01
e 3648947408 L L o
+6502032%04
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TABLE C-2. (Continued)

98}

“TTNPOT DATA FOR SEGHENT COUPLTNG — "

REGION NUMBER | NUMBER OF SEGHENT JOINTS 9 NUMBER OF KINEMATIC LINKS o . R
- SEGHENT JEINTID TTTIOINTUG) RZEROG(T) RZERO(J)

] o \ Y, | +5000000+00 «2000000%00
N - 2 3 +2000000+01 +5000000+01

— — S . NS, SO 1500000001 58000000y _ . __
T T L] 4 s +5$00000+0! +6000000+01
[ 5 . _24000000+01 +7000600+01
[} & 7 «7000000+01 +8000000+01

L7 . I 8 «8000000+0} . +8500000+01 . e
o 8 8 9 «8500000+01 +8999988+01

i
|
|
|
i
!
|
|
|
|

_ REGION STIFFNESS MATRIX

- __DELTA TH  DELTA ZV  DELTAR)  THETA I OELYA T2 DELTA 22 DELTA RZ THETA 2
FORCT! 24569050 +a? « 300000 «0200300 +0000000 -.zf:nssms +0000000 +0000000 _  __ _+0000000_
_FORCZI «000G000  «4537882458  =.1276648+92  ~+7011034+08 __ +000000O =04537982408  +1274239+00  ~+1295253+09
_FORCRI 0003600 =e1276648402 +4579848449  =.2158831+01 40000000 _ 01274186400 =.4951767+08  ~.3988323+0]}
MONE 1 40000060 =+7010G27498 _ ~,2158828+g1 08271488409 +0000000 +7011144+08 22158856401 11692590409
FORCTZ =42530349408 +000G000 *0000030  <0eDOO0O «1410160¢07 *0000000 +0000000 +0000000
_FORCZZ 40000060 =:4537968458 _ 01274185400 7011120408 +0000000 +4537958408  o,1426425402  ,1295235+09
TORCRZ +0000u00 «12742384u¢ _ -e4951773+48 2158849401 +0000000 =e1426425+02 25086260409 13988251401
_MOME 2 +0000000 = -e1295250+0%  -e3988312+01 "#?5§°“°’ +0000000 21295235407 43908243401 +6360988¢07
T T s - REG{ON SYMHMETRY CRECK D '
T UBEVeSTGY T W 0G0eG00 ViGN T T 0640600 +0000000 «0000000 <gagoaoe  s0000006 T
T e kD0UBG0401 4537882498 +Good0ou " Te0000000 T 7 "T'vlo0000G *0000000 " +0000000 +0000000
. «I0TGTOG¥DY "7 T e TgUe00UFUT T W HB9YERE.GY T T T ,G§00000 +0000000 «0000000° ~ +0000000 «0000000°
= +10Go0busa1 TTTTIRD 160000131~ TV8dTTHes.GY +0000G00 +0000000 s0000000  ~ ~ ,0000080
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REGION NUMBER 2

THERE ARE § SEGMENTS AND 0 KINEMATIC LINKS WITHIN THIS REGION
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T SEGMENYT NUMBER |

Tic

106owu0~02

TABLE C-2.

SEGMENT CODE i3

SToP DTAY
T e3926990+00 | e3%0goo~gl

( Continued)

"SEGMENT | OF REGION 2 (50L1D TOROIDAL)’

BiFF

GEOMETRY [NPUT VARIABLES

~ Viggoogo-03

39 ev96=02 i

e e e e N +1000006+02 _  _  ~=+?000000%01 -...0800000
{sot MATL SING TRIC NOTH T FREE = «750402 LINE " NUMBER OF TABLE COLUMNS =™ 2 .~
e e e o ___MATERIAL_PROPERYY TABLE USED S
+75000+02 26000043 0438G0+03 +6570v+03 «684g0+03 +718gg+03 +82000+03 +97500+03 1077004 -lzigq:qi
T e23540%08° T +2350u+u8 +23900+08 +228006+08 1224p0+08 +22000+08 «20700+08 «18700+08 «17400+08 +15800+08
(033300200 _233300%e0 _ +3360Q+0¢ 233800400 +34000+00 «3439p+00 035200400 «36600+00. _  +37500+00 __ 038460000
' 214%0~05 «?1494~0u5 ¢ 92979"g5 +92390=05 +92894=05 +93370~05 e 94990=a5 «?7%80=05 +99130=08 «1010%-04
S TABLE ORDER PHI OR S VS5 CROSSECTION PROPERTIES
+5000000~03 +3936990+00
191000d+01 191000001 S
B PROSTEA "1~ "~ TABLE ORDER "PHI UR § VS, DISTRISUTED COADS (F THEYA, F PHI, F ZETA, W THETA, W PRj)y — — ~—~ "~~~
OAD_IDENTIFICATION CLUES goltiu - o e B . _
20000000 «du0wVRd o . o o )
+0009600 20606000
20000000 _eQuOwd0G — .- R
MATRIX X AND Y (TRANSPOSED) MAGIC OUTPUT ~~ - -

__+9652012+403  eowwdOOU __  +GOO00WD_ 0000000 _ «142360%+4g1 +0000000 20000000 .0000000 .
+0060000 2119u158+0g7 - 4929794406 *0 6969033436 *30000060 +8704523+gy 3265188400 4747838mg)
20000000 =el190133404 = .4929692¢03  +6968986%g3 +Q000060 38183131400 __  «9292065%00 __ ~e4747824=p4_
+0600000 =426312)5%06 + 1089885406 =22831699%04 +0000000 . +7536525+00 +3458080+01 +9401813¢00
+4935527400_ _  +0Gub000_ 2GUO00LD  _ _ +000000G __ 1967355796 Q000000 _______ +000000Q __ _ _+000000Q _ _
+00G0000 0766459430 “43165518+00 =~ 6197144400 «0003000 a7li261=07 75=g7 +5373813=g7

_e00Q0000 | +32u913%+00 62738154080 ¢2865207+} +0000Q060 _ ~e4565376=07  ~e5367868=g6  «43700636"06.
«03G0060 +3081178=01 =0 )276265=0} +8210928%00 +Q00Lgoo “eb170812G7 =0 439176%=06 “e2167581~0é
+0030000 TeR6338)7004 3970457404 4887314404 «0000000_ __ __ =+3731355-93 721904944703 »+3042708°03




TABLE C-2. (Continued)
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STIFFNESS COEFFICTENTS

— DELTA JT ~DECTAZV — OELTA RI~—  YHETA T OELTA YZ — DELTA ZZ —  DERTA R~ THEYA &
‘Fvﬂcfl +40V6%BZ+07 «0U0va00 + 0000000 +00000060 e 2B7754%+59 » 0000000 + 0000000 + 0000000
“FURCIT  +0000000 v2IBOUZEDFOY e KT7428Toy9 =oIVEQT750Y ~ ¢0000000 =« Z3B0Z50%07 7 +13924Rg%09 T S N00TNeSeDT
“FORCRI +0000000 = 1 I782671+%G9 5751133373?“;_‘71716iT3?bB“‘“Ibﬁouobd_' VT178261+09  ~o 8346019409 =, 1746087409
ROFE | +0000000 = 3V8Y3UT+GY 27179 12+,8 +9584976+0% *+Q000000 .'3989017009 e 212541 +08 «907%00%%0Y
TFOURTYZ — = 2877593457 ~ W0000000 T T «0000060 T e0G66000 T v2021858%99 T «UomoGde T T +0006000 T +0000000 "
TFORCZZ T 0000000 T T we2380250%09 T WIIT6ZEIWhY T T 3989016909 T TW 0000600 T 42380250409 T =.1392440+09  »4001445+09
“FURTRZ  «0000000 TTI9ZA4a+u9 ~ =+ 8346018409  ~+4212591+08 v0000000 EYY X FALTRI}) v99q123z%09 v22i1145%09
TWOME 2 LOOUG000 TS HB0T445+09 T = 194E061+09 T 5074005%09 7 0000000 W 4000465+09 02211145409 "el211202410

SEGMENT SYMMETRY CHECK

+4096482+09 udvouy +000L00Y _ » 000000 . +0000000 +0000600 +0000000 +0000000
JTOTO0004UT — — #238yZB0%0Y  Teugouwou T v0(00G00 +0000600 Y0000060 T 7 T 0006006 T T T +0000060
T «T00UU00*G1 T T e TU00000OT T T T v7808208340% T W0L,00000 T 7 0000000 T T <0000000 7T «0000000 40000000
«1060000%31 TG0uGH0* 0T~ el geL05u*0l 564975409 +0000000 ~+00006000 0000000 0000000~
T #106G000%01 1 T To0uGao*0l T slpuebodrol T «1006000461 T #2027856+%a% T .00006000  +0GOO00G " «0000000
T o 0UaTBT*G1 T T TeboLuwoud+ol TebGOLOGUT0! © «1g006000+01 " +10000Q0%*01  +2380250+09 ' +0000000 +0000000
+10030G0%a| +150000G*al -~ +Tauabausot +10G000G+01 +ToouGga+dl {Uo60a0*0i~ V9941232909 «0000000
« 1000001 TeIG0GUOUFGT T T T Fpho0our 0l T VTRUe000%F0 1 s T000g0¥ul “eTpo000G+H1 T T V1g00000%01 T e1211202¢107

SEGHENT TOAD MATRICES ——  ——  ——  — ————————————~— -
0000000
s 8022291*%y4
__me323883G*a6
21577422495
8006000 o
08022274+04
e 4584894406
"e9283760¢05
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TABLE C-2. (Continued)
T SIGNERT RUMBER 7 SEW 3~ SEGMENT"Z OF REGION 2 (EWUA SANOWICH TORUIDAL)
TiC STOP 0TAU DIFF STEP DELTA
39249000 +7853960+00 +3900000~01 +1900000~03 +3924790-02 be
(]
o GEOMETRY INPUT VARIABLES o )
1000000402 =.7000000+01 +0040000
Tsot MATL ™ €qUa T yAlcT T TUNOTH T T T FREE = T,.750002 T LINE T TNUMBER OF TABLE COLUWNS » 2
MATERIAL PROPERYY TABLE USED B
+75000+02 260000%w3  +63800%03 065700403  +68400403  «718yp*03 82000403 «77500+03  +1077040%  +12800%04
+23500%08 +23500+u8 «23000%G8 +22800+08 122400908 +22000+08 «20700%08 ‘+18700+08 «17400+08 + 15800408
233300400 +33300+ug 033600%00 . +33600+0G _»34000+00 _ +3430p+00 ___ 35200490 236600¢G0 - ¢37500+00 38400400
e 91490-08 0919955 29237045 092390-05 »9289(3~05 +93370-05 +94990=05 «97480~05 +99130°06 «10109%04
e . TABLE ORDER PH] OR S ¥S. CROSSECTION PROPERTIES e e e e e e
23914990%00 27863980400
+2506000+00 22500000400 o o L e L
+1410000¢01 + 41000001
PROBLEM | TABLE ORDER PHI OR S VSe DISTRIBUTED LOADS (F THETAs F PHI, F ZETA) B THETA, M PHI) o
LOAD TDENTIFJCATION CLVES ¢o0diic
+0000000 ~0iE0u000 B B ) o ) -
+0000000 2 000UUODD I e . —_——
+0000000 20L0000U
) _. ... MATRIX X AND Y (TRANSPOSED! HMAGIC OUTPUT - e e el
1406846403 «00u00G0 «0690000 +G000000 « 125255901 +0000000 «0000000 +0000000
+0000000 04299398406 v 1299396406 702315395406 _+00V0Q00 ____ _ _ «BTIN94IYLO _ »e33949C9%00 3154120701 __
+0060000 =45382275+05 «5382268+95 «9590470+05 +0000000 4043817400 ' 9059887450 =4 1307307+01
+000¢ *012849210406  +12842u8+06 25387290405 _ _«2000000 28087115000 _  »36879144g1 +9367999¢00
437289500 *00L0000 «0Gu0000 +0000000 1788732706 *000V000 «0000000 00000
+0000000 - 28036216+00 =e3716755+g0  =+7349019%g0 __ +0000000 . 22610393206 537991507 «1065315-04
+0000000 - 03364969400 «7567128+g9 «3155775¢p] . +0000000 ~+9662410=06 =e7104423706
10000600 21927960703 =e}927957-0) _ +8602226%00 _ +00UGQOO __.707663870-06  =¢3028994704
« 0000000 - ~eZ&IAS21¥ g4 22634517404 24271312%04 +g000000 -wsssmn-o: Te4554476m03  ~e5512374%0)
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TABLE C-2. (Continued)
T T STIFFNESS COEFFJCIENTS — — — ———mm - ~ T
TTUDELTAT YU UDELTATRY " TYREYR I O TTTDELTA Yz DELTATZZ T TUORLTA R THETA 2~~~

TURLTY *IETTRTEGYTIO0000G0 TS 0000000 350003 L (L L 0T aukEees T
TFORTZT™ T TGG004Gee b?lacazvzov"‘s:sazqzinsha'“"-32@253723@# T 00000007 T TSV 2T 0ERIGYY +7418809408 ~.2524175809 " ©
TFURCRT L @000500" ""‘h;sszwrzatba““";2ﬂiivva:b7“""-}TJEE;VF:EV’“‘?dﬁbbovb“"’**‘Tswzar?wxab*“2:2aaiwﬁ];av““2:2731723307‘““‘“

RURE 1 00UGGUe T TSVZU2GoTEeEY = TIBSSIT4GY TR TR T T 0006500 «2820672%09 1323928409 4072793409
TFORCYZ ™ TeTI0RT8L845Y T T g0GGo0E— — - ELLTT 107 BT - 1797777 it T Te815BBYIHGE T W UgGge00 © s000HOUG T TYD00600gT T T —
FORCZZ T "‘.’bﬂﬁi‘ud’ﬁ'"_“"“--'ZTGUG'ZOVM TTTe5844T2[eg8 T9282007 1409 +0000000 *21068Z28+p9? 7418807408 2528173508

FURTRZ +000000T e 7THIBEGSIGE T = 26Gi VIVeGY + 132342740 46000600 ~«74186G7+p8 +2945432+09 v2275089+07

WORE 2 “?Uﬁﬁﬁciu“‘—“"‘iizszir71&56‘"GJZTEWVZHxav"“‘Tﬁo7:7(9?b9 T T e0000000 T 25281 74409 02275089+0% 911940046 ——

SEGMENT SYMHETRY CHECK
“1277874%a9 “0G0uda0 1600u00u +0003000 «0aD0Gau +0000000 +0060000 +0000000
T TO00UGH AT Y ZG6829%G9 T 555060 ?B6aiﬁﬁﬁ“‘f“"fTBEoEHEGT"“_‘_'?Ebhbﬁud’“""‘“'iﬁdﬁﬁﬁdd' +0000000
T« TO00GUDSaT s T00u0BG+OT — ~ y248T WWOT*“"-bbbhbb’of."'_“_“.h'iﬂb?da'" Y 1:: [ TR ] " eggoguoGg T "-’o"ﬂci'oad’_ﬂ“_*f_“‘
B CUAC LT L T ) Ry T T S RS SR 0508060 +0G00000 6000500 6500000
_“'-Tl)b“b‘nh'l“i'}"_—_"v'ﬁ'b'&b'ﬁﬁ'fﬂ'l_‘"—'Tldﬁﬁiﬁiﬂiﬂ""‘ i‘lbm’;’o‘od"&tﬂ"_‘_TCTS'OHFZJ'B"'“ T +0000G90 ~ - +0000000 +6000000 - T~
T eTO00U00%GT T I ﬁu‘b’ﬁl""ﬂ“"__‘-fﬁadﬁol‘ifr ""o_.To‘_deTia"l__‘"',Tmoo:dd'ﬁjl]"' T 2104828409 _“'_Fnb'oobb”n +0000000 " T T
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TAGLE ORDER PHT OR 3 VS, STRESS PROPERTIES
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TABLE C-2. (Continued)
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S . ...  SEGMENT NUMBER 2 SEGHENT CODE 3§ . '~ SEGHENT 2 OF REGION 3 (EQUA SANDWICH CYLINDER)
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( Continued)

TAWLE ORDER PR OR S5 V5. STRESS PROPERTIES
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SEG"ENT NUMBER 3
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_...e9088216%+00 s 00WLUDD *+0UUOUL0 600000y v?167883~04 +0000000 +0000000 +0000000
+00VV00 2996057600 05081523=¢} +1275272+g0 + 0000000 +3063561=04 s 265259097 »e2)8185)%p7
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(Continued)
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Y GGL00GTIT T RIS TORGY 50000630
+1000009+01 W TG0B0GOSTTT T +6765150+08

TTRTL00000%01 - ¢lo0u0oGeGt
sluuulousol

T e 1g00000+01 T e 10000006401

¢

/
‘“Rl/il"o'n"mdo MATRIX

v IGu0G0I*0}

TelgogBoless T vio00008+81

T T edoooses
T LTY I T LA
“TJigboogueol

+1000000%01

“T'e0000000

“ "viopn0G00+0)

.

Lo —. - - ¢ ettt
" +0000000

TTy2231024408

T TI615293440Y

e e .
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TABLE C-2. (Continued)

© 'INPUT DATA FOR REGION 'COUPLING .

NUMBER OF REGION JOINTS 5 NUMBER OF KINEMATIC

REGION JUINT(E) VOINT () RZERO(I)

1 _ 2 +5000000+00
2 3 4 +7610000+01
3 4 5 13023460402

REGION LINKS ~~ ~

"JOINT () JOINT(]) ANGLE OF ORIENTAT(ON
3 2 . 21570796401

RIERO{J)

«8999938+01
+3023660+02
032533} 1+02

) T BOUNDARY CONDITIONS - ) o
- WOINY  TTDELTAN VT T PELYN T TTUDELTART THETA 7 7 "TTUANGLE ALPHA T
i ] ‘0 ) ] +0000000
2 \ i i [} +0000000 ~
TETTTT T T T T T o N g 77 JgougooL T T T T 7T
) 4 r ) 1 I 1 B +» 3000000 )
5 i - i 1 | ) «0000000
e N
, el s . R . _ N
N
N N
~
\
N \.



no
(W
£

ROW COMN 4’
1 _e19566444y7
2 + 003000V
3 __23128013-pé
4 2 Q0UVLOL
- S— | 1
b +00%Uuuv
1 +1050146=y5
8 +Q0VOL0L
I S— U T
16 YD IT)
AL e13299y2-p5
2 +0000000
— 13 +Q00Guuw
14 «30000u0
TROW T COMNT T TV
U WU Y <111 T TR
2 s 3608589~}
3 2 000UL00
4§ *32154523=y49
5 me3352M17=39
3 ¢7549565=1y
U — ] 11 1T
[] 02106838«y7
PO, J 02605772=¢7
o =2 26R29489~(%
b «00006u0 |
12 W 1973001~07
13 =.5858936-y8
[X] 09336431 =y9

COMN 2

*u0uvu09
»219330u6=08
2 GUGUOUG
~45026738=1g
01799767249
«1761159-1¢
L L TP Y1
~e28038411=y9
-03608595-1)
= 664504612
«0d0V00Y
~e 2797 141209
e42y5657~12
01588912~

COMN 1a
+60u0aD0

v 6645549742

.2 000U000

=e6172764=1)
=¢5253641=1)

Y )

s 139687008

20262749909

» Q04925-¢8

s 000LGOD
=e2423051 =09

e6178594~0%
“e2)70390=09?

149740219

TABLE C-2.

(Continued)

THE REDUCED FLEXIBILITY MATRIX

COMN 3

«3128022-56
«8000000
+5630953-y5
+006p0000
+0000060
20000000
0 189Q92723-44
«00602000
+»0Gu0v00
«04u00ag
22333835=y44
+G000G0O
v0UG000u .
+0000000

CUHMN i

21129907245

«0U00000

02033839=g4 _ __

+ 0000600
+0000vQU _
*«0GLOU00
06843114004
QT LT
LY LIV 171 T+ R
«0000000
0736431 2=94
«0QU0d00
+G000009
*2000000

ComN 4

10000000 _

~05G26755=19

0000000

1422698607
= 4656948109
~e7088971=08

.- +Q000000

1638067807

~e2154485~09
s 1499462-19
+0600000
16380Gé4-g7
«5560435~10Q

~+1Q37103=10

COMN 12
+0000u000
*+2797154=09
20400000 .
+6380074~07

259835008 __ _

"o 1463245=07

_ 20000000

01826292~06

. 21973Qu3=07 .

»e2423038-09
+ 0000000
+192g498=06

0413663308
11862125=08

conn 5

. *0u00o00
179477299
*0000000

s 489479209
01667212=00
0 1635990~yu9
+0200G600

~e260688]15=(8

=e3352127=10

=eb172779=41
*¢QUGOL00

~e2598345~¢8

0390676411

$1475138~32

COMN 13

+0000000
«420596%9=12

. ..—-*0QU00ED0

¢5559748-10
13907042=)1
"e1948062~10
*Q000000
=eH4010447=08

_~5858940~¢8

26178594=09

*D000000
"e4136450=08

28627735=47
*01134402~07

comv ¢

_ _.20000000
el761164"10

+ 0006060
=e7088971=08
«163599=09
*2483677=08

+0000000. ...

»s1463458=07
v 754946610
“e5253774=11
+3000000
e 146324307
_=el946211°10 .
0363449611

COMN 14
_eBQO0QL |
+1587888=13

-20000000  _ __

=9 1037074=10
- 11475023232
03624432-11
.+0000000
*4848779=09

19336438207

~v217037)°09
+ 0000000
286212608

=e] }34493=07
*©3272039-08

comn 7

.. »1050150-05

003000
2189027504
+0000000
+0000000
«0000000

--26360077-04

+0000000

. »0000000

+ 0000009
o684311)-04%
+0000000
0000000 __
+0000000

CONN [

808423-07
+0000000  _
26380686707

02608818708

»e 1463460007

..«000000Q .
v 185462606
12106839207
+109087108
+0000000
1 1826292=06

- 714010425708 _

484876707



1414

TABLE C-2. (Continued)

THE EXPANDED REGION JOTNY DISPUACEHENT WATRYX {REGION END DEFULECYTONSY —~— -~~~ .

g3

NOINT _ . .PRoBLEM DELTA T LDELTA 2 L. BELTAR OMEGATHETA
] U +0u0DURO +00000g0 +2467G42-02 40000000
I ! +0u00u00 =08319958702 . _+5951767~01 22914986%02
3 - ! +0000600 seBa4VisATp2 _e59SM7e70L 2914984702
L R _.e0000000 #1134515%00 ¢1814254+00 =+1195288°p)
5 ! +0400600 ' «1875445%00 12130359400 _ekM45R1P702




244

TABLE C-2. (Continued)

REGION NUMBER | ~

THERE ARE 8 SEGHMENTS AND ~0 KINEWATIC L INKS WITHIN THIS REGION

SEGMENT NUMBER | SEGMENT CODE 21 SEGMENT 1| OF REGION 1| (PLATE}
TABLE ORDER PHI OR S V5S¢ CROSSECT[{ON PROPERTIES - )
+4999000+99 22p010p5+01 e e e e e e
+4375000+01 +4375000+0}
] _TABLE ORDER PH] OR S VSe TEMPERATURE LOADS
« 675000093 *6752000%03
o PROBLEM | TABLE ORPER PHI OR S V5S¢ RISTRIBUTED LOADS (F THETA, F PHI, F ZETAy M THETA, N PH])
LOAD IDENTIFICAT|ON CLUES 101110
+006a000 LTI T ’ h ’ T TmrmTmr T o o T
+9043200 1WB0UEY0 e . R e e .
«0830899 +0000900




91¢

"PRT CRAD#"OR INe) -~
EPSILON THETA
v

.v..

w
OMEGA THETA

OMEGA PHI

+560000G+00
49340683-g2
wiudQulu
0246704202
*e75%6479~10v
+0udaouo
«Gud000L

+6349999+00
2569418802
'waudGubg

__+3234809-02
0135781 9=05
194361204
LR T VTN

97699997+00
«5177682=02
T eGud0R0u
0 3986814=02

«5115069-05
__+3587006=04
*GU00G0a

T e9u499%6+00
05226609-02
v000bouge
24730079=02
v 10969G3~04
___95ué453s-04

DEGREES

EPSILON PHI

4 PHI

J PHIL

Q THETA

TAU ZETA PHI = /T

TABLE C-2. (Continued)

PRINT JNTERVAL
GAMMA PHI THETA
K PHl THETA

N THETA

M THETA

SIGMA THETA IN.

TTAU ZETA THETA = W/T SIGMA THETA OUT

» UU0BL UL
0577694702

-01927888401

= 4927888+g)
+u000u TG
+00duvu0
+000GS0

+HUYLUOD
+5646425242
e 1518022491
_=adB1BLI2+ul
IR
«00I0L D
T

U0 LVLO

¢5532414=y2
= 1251875491

s HUUUNIO

LY T T

2 UOOLOO0

WUOGLUG "
.e548287pw=y2
e 1065132+u1

+ 20000
*0000bd0  _

Ssloe5lazenl

STEP

K PHI

J PHl STAR

N PHI

M PHI1

SJGHMA PHI IN
SIGHA PHI OUT

PROBLEM NUMBER |

1 254U000%60

*006u0G0

*000vaL0
=1b6254013+45
99714391404
=0 1722576*4L5 .
=e 1 113544+05

*15000v0*01
0 1610949-03
"e1927888+01
=e7031256=¢} .
=42862787+05
=e8973978+04
+8973945+)4

PROBLEM NUMBER | _

«1250000%00
*0G0LOLY
00000L0 -

-e5427120+05 .

«r} 330804405

-0 1566222405 .

~e7318877%u4

*1250000+%00
+0C000yY
+000uw0G0 -

. we4814508905

1151838365

-0 1484997405
~+5333638404

»125G000+00

*000G0u0

2Q00u00d
TTav1628482+05
=21437726%C5

~e4G5670640S

*150u000-01
e13G4881=03
*o1518¢22+901

v211831324¢5

n92503454+G5
#s 105586405
¢5143260+04

PROBLEM NUMBER

+1500000=01

el 145527=p3
»e]1251875%01
2018034463405
.=e2315900+05
ne)§38384%5

03137436+04

.. PROBLEM NUMBER 3

+ 1500000~01
+1051364=03
01065132401
"22170470%05

~12205821+05
— ..."21187585+05

R ZERO NUMBER OF CYCLES

K THETA N TEMPERATURE THETA

T PHl THETA N TEMPERATURE PH]J

N PHl THETA M TEMPERATURE THETA

M PHI THETA M TEMPERATURE PH1

TAU PHI THETA IN _ SIGMAF N -

TAU PHI THETA OUT SIGMA F OUT.
+5006000G+00 1
+0000000 +8301592+06
+ 0000000 +8301592+06 -
2060000 .+0000000 ",
+U0CQ00T +0000000 - - -

« 00060000 11492232405
+0GG0000 o 1744874405
«6349999+00 a7

13060807-04 ¢8301592%06
+000000G «8301592+06

. +0300000 20000000
+ 0000000 +0000000°
« 0000000 «1383407+05
+0000600 + 108472305 -

T W7699997+00° 73 -
« 4658451 =04 +8301592+046 R
+U000000 +8301592+06

ee_2D00QQOQ_ . ___ . +0QQ0000 __ . ..

«0000000 «0000000
_+Q000000 2134554095
+0000000 «7415103+04
19049996400 109 .
0559617504 18301592406

" +0000000 +8301592¢06 ,

...+0600008 0000000 ______.___
+0000000 +0000000
+ 0006000 « 1330404205



AL

+G0Pdv00 / «00000v0
12399990} B e, N
525767202 .sqsluvo.gz"
- +0U00900 _=e 9268492440
«5447974=02 '-926‘?920g0
_ 1873841 6=0Y __e900Q0YG
1644079504 «00G0090
Y0000  «Gd0gb0n .
_el1749%9sa)  40u0uY0p
«5278874w02 «5429372=02
WB00000. . me8203778+00
*$20232) 02 | ®e8203778eyy
22083295104 ' «0uU0GU0O_
1775069 =04 +2200va0
_.. ) 20000000
03309999+ 10000008,
V5293269-02 TTes¥iaTermg2
e0G9000Q =4 7358350+0¢
16934179902 =47358350+00
2296508904 o 00000000
R ITLYATIT L) *JU0DURL
+Q00000) 20009005
_e1444999+g1 R00ubBC
- 95303954-02 5402060~02
0030005 =0 6670891406
e 766421202 E Y Y LTETT -
(25268453204 +000D0d0
“el024579=03 +Ud00O00
+0006040g +G80000a
T RS
e ———e e
_+1579999904  .0uOuLu
«3311935-02° V539298402
20000000 ’ 2T R TR Y

TABLE C-2.

24 14TOTTHUY

(Continued)

. *1953500%04 _

PROBLEM NUMBER )

» 1255000400

*U30uos0

L IR T
~e353u774+G5
=0} 698566+(5
=e | 4GB054+u5
“13431568+04

PROBLEM

" 1250060+60

*QGoulia

*00CwlGo
=+3468U0L5*05
=0 1745916+05
-9} 388435405
=029385294G4

+ 15050000}
+9916813=04
"e9268672¢(0
»e2407393+45
=s2) 35755435
“e} 219686405
el 193701404

NUMBER §

«1500000=01
«9513617=g4
*e82G3778+Q0
=+25703037+p5
*e2088422+¢5
=e [ 2420%4%y5

+672)876%03

PROBLEM NUMBER

* 125u060%00

*JLLubLo

*0uouduy
=035753g0¢%0S
e [ 779397445
=¢}374998+p5
02594249404

¢ 1500ue0=g!
092285294
*47358350%00
»e24688406%05
0205495445
»s1258450%05
02967228+g)

PROBLEM NUMBER

© 01256000%00
*«0000000
*000uUUuD

" Tev3500480%05
_=el8p3%42+G5

01365595405
~+2346290%04

*1500000"0}
0901954904
=ebb70891vG0
-12778375%05
=s2030422+%g5
*0}271532%g5
1417782442

PROBLEM NUMBER

. *1250000+00
*JuouiuD
20090u000

21500000701

Y ITYL R
*¢6100910%00

.. #90000600

«1939999401
e6193076=04
+30000G0G
+0000000
+ 9000600
« 3003006

e 00G0U0y

« 11749990}
0659633404
+0000600
+000gG0U
+0000u0U
+000490G
+00GA000.

21309979+01

688148504

+G00AL00
20000006+
+600GLOL
+ 2004000

...+0000000 . .

ROLLTILLYY YR
27090519704

+0004000
+ 00030600
+00Gua0o
+GG0GU00
*¥0GgI00

+1579999+01

Ti724030304 |

+0000000

LA AL IACLY

. 145

+8301592+04
+8301592+04
+»0000000
+0000000
+1323959+05
0415846504

181

8301592404
8301592406
«0000000
+0000000
«1321356%05
03325943708

217

e8301592+04
830159204
+0000000
+0000000
»1320677+05
227544622404

.28 )
+8301592%06
48301592406

«0000000
+8040009
+1321075%05

2235341 1%0%

Jzey
.laux;»z*ua
L 08301592404




8%¢

TABLE C-2. (Continued)
+8392082-02 R TY T T 1A 4T T *s 3445964405 e2049525+05 +0000000 +0000000
STIOITH-GN *0000Va0 =  182247G%05 e Z0T1906+05 +0000000 +0000000
118823103 WGa000d0 v 1358937405 e (20199105 20000000 ¢ 1322146408
«G000000 *0G006000 =e216346p340% -e2064929v03 +0000000 +2048103+04
PROBLEM NUMBER |
ToI7TWYYeeal T T 7 T Jodeedae” T TV T250000460 YL L T N Y AL 1L 2T T et T T T
v$53180) 7902 285385620902 - 0000060 _ _e873%9844=g8 07379317=04 28301592404
*Gu00000 *e5620063000 *0Q0u030 05620643460 « 0000600 «8301892+06
09020392-02 =s56206063490 =0 340578705 ~e29Q78212Q% —+0000000 - 20000000
*83567346-0" *+0U00G00 ve 1836798405 -e | 99758805 +000000G +0000000
2126900903 20000090 =el3542%605 .. ®el290828%¢5 . *0000000 _ L. e1323477%08
+0000000 +3000va0 ~12026850404 e 3044203%03 +0060000 + 106458240
PROBLEM NUMBER 1
TATERYYYYegl T T T 7L 4000000 T4 1253000¢00 «1800000701 T T T T .18%99%94q1 T el
2532272802 16537964502 _e0000000  _ . «8613592=0M _ _e7446611~04 + 8301592406
+3000630 Tweb2t0506%00 +0000000 «46210506+00 +0000600 «8301592¢06
278047G39q2 e S5240506200 __ __=e3376080%05 . =eR957434%0S _ _ . N
* 1014249803 »0000000 B IR e 1986290405 «0000000 +0000000
«1381322+03 0000906 _.=e)351030%05 | =e1298558405 __+000000D o) I258BT06
+0000000 «00dava0 1923507404 - -~ =eB327511%g3 +0009000 e1720161+04
nougy_junun [} _
) U Sy NN LR ot h e et e M e — . g -
B R LiAZZY I DY Y I [ T ] * 1250000400 15000000} 1984999401 3 "
95326921202 +5374528+02 0000000 . 8566304704 L. 2754300t 28301692006
+G000000 Twed85613%9430 90000060 Te 04856139400 +0000000 301592406
_e1QS57294-08 <. 4856139+9y =93354239405 - .. =e)0QUD65%Q5 _ .. __ 0000000 . —_—
+12085878-03 +GO00VI0 ~e JB57187405 "o 197721905 +0000000 «0000000
0149747303 eG0GUVYD _=e1348854+405 _ ®s1305527405 . +0000000 _ _ «1327721%05
*QU0V000 «0000u00 ~v 184511 9%0% ~e65%3165+03 +0000000 1619459404
.. _____ PROBLEM NUMBER 1
TeTYRETeenl T T T 0000000 V125000600 "TYv1500000~01" T e19999%94p) gy -
9532678902 _ «5374u16=g2 +0004000 085508669=04 2755157704 +83015%2+06
"o80006 = 4819718450 V"00000G0 .4817718+00 +0000600 +0301592406
0106635501 24819718400 me33522) 44405 _ ®e3004525+¢5 «0009000_ . _ »00000¢
123113703 «090uvag ~e| 858004405 - -=e 1976322405 +00060000 +»0000000
_01510314-03 20006600 e | 348673905 - ‘#e) 306265405 20000000 21327977405 _
*0300000 +2V00600 «e )} 837678404 e 672320543 +0000000 ¢ 16104546404



'I_-‘ABLE C-2. (Continued)

—STRNENY WUNBEN 2~ " SEGNENT CO0E 2T SEGRENT T OF REGCTON 1 (PLATE)

TABLE ORDER PHI OR S vS. CROSSECT]ON PROPERTIES

2 1999600+01 +390ua00+01 *+%0000GuU*01 - «4500000+0} «$5001000+03
+9375000+9} 238%000%01 03275¢u0v04 229700002001 ... _+268000040) .. . ____ ___ _ e -
R : . T T " TABLE ORDER PHI OK § vS TENFERATURE LOADS T
26750000003 1 682¢00Qedd . 6980000%03 1 7130000403 . »7320000e@X_ . . ___ .. —_—
R - . . LI S DRI . .
: CECN oot
PROBLEN T '~ TABLE ORDER PH] OR S VS, DISTRIBUTED LOADS (F THEYA, ¥ pHI, F ZETA, W THETA, W PHI)
LOAD IDENTIFICAVION CLUES 191140 . . . . .
0030000 1 060w000 +U0aU00Y <U000000 20000030 e
»0000000 *0005000 *00UL00Y *DiD0DOD »0000000
~ +0000000 10000000 _ +00000Co

. «0%000600 _ - 40000090

6¥2.




027,

TABLE C-2. (Continued)

“PWT-TRAPS OR TN¢) ™~ ~“DEGREES CTTTtT CPRINT INTERVAL T CSYEP T T T ROZERD T T T TRUMBER TOF T EYCLES T

EPSILON THETA EPSJLON PH] GAMMA PHI THETA K PH] K THETA N TEMPERATURE THETA
L T OOQPHY T TR OPHYTHETATT T T UTPAL STAR T T T TPHE THRETA T T T N YENPERATURE PRI

J PHI : N THETA N PHI N PHI THETA __M TEMPERATURE THETA_

W o Q THETA M THETA : M PHI M PHI THETA M TEMPERATURE PH]

OMEGA THETA __TAU ZETA PHl = Q/T _ SIGMA THETA iIN. . SIGHA PHI IN _  TAU_PHI THETA IN SIGHA_F N

OMEGA PHI TAU ZETA THETA ® /T SIGHA THETA OUT SIGHA PHI OUT TAU PHI THETA OUT SIGMA F OUY

- PROBLEM NUMBER 1

e2G00000+01 «GGBUVGE - +1250060400 - - «30006000"01 +2006000+0}
+5326776~02 +5374085=42 +000L0L0D 0856279804 +7551574=04 _ :oots__'o_og}wn
T e 6ude000 4756602440 wogooua e 4756662400 +00G000U +8300654+06
___e10e5355m0l _ _ =e4756602+0u e~ _™e300447H€QS  _ .0000000 . _ ____ _ s0000000 __ _ _
« 123113703 +0V00000 e 1976324405 «0000000 +0000000
. +1510314-03 +0000V00 ~¢1348872%05 . e 1306489405 «0000000 «1320388+05
*J000000 O CTYTR -0 1839580404 16715243453 +0000000 01612351404
i e o PROBLEM NUMBER 1
" 2150000¢01 T T e0000000 v 1255000%60 7 T " +30000G0"01 T s215p000¢01 21
___»5330225-02 +5378299-02 +000u0a0 *9113)98-g4 2784122104 «8159815+06
«60600000 = 4424746+G0 00005040 4424746400 - +0G00000 *8159815%06
»1145998=01 =~ 4424746200 395439405 =e3048375%0Q5 . ______+G0GQUOQ 20000000
T e 1%47522-03 *0030000 =1 180280605 “e1966113+05 +0006000 +0000000
11842862403 +0000L09G ~e§377251%05. . ~s1349565+05 v 0000600 91363619405
+3300000 10000000 ~e2041206+04 "e70164678%5) +0000000 01796277404
o e e e e o allo . PROBLEM NUMBER ) e - -
TYZ30000G0L" YT TWI253360%00° T “3bbbocGo-ol T e2360000%01 }
__#5333492-02 +5382299-02 10000000 . e9684737=q4 2775572304 _ e8018541%06
*+w000000 e 4136176200 0000000 *y4]136)176%00 +0000000 +8018541 406
v1226703-0} “e4138876%00 = e3436994405 ®e3091476%05 000000 +0000000
172941503 *00060u0 ~e1751686%05 "e 1953784405 +0000000 »0000000
_ *1783816~03 _...+0900000 _ _=r1H407813%Q5 - we1393703¢65 __e0000Q0U 1400608405
+3000000 «UUOLOI0 02237648404 7349379453 +G000000 e 1975518404
e PROBLEM NUMBER |
Y &1 11T LT L. T TeGU0OUIE T TYIZ%0000%G0 T T T T W 3000000460 T Y245G900v0l Y U
0533459702 __.25386050=02 _ __..*00000G0 _ . ...%M028412°03 _a18%2017<«04 .. 27876833406
+0000000 . 3082%1+0u +00000G0 «.3882941+00 «0000000 17874833406
01367466014 »e3882%41+0¢ »23477091%G5° “e3133914¢05 «0000000 201
*24031058-03 +0900000 1703524405 1939929405 +0000000 +0000000
___e1932544»03  _+000QvQ0 = 4439497205 we1%439382¢05 _...20000000 _ 21939 08%%08



1544

T AT

- -92321844°0%

~ _ al47%850004.

TABLE C-2. (Continued)
+6099000 +90000u8 me2439132¢04 Me76%9%64%03 40000000
~ TPROBLEM NUMBER ) T e
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*+1105230~02

«J614086%05

»1625055+05

105
4975947406
«4975967+06
+0000000
+»0000000
23778861405
0 1768761+05

269

" +4935451*06
4935651406
1023125702 .
+1023125=02
23946946405
21708573405

313
14893104%06
4893104406

e 40000000 _ . ..

+0000000
. 2%118053*05



0o TABLE C-2. (Continued)
2.
S
+0000000 +0000000 =e¢2136331+08 ©s [97385Q+04 +0000000 220447976406
T T T o - T/ T TTTTITTTT T 'P'R'G'BL"E'H".'NDT\'B"ER" (T T T T CTh T T T
+ 6000000+01 +3UQOVWOD ¢« 1255000+00 +5000060"02 +6000000+01 401
+5530225-02 08635444352 +00000G0 06390756~p3 «20066%0"023 2 4856376+06
_*6000000 . _ =+7005364=01 .. 8000000 »+7005364=01 _.«0009000_ 24855376906
03318135~ »s70U05364=31) e 74749182405 *s633453405 +0000000 +0000000
02128124002  eGOOUUQD __ ___=e9149942404 _*s1530175%05 . +0000000 20000000
v 1264014-02 +0000bL00 »e 4505209405 »e3975490+g5 + 0000000 242465093405
209000409 «PUdouHO 000 221%7460%05

—_ =22257769%05 . _ . _=e2170220%0% _ . __.___ 40000




162

TABLE C-2. (Continued)

T ""SEGRENT NUHBER 5 SEGMENT CODE 2§ T SEGMENT 'S OF REGION 1| (PLATE) T h
- e ——. . _ _VABLE ORDER PHl OR S vS, CROSSECTION PROPERTES —_ - ‘
+599%000+0) <7uG1000+01
22215000+0) 02355u000+01 B I B

TABLE ORDER PH} OR 'S ¥Ss TEMPERATURE LOADS
27933000403 08956009+93 . | e e o e e e e e e e

PROBLEW | TABLE ORDER PHI OR 'S VSe DISTRIBUTED LOADS (F THETA, F PHI, F ZETAy W THETA, M PHI}
LOAD [DENTIFJCATION CLUES julliv
+00GG000 1000uU0G . L o e e I
+0000000 AT
»0000000 2006U000




(444

PHT (RADSORINST 7
EPSILON THETA

v

v .

W
OMEGA THETA

TOMEGA PHI

s 60lbVO0+01
¢5534225-02
1 SudOGuy

. e3318}135-0)
e2124124=02
¢1204014=-02
sLudOUUL

06130000401
05549433202
+OUUOGOD
___e34a1862~0})
0228605002
_e1287301=02
+0G00000

Te 6260000401

+5571111~02
0000000
¢3487505-0)
+295884g~02 -

0137093402
+Gw00000

0639003u+0l
06595072792
0600000

03575254 -0

0264251902
.._21954979-02

DEGREES
EPSILON Phj
Q PHI

J PHI

Q@ THETA

_TAU ZETA PHI =

TAU ZETA THETA

»000uuL0
0635666 -u2
=e15685864+90
~e 1585864400
LY T THVITNT
cusduvul
LTV LTV /Y

LYVIVETIVIVET o}

16514938042
“~s1552233+py
“e$552233+0y_

sDULOVUL

2 000uLAg
2600wUO0

*9J0NVUD

0667132432

= 1519998%00

. 2o 1519998409
*2000V00
20406000
[XYD THYTVIVYT)

LY 1 VT TV T
.06B26183=02
= 1489074400

+00000V0
+0000Vd0

2eld8Vuzdegu

TABLE C-2.

PRINT INTERVAL
GAMMA PHI THETA
K PHI THETA
N THETA
M THETA
Q/T  SIGHMA THETA IN
» W/T SIGMA THETA OUT

PROGLEM

*1250000+00

1 00dudud

«000u030
~e74810u5+%05
LA AR YA TY A L]
~+45090u3+05
«122613(5+05

PROBLEM

* 1259050400

2 00000L0

*00000uL0
~+8009996%05-
~09226935904
“s4777183405
~12495345+05

1125006000

v 000U0UG

*QooLlo0n
=+8521020%05
~09296758%04
=+5u37860+05
«12723784%05

- PROBLEM

1254000400
000000
+0000000
.=29915243465 .
«19358118+04
. =15291580408

_ . PROBLEM

(Continued)

STEP

K PH]

J PH] STAR

N PHI

M PHI
SIGMA PHI IN
S1GMA PNl DUY

NUMBER 1

+100G000~0!

+6395346=03
*¢1585864+00
-1§633395+(5
=e31530)83+g5
»s3976498+35
*e2167237404

NUMBER )

«10vogoc-0l

6419188=g3
«03552233+90
-e 4723362405
=s3517220+%05
04020301 *y5
"e2681879+y4

NUMBER ¢ -

+1000000=01!
e64498242~93
=a1519998%p0
L ®e 4821327495

T ~e1504950%05

~+ 406883005
=03228310%04

NUMBER 1

" 10000U0=Gl
14482497=923
=y} 489074%p0
=0 4926461405
wo |493312+05

. 7e4121483%05

LERO

THETA

PHI THETA

PHI THETA

M PHI THETA

TAU PHI THETA_IN
TAU PHI THETA OUT

Z= XD

«6060000+01
«20066%0-03
+ 0060000
2090400
+ 0000000
0000000
«0000000

0613000001
«2100001-03
« 0000000
10000000 .

« 0000000
«000QaoL
+4000000

16260006401
021899%0~03

» 0000000
20000000 _ . ___.
+0000000
«0000Q00
«0000000 .

639000040}
02276962-03
«D00ROO0D

__»000000Q . _ . ___

»0000000
0000000

NUMBER OF CYCLES
N TEMPERATURE THETA
N TEMPERATURE PH]
M TEMPERATURE THETA
M TEMPERATURE PHI

.. BLeMA_F_IN. . .

SIGMA F OUT

1

e 4855444+06
+4855444+06
+0000000 _ .
«0000000
«4267740%05
¢2161109+05

53
«4909130+04
490941 20+06

— . . 0000Q0g00. .

+0000000
W4447312+05
02372446%05

105
24961401 %06
14961401 %06

.- . .+0000000.

+«0000000
+4630034+05
+2577578+05

+

1587
1501200606
+5012086404

.. 20000000 . ___

+0000000
14814444205



b
g
w

2000000 _ +000uwus
s4520u00v0) _ e00000UG
v562) 149902 06979%62=92
+0000000 . = §459384+30
. e3b64%089=0) ®s 1459384 +yg
2203715502 ¢ VY020
¢1539499-02 +OB0uLLD
_sUYuuoeY | . _ edU0ylOd
06649999400 L _eLUUOVUD
Te5649189-02 2 7131280=32
*3060000 =s 1434855400
03756710701 e 1430855450
0304281202 «00ULVIG
¢ 162455202 20006000
Q900900 . . . + 0290000
v 47799%9+0) <0UQU0O0
Tv567905102 +7281750=02
20000000 . _  =elH4u3Y20+00
+38503%~0) =4 1403420+u0
03259564202 «0000000
171049402 «0000030
YT UT T S — T
s
16909999401 ) «QUUGLIG
TIETI0609-02 0743697102
+QUODUOD =0 1377017400
T23%4603g~01 =0 13727047400
_»3487490~02 _ *+2000UY0
179647902 »00UOLOD
29000009 . +000wea0
24999999¢01 _ s8300wuG
«5733388<02 - 533593-02
_s0a00000_ _.=21359312+00

TABLE C-2.
~e2947u19+u5 =e3803740*GY4
PROBLEM NUMBER
*125u000%00 «10VdQa0"pl
*606Gudus «4521302=g3
*000u0u0 e | 459384400
=29493233465 «25038p22+p5
e 941173404 e 1482253%¢5
=s5538614408 =e4178502¢0p5
“s3}65174%05 e 4405453404
PROBLEM NUMBER |
0 125u000%00 e 10V0E00"ut
*000wdL0 06564483=03
+000VL0 s | 430855900
=99955768+05 «s5155335+35
=e9458149¢04 = ) 471723405
=e5779325+05 »e4238961+55
*933784934§5 »e5031762+04
PROBLEM NUMBER
0 1250000+00 _ +1000000=0!
*G00JULG +6611907-03
0000000 o [ 40342Q%00
=0 104uIS6+06 »e5277795+95
*e 9498032404 "o 461681405
=0601490446405 ®s4302767%g5
93587186405 .=05680001+g%
PROBLEM NUMBER |
¢ 1250040400 +100vou0=0!l
*000uluLl 06663459=g3
*000u0u0 =01377017+60
=e )0B3726406 ~e5404851+y5
=e9531875+04 “e 1452085405
=06243074%05 »e§369653¢55
03791449405 053498495+04
PROBLEM NUMBER
+1250060+00 . _+1000000=¢1
*U00GULLD 26701514=0)
+0000000 =2 ]1359312+90

( Continued)

+ 3000000

2652000003
023611 %4=p3
«0000000
«0G00G00
+0000000
+ 3000000
*»000000C0

0 65649999+01
0 2442935-03
«0006Qu00
+0000000
0000600
«060g900
0000000 _

06779999401

«2522410-03
+0060000
+0000000
+u80an00
20006000

. -.--20060000. .

269G9999¢01

+2599825-03

«000g0e00

+ 0000000

+00000600

+00G000C
..+0000000.

4799999401

0265231503
. +000g000

_s2776443405

1 o
5061327406

05061327404
+0000000
+0000000Q

«4999301%05 -
22969506405

(261
+5109125+0¢
+s5]09125+04
+0000000
»0000000
5183730+05

L. 3187123405

.13
25155474404
¢5155474+04
+»0000000
+0000000
«5367077%05

.e3220412405. ..

(365
1520036904
+5200369406
+0000000

- +0000000
+5548853+05

. 9351726005

401.

+5230595+06

¢5230595%06



1414

TABLE C-2.

09513371704 =4 1359332400 o) )12956006

TONSIRTIS0T T T T 00bbuoe s 9552017404

_31856620%02 _ _..s9u00000 . =e6390480908
+3600G00 «00U00a0 =13930358408

(Continued)
205495242495 = +0000000 10000000
v iviseasegs < 0000000 +0000000
__me4%174d6%05  ,0000000 25673585008
682226304 +0000000 +3637547+0%




9ge

'—______‘*‘—3t‘*tNT”NUF'EI"'6

SEGHENY CODE 2§ ~ SEGMENT & OF REGION 1 (PLATE)

TABLE C-2. (Continued)

.- TABLE ORDER PHI OR 5 vS, CROSSECTION PROPERTIES

ce799Ge0*01 v8Galuugeal
02155600401 *2700000+9)
+8955000+03 +1054G05+04

PROBLEN 1

© 'TABLE ORDER

LOAD JOENTIFICATION CLUES 30iliv

10000000 (QUULos
+00060G0 +000u0L0
+0000000 +UQUVEGD

TABLE ORDER PH] OR'S yS, TENPERATURE LOADS

PH1 OR S V5. DISTRIBUTED LOADS (F THETA, F PHI, F ZEYA, M THETA, W PHI)




‘983

PHT TRADs OR INs)
EPSILON THETA

v

v

w

OMEGA THETA

OMEGA PHI

«7L03000+0}
+5733288=02
+ 0000000

+451337 ) =g}
+3651877=p2
e 185462002
+0U00UDQ

+71300G0+0!
0576889492
+ JW0000G

_e4113222-0)
03898694~02
«1939079-02
«0w0000Y

¢7260000+01}
05808224~02
+ 0000000

_.24216772-01
24155673=02
+2u13084=02
+ 0000000

«7390009+01

_ +5851138~02

. » 3000000
34323991 ~00

Tea4z1777-p2
22979721 =02

DEGREES

EPSILON Pnj

QO PRI

J PHI

Q THETA

TAU ZETA PH| = Q/T

TAU ZETA THETA m Q/7 SIGMA THETA OUT

20d00udu
753754502
=s9953933~ul
=e9953733~01
U0 VGo
T D ITRT)
«QUIVOSG

[0 DITRTY

07823562992
=e9772445=01
~e9772445=G1
L I VIR T

LY [+ TP IV TV)

2 0JULOOG

LXTVITIVIVE ]

8106874 -02
“e9597456ul
e 95974956=01

*000uVOU

«GOUOVa0

+ 0000

+200UMIG
 «B3U7896=02
~e9428624«0)
-4942062420)

+000LOUG

+0GURILD

TABLE C-2. (Continued)
PRINT INTERVAL STEP
GAMMA PHI THETA K PHI
K PH] THETA J PHI STaRr
N THETA N PHI
M THETA N PHI

SIGHA THETA (N

SIGMA Prl N
SIGMA PHI OUT

PROBLEM NUMBER |

«125Q000L0+G60

*030L0u0

*000VOLD
ol 114217%06
e 9554417404
-0 6402892405
=+3935258+05

«100Go00"0}

06697426=93
“499539323~01
0549523945
=e14454692%05
=e4416218+g5
“eb6B24847+QH

PROBLEM NUMBER |

e 12540u0%00

*0000000

*000udLd
=e1218125%06
=e lpGS151+05
~36688479+05
04254797405

«1000000"01
+6003156=93
" 9772445=g1}

_™e5635377+p5

"o 1437206995
~eH271218+p5
e 7914402404

PROBLEM NUMBER )

*1250000%00
*0GOu0u0
*20000Gu0
_=e1323635¢06
*e 1056239405
=0 69463690405
es45414p840S

+1000000"01
05397 165=03
*s9597456=p1

~eB791171%05

*21429926+05

T wed 147371495

*e8950933404

_PROBLEN NUMBER 1|

+1250000+00
*+0000040
*00000v0

- =0 1430589404

11c8526+05
~17228648408

«1000000°01
14866160703
0942862401

18962147205 |

*s 1 423811%05
»ed0%2068%05

TT-NXXD

ZERO
THETA
PHI THETA
Pl THETA
PHI THETA

_TAU_PHI THETA _IN
TAU PHI THETA

+70G00G00+01
+2652314=03
« 0000000
+000puU00
«0000000
»0000000
» 003600

«7330000+%0!
«27195%3=03
«0000000
+«000Qo00
+00000600
+0000000
+ 1003000

« 7260000404
+2772843-03
+0000000

cmn—-20000Q00 __

«00000600
»000QQ00
»000g000

«7390000+01
02814237-03
* 20000600

e 20000000 __ .

+0000000
+0000000

NUMBER OF CYCLES

N TEMPERATURE THETA
N TEMPERATURE PHJ

M TEMPERATURE THETA
M TENPERATURE PH]
SIGHA_F IN _ .

ouT SIGMA F QUT

'
¢5232954+06
05232954+06
+8744135703
0874413503
05674570405
03642292406

S
«54908234+06
5400234404
+0000000 . . _
»0000000
*5866097+05
«3919471+05

105
25766706404
05766704406

e --—20000000

+0000000
«6Q67344+05 _
«41846257%05

157
16038302406
26038302404
e 2 10323%1%02 .
«1032341%02
06274789405



L€T

+ 3000000 .- «0UBEB00 .
+7520000+4! 200050430
25897404202 1B6bbB8Twy2
QUdN0Ba | = 92656291
443484901 =09265629=01
04696314702 e pibGUID
¢213988-02 - *0U00VUG
2060006 . ... . «000Quuy
27649999000 +0000WO0
+59496839~02 «B94444p=p2
0000000 - =e%l08174=u1
*4549324ep1 -e?108174=()
1497789902 YT
0219433302 «Q000vI0
20000000 . +0Q0uuQ0
27779999901 »0000VID
+5999227-02 v922p485-02
s+ 0000000 - - . ~e8955%8)=p)
146673% =01 *,8955%81=p1
_95266425~02 +090000§
0224373502 +000GVIG
+0000009 +0000VI0
«7909999+01 030000
Te605442Tw02 4 9495235-¢2
20000000 =.88Q8790-0l
v4789051~0! " 880879001
_35561076=02  __ +G00AGYIC
228866002 0000000
+0000000 10000000
_07999999¢0) e000UGUO
16094203702 v7684788=02
20000000 _2e870%691%0)

TABLE C-2. (Continued)

~e 4855718405

-0 9942321 +g4

PROSBLEM NUMBER )

*1250300+00

*0003020

*030uls0
=e1538840%06
=} 16197)405
-s 7483521405

=s51383,59*p5.

' J1600g6a=g!

*4399147=03
=e9265429=G1
~eh147836%,5
"o )41B8234%05
=s3953064%05
e} 089498+35

PROBLEM NUMBER |

¢ 12500y 0+00
*200ulu0
LT TV I g

~e}648528+04.

-2 1216554%05
-e7729678+05
-25413782+05

«1000p00~D1

23966473-33
~e9108})74%01
=e6347806+p5
ol 414922445
=23878431%95
=e|181423+g5

PROBLEM NUMBER |

*12500,0%00
*000uwlL
*0Q0UduD
e ) 759242406
-¢1272067%05
*s7966016%05
=05672499+05

* 100uoL0~u!l
03621)52=g3
~e8955981=p]
=e65615630%05
=ej412Q71%55
me3BL4496%05 -
"o 270444+5

PROBLEM NUMBER

« 1250000400
*00Gu0u0
LT L IR

=0 1873831406

-e328423+05

=~e8)92967+05

..=*592383Q+%05

* 1059000701
03296776-03
=+8808790~01
=e788867+95
e j415232+g5
~33765790+05 -
©s)356910405

PROBLEM NUMBER |

¢ 125400000
+000G0uw0
+00000660

21000000701
+3073316=¢3

T weB769691=01

+0000000

«752g000+01.

+2045507-03
+2000000
«U00000G
+0000uV0Q"
+800a0600
+2000000

27649999401
<28664090
+00uBL00
+000QUOD”
+ 3000000
+00UI000
+0002000

07779999401

+2883978=93
+Q000000
« 0000000
« 0000000
+G000000
+0000000

07909999401
0289337403
+0000000
+ 0000000
«000GuUa0
+ 0003000
+0000000

« 7999999401
226876754-03
+0000000

4442035905 -

207

+6312490%06
6312490406
+0000000
»0000000
+b484243405
W 46804461405

26)

6589829404
06587829406
+0000000
«0000Q00
0694112+05

14927464405

313

06869261406
16867261406
+1197549~02
2119754902
«6900869405
+5156034+05

365

+715045]+04

_ #7i50451406

+0000000
+0000a00
«7103020*05

25375394405

e L L
17345949404

2734594%+04




54 TABLE C-2. (Continued)
‘Cb
+4875362901 =98709691~01 ~4 1948519406 ®+6953812495 e000gOOD 200
v5748383-04 +0000vI0 20} 3678756+05 = 1409535+05 « 0000000 +0000000
_22317403~02 __ +00G0030 . __™+8344471¢05 =9 3734585+Q5 _ _ . 8000000 . 27239644205
+ 0000000 « 0000090 -e6091914405 *s1415426%05 +0000000 ¢5521974+05




RS e
> e

682

- T T TSEGMENT NUNBER 7 SEGHENT CO0E 21 “TTSEGMENT 7 OF REGION | (PLATE)

W

TABLE C-2. (Continued)

TABLE ORDER PHI QR S y5, CROSSECTION PROPERTES .
«7999000+01 +8501000+01
. »279000001 *¢2384000+01 R .
Tt TTTTTT T T TTTTTABLE ORDER PHT OR S vSe TEMPERATURE LOADS
2805000004 __ __ +1152000+04 - e e ——

_.000us00
0064000
+3006060

/
PROBLEN ~ "1~~~ YABLE OROER P
_LOAD IDENTIFICATION CLUES 301110

+060U00G

T

2dUSLUBY

PRI OR S VS, DUSTRIBUTED LOADS (F THETA, F PHI, F ZETA, M THETA, M PH})

"\%»_‘—,\;;._‘,-"E_- £

e, E— !



p%?!!

0¥3

PHT (RADs OR INe)

EPSILON THETA
u

\
w

OHEGA THETA

DEGREES
EPSILON PHJ
Q PHI

J PHI

§ THETA

TAU ZETA PHI ® Q/T

TABLE C-2.

PRINT INTERVAL
GAMMA PHI THETA
K PHI THETA

N THETA

H THETA

SIGMA THETA IN

TAU ZETA THETA = Q/T SIGMA THETA OUT

OWEGA PHI
*8400000+01 sOudbuun
26LT4232~02 0 F6%u267=92
* 6000000 1277703402
+4875362-g1 1277753402
0576836352 LY Tt I VTV
02347403-02 120006008
o GuU0d0 « 3000000
18129997491 1QUOLLID
e6154074~02 +99085728=y2
« 900000 11257272402
___+5903262=g! 1 1257272+02
16u?2379=02 10000030
1236066402 +BUGG0UD
» 0000000 «G200900
e
" 98259994+01 s QUOUNO0
06216531 =02 e bu25738w=p]
*6w00000 11237485402
__«513485g-01 s 1237488402
638241202 +39000I0
02410312%02 «QUAUVID
+uv00000 + 000000
00389993901 [ DTAVET ]
e6281206-02 "o lu52233-01
+3000000 1218310402
05269%26~0! 01218330402
669935702 «000000U0
.924467008~02 *+0000v00

STEP

K PHI

J PHI STAR

N PHI

M PHI

SIGMA PH} (N
SIGMA PRI OUT

PROBLEM NUMBER 1

+ 1250000400
«00Guduu
*00GUUL0
=0 1949996%06
«e 136775005
=+835ula7+ub
=eb97662¢05

+5000000=02

+3095674=g3

01277703%02
~¢6953410405
"o 1409892405
we3736899405
s} 4149924g5

PROBLEM NUMBER |

+1254,060¢00

LY LTSIV IV )

*000u0uL0
«019886237406
=+12082474+05
~08724364+05
-1 647644005

+5000000~02
03569875~03
v1257272+p2
“s 7195690405
0 1408362445
 =e3984438+05
~e1516812405

. PROBLEM NUMBER ' |

+12500060%00

+ 0002000

*0000000
-02022589+06
«s 1299143405
=e9113139405
e 48520,5+G5

PROBLEM

* 125000000
+0000060 , : .
0000000

222048772906

»e 1142386965
_-o’SQg’Jl'Ds

+5000000-02
*+4078547=03
01237485+02
=e7436042%05
- ®e14065633%¢5
=e42498760+05
wolb21113%05

NUMBER

4500060002
+4456497=03 -

¢1218310%02

»e7673559%05

“0 1401905+05
=04531538%95

{ Continued)

ZEROQ

THETA

PHI THETA

PHI THETA

PHE THETA

TAU PHI THETA |N
TAU PHIl THETA oUT

XZAXXD

+800000G+01!
v2896754=023
0000000
»000ga00V
+ 00090400
+0800000
+ 0000600

«8129997+91)
«2903647-03
«0006000
«08000Q0 .

+ 0000000
+0000000
«0000000

8259994401
02918G56~03
+20Gg000

. 19000000
+0000000
+0000000
+0000000

+83899%g+0}
e2940418%03
+0000000

.. 20000000

«0000000
«0000000

NUMBER OF CYCLES

N TEMPERATURE THETA
N TEMPERATURE PHI

M TEMPERATURE THETA
M TEMPERATURE PH]
_SIGMA F_IN

SIGMA F oOuT

1
07347326%06
e7347326+406
+0000000
«0000000
e7244720+05
+»8527707+05

108
0723381 3%06
+7233813+04
.- +0000000
+0000000
+7564940%05
15867234405

209 o
07137415%06
«7137615%06

..+00Q0000.. ...
+0000000
+7898210+05
+6203206+05

313
+7029907+06
+7029907+0¢

e --—20000000 . ____._

+0000000
+8230960+05



TABLE C-2. (Continued)

10000000 _ epuGONGO =+7218532%Q% = 1730641%05 +300g000 | 6527806405

T PROBLEM NUMBER |
|

908497988401 BOUUVUO . s1250000%00_ . +5000000%02 " 2 84999088+01) K1) .
«6337514~p2 1 §074006=3) +G30udL0 1520974303 0296613803 ’ 06929638406
* 3000000 8202544492 . +0000000 J202544+02 0003000 16929438+06
0538687901 01202544492 =12065049406 «s7871504+g5 " 2 00UYD0D +0000000
24973465302 +0000030 = | 099572405 =+ 1398074+05 +000a000 +0000000
v2521214-02 . +w000VU0 =9 9828885+05 204786562495 +000gu00 - +8513025+05
+ 0006000 «00QUYY. .. 21519747205 =9 1826354+05 «0000000 6792284405

]
e
Ly



TABLE C-2. (Continued)

[\
B
1)
TTTTT T SEGMENT NUMBERT 9 U TSEGMENT CODE 2t T USEGMENT W OF REGION )| (PLATE) T T - o .
B TABLE ORDER PHI OR 5 vS, CROSSECTION PROPERTIES e
«8497000%00 900860001 T
__+2380000401 _ = +1%1v00G+0} _ e
T " TABLE ORDER FHI OR S ¥Se TEMPERATURE LOADS
—+1152000%04  __ «1275060640% U e e e e e
s PROBLEM 1} TABLE ORDER PH] OR' S VSe DISTRIBUTED LOADS (F THETA, F PHI, F ZETA, M THETA, N PHI)
LOAD IDENTIFICATION CLUES 101130
+000u000 _eQudulos ) o o o ) o

0060000 7T 7T T eguowten
__+0000000 *000u000



>
o

TABLE C-2.

FRT (RADS OK IR T DEGREES PRINT INTERVAL ™~ 7~
EPSILON THETA. _EPSILON Pl . GANMA PHI THETA_

L} e PHI K PHI THETA

L] J_PHI _ ... N _THETA_

[] Q THETA M THETA

_OWEGA THETA JAU ZETA PHI = Q/T _ SIGMA THETA_IN |
ONEGA PHI TAU ZETA THETA « Q/T S1GMA THETA OUT

T essauoageel T T TThdegoue

046337%505~02 s 1074651201}
*0000000 2596281400
_s53086879%-0) =e259628]1+00 -
697345302 +0000028 .
92521203202 0 LQ00GUND
+0000000 +0000000
T e04299%7¢0l T T T T T Ggoowo00
(06806205702« 410469301
0000000 =e2557071+00
1552855201 »e2557171440
©730612902 +Q000v00
82596251202 .0008000
+00060000 +00G0u00
T e8759994401 «00000a0 -
26477206702 o) 133085=0)
"“+0u00000 " edS19222+00
__s5679028=01 02519222400
0764939003 +0000000
4268774002 20000000
+0G00000 - +0000030
«88899%%al T T T.9eadivo T
»65501%3=02 «1159528=01 .
+0000000 22482383009
0582307103 =e2482383%00
+8G08838~02 +0000000

1279990002

20000000

SIGMA PH] OUT

. PROBLEN NUMBER )

*1250000%00
*00Qud00
+000060u0

. 3206552606

e 089472405
*e98)7324¢08
e 7527167405

7
/

+1250050+00

0630000

+0003000
=02046071%06
*s 1007910%GS
e | 033942406
»e79658246+05

*5000000"02
05224740%93
02596281400

.2e7871851%0%

"o (378344405
*94771160%05

e} 826444405

_ PROBLEM NUMBER | _

*+5000000~02

6359590=03
we2557171%g0
~+8100235%0%
ve 13930665
ne5228479+05
we 74897545

PROBLEM NUMBER )

¢1250000°00
*00000G60
+00C00LG

. =22054492+06

«e 934573 ) *0%

_we 085208404

»e8387944%C5

+5000000"02

0777145103
*e2519222+00
=e8320189+g5
= |3868312%05
®e¢5720234+05
2071506405

PROBLEM NUMBER |

¢ 1250000%00

*0G0uOLO

+0000000
»e2031389%04

=e8743523%04 -

*91138012%046

¢5000000=02

29551736793
ve2482383+00
~¢8530256*05
01379766405
206276731456

TAU PHI THETA OUT

+8500000+01
L +2%66133=03
+0000000

..--+0080000 . _ ..

+«0000600
+0000000
+000000¢

8629977401
+3008403~03
«0000000
..+00Gagou
«0000000
+000Q000
+3000000

oOTL”’!fﬂl

03068221503
+0000000

. 10000000
+0000000
+U00PYOD
+00G0000

+8809990+0)
0314949703
+006g000
. +V00000C
+0000u00
+0Q00000

SIGHA F QUT

(Continued)
sTEF—" R ZERD WUWSER OF TVCLES
KPR K THETA . _Z_W_TEMPERATURE THETA_
J PHI STaAR T PHL THETA N TEMPERATURE PHI
N PHL oo _ e . N PHI THETA _ — .~ M_TENPERATURE THETA
M PHI M PHI THETA N TEMPERATURE PH]
e BIEMA PHL IN  TAU PHI JHETA IN___ SIGMA £ IN.. ___ . _.__

. e6927004308

26927044406

«Q000000 . ..

+0000000
+8520065+05
+ 6800455405

108
+670507} %06
+ 6705071904

. +0000000
+0000000
895439105
07)92461%05

‘207

e 6446454084046
eb464548+006
+0000000
+0000000
« 7902784405
7547097405

313

+6206068+06

06206068404
20040000
+0000000
s 98729)9+05

—



¥¥3

2 0u00003

28999988+01

“e6613083-02

26000000

+5951767=g1
1831996602
«2914987-02

YT C T

+0000000

100GV

118N T=y

*e2452043+50

=e2452043+00
«0000L0LIG
+00U0vVLo

. s 000UNIO

TABLE C-2.

" =98793233405

( Continued)

=¢2174509+¢5

PROBLEM NUMBER |

+1250050+00 -

+000u0G0

*000u000
=02003271%06
-e828,727+04
~e | 184370%06
-19122555%05

*50006000"02

s 1144044=02
»e2452p43+g0
=e8699324+p5
we 37330345
=04808781+y5
=12295940%0%

+0000000

«8999988+01)
«3238878-93
+0000400
+0000000
+0000000
+0000000

. sG0Bo00Q.

17927168405

4al

«5973844+06
5973844406
+0000000
«0000g00
+1029522+06
28218729405
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TABLE C-2. (Continued)

REGION NUMBER 2

o T - T T YHERE ARE 5 SEGMENTS AND @ KINEMATIC LINKS WITHMIN THIS REGION

SEGMENT NUMBER | SEGMENT CODE 13 SEGMENT 1 OF REGION 2 (SOLID TORG}IDAL)

Tt oo T TABLE ORDER PH]} OR S vS. CROSSECTION PROPERT]ES

. 9500uw000T0d ___  +393699¢%00
e1710000+01 + 191900001
PROBLEM TABLE ORDER PH] OR S VS. DISTRIBUTED LOADS (F THETA, F PHI, F ZETA, N THETA, M PHI)
LOAD JDENTIFICATION CLUES golilu
TTTTS0006000 T T T eeebebGe T T
20000000  +0u0U00G
«000u000 . +0020v000

24



9%¢

TABLE C-2. (Continued)
“PHT TRADe OR TN¢F ~ " DEGREES '~~~ = """ ‘PRINT INTERVAL TSTEP . TR ZEROT T T T U TTUNUMBER OF CYCLEST T
EPSJLON THETA EPSILUN PHI GAMMA PHI THETA K PHI K THETA N TEMPERATURE THETA
T @ Q PHI K PH] THETA J PHI STaR T PA] THETA ‘N TEMPERATURE PHI
v J PHI N THETA N PHI N PHI THETA M TEMPERATURE THETA
w7 Q THETA M THETA M PHI M PHI THETA M TEMPERATURE PHI
_OMEGA THETA _TAV ZETA PHI = Q/T  SIGMA_THETA_JN __ _ _SIGMA PH] IN _ TAU PHI THETA N __ SIGMA F IN
OHEGA PHI ZETA THETA = Q/T SIGMA THETA OUT S1GMA PH] OUT TAU PHI THETA oQul SIGMA F OUT
~ PROBLEM NUMBER | o - e
«100600p~02 ¢5729578=p1 *3900000"0 1! ¢3916990=02 +9010000+01! 1
v6605734-02 =e3921011=02 *GOOOoVO 786087 1=03 03235277~03 +0000000
+«0LY0V0Y +8684668+02 +G00ulLO 08684568%02 +0009000 +0000000
. +5952599e0)_ 086846468 +u2 12675618406 ~+B8689550%G5 +»0000000 . 40000000 _
TTe8289633-02 1 0U00V00 ~s8982668904 e |371771%05 + 0000000 +0000060
02914986~02 +OudUVUD 0 125311Q%06 "e6805696+05 +00000L00 «1698908+06
+0u00000 +300UVO0 11548585406 "e2293414+05 +0000000 2 1675072+04
o . ) _PROBLEM NYMBER |
24ul699G=-01) 02301566401 «39040ua=pi »3916990"02 e74015%1+01 41
e6173383=02 350819 ~y2 20000000 *7270090=03 +3415351-03 +0000000
L0000 02946966404 +0000000 02946966*0p4 «0000000 +0000000
_.05837S514=0l 12746966904 12526753+06 e7332426%05 + 0000000 +0000000
2718196602 »0000VO0 =+89571u5+04 *e1290305%05 +0000000 +0000000
¢3213566=02 « Q000090 11175591+086 =:5961 12} %05 +0000600 e1561457+06
+0ud0600 «0000vD0 1470224406 ve1716812+05 +0000000 +1563)152+06
o PROBLEM NUMBER |
0 793398y=p1 + 4545836491 1390005001 0391699002 09792566+%01 81
¢5786238-02 ~e314315) =02 *0000000 0612342503 +353978)~03 +0000000
«0udL0og 14881999404 +00050u0 04881999+04 «0000000 +0000000
.. 95733609~01 24881799404 12392677406 =e6140420%05 «0000000 +0000000
v6227985-g2 «0UOLN0 «e85462052404 “el 120683405 + 0000000 «0000000
03477293~02 1 0UG00AG 1111891+06 =e5058058+05 +0000000 ¢ 1433367406
+ 0000002 »D00UVOO +139353p%06 =o1371702+p5 » 0000000 01466933406
PROBLEM NUMBER |
«1185Q97+00 6790006401 «390000u0=0! 0391699002 »1018232+p2 121
«5437095-02 “e2819474=02 10000000 0 4645143~9g3 ¢3597499~03 +0000000
*Gu000g 6064473404 *000u0U0 «6064473+04 «000G6000 +0000000
_ 9563970391 e6u644973404 12270832406 =¢5093338+05 +0000Y00 «0000Q0D
¢5406238-02 +QU00OY0 ~+7895138+04 48967570404 +0080000 »0000000
+3688%66-02 «0udVLGD 1 1059067%06 “e4141i558+05 0000000 e 1315966406



L¥3

TABLE C-2. (Continued)
10600000 +0000¥60 11318768+06 =e1191780405
- T TTTTTTTT T T T T PROBLEW NUMBER 1
. 9034376+01 +39000y0"01 03916990=02__
»e2531858%p2 0000000 «3010132-03

.. +@000000 C_ekb36750%Q4 . e6636750%04
¢5554752=01 06636750904 2215920306 * 4174096405
1469055902 +000Q000 _®e70434900%04 . =+4452900*04
«3839143~02 +0000UaD s1014631%06 ®»932496494*05

20000000 . _ . .._ _._ +0000ud0 0124631506 =s1124087%05

T T T TTTTTTTTTUPROBLEN NUMBER )

01968495400 01127865202 +3900000"0} ©3916990~02.
+4830990~02 0227590802 10060000 *¢1354061-03
DT W6717170404 _ ____ eD0OQODO . ___ . __ +6717170%04
¢5477792-01 6717070404 22056230406 ws3368169+05

_ e4052719-02 0000000 =16083433+04 ®y3873455%p4
»3924517~02 «0000VG0 +97650465+05 »92400503+05

_.+0u0000g +0000000. .. 11176614%04 ®0]1126375%05

T T T T T T T PRUBLEM NUMBER )

_ 22360194400 01352292402 +3900000"01} 13916990~02
14546589502 v 2047%6 1 =02 0006000 »s2187652=04
+$000000 26404686904 . +00QU0Q0. . __ ... r&404sB6*pH
540790601 «6404686+04 01960722906 =y2663068%05
3464492202 «0AUGVUp . __=15081757%0% _ ®e}393711%g4
0394633802 00000030 19429767405 s 1623499%05
+0u00U00 BG0AV0D . 21110135206 e }165054%05

TTTTTT T UUTTUTPROBLEM NUMBER )
12751893+00 $15767184G2 3900000701 _«3916990"02
4322106702 =y 184473302 »Q0GO0LD .1 }629262=03
+3000000 «5782414404 e0000000 . __  +57824i4+p4
¢5344201-01 . e5782414+04 ¢ 1871781%06 2047952405
+2899253-02 +a000000 _ =e4Q?5328404 +8594509+03
«3909508~02 3000000 19126343%05 ~e9308729%04

_ +2u00000 +0005uag .. v1Q47345%04 *11213579+05

PROBLEM NUMBER 1
e3143595+00 o 1B01 145492 390900008 _ #3916990"p2
s4397412-02 “01664295n02 0000060 »e2818706=03
»0000000 +4920366404 +0000000 _ . e4920366%04

. . 01382216%046
e . ___slp570Q27%02 _ _  ié) . ..
«3586981=03 10000000
20000000 .. __ .. _ ..0000000 .
+0000000 +0000000
..+0000000.. - +0Q00000
+0000000 »1210085%06
_.__.s00Q0000 . _._ . _«l206152406 .
...21095581+02 201 _ e
23512955703 «+0000000
+0000000 +0000000
+0000000 +0000000
- «000g000_. . __ . 20040000
+0000000 «1116064+06
. +QQB0000 . . 91236784606
e 1133834402 24}
¢3304032-0) «0000000
«0000000 +000Q0000
+0000000 +0000000
«0000000 +»0000000
«0000000 21033758406
10000600 01172734%06
e117172%+02 28)
«3210987-03 +0000000
«0000000 «0000000
+0000000 +0000000
+ 0000000 +0000000
» 0000000 »9625597+05
+0000000 al}112998+0s

«1209207+02
+3005537~03
+«0000000

321 . !
+0000000
+0000000



e

8¥%¢

¢5285795~01
02333184%02
03821595-02
+03000G00

¢353529g+00
03890040-02
+0000000

523181 6~0)
1746193702
¢3692134~02
e 0u0GLG00

0392498900

v 3698526-02

+G000000 -

. 9518)405=01

v1122534~02
¢35320%3-02
v 6000000

04920366404
*»0000VGE
+ 2000000
«00G0VaL

+2025572+902
= 150352402

2387760494

0387789444

«GO0WVG0

2 a0ULVLD

*W00uluC

02249999402
o 136092002
027037434094
027G3%63404
«0A0LI0
00006V
10000030

TABLE C-2.

0)788730%06
=e3 172137404
08843359¢05
+9886797+05

we 513315405

02789919+04
w93334559+04
wel251167+405

PROBLEM NUMBER 4

v 390000001

*00030u0

*+00000G0

e }711054%0é
=12351859+04

*8571590%05

193452(,6%05

PROBLEM

439000606701
*00000u0
+0000060
2163834504
o l66653) 404
10303629405
+8851815+05

+3916990"02
»s3744854=03
¢3677404+04
»e1050757+0%
+4326839404
0 1614969+04
*e1261766405

NUMBER |

«3916990~02
»e4378819-03
02703963404
»e6528032+04
*5420325+04
¢5496617404
»e1233225+06

(Continued)

«0000000
+ 0000006
«0060000
+ 0000000

el1246213v02
¢2779466=03
+000000¢
« 0000000
+0000000
+0000000
+0G00000

01202483402
22544329-03
+ 0000000
+ 0000000
+ 0000000
+ 0004000
+ 0000000

+30000Q00
+0000000
+9014714+05
+1056807+06

36}

+0000000
+0000000
«0000000
+0000000
«8491993+05
+1003576+06

40t

+0000Q00
+0000000
+0000000
+0000000
«8042997+05
«7528470+05
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TABLE C-2. (Continued)

SEGHENT NUMBER 2 SEGHENT CODE 13 SEGHENT 2 OF REGION 2 (EQUA SANDWICH TOROIDAL)

TABLE ORDER PHI OR S vS, CROSSECT]ON PROPERTIES

T 03016990900 27063980400
_+250000G+00 +250600G+00 _
«1410000¢91 + 141000401
PROBLEN | TABLE ORDER PH] OR S VSe DISTRISUTED LOADS (F THETAy F PHi, F ZETA, M THETA, M PHl)
LOAD JODENTIFICATION CLUES Q0liiv
+0000000 «000ve00
20004000 * 000000
«0030000 « 0004000

i (??Z



TABLE C~2. (Continued).
PAT TRADe UOR §Ns]  OKGREES PRINY INVERVAL SYEF T T T TTUTRTIERU T T T T TRUNRER OF CYCLES T
EPSILON THETA EPSILON PH1 __GAMMA PHY THENA K PH] K_THETA N_YEMPERATURE. THETA
v Pl K PHT THETA J PHY STAR T PHi TRETA TN TEWFERATURE PHJ
v 9 PHY N THETA N PHY __N_PHI THETA _ M TEMPERATURE THETA
w T THETA ] M THETA M PHI M PHI THETA M TEMPERATURE PHI.
OMEGA THETA TAU ZETA PH] & Q/T7  SIGMA _THETA IN ' SIGMA PHI IN = PH o ..-S1GMA F IN
ONEGA PH] TAU ZETA THETA = Q/T SBGHA THETA OVT SIGNA PHL OVT TAVU PNI THETA oOUT SIGMA F OUT
—_ . e _..PROBLEN NUMBER | — T —m
T WYY+ 00 *«2250080+02 "*3900000%01 0392699002 o 1282603¢02 ] -
_ 83698825002 = =, 172567¢v02 *0000300 s 6755970"03 0259402703 +0000000_ -
+000000¢ 02703984404 10000060 ) 02703984+04 +0000000 +0000000
081819050} . 22703%84+04 e 4120204505 _ T we6520003%04 ... _ . .. _ 0000000 _ _ .. . _i_ 0000000.. ... _.__._
« 112283202 *0000000 «012699504+0) +5420122%04 +0000000 +0000000
0353204202 1917719404 _e8182484%05 e 858717404 + 0000000 +809)151+05
+0000000 «0000000 Te8331052405 . 42797973405 +0000000 +1002459+06
e - U ...PROBLEN NUMBER ) _ - e e e e e e o e e e 2 e e e
TeuFIPaVIe00 92474999402 © +390q0¢0v0! «3926990"02 “e1318660%02 4 o
03512041702 _"e15833)3-02 +0000000 1760428703 «2238105-03 e0000000 . ...
+0u00000 028210549404 +0000000 +2521084¢04 +0000000 - +0000000
2511957300 +252105404 BRFLLLILIL L N _mehubBnotepy .. eQ000000_ . . _____ e00Q0O0C __ .
*43273%3=0J *0000000 02697004403 062%1699%04 «0000000 +0000000
_. 032498} 4ep2 1707982404 L97963327406 +6375874*0% «0000000 e T664449+05.
+000O0000 +0000000 +7814850%0% »42825026%05 +0000000 54419405
- == e B R A - LIRS ~ - r - e o 4 ¥oae -
— . i . ..PROBLEN_NUMBER ) . e
T e qT12387000 02699999402 03%900000%01 7 T T e3926990~02 2 0 13639%0+02 (1.
__e3d4lel02 *e §456990~02 *0000000 =e836902679) «19319%8703 - +0000000
+0400000 2317928404 +0000000 02317928+04 +0000000 +0000000
1506012008 23317%2850%  43774905%08 204549 96004 .0000000 . +0000000
TTay3504314°03 40000000 v7841844%02 7086721404 +0000000 +0000000
__e2936%00~02 1643920444 077465594405 210490236495 «0000G00 + 7301268405
"+0000000 +0000000 17324022¢05 286991505 +0000006 ' 9107233405
e e e et e e - - .. PROBLEM NUMBER 1 - - - S
" e5108085+00 02924998432 +3900060=01 +3926990=02 «130862102 12}
13184501702 "o ) 345172202 . . +00000060 e 9046414793 1629464203 +0000000
*3980000 22102830404 +0000000 A +2102530+04 +0000000 +0000000
__ . e2002%30%0% __ ICETYRZWR AL SN L ®ed7H4393°0% . __ . +0000000 _ . . 20000000 .
+0006000 11268510404 *7800627+04 +0000000 +0000000
_92593687~02 1494156004 7687297408 0139565505 +0000000 +6994490+05
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TABLE C-2. (Continued)

D L

48000000 6089178008 02077392908 +9009000 08707286405 _
- - TTPROBLEM NUMBER T4 T T o
25497783+00 03149990402 03909000788 _+39269%07Q2 11922498402 T I
3044132703 o 1294648702 10000000 e 963606803 1133457703 +0000000
20000003 04881315409 *0000000 . _ ei88)318QY___ . +0090000 .. «Q000000 ...
+ 4944407010 o 108315000 03476973408 *+3070031409 +0000000 +0000000
»y 224829502 49000090 01719224008 o8431487%08 . _ . ,0000000 _ . —»QQ00000. . .
12226834702 01334266408 «742703040% «1706108408 +0000000 «$737973408
—+0000000 N ! 26400062405 . *e2904507%0% . ,0000000 ... ___.__ . _+B394212%0% .
T PROBLEM NUMBER | T
15890481400 23374997402 *390000001 Le3926990=02 . )%55670%02 {1 R,
+29200%2+02 we 1160301702 10000000 *e1013851-02 < 104991603 +0000000
_26000000. 01659848404 *0000000 e 1659440¢04 +0000000 _ +0000000
o 48861002p) olbi!’!lool ¢3380340+08 02483543 %04 +0000000 +0000000
=03370080¢02 omo%uL 92133819499 e8979200+04 . «00Q0000_ _ . +0000000..
Te1837982002 1176913008 07202065905 + 197415408 +0000000 06524761405 -
_-+0000000 20000090 26109524+08 _®e29675871%0% __ . «D000000. _ . _ _ . . _8014%34405
o PROBLEM NUMBER .
16282179406 03899994492 $3900000%01 ‘3924990702 .ab4ey788v02 2wy
v2807060=02 e 10050V3=02 10000000 0 1055665702 o 778336804 +0000000
« 1940958404 +0000060 s 1490958404 10000000 +0000000
] 2 194058900 *3233171+06 v )983312%04 +0000000 +0000000
*e 8641513002 100099 02610643409 09445816904 _«000g000 +0000000
0143136302 21021964904 17157249408 +2202573405 +0000000 16349264405
..+0000000 23000000 1§7755)15¢08. 92995898405 .. +0Q00000 17722359405,

R R —



(4414

v4698525~00

Tee7591203-02

05767192+03
+08000000

07%3272+00
02551097~02
+3006000
_ e%628504%0}
*y92827% =02
0339649903
+0000000

+7863970+00
02992069-02
+000a00400
1455323301
*s1412079+01
*03026059-03
+G000000

-

« 1025324404
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*«9400410=03
01516273434
+3051758703
*9338) 11804
e )554834+5
"o |352194+g5

PROBLEM NUMBER |

+5000000*00
*+0Q000u0
LT DI T

selQuuluetQs.

+B8979914¢04
e 1753439%06
¢1859295+06

+5000000%0}
*93414651=93
+1535333+04
02051758~03
*e3304829+0%
=+ 1536821405
*¢1365860%905

« 0000000
«0000000
+0000000
«000GU00

+3272786+02
+ 0009000
+0000000

. sGn0oQow_ .

+0090000
24 000V0U
+0000y00

032727846+02
+0000000
+ 00046000

.« QRGORGG . ...

+0003000
+ 0004000
+0000000

«0000000
+0000000
+0000000
+0000000

397
+0000000Q_.
+0000000

. «0000000. ..

" 0000000
+0000000
10000000

401
+0000000
+0000000

. 20000000
+0000000
+0000000
+0000000
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TABLE C-2. (Continued)

.SEGNEN[“ OF REGIGN 3 (UNED SANDWICH INVERTED CONE)

T YT LI R YT L TE YY-% J
02500UD04U0 9250600000 e _
+1160000%01 vit10000%0)

eB00LIGOTHD | e25Uwigt0

Tt T T PRUSLER ¥ TABLE OROER PHITON § VS. OISTRIBUTED LOADS (F THETAY F PHI, F:ZETAy- W THETA, N PHI)
LOAD JDENTIFICATION CLUES 991410

*000GI00 Ce0dDWB0G
+006w000 *0uBuLOL
. .e00u0e0 SVUHING




22K}

1244

‘TABLE C-2. (Continued)

0 O INTERVAL 87PN ZERG NUNSER OF CYCLES ™
EPSILON THETA EPSILON PHI GANMA PHI THETA K_PH] K_THETA . N_TENPERATURE THETA
v T PHY TUTTRTPHETHETA T T T T YTPHE STAR T T PHY THETA T T 7T W TEWPERATURE PRy
v J pul NTHETA W PHL N OPH) THETA W_TEWPERATURE THETA
v T THETA W THETA n el W PRI THETA
ONESA THETA TAU ZETA PHI = /7

S]GMA THETA [N

Si6Ma PH) _IN

N TENPERATYRE PH]

ONEGA PHI

TAU ZETA THETA a /7T

SIGMA THETA OUT -

______PROBLEM NUMBER |

SIGMA Pnl OVUY

TAY PHI THETA IN __
TAUVU PHI THETA OVUT SIGHA F QUT

T oBNIWAYEEAI T T T TW0000630 T T T 7T T «5000000%00 05003443=g1 T Te328331 %02 Y | oot

___e6548200002 -e2084%74%02 40000000 2418832205 «7455459-08  +0000000 _ -
+000000y 102917351 0000000 +1029173+01 +»0000000 +»0000000
21966358+00 21029173491 _e)153965%06 - *e2747925%02 20000000. . . _ 0000000
02056304+00 +UA0ULUG 07322175402 s 1397461%G1 +0000000 20000000

___ebY445819202 - <88718g44Qu L. _*1536648404 *e4087410+02 e . . *00Q00V00 s 1636048406
+J000000 * 0000000 +1540102%06 0242761402 «0000000 + 154027306

_ — — i PROBLEM NUMBER ) — e

T e i4ZaY0Ze0d s0U000d0 " T «5000000%00 «5003443=01 T 7 T T,32552%4+02 T

26642077202  =e2203w79=02 eG000QGO . ®eN332463%Q5 __ _ e7649i11%05 _ +0000000 ___
+0000006 28819002+¢2 *000ud0d *8819982¢02 «U000000 +0000000
01948363400 L0 88}19082¢92 — .S BRN5GIV06 e 24292%%e92 . .0004000 .. _.0000000.
22088552+00 «0BU0U00 ~10602216%02 2 1899168+92 +0000000 +0000000

06449301 w02 e 74N20%+02 o i558%uB%06 . +2023120%02 .. __.___ +0000000 ¢ 155000706
+0808000 *WOGUVID - +1562041%06 s 4989459402 +0000000 « 1562291406

o e PROBLEM NUMBER
v8U29908403 7 T 400Q00G0 T T T Te5000000%00 T T +5003443=g1 ~ T 3287177402 sl T
04738707202 4224408102 _+000adg0 _ _ »01085)60=9% _ _ 27640210705 +0000000. . . .. _ "
*0u00000 1744608402 "000uRe0 - - - 2 1944808%02 +0000000 «0000000 -
01938212000 e 4944808%g3 1107911¢Q6 =02Q8641)%02 20000000 . . _ __ ___ _.00Q0Q0Q -
«2120788+00 *0006ve0 *e 4257280402 *8783010%02 +0d00000 +0000000 .
1684071802 41607243403 vI581595¢06 0 42180323403 - +0002000 __ 0 1580502%06 -
+G00600Y T T v1583428¢06 "e2005492+03 +0000060 «1584431°0¢
e PROBLEM NUMBER | e

T eWWINV09+03 T T *0000000 +$5000300*00 "e5003443=g| «325%)10%02 1214
16829122702 _e2274959-02 *000u0G0 . ©02296257°04  +7626057-05 «0000000 - .-
+ 3000000 «I182666+02 0000000 . | 031824466400 «0000000 +0000000 ‘

01922907400 +3182666+93 21083180406 *e3536323%2 —— ——20000000 -
02152996900 * 0000000 *2148343¢00 «2142413+0) +0000000 +0000060

__e4%32810-¢2 . 8257701903 01604779406 W87%1451%0) . . +0000000 e 160)006%06
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R e s savarg

TABLE C-2. (Continued)
+0000000 +0000000 +3604763404 .rs 4510500403 0009000 +1607028+06
T PROSLEN WUWBEN 1

18429912¢03 00000009 - - -ij_c_g_gg 4500344301 +32610%4¢402 161

v6%22226~02 =s230568p-32 +0000000 "o 66329=04% + 760273108 +0000000
N0 . $79w 7! . _._Q0000u0 ... .. — 579970%0) _ _ _ ,0000000 _+0000000

o 1911447400, 11087323406 47284401 +0000000 +0000000
_o2VBSIANQU . eGQOQUD0 . «6B16194%02 . ...08066073%03 _ ___ ___+d00000 . sg000Q0D .

6906628702 036341465+93 11620494406 2112279840 *0080000 «1622911406 ..
— 80000006 et QUONNRD 20 6203J0%06 = 0526793%3 — 21629418%08 _ ...
T - - " PROSLEN NUMBER '} T T e e e
i -mms'.ﬂ . .s0B00000 95000000960 __ _e5003483=q)  __ 43262977%02 . 200 _._ __.

cTulte79+p2 0233619402 *000J000 e 6779864704 + 756614508 10000000

+0000008 _ L ekl I7%7440d 2000V000 . “6117478+g) +9002000__ +0000000

. unusoaﬁ Wb 1747803 ¢ 1030300%04 *03982350%0) +G000000 +0000000

23217180900 _ +0006VO0 2 15482p9*0) 06723429953 _ aN000000 . . ___ .. . 40000000 . . _

+ 6389545702 4760688403 1652793404 L TYEENT) +2000000 ¢ 1693529904
_oG0900VQ _s0000URE . ) 6A5182%Q6 . - wel43676%%0% __ . 0000000 o 14582%12°0¢ _
e PROBLEN NUMBER | - . T o

28449939403 eW00UG0O sBOQ00G0*00 | +5003443=p) _s3264910%02 I LTI
Te7l08074=02 =e2366%34mg2” *0U00NOuG we1031105=03 07511469208 +0000000

*20Ua000Y S e 7781045493 +6080060 - 27781p46%G3 +0000000 .7 »0000000

01008070460 07781045493 -~ . C ¢1002099404 © +24665874G] «0060000 "1 40000000

2224905990y «B00UNIG L 92714673403 «100838%s08 . +000000D. . _ ‘20000000

634713062 «5939704903 1677675406 22833940404 +0000000 01663686404
__o000u0y . . eRNUNOuG . Y YLTEERIT T *e2245093%04.. _2GOR000R . 7 _ebe7S471%06 _
— PROBLEM NUNBER ) T - -

18954922003 0006000 +5000090%G0 | eS003443=01 4 32668%3+02 __ asy

YASIAZTE T I 02396354202 2000u000 e §483G77=03 07433165705 +0000000

20UUL000 09552676443 16000600 99552476%03 +0000000 _ o ._ ._.eDbG00D000

o 1876155+00 «9552674+p3 +9726930%05 09333336%01 *000000V +0000000

02280649400 *GUO0VO0 * 4171036403 «1449880%04 +00600600 - .+0000000

628448302 *7155685+¢3 1703128*0é 14032938454 - +U000000 « 168332406
_e000000R . _eu@0BOUQ . eleBITHYGE _ =ed329126%98  _ _ +00UIQOU 1698839408
—— e PROBLEM NUMBER |

08999925403 JQU0DWID . +500u9u0*00 +5003943=0) 43268776402 . 1 I
Te7287759~02 “e24925605~02 =e2051707-03 «73248400% +0000000
» e0N0000 LRI RLTLT l1N1488+G8 | .+0000000 _ +0000000
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«18640%)+00

REIRELEIT]

TABLE C-2. (Concluded)

1942u550+05
25934428933
W 1729117%06
1698324408

PROBLEM NUMBER 1 .

23119 06v00 TTTe0000000 T
16196777202 08393499493
X TIT . «0006V00
8464929+03 + 0000000
¢7375845-02 . _-_._2‘054"10_—0_2“ )
*3GUOLUL 2 1334975+04
1851802400 «1334975+04
+2342627+00 «0U0LVL0
«60770%4=02 _09639115+03

+ 000060y 10000000
v8469932+03 T2 0u000Go
_e7461732~02 ~212482354=02
« 000000y +1533894+94
2183953 )+qu 04533894804 |
023724654+00 «QUUBY0
_e571815492 T YAATITL]
«J00uo00 REIT I

+500u050+00
+0000000
«00000G0

. *?10i532%05

+801910+03
©1755582+%06
91712857406

. PROBLEM NUMBER I

21655029452
01972389404
5478777454
~e4755723+04

+5003443=01
=e2757994=q3
«}1334975%04

cee——s280482) %02

+2589765+04
¢7183389+g4
vebb14562+04

+5000000%00 «5003443=01
*0000000 =e3626142=03
*000UVUD 01533894404

... 28769542405 . _ __ e3175614+Q2
vigH3e26+04 #3305155+p4
Ce1782434%ub . . 27158428+ 04
11725005406 "e9029964+04

« 0000000

. _.uoqpnoo . o _00000'0_0_0_.___’_
"e0000000 +0000000
+ 00000600 2 1702385+06 _
+0000000 « 1722595406
T T 3277002 LTS} -
_ 7179143705 10000000
+0000000 +0000000G
________ ; e — - 20000000
+0000000 +Q000000
+900UV0Y 0 1720790%06
«0000000 21746869406
+327264%3+02 401
2698725) 705 . +0000000 ___
+0000000 +0000000
o _aQ0G0GGOO . 0000000
10000000 +0000000
«B00L00u .01738454206

«1771882¢06
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APPENDIX D
SUBROUTINE LISTING

The MAIN control program (Table D-1) and subroutines RIEMAN
(Table D-2) and LEBEGE (Table D-3) were the only subroutines that needed
modification in the STARS II Computer Program. Therefore, the ASTROS
Computer Program has the same program layout as in Reference 3 except for
MAIN, RIEMAN, and LEBEGE. All other subroutines can be found in
Reference 3.
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TABLE D-1i. MAIN CONTROL PROGRAM

COMMUN STURY(16),TALE(16)

COMMON STORY(14),TALE(16)
= COMMON XMAT(II04+10)sSTDU1Q) ,NSTI30) sNKLI3D) NXMATI20},SAVTIC(900)
COMMON SAVJTC(30),SAVSTP (304 JRTIC(3G),JRSTOP(230)
COMMON" SADUS(60),RADUS(60)
COMMON XN, NREG NSEGTL NMPT liATPRP ,TEFREE NCUPLE 4TIC,FPHI ,STOUP
COMMON NRGEND yNSYM NRG¢NRC ,iSC4NIX,1ERROR,RESTOP RTICK,I0UT
COMMON MAT ,KGEOM, JGEOM,ITYPL ,ISTTARsTHICK,KELVIN,G}
COMMON IBEGIN,NPROB,NHARM ,NSEG,NERROR,QyNSMAX
COMMON /NAM1/ STRGO(6) ,THERN(4) ,MATER(3),SEGTAB(3),FACE(4) ,EQUATE(
13),STRESS(4)
COMMON /LYCORR/ YCORR(144)
INTEGER SAVJTC,SAVSTE
INTEGER THICK,TYPE
INTEGER SEGTAB
INTEGER @
] WRITE (6,12)
REWIND
RENIND
RENIND
REWIND
REWIND
REWINO
REWIND
REWIND
REWIND
NIX=0
Q=5
NHARM=z 1
READ (5,13) (STORY(I),Il=1,s10)
READ (5,14) NREGsNSMAX,NMPT,AN,NPROB,NCUPLE
WRITE (64,15) NSHMAX,NREGyNMPT,NPROB ‘
IF (NCUPLEJEQ.Q) WRITE (6410}
IF (NCUPLEJEQs)) WRITE (6,17)
WRITE (6,[8) (STURY(1),I=1,16)
NROW=0
KKze]
NSAVE=0
0074 T=1,NMPT’
KK=KK+2
NAMAT (KK )aNROW+]
1I=NROW+1
"READ (5,19) STD(I1),TYPE
NROW=] ]
b 2TL=1,3°
IF (TYPELEQ.MATER(L)) GO TO 3
2 CONTINUE
3 CONTINUE
IF (LLEWLT) NROW=y
IF (LaEQ42) NROUW=7
e <1 i

— = 0L WN -
0

N —

218

>>)>>>)>>)))>>>)">>)>>>)>>>>>>>>>>>>)>>)>>>>>b))>>

190
200
210
220
230
240
250
260

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
190
500

st



TABLE D-1. (Continued)

COMMUN STORY(16),TALE(}&)

IF (NROW,EQ.4) M=)

A 510
T IFINROWSTERS I1) N=| A 520
IF (NROWJEQ.7) HN=] A 530
T TIF (NWNET1)Y GO TO 10 A 540
LLL=NSAVE+NROW A 550
‘READ (5320) ((XMAT(M,Jd),J=],30) M=11,LLL) A 560
NROWSNSAVE+NROW ’ : . A 570
T TTNXMAT (KR ST =LLL A 580
4 NSAVE=NROW A 590
" D07 NRC¥I,NREG A 600
WRITE (6,12) A 610
READ  (5321) NSTI(NRC} ,NKL(NRU) y(STORY(I),I%1,16) A 620
WRITE (6,22) NRC,NST{HRC) ,MKL (NRC) A 630
ST IF T (NCUPLEZEQe 1) READ (5,23) IRy JRTICINRC),JRSTOP{NRC},STORY A 640
NSEGeNST(NRC) A 650
U5 NSCwQTTT T T A 660
IF (QeEQal) WRITE (6,1%) NSMAX,NREG,WMPT ,NPROB, XN A 670
6 NSCaNSC+] T ) A 680
WRITE (6,12). A 690
T CALLTRTEMAN A 700
IF (NIXeNE,Q) GO TO 11 A 710
‘CALL SEGRAT - A 720
IF (NIXeNE.R) GO TO 11 A 730
IF (NSCeLTeNSEG) GO TO & A 740
NSC=0 A 750
T IFU(NCUPLELEQR.O) GO To 8 ) A 740
CALL REGMAT A 770
1F (NIXeLTW4Q) GO 7O 11 A 780
N1X=C A 790
REWIND 2 A 800
REWIND 3 A 810
7T CONTINUE A 820
IF (NCUPLE.EN.1) GO TG 9 A 830
8 READ (54,24) XN A 640
1¥ (QeEQel) REWIND 1 A 850
Q=1 : A B&D
WRITE (6,12) A B70
TTT60 TO 8T A 680
9 CALL STRMAT A 89D
TIFTINTIXeNELCG)T GO TO 1) A 900
CALL INITAL A 910
IF (NIXVNESG) GO TO 11 A 920
CALL LEBEGE A 930
D TO— = . A e s e e
CALL EXIT : A 950
10 TERRQR=BODQ A 960
NERROR®= A 970
17 CALL "PDUMP A 980
CALL ETRAP ~ . o A 990
STaP - i T - Al00D
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COMMON STORY(lb)gTALE(lbl /

“TZTFORMAT (THT) . T

13 FORMAT (16AH4) /

14 FORMAT T12,13,12,F%e6,12,11) . . )

15 FORMAT (1H ,////40X4+46HAUTOLATED SHELL THEORY FOR ROTATING STRUCTU
IRES///60Xy8H{ASTRO0S)///757X,13HDECK NUMRER 1//54X,19KAS OF JULY 17
2y 1970///7/8X,Z1HNUMBER OF SLGMENTS = 13,21H NUMBER OF REGIONS = ,]

T3Z793H NUMBER OF MATERIAL PRCPERTY TABLES USED * ;12 ,22R NUMBER OF
4PROBLEMS = ,12)

16 FORMAT (28X ,76HTHE GIVEMN INFUT DATA INDICATES THAT THE SHELL SEGHME
INTS ARE NOT 70 BE COUPLED//)

17 FORMAT (3CX,72HTHE GIVEN IMFUT DATA INDICATES THAT THE SHELL SEGME
INTS ARE TO BE COUPLED//)

VB FORMAT (/77777770777 77777778Kv16A4)°

19 FORMAT (A4,6X,A4,6X)

20 FORMAT (BE1447)

21 FORMAT (212,16A%) .
22 FORMAT (/7770770717770 407777¢7777758X,13RREGION NUMBER,13//35%X,10HT
JHERE ARE +12,149H SEGMENTS AKD ,12,35H KINEMATIC LINKS WITHIN THIS
"2REGION) D ST Ty ' T

23 FORMAT (315,]6AH4)

24 FORMAT (7X,F946,3X)

END

280

Al010
AlCD20
Al1030
A1040
Al1050
ALO60
AlO070
Algao
Al090
AllOO
All10

" All20

Al130
AllYo
A1150
A1160
All70
All8O
AL190
A1200
Al210
Al 220
A1230-
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TABLE D-2. SUBROUTINE RIEMAN

SUBROUTINE RIEMAN

SUBROUTINE RIEMAN :

" COMMON STURY(16)sTALET16&) " C T T T T
COMMON XMAT(IlO.lO).STD(lD).NST(30).NKL(30).NXMAT(ze).SAVTIC(?OO)
COMMON SAVJUTC(30) ,SAVSTP(IC) yJRTICLAC)Y,JRSTOP(30)

COMMON SADUS(&D) 4RADUS(60)

" COMMON XN,NREGNSEGTL ,NMPT HATPRP,TEFREE yNCUPLE,TIC,PH],STOP
COMMON NRGEND, NSYM NRG NRc,nsc.le.IERROR,RESTOP RTXCK.IUUT
"COMMON HAT  KGEOM ) IGEOM, ITYPE 4 ISTTAB,, THICKZ KELVIN,GI
COMMON IBEGIN,NPROB,NHARM,NSEG, NLRROR Qy NSHAX
"COMMON /LYCORR/ YCORR(IHH) . <
COMMON /NAML/ STRGO(él,THERM(Q).MATEK(J).SEGTAB(S),FACE(H) EQUATE(
13),STRESS{4)

INTEGER SAVJTC, SAVSTP

"INYEGER SEGTAB

INTEGER THICK,TYPE

INTEGER 0 . .
EQUIVALENCE (XMTITH,XMTETH), (XMTPH,XMNTEPH), (XNTTH XNTETH), {(XNTPH
14 XNTEPH)

EQUIVALEMNCE (XNPHI , XNPI)

DIMENSTION VAR(4) ’

DIMENSIOM KLUE (%) .

DIMENSTON IPROB(10), LST(61)

OIMENSTON YDEV(!44), YICS{144), YNEW(144)

DIMENSION TBDEL(144), FWOEL(144)

DIMENSION ILAYR{IQ)

DIMENSTON ST(70+31), XLAYER{IO)

DIMENSION LMERD(5), LPRES(5), XPL{5), XMERD(S5), XPRES(5)

"DTMENSION LMONT(5), XMONT(5)

DIMENSION OMAGX(5)
DOUBLE PRECISION YNEW,YPRED
COMMON /EWQUAZN/ YPRED(!HH),YDOT(IQH).YASAVE(]HH).YANTH YAMTH,YAMPT

LW VAP, S SN TS, SNS G CS SR TAN s SEC,CMoalCS I KTSN, TNy XTRU, XTROSG, X 1SNR
20.XlCSRO.CNIRO.SN]RO,CSIRQ.XlRl.XlRZ,CSlRl.CSlRZ.SNlRl.XlRlSQ,RZSu

3V ROWBESUROSQIXNSQ,BETAZRT yk2,5S1 yRIDOT 4 XNTTH, XNTPH  XMTTH XMTRPHXFT

HHLD y XFPHLD y XFZELD , XMTHLOD s XMPHLD ETHET JEPHI  XGPTALPHTH ,ALPHPH, XNUT
SPyXNUPT s XC1177XC22,XD33,XD22,XD213XD12,XK11 . XK12,3XK21 4XK22,XK33,XD1
&l oMy XNL, XNPHI
Toui«n T C
ANL=0D40
IF (Q.EQ.!l) 60 TO )
READ (5,198) RGO, (STORY(L1),1=]1,16)

T WRITYE (1) RGOL(STORY(I1)slmi,16)

READ (5,196) T1C,STOP,DTAU,DIFF,STEP,DELTA

TTMRITE (T 11T, STOP,DTAU,DIFF STEP,DELTA
READ (5,196) G1962,G3
WRITE (1) G1,G2,G3
READ (5,5197) TYPE ,HLAYRySHEELT,INTERP ,RANKIN,TEFREE JANALYS NP
IF (NPolLTaZeOKeNP.GTa30) GO TO 189
WRITE (1) TYPE,HLAYR,SHEET,JNTERP ,RANKIN,TEFREE ,ANALYS NP
GO0 To 2

ﬂﬁﬁf‘ (aXaNaNaleNaRalaRaKa oo NaNalaNalakaNalaXaXaNaRaRakaka) ﬁ(\ﬁf‘ﬁﬁﬂﬁﬂﬂnﬁnﬁﬁﬂﬂﬂﬁ .

10

30
40
50
60
70
8o
90
100
f10
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
azo
330
340
350
360
370
aan
390
400
410
420
430
449
450
460
470
480
490
500

281
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TABLE D-2.

SUkaUTlNE R!EHAN

1

READ (1) RGD.(STORY(!).I-I.I&)

(Continued)

’“——‘”RttU*TTT—TTC—STVP‘DTIU_ﬁTFT—STE’?DFLT1"”"" T

T TTREADT T TYPEHLAYR,SHEET, INTERF yRANKIN, TEFREE.ANALTS.NP

T T DTYFFsTLO0E=D4

'

282

10 _CONTINUE

READ (1) G]1,62,63

2 EPSILs].0E=05

ERR~1,0E=07

T=RGO
VWRITE

TA

WRITE (6,199) Gl1,G2,G3

(641981 NSCo1,(STORY(1),1m1,16),TIC,STOP,DTAUDIFF,STEP,DELT

TWRITE (6,2000 TYPE HLAYR,SHEET,INTERP yRANKIMN ,TEFREE y ANALYS NP
MATERIAL PROPERTY IDENTIFICATION

60 W T=T ,NAPY
IF (HLAYR=STD(IJ1 4,3,4

3 MAT=]

% CONTINUE —

GO 70 5

G0 T0o 170

"GEONETRY IDENTIFICATION SEARCH
S DO 6 I=}1,6

6 CONTINVE

TFIRGO=STRGO(T)) 65756

60 TO T T

7 KGEOM=I

poe Y&, T Tt
IF (TYPE-MATER(I)) 8,98

8 CONTINUE™

9 ITYPEsT ~

11

GO TO 172

DO 10 I=1,3 L

TTF (INTERP=SEGTAB(T1) 10311410

w0 foyry T T T T T
_15TTAB=l
DO 12 [=1,4

IF (SHEET-EQ.FACE(I)) 6O TO 13.

" 12 CONTINUE

13 THICK=T ~
TEMPERATURE LOAD IDENTIFICATION

60 TO 174

DO 14 I=1,4

IF (RANKINJEQ«THERM(I}) GO TO

14 CONTINUE

60 TOo 175

15 KELVINsI
LINEAR OR NONLINEAR ANALYS]S IDENTIFIiCATION

DO 16 1®1,3
IF (EQUATE‘

<EQsANALYS) 6O TO

16 CONTINUE

15

17

nnnnnnnnhnnnnonnnnnnnnnnnnnnr\n

C

510

q'
(4]
N
°9

nnoONN A NONANNANNAN NN

530
550
S70

590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800

540~

580

560

810

820
830
840
850
860
870
480
890
900
910
920
930
940
950
960
970
980
990
1000

Liil



‘TABLE D-2. (Continued)

_ SUBROUTINE RIEMAN

GO TO 188 I _ ci101D

17 YANCYZe 10077 T ' ’ ) . €1020

rr (!ANLYZ.NE.I-AND-HPROB-GI.l) GO Tu 168 - €1030

TIANCYZWNEST) XNLU=140 C1040

lF (xNL.Nh.OanANDQXN.NEQGQU) GO TO0 190 <1080

"NROWwD C1060

NROWsTHICK+] c1070

TIF TUISTTABLEQW 1) NROWs11 c1080

IF (ISTTAB.EWs3) NROWs1D : SR e . c10%0

Le2s (HAT=1)+1 cL100

T1sNXMAT (L) ) : . C1110

TTATEMNXMAT (L4 T - 1120

WRITE (6,201) ((XMAT(] J),Jll 101 ,1=11,1110) o C1130

WRITE (6,202) - Cll40

GO 20 1s] 4 NROW SR C1150

IF (Q,EQ.1) GO TO 18 : C1160

READ (5,203) (ST(IsJ),Jdnl,nr) €1i70

ARITE (1) (STUleJ)oJdmi NP} ci1180

. 6o To 19 _ . c1190

‘18 KREAD (1) (STl ,J),Jd=] 0P} . c1200

(19 WRITE (6,204) (ST(I4J),Jd=i,kP) - C1210

20 CONTINUES cLz20

IF (NPROBJEQ.D) GO TO 39 c1230

K=NROW+1 C1240

Just o C1250

| NENLYS C1260

MMsl ci1270

D DO 36 NLC®],NPROE i clzeo
e JTwdd ) _ C1290 -

o ITTRYIS ciaoo

L=0 ) : c1310

oo IF (Q.EQ 1) GO Ta 21 Co €1320

R READ (5,208) (LST(J),Ju=dJ, JuJ).(TALE(l).l-l.lé) 1330

WRITE «11'(LST(J).J-JJ.JJJ).(1ALE(1).1-|,16) Ci1a4o

GO TO 22 C1350

21 READ (1) (LST(J) ydmdu,JJdJd) 4 iTALE(LI)sl®1,16) : . C1360

. 22 CONTINUE i . : . L €1370

IF (LST(JJU)) 169.24,23 C1380

23 L=LSTIUY) ) €1390

1F (NLC-GT.I-AND-LST(JT).NE-O) GO TO le67 : c1400

24 JymJJ+1 . c1410

25 IF (LST(JJ)) 16Y,27,26 : : . C1420

26 tal+} : o o C1430

27 IF (JJEQ.JJJ) GO TO 28 Cl1440

JumJJ§ C1450

GO T0 2% ‘ €1460

28 IF (L.EG,Q) GO TO 35 C1470

KKaKeL=1 C1480

..00_30 M=Kk,KK . : . . . Cl490

1F (Q.ER.1) GO TO 29 . C1500
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TABLE D-2. ( C_ontinued) _

SUBROUTINE RIEMAN

READ (5,203) (ST(M,J),Jm],NI) : C1510
WRITE (1) (ST(M,yJ),Jml NP) o Cc1520

G0 TO 3C : L . €1530

29 READ (1) {(STU(N,J),J=] ,NP) C1540
30 CONTINUE . T . C1550
IF (NLCeGToleGRaLST(1)+EQap) GO TO 32 : : C1560
WRITE (6,206) ' C1570
KYsK ' . C1s80
KZaK+LST(1)~] ’ C1590

DO 31 N=KY,KZ cls00
RRITE (6,2049) (ST(N,J)oJd=1 ,nNP) - ’ Cls10

31 CONTINUE i Cle20
KaKZ+1 ) ) ' clé30

32 IF ((L=LST(JT)).EQsT) GO TO 34 B : . Ci1640
WRITE (6,207) NLC C1650
WRITE (6,208) (LST{J),J=dT,uTT) o Cl1660

DO 33 HaK,KK ) Cl670
WRITE (64204) (STUN,J), Jsl,uP) : . C1680

33 CONTINUE ) Cle%0
34 CONTINUE c1700
35 KsK+L=LSTIJT) c1710
Jdmdadel c1720
NNNLRNEY- . C1730

36 MMEMM+] ) C1740
IF (IANLYZ.EQei) GO TO 39 ' c1750
KKaKK+1 ’ C1760

IF (LeEWoeB) KKmNROW+1 c1770

1f (@eEQ,1} GO TG 37 Ci1780
READ (5,203) (ST{(KK,;J)J=1,6P) . ] c1790
WRITE (1) (ST(KKeJd)sJml NP) . €1800

GO TO 3& Y .. ciato
37 READ (1) (STUKKyJ),J=m] ,NP) T cla20
38 WRITE (6,209) (ST(KK,J)oJ=m]1,NP) L L ci830
39 IF (NCUPLELEQ.0}) GO Tg 46 T ] c1840
IF (ISTTAB=2) 40,4%,40 o . . 1850

40 READ (542100 (VAR(I),I=1,4) . . ci8s60
C WRITE (6,211) (VAR(I),1%1,4) L . . ... claro.
c STRESS CLUES IDENTIFICATIOK i : clsao
1=0 ) ) __.Cl18%0

41 1=]+] ' » o cre00
LO 42 J=|,4 L . ... ..Civlo.

IF (VAR(1),EQeSTRESS(J}) GO TO 43 clv20

.- 92_CONTINVE = . R, .C1%230
GO TO 191 C1940

43 KLUE(I)=yJ - i C1950
T IF (1.LY.4) GO TO 4} ’ oot ’ C1960
.. _ . WRITE (1) (KLUE(Y)oXmiu4) . ... ...%1970
IF (IANLYZeEQaleANDeL o EQeD) KKmNROW c1980

e KmKKel e i e C1990
KKaK+8 c2000
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44
' 45
o be
47
\l“
7 \'
10 o4
;_‘-\‘\
D lar
AR
(28 -
V-_a:f -
Mg
T
.
[ 180
o8l
.
)52
[

T TABTE b-2 Contmued)

SUBROUTINE RIEMAN

., -
IF (ISTTABJEGs1} KK=K+&14 . c2010
WRITE 16,212} - T T T 2 Tttt - 'tap20
DO 44 T=K,KK . . . L €2030
READ (5,203) (ST(I4J),Jdsl,NF}’ . .+ c2040
WRITE (6,204) (ST(1,J),J=1,kP) - : : R &-1:1-1:
WRITE (1) (ST(1,J),J31,NP) s C2060
COMT INUE .- C L © €2070

"READ (5,213) PHOT,PHG2,PHU3,PHOY o ’ . .t .. c2080
WRITE (1) PHO],PH02,PHO3,PHU4 a 2 c2090
READ (5,213) (OMAGX(KJ) 4 KJ=i,NPROB) . Lo s 2100
WRITE (1) (OMAGX(KJ),KJ=1,NPRQB) - A & 3 1
READ (5,214) 15,5AVJTCIIS) SAVSTP(IS)5(STORY(1),1=1,16) © WL c2120
ITICSSAVITC(IS) .+ . 3€2130
1STOPaSAVSTP(15) ) ’ W Uczirae”
JTIC3JRTICINRC) . e . .7 %o C2150
JSTOP=JRSTOP (NRC) it ea. .. TE €C2160
CONTINUE \ ST i T c2170
NEQNSo64+3+NPROB Le =4y * €2180
DO 47 l=,NEQNS s AU R €2190 _
YICS(1)=0.0 ' - i TluLTTIRT , c2200
YICS(5)=1.0 ’ - g+ - . 2210
YICS(141=1,6 i - v el .. L2220
Y1CS(231=1.0 : : . C2230
YICS(321=1,40 2240
YICS(33)=1.,0 S €2250
YICS(42)=1.D sl e c2260
YICS(511=1,0D . c2270
Y1CS(601=1,0 ' s s €2280
HNCYC=0 v o ©'€2290
NSAVE=MROW T €2300
IEND=D N _ €230
PRINT=TIC . C2320
DTAIDTAU ,éz:f,;'r‘!i 1C2330
DTAU=Q.0 P N 1 C2340
CALL SETUP (MAGIN,MAGOUT,T1C,STEP, NEuNS.DTAU.EPSIL.DLLTA ERR TIME; *C2350

IDTIME,YICS,YPRED ,YCORR,YDOT,YNEW,YDEV, FWDEL » TBOEL )~ ,(.,$-x:‘: Sy . C2360
GO TO 49 ~1i.er 213 £C2370
CALL ITAGIC (MAGIN, MAGOUT,TIC, STEP.NEuNS,DTAU EPS!L DELTA.ERR IIHE. C2380

IDTIME,YICS,YPRED,YCORR, YDOT,YNEW:YDEV FVDEL,TBDEL) o To-.r¥1 C2390
IF (MAGOUT.LE-O) GO To 57 . *i,  C2400
IF (TIME+GT«STOP} GO TO 51 ' Ctev)!  C2410
1F (TIMLWLT.STOP) GO TO 52 < i, v, C2420
1END==] IR s, teoe i boftaEewEdIl C2430 0
GO TO 83 ) i ’ 7 C2440
IF (TIME.LE.(STUP+DIFF)) Gn 10 50 - . . .4 C2450
GO TO 162 . 7 Lt C2460
IF ((STUP=DIFF).LE.TINE} GO0 TO SO ) vt ~~ €2470
[F ((TIHE+DTIME)«GT«STOP) GU TO 55 . . .. <o CZ480
IF (PRINTW.GT.TINE) GO TO by U i e A e c2490_
PRINT=TIME+DTA ’ {aii< €2500

- - - 1 L ') » '_ .
@
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TABLE D-2. (Continued)

SUBROUTINE KRIEMAN

53 IF (1OUT.NE.O) GO TO 187 c2510

TF (TEND-GTW0) GO TO 1763~ — 7~ — "7~~~ —— '~ 2820
IF (JEND,LT.0) GO 7O 193 €2530

sS4 MAGIN=Q T — 77 -t ST Y < 1-Y T
GO TO 48 (2550
55 DTIAE=STUP=TIME ~ ' ’ o7 C2560
DELTA=0,.,0 €2570

""" GO T0 53 T Y o 7-¥ Y I
56 NCYC=NCYC+} €290
TOUMAGIN==y T T T T e e ’ C2600
GO TO 48 Cc2610
57 LT=0" """ T T T a C2620
JJa=NPROB~6 C2630

B » X 4 - - S = CZ640
58 LT=LT+LST(J) C2650
T NTOTAL=LT+NSAVE o ' ' C2660
_IF_(XNLeEQe1a0) MTOTAL=NTOTAL+! o €2670
NCONT=NTOTAL C2480
IF (NCUPLE.EQ+O0) GO To 59 C2s690

T T TIF (15TTAB.EQ.1J NTOTAL=SNTOIAL~15 oot T T T T T '¢2700
IF (ISTTAB,EQe3) NTOTAL=NTOTAL+Y cz710
'S9 CONTINUE T T T T T - B - ’ B cz2720
PHI=TIME c€z2730
ARG=PHI ~ — T T T T T o Cz740
LL3NP+1 Cz2750
DO 61 IT=T NP Tem S c2760
IF (ARG=ST{1,1)) 60,64,61 L2770
60 IF (I=-171 T8Yy1869,62° 7~ ’ c2780
61 CONTINUE c€z27%0
GO To 168 7 Tt T ot C2800
62 DO 43 IK=2,NTOTAL ©2810
63 STOIK,CUISSTIIK I # (ST IIK 10 =ST{IK, I=1))#{ARG=ST(1,1~13)/(5T(1,} <C2820
1)=STtl I=1)) C2830
GO To &6 s/ Cc2840
64 DO 65 l1K=2,NTOTAL €2850
65 STUIK,LLY=ST(IXK, Ty ~— 7~ 77 cz860
66 CONTINUE ) CZ670
4 THE UPDATED INTERPOLATED VALUES OF THE MATERIAL PROFLRTY COEFFIC c2880
C JENTS ARE FOUND IN THE XMAT TABLE ANU STORED IN THE ALAYER AKRAY CZ890
La{MAT=1)e2+1  — 77777 cz2900
T1=NXHAT (L) cz910
III=NXMAT(L+1) ’ o €2920
M= €2930
“LLaRP+1 T - ’ B ’ C2940
GO TO (67476,68,68), KELVIN ¢2950
67 L=NRQwW+! T T T C2960
TEMPAV=(ST(L,LL)I+ST(L+1,LL}+ST(L+2,LL)+ST1(L+3,LL})/4.0 . €2970
ARG=TEHPAV T C2980
GO TO 69 c2990
68 ARG=ST(NROW+I,LL) C3000
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TABLE D-2. (Continued)

SUBROUTINE RIEMAN

69 DU 71 1=2,10 c3ol0 T
CTF (ARGSXMATITIIZIN) 74572570 77~ T T .+ ... €3020 ’
70 IF (1-2) 166,166,474 ’ ., . ¢3030
71 CONTINUE o - Toet o T ™~ ./ cao4o
GO TO 176 .- - €3050
72 L=1T+1 T ToTTTTTm e T T .- cloe0
DO 73 JsbL,lll . .,. " c3po7c0
TXLAYERTHYSXMAT (I, T -7 T T T T *”’“:’i'f'csbed'
73 MEN+] o> c309c0 s
(e e 4 B - S - ’ : T o 7 €3100 i
74 L=1le] ) ! €3110
PO 75T UsLYITYT T T o 0T TR "c3rao
XLAYER(M)=XHAT (J,I<1)+ (XMAT(J,1)-XHAT (J, I-r))o(ARG-XHAT(ll 1-1))/( €3130
STIXMATCI Ty TYSXHRTTIT =10 5 777 7 ) i o 1
75 M=M+] I -+ T 1 |
GOTYO Y8 YT T ke PO +- 3 Y1
76 L=11+1 AT DL cau70
DO77TUSL, 1L T T o o P O o B { -1
xLAYER(n)=xHAr(J.1) ) o' c3190
A L1 TS T T o T Tt Slcazon
78 GO TO (79,80481), ITYPE .c3z10
79 ETHET=XLAYER(1Y — ~ 7~ 7~ - . c3220
XNUTP=XLAYER(2). €3230
ST TALGPHTHEXLDAYERTIY — 7 T c3240
ERHI=ETHET ‘c3250
T TXNUPTEXNUTP e T - - T C3260° 7
ALPHPH=ALPHTH S €3270 .
XGPTZETHET/U2.0¢ T« Q+XNUPT)) ’ ' ) IR £-¥1:1:
GO To 8z - .. 1 c3290
60 ETHET=sXCAYER(TY ™~ &~ 77 "7 7~ T R % 3111
EPHI=XLAYER(Z) ’ T €3310
XNUTPaXUAYER(H) ™~~~ =™ "~~~ — - st ot T IR o Y- ¥-1:
ALPHTHSXLAYER(4) ., [ c3330
ALPHEHEXLAYER(SY ™ —~ ~7° 7" 7 R o+ 1 1:
XGPTaXLAYER(6) L ‘0 50, €33so
XNUPT=ETHET®XNUTP/EPHI - ' B = 1.1
G0 T0 82 _ R - =
81 ETHETeXLAYER(1D ™ ~ 77+ T c33sp
EPHI=XLAYER12) - . c3a%o
XNUTP=XLAYER(3) ~~ = ° . . €3400
ALPHTHaXLAYER(H) L c3i10
ALPHPH=XLAYER(S5) ’ e €3420 .
XGPT#XLAYER(6) R < L 1o Lo
EREXLAYER(7Y ~~— T T T - ’ TooTTese €3440 .
ESeXLAYER(8) s . A €3450 1
ALPHR=XLAYER(9) ’ ' o c3460 K
ALPHSaXLAYER(10) .. .. . . ca470 :
TKNUPTSETHET#XNUTR/EPHI =~ T T T caase »
82 CONTINUE 3 - - €3490
~~ TG0 YO (83,86,89,90,91,921, KGEGK ~ T TTTTTTTTC R YT C3s00
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TABLE D-2. (Continued)

SUBROUTINE RIEMAN

C GEOMETRY FOR ELLIPSE €3s10
83 A=G1 €3s20
8E=G2 €3530
BETA=BE 3540
BESQ=REse2 €3550
ASQ=Aee2 €3560
SN=SINIPHI) 3570
€S=COS(PHI1) €3580
SNSY=§Hw»e2 €3590
CSSQ=CSee2 3600
R22A*SQRT{]1+0/(SNSQ+BESReCSS50)) c3s10
R25Q=R2e#2 €3520
RO=R2eSHN C3630
R1=R2+R25Q0«BESR/ASH C3464%0
BESG=bEse2 €3650
RIDOT=0.0 C3660

IF (KGEOMWsEQs1 «AND.BETASNE,l+D) RIDOT=3.0¢(R2eBETA/A)®e2® (CS/SNSE) C35670
1#(R1eSN~RO)} ) €3680

C FOLLO®ING EQUATIONS ARE FOR DISPLACED ELLIPSE - C3690
[F {SH.ER.DeD) GO TO 84 o - c3700
R28R2-G3/SN c3710
RO=R0O~G3 €3720

G0 To 85 €3730

B4 IF (G3+EQeDsD) 6O TO &5 C3740
R2=1.0 c3750

ROB=G3 C37s60

85 CONTINUE caz7o

GO TO 93 ca7so

C GEGMETRY FOR UGIVE c3790
B& RInG) ca800
C=G2 c3slo0

TTT T TSNasIniPHI) - i C3820
CS=COS(PHI) €3830

. IF (SN.EQ.D.D) GO TO g7 c3840
R2aR]1~C/SN c3850
TTTTTT g0 TQ 88 c3860
- 87 R2=1.0 C3870
TTT 88 ROaRjesN-Cc T . TormTmomTmTmTTm o ommm oo T UTTTTT €asBo
R1DOT=0.0 3890

T T 60 To 93T T T - ST ) C3900
GEOMETRY FOR CONE 3910

TTTTBe ¢Sacostery T T T - o N & 1 71:)
SNaSIN(G1) 3930

SaPH1 T Tmm C3940
S51=1,0/5 P €3950

T 7T RZacSeSNePHI T T T C3940
RO=PHI*CS ) e cag7o
T R1p0Y=0.0 0 0 T T T c3980
GO T0 93 . €3990

C GEOMETRY FOR CYLINDER C4000
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TABLE D-2. (Continued)

90 RO=Gt c4010

CRIDOTEGEG "~ - e s e
SN=l.0 €4030
€Skl o ’ - Co : T : C4040
GO TO 93 C4050
"MODIFIED ELLIPSE ’ C4060

91 ANEXPwGl ) ) . C4070

. NGz - e - L e e L ¢4080
XN1=] e O+XNEXP - C4090
AN2mLen/XNL T T : ’ T ' o €4100
XN3=aXN1+120 | : C4110
ANYmXNI+1a0 " : T i T C4120°
XHE®XN4/XN| . €4130

SRS INIPHIY e R e
CS=COS{PHI) C4150
R2=A$({2,D/(1.0+SNesXiN1))woxN2 Co o C4160
RIW(A/2.N)e(R2/A)waXi) - ‘ c4170
ROmRZ2eSHN ’ ’ ’ ’ c4180
RIDOT==XNIeA® (SN XNEXP4CS/9.0)0(2,0/(10+SNenxXN1))®uXNS €4190

“-60 16 9F Leiante. JeU T ae R MR TANTEARN Y I AN - Cazog
PARABOLIC GEOMETRY c4210

"2 SNeSIN(PHI) N - o C4220
CSuCOS(PHI) C4230
TAN®SN/CS T o N o €4240
SECw],0/CS C4250

CErel e e e el e Cu280
FZuG2 . c4270
Fi=G3 o ’ T - N C4280
ROm={F2+TAN)/(2.08F3) ) . c4290
Rlm=SEC®#3/(2.,0#F3) ; . €4300
R2Z=RO/SN o i €s310

TTUTRIDOTASI L OeSECHednSN/ (2.00F3) T mm e o ’ - “"Cwazon”

93 TAN=SN/CS . . C4330
THE FOLLOWING LOGIC DETERMINES ROTATIONAL INERTIAL LUADS AND™ ~ T c4340°
PUTS THEM JNTO THE ST ARRAY AS STATIC LOADS C4350
LZAP=] o : T T T s T T TTTEE360
DO 94 NNI=a],5 . ... £4370
LMERD (NN[Twg =~ ~~77° 7" ~7  m mmmTmore T s e ; C4380°
LPRES(NNI} =D . c4390

94 LMONT(NNI)wQ ' o T 4400

95 LZAP=LZAP+] C4410

’ GO TO (96397:97:97,97), LZAP T ’ o . C4420

96 KNK=3 C4430

MIMEL " C ) . e SRt

. GO TO 98 . C4450

‘97 KNK=KNK+4 ) " C446D
MIMEMIM+] c4470
98 DU 99 NI=],KNK ) ‘C4480
99 LMERD(MIM)=LMERD(MIMI+LST{NL] C4490
© LMERD(MIM)I m{MERDIMIM) +NSAVE =7 77 7 0 7 R o 7Y [ I
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101

102

103

104
1os
“10s
~107

108

109

110

290

TLLuNP+I

' ,ﬂhAJBIJg 1)725-

" SUBROUTI

LPRES(MIM)aLMERD(MIM) +]
"LMONT(MIMTSCHMERD (MTH)+2° 77

1F (LZAP—NPROB) 95.!00 100

NE R1

(Continued)

EMAN

IF THICKa4, THE ELEMENT IS STIFFENED wITH EITHER RWAF OR STID
1F 'THICK={,2 OR™3 THE ELEMENT HAS MO STIFFENER ’

1F lTHlCK.NE.“) Go TO 116
YBARI=O,0O ™~ 7T o
YBARO=D.0

TiISZ=0.0

T0S5Z=0.0

IF ISTTAB=], THE ELEMENT IS STIFFENED
IF 1STTABR=3, THE ELEMENT [S STIFFENED w1TH 45 DEGREE HAFFEL (RWAF)

IF LISTTAB.EQVI) GO To 104
RWAF STIFFENED
TESTi1=ST(NCONT+5,LL)
IF (TEST!) 101,102,102
YBARO=ST(NCONT+5,LL)
TOSZ=STINCONT+6,LL)

G0 To 103 -~
YBARI=ST(NCONT+5,LL)}
TIS2=ST{MCONT+6,LL)
HIZ=ST(NCONT+7,LL)
TZxSTI(NCONT+8,LL)
HOZ=ST(NCONT+9,LL)

GO TO 11}

#WITH STRINGERS AND/OR RINGS

$T10 STIFFEWED (STRINGERS AWD/OR RINGS)

TEST1sST(NCONT+9,LL)
TEST2=ST(NCONT+11,LL)

IF (TEST1) 105,107,1Gs
YEARO=ST (NCONT+9,LL)
TOSZ=ST(HCONT+10,LL)

GO TOo 107
YBARI=ST(NCONT+9,LL)
TISZ=STI(NCONT+10,LL)

IF (TEST2) 1G8,110,109
YBARO=ST(NCONT+11,LL)
TUSZ=ST(NCONT+12,LL)

GO TO 1io X
YBARI=ST(NCONT+11,LI)
TISZ=ST(NCONT+]12,LL)
HIZ=ST(NCUNT+}3,LL)
TZwSTINCONT+14,LL)
HOZ=ST{NCONT+16,LL)

GU TO (112,112,113,114,112,112),
DISsYBARI®SIN(3e1415926~PHI)
DOS=ABS(YbARO)‘SlN(3-1415920 PHI) '
GO T0 116

DlS=YBARI'51h|G1)
DOS=ABS(YBARCG)#SIN(G])

KGEUM

c4s510

CYR20

C4530
C4540
C4550
C4560
C4570

C4580

€4590
C4600
C4610
C44620
C4630
C46490
C4650
C4460

" C4670

C4680
C46%90
C4700
€4710
C4720
C4730
C4740
C4750
C4760
4770
C4780
C4790
C4800
C4810

C4820

C4830
C4840
C4850
C4860
C4870
c4880
C4890
C4900
C4910
C4920
C4930
C4940
C4950
C4960
C4970
C4980
4990
<5000



RN

| e g e

116

‘117
118
119

120

121

s o122

123

124

‘125

.jiz~

DO 126 IJuK=1,NPROB

TABLE D-2. (Continued)

SULROUTINE KIEMAN

G0 TO 118
DIS=sYBART

DOS=ABS(YBARO)

ROIS=RO=DIS

ROOS=RO+DUS

60 T0 121

NO STIFFENER ON SKIN ELEMENY
T15Zm=340° '

TOSZ=Ge0

YBARI=0.0

YBARO=D.D

ROIS=040

ROUS=0.T

"IF (THICK=2) 120,118,117

HOZwST(4,LL)
G0 TQ 119
HOZ=ST(Z,LL)
TZ=ST(3,LL)
HIZwST(2,LL)
60 T0 12}
HIZ=SsT(2,LL)
TZ=0.0
HOZ=0.0
SSSIm(HIZ®e2+H0Z%02+2,0%HIZOHOZ+2.0%h0ZoTZ)/(20%H]Z+2.00HOZ)
SSSO08(HIZee2+1G2002+42,0%H]20H0Z+2.00nh1Z*T2)/(2.C*HIZ+2.00H02)
YBRImw (HIZ/2.0)+55S51

YBRCm« (H1Z4TZ/2.0)+5551

YERO® (HO0Z/24C)=5550

GO TO (122,122,123,1244122,122)y KGECGHM

ELLIPTICAL 4SPHERICAL 4MODs ELLIPSE ,0GIVAL,TOROIDAL,PARABOLOID
ROI=RO=YBRI®SIN(3«1415926=PK])

ROCHRU~YBRCOSINIIe1415926=Pnl)

ROO=RO=YBRO®SIN(3c1415926=PHI)

GO TO 125 777

CONICAL,y PLATE

ROI=RO~YBRI®SINIG])

ROC®RU=~YRRC®SIN(G])

ROOSRO=YBRO®SINI(G])

60 TO 125

CYLINDER

ROJsRU=YBRI

ROC=RO=YBRC

ROOSRL=-YRRO

APLII=PHOLeOMAGA{IJK) s020ROLeHIZ
XPLO1SPHOL ®OMAGK (I JK ) e 020ROUSHOZ
XPL2uPHU20MAGK (1 JK)ee22RUCOTZ
XPL3IaFHO3®OMAGX (1K) ee20ROISOTISZ
XPLY=mPHOH*OMAGX (1UK) #e20R00S®TOSZ
XPLETUK)I SXPLT I+ XPLO1+XPL2+XFLI+XPLY

€5610
€5020
€5030
5040
€5050
€5080°
€5070
C5080
€5090
€5100
€5110
€5120
€5130
€s140
C5150
€5160
€5170
€5180
€5190
€5200

'C5210

<5220
€s230
€5240
€5250
C5260
cs270
c5280
€5290
€5300

cs3lo
cs3zo
€5330
€5340
€5350
€5360
€5370

‘¢5380

€5390
C5400
c5410
C5420
CS430
cS44Q
C5450
C5460
C5470
C5480
€5490

'€5500

294



TABLE D-2. (Continued)

) SUBROUTINE RIEMAN

GO TO (127,4127,129,131,127,127)y KGEOM C5510

T ELLIPTTCAL,SPHERICAL,MODEFIED ELLIPSE,OGIVAL ,TOROIDAL ,PARABOLOID €552¢0

127 DO 128 KNIal NPROB €5530

T T T XMERDUKNI)®=XPL{KN])eCOS(3.1415926=PH]) C5540

XPRES{KN] )= XPLIKNI)#SIN(3,1415926-PHI) C5580

T T U XMONT (KNI} mXPL3%CO0S(3414159:6=PHI)SYBARI+XPLY®COS(3+1415926=PHI)®Y (5560

1BARD . C5570

T XMONTU(KNT ) mXMONT (KNI )+ XPL114C05(341415926=PH])aYBRI+APLOL®COS(3e14 (5580

. 115926=PHI)}*YBRO+XPL2#»CO0S(3,1415926=Ph])®YBRC C5590

—— T LKLmLHERD (KKT) ¢sé00

STILKL,LL)=STILKL,LL)+XMERD(KNI) C5610

TTT T LKL=LPRES(KNI) €s5620

STILKLLL)?=ST(LKL,LL)+XPRES(KNI} €5630

T 77T LKL=LMONT(KNI) o C5640

128 ST(LKL LL)I=ST(LKL,LL)+XMONT(KNT) €5650

T GO TO 133 €5660

C CONICALPLATE €s670

77129 DO 130 KNIsy,NPROB C5680

XMERD(KNI)®XPLIKN])®COS(G1) C5690

T XPRES(KNI)=aXPLIENI)#SIN(G]) - c5700

XMONT (KNI ) s~XPL3¢COS(G))®YBAR]I=XPLH4SCOS(G])*YRAROD C5710

T 7 XMONTU(KNI)=XMONT(KNI)=XPL]19COS(Gl)®YBR]I=XPLOl®eCOS(G])eYBRO=APL2¢C (5720

10S{G1)*YBRC €5730

T LRKLSLMEROD(KNT} Co740

STILKLyLL)=ST(LKL ,LL)+XMERD(KNI) €5750

T TTTTLKLRLPRES (KNI ) - C97460

STILKL,LL)=ST (LKL ,LL)+XPRES(KNI) C5770

ST TTTTLKU®LMONT (KNT ) €5780

130 STILKLLL)=STILKL,LL)+XMONT(KNI) cs790

TTTTTTTG0 To 133 ¢5800

C CYLINDER __ Cs810

T 731 D0 132 Kni=1,NPROB ) B " Cs5620

XMERD(KN1) =040 c5830

TTTTTUTTTXPRES (KNI ) weXPLIKNT) C5840

XMONT(KN1)=0.0 €5850

i T UKLSLPRES(KNT) C€5860

132 STILKL)LL)}®ST(LKL,LL)+XPRES (KNI} _ ) ¢s870

133 CONTINUE ~— ~ 77 o oo s ) C5880

d cs5890

TTTF UTIMEGEQ.TIC) RTICK=RO’ B C5900

IF (NCYCsGTo1+0ReNCUPLE.EQ.DO) GO TO 134 C5910

TF (TIMELJEQeTICeAND . NSCoEW.1) SADUS{ITICI=RO . T ‘Cs920

IF (TIMEL.EQ.TIC) RADUS(ITIC)=RO €5930

139 CONTINUE ™~~~ —— — 7 77—~ B - T T CE940

ROSQuRO®»2 e ... _C5950

TXNSQuRNee2 T T T ) ToTTermr /T o rmm e c5960

CN=CSeSHN _ ) ___€5970

T UXICSei 0/CSs T T - e T T Tttt T ¢C5980

_. JINsSN/CS . L5990

TTTTTXTRO=1 . 0/R0 C6D00
292
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- TABLE D-2. (Continued)

SUBROUTINE RIEMAN
XlROSQ-l-O/ROniz
TUXICSROU™IVO/L{CSORO) ¢ <
CNI1RO=CN/RO a0 o
--SNIRUSSN/RO -~ - - L S e
CS1ROSCS/RO o ’
“SNSQaSNee2
CSSQuCSes2
“‘XF (KGEUﬁ.EQ.H.OR KGEDH-EQ 3)
P RISQmRIee2
"TTRZSQER2®€Z ¢ : Co
AISN=LO/SN
XISNRO®1 .0/ {SHsRO)
XIR1=1s0Q/R|

GOYD 1357

o R2w e D/RE R e e e e e e e e e ———— e e

CSIR1=CS/R])

77 "CSTR2=CS/R2 -

SNIR1=SN/R]
TTATRISA=1.0/R1ee2

135 XNTTH=0.0

- XNTPH=O:0 - . . e e e e .
XMTTHSO.0

*__“ﬁ_X"TPHiUVU

'TT—_AHTUHPUTATION OF 'K AND p FOR

““"_3XNGE€_3HYET SR PR e o e e e

Co T TTTTRR2ZeXRT T

IF (ITYPELEQR.3) GO To 145
HATERIAL PROPETY INPULT
G0 To

(136.139|142l. THICK

136 HI=sST(2,LL)

TIENPISETHETSHT

TEMP2sTEMPl®H ew®2

TENPI= (1 .,0=XNUPTeXNUTP)

XK} 1=sTEMPL/TEMPI

TTXDVTSTEMPZ/ (1240 TEMPYY T T
IF (ITYPEJEQe.2) GO TO 137

XD22=XD11
TGLTTOT 38

137 TEMP)1sEPHIeHI]

T TEWNPZSTERPIeH ed2 ” -

XK22=TEMP1/TEMPJ
XDZZ=TEMP2Z/(12.0¢TEMP3I) ) T T

138 XK33=sXGPTeHI

=

PR

'XDS3iXK33lHIOOZ/12-0
GO TO 146
T EQUALTT SHEETS
139 HI=ST(2,LL)
TTYAST(3,LL)
TEMP=2+0*ETHET*H]
TEMP2ZaxHle (4eQoHI®e246,08H[aT+3,00Tue2)
TEHPJI(I-O-XNUPT'XNUTP)
XK i=TENPI/TENPI

C6010

‘C6020

C6030
C6040

C6050

‘cé060

C6070

Tce080

C6090
c6100

cs110
C6120
C4130

C6140

C6150
C6160
Cé6170
cé&180
c61%90

TC6200

C6210
C6220
€6230
C6240
C6250
“Ce260”
c6270
C6280
c6290
C6300
C6310

" cs320

C6330
Cé6340
C63S0

‘C6360°

€6370
TEC63BOT
€6390
C6400
cé410
C6420
C6430

LI

C6450
Co4é60
C6470
Cb480
C6490

C6500

293 -



XD]IsETHETeTEMP2/ ({64 UesTEMP])

TR UITYPEVEQW2 Y GOUTOTIHET U T U

142

146
147

294

XK228XK11
XD22=XD11
GO TO 141

TEMPI=32e0*EPHI

TABLE D-2. (Continued)

o«Hl

XK22=TEHP1/TEMP3

XK33n2,0eXGPTeHI

GO TO 146

'UNEQUAL SHEETS

HI=S5T(2,LL)

‘TEST(3,LL)

HO=ST{4,LL)

" TEMPl=Hl+HD

SUBROUTINE RIEMAN

"KD22=EPHT®TEMP2/(6.D*TEMPY) ™

TXDA3SXKIIPTEMPZ2/(1240DeH])

TEMP2=TEMP 1804+ 12,00H|*HO*T# (TEMP1+T)
TEMP33 (1l eO=XNUPT®XNUTP) ~
XK11=ETHETSTEMPLI/TEMPA

XD1 1 =ETHETeTEMP2/(12.08TENPISTEMPI)

IF {ITYPEZEQR.2)

XK22=XK11
XD22=XD11
GO TOo 144

60 Tu 143

XK22ebPHI®TEMP L /TENP]
XD22=EPHI®TEMP2/(1Z2+CeTEMP | ®#TEMPI) ~
XK33=XGPT*#TEMP]

GO TO t4é
RANKIN=THSTND
RANKIN=NOTHKM
RANKIN=THENST
RANKIR=THINHO
CONTINUE
XK1I=ST(2,0LL)
XK12=ST(3,LL)
XK22=S5T (4411}
XK33=ST(5,LL)
XD11=5T(A,LL)
XD12=ST(7,yLL}
XD22=ST(8,yLL)
XD33=ST{9,LL)
XC11=STC1G,LL}
XC22=STI11,LL)
XK2)=XK12
xD21=Xp12

MEANS
MEANS

MEANS

MEANS

"XD33=XGPTe(TEMP2/(12.0TENP)))

INTERPOLATE yCOMPUTE NTEMP ,MTEMP

DO NOT |NTERPOLATE,DO NOT COMPUTE NTEMP +NTEMP

00 NOT INTERPOLATE ,CUMPUTE NTEMP MTEMP

lNTERPQLATEsBUT DO NCGT COMPUTE NITEMP,MTEMP

GO TO (147 ,154,158,154), KELVIN
TII=STINROW+],LL)

TiK=ST (NROW+2,

LL?}

TOk=STI(NFOW+3,LL)

C6510
“C852D
C65230
Cé6540 °
Cé6550
C6560
C&570

T Ce580

C6590
C6600
C6610
C6620
6630

YL

C6650
Cbeb0
C6670
C6680
C6690
C6700
c€s6710
C6720
6730
Ca6740
C6750
Ca760
C6770
C6780
C6790
C&6800
C6810
Cs620
C6830
C4840
C6850
c6860
Co870
C6880
C689D
€C6900
Cs910
C6920
C6930
C6940
C6950
C6960
€6970
C6980
C69%0
Cc7000

ki



148

149

150

151

152

153

154

TABLE D-2. (Continued)

SULROUTINE RIEMAN

TOO=ST(NRGW+4,LL)

GO TO 149

TI1aSTINROVWT] ,LL)

TIK=T11

TOK=TI 1

TOoOwTI!

CONTINUE

TEMP | SALPHTH+ANUTPeALPHPH

TEMP 2= ALPHPH+ANUPT&«ALPHTH

TEMP3=] +C~XNUPT®XNUTP

TEMPH4aHI /4.0

TEMPS=HI%e2/24,0

TEMP6aT]I+TIK+TOK+TCO=-4,C*TLFREE
TEMP7=2+0#TI1+TIK=TOK«2.0#TLO

GU TO (150,1514152,153), THICK
XNTTH=ETHETTEMP 1« TEHP4*TEMF6/TEMPS
XNTFHSEPHI#TENPZ*TENP48TENPe/TEMPI
XHTTHRETHET=TEMP 1« TEMPSOTEME 7/ TEMP3
XMTPHeEPHI«TENP2sTENPS e TENPY /TENP3

GO TO 154

TI27/2.0

TEMPE=HI/2,C

TEMPO=TI1+TIK=TOK=TOU
XNTTHRETHET#TEHF 1 e TEMPESTENME6/TEMPS

XNTPH=EFPHI« TEMP2*TENP e TEHPO/TEMP]
XMTTH=ETHETSTEMP L e TEMFB® (HISTEMP7/34G+TISTENPY) /TENP3
XMTPH=EPHI®TENP2eTEMPO e (HI1wTEMP7/3.0+1I8TEMPS) /TENP3
GO TO 154

TIs(HO®22=H]se2+2 ,0*H0sT)/ (2e0¢(HI+HU))
TOs(HI®e2<«HO®e2+2,0¢h]eT)/(<e00 (HI+HU))
TEMPE=240eTI|+TIK=23UsTEFREL ' '
TEMP7%2+CoTO0+TOK=3+GsTEFREE
TEMPB=TI]+T1K~2.Ce¢TEFREE

TEMP9=TOK+T00=2,0¢TEFREE
XNTTHEETHET*TEMP 1 eDeS5e (HleTEMPB+HOTENPY ) /TEMP3
XNTPHeEPHI « TENP240+58(HIeTENPB+HOSTENPY) /TEMP]
XMTTHRETHET®TEMP L #De5e (HI*# o TEMP6/340=HUSS20TEMP7/3,0+TIieHISTEMPE
1=TO®HU®TEMPI) /TEMP3 o

XMTPHZEPH] ¢« TEMP2803eSo (H1 0829 TEMPO/3a0=HO®#2¢TEMP7/3e0+TI*HI*TEMPR="

1TO®HOSTENPS) /TEMP3

GO TO 154
TEMPIO=SORT(~-XK118XD1]1)/SWURT(4840)
TEMP1I®SGRT(=XK22#XD22)/SGRT(4840)
XNTTHE(XK11/4:G)®TEMP | eTEMPS
ANTPH= (XK22/4CG)eTEMP2eTEMPO
XWTTHSTEMPID®TEMP 1 e TEMP?
XMTPH=TEMPl LaTEMP2eTENMPT
‘COMPUTATION OF K AND p FOR h AND D INPUT
LL=NP+1

IF T{XK114EQeBeC) GO TO 177

c7010
c7020
Cc7030
c7040
€7050
c7060
c7070
c7080
C7090
c7100
c7110
€7120
C7130
C7140
c7150
C7160
C7170
C7180
C€7190
C7200

"€7210

c7220
€7230
C7240
7250
C7260
c7270
c7280
€7290
€7300
€7310
€7320
€7330
C7340
€7350
€7360
€7370
C7380
C7390
C7400
€7410
c7420
C7430
C7440
C7450
C7460
€7470
C7480
7490
C7500
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[aNala]

155

296

IF (LST{IR) «NE«OJ K=K+LSTC(IR)

" TABLE D-2. (Continued)

SUBROUTINE RIEMAN

IF (ITYPESEQeIeAND¢XK12.,EQ4Les) GO TO 178
IF (ITYPEGEQa3eAND¢XK21eELele) GO TO 179
IF (XK22+EQes0+0) GO To 180

IF (XK33+.EQeCel) GO To 181

IF (XDJ1+EQeCeB) GO TO 182

IF (ITYPE«EQa39ANDXU12eEWeCe) GO TO 183
IF (ITYPF+EGe3eANDsAD21eEGeL o) GO TO 184
IF (XD22.,EQeCsC) GO TO 185

1F (XD33,EQ.D.0) GO TO 186

NL=0

XSAVE]I=XNTTH

XSAVE2=XNTPH

XSAVE3I=XMTTH

XSAVE4=XMTPH

XNTTH=0.0

XNTPH=0.D

XMTTH=Q.Q

XMTPH=D.D0

XFTHLD=C.0

XFPHLD=0,0

XFZELD=C.G

XMTHLD=0.0

XMPHLDeG.0

JFaB8+NPROY

K=NROW

ANALYS=LINE

ANALYS=CMNTH

ANALYS=NPH

XNPHI=Q.C

IJKLMNE=NROWSLST (I )4LST(2)+LST(3I+LST(4)1+LST(S)+LST(b)+1]

IF (XNLeNE«DsD) XNPHI=ST(1JKLMN,LL)
DO 161 M=],JF

I=x(M=]1)28+]

IF (MeLT.9) GO TO 160

XNTTHEXSAVE]
XNTPH=XSAVE2
XMTTH=XSAVES3
XMTPHeXSAVEY
NL=NL+]
XxFTHLD=Q.0
XFPHLO=GC,.0
XFZELU=0,0
XMTHLD=0.0
XBPRLD=0.0
IR=NLeb=5

IF_(LST(IR+1),EQeQ) GO TO 165
Kak+1

XFTHLD=ST(K,LL) S

IF (LST(IR+2).EQeQ) GU TO 156



o~

Aok

B

156

167

158

159
160
‘161

162

163

K=K+]

" XFPHLD=STIK,LL}

TABLE D-2. (Centinued)

SUBROUTINE RIEMAN

IF (LST(IR+3).EQs0) GO TO 157

K=sK+]
XFZELD=ST(K,LL)

IF (LST{IR+4)EWeB) GO TO tbb

K=K+] _
XHTHLEESTIK,LL)

IF (LSTUIR+5).ERe0) GO TO 159

KmK+1]
XMPHLD=ST(K,LL}
CONTINUE
CALL DIFFEQ
CONTINUE
GO TO 56
IERROR=8DO1
NERKROK=1} 1
GO TO 192
IERROK=8002

" NERROR=12

164

165

166

167

168

169

170

17t

GO TO 192
IERROKR=BQ03
NERROR=13
G0 TO 192
IERKOR=H006
NERROR= 14
GO TO 192
TIERROR=HNG?
NERROH=16
G0 TOo 192
IERROR=8008
NERRQR=1Q
GO T0 192
IERROR=8009
NERROKR=S

GO T0 192
IERROR=2803]
NERROR=9

G0 TO 192
IERROR=8035%
NERROR=2

G0 TO 192
TERROR=8186
HNERROR=]

G0 TOo 192
IERROR=8087
NERROR=4

G0 TO 192
IERROR=HQHEA
NERROR®27

caolo

" T Cé020

c8030
CBO40
(8050
c8060
c8070
‘c8g80
C8090
cs100
csllo0
c8120
c8130
Ce140
C8150
c8140
c8170
ce180
c8190
€8200
c8z10
c8220
Cc8230
ca240
€8250
‘€C8260
c8270
caz80
c8290
€300
c83l0
€8320
c83ap
CB340
c82350
C8360
c8370
L8380
cs83gva
C8400
ca410
Cs420
CBHJO_
CB440
8450
€8460
c8470
ce480
cs490
C8500

397



TABLE D-2. (Continued)

SUBROUTINE RI1EMAN

SN O e o .
GO TO 192 ' c8s510
~ P TERRORWBQEY 7o T s imm—e s e emem— e e e GG
NERRQR=S C8530
‘GO TOE¥Z — v - - v e = i ces540
175 IERROR=3090 Cc8550
~ NERROR®§ 7 - T C85640
. G0 TQ 192 c8s70
Tr78 TERROR®AQEY T T 0 T s e : S T 7 cas580
NERROR=1 6 - €8590
G0 TOTi%2 C T T Cas00
177 IERROR=310} C8el0
: NERRQR=17 : T C8620
GO TO 192 C8630
TTI78 TERROR®AIQ2 —— "~ T : ” TTTUTTTTT O 'CaedO
NERROR=18 CB650
TTTEOTTOO1YR T T T T T s B : c86s0
179 IERROR®=8103 CHe70
T TNERROREY T T T o ces80
GO TO 192 : c86%0
77180 TERROR=81 0% T e o N 4 Y 1]
NERROR=20 - c8710
T GOTTOIY2Z T T T o c8720
181 IERROR®8105 c8730
© T NERRQR=21 T T T : c8740
. GO Ta 192 c47%0
TT82 TERROR®®196~ ~ 7 T vt : " T caren
NERROR=22 c8770
GO TOTIR2 e T - ca7s0
183 1ERROR=8107 o cay90
T NERROR=23 ~7 77 - ' ‘C8800
GV TO 192 : caato
T 189 IERRORwEIGE T T T Tt st o ’ ’ ’ . 'cssa0
NERROR®24 ’ i . CB8aD
GO0 Yo 192 — T Tt o T ) C6849Q
185 IERROR=8109 . c8850
"7 T NERRQRmzs T T T Tt C6860
GO To 192 c8870
T {186 TERROR=8YIO T T TTT T T (€111
NERROR=26 c8890
- GO TO 192 o ’ ) o C8900
187 IERROR=119Q c8910
‘NERROR=28 oo ca9z20
GO TO 192 c8930
188 1ERROR™BO1Y —— — TT T ¢ ’ Cus940
NERROR®? ) €8950
MG_O-. .T._O."lb_z oo o C89460
189 IERROR=8787 ‘ ca970
NERRQR=34 7~ "7 77 "7 7 ce8980
GO TO 192 o Cu990
‘190 1ERROR=8sgy T T 7 ’ CY000

298
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TABLE D-2. (Concluded)

SUSROUTINE RIEHAN

NERRQRa35 . c?010

CGOTTY 92 e e . © -+ (9p20
191 [ERROR=A11} C9030

© ! 'NERROR®34" C o ‘ cv040
192 NIx=} ) €9050
S RETURN ©~ 777 T h "C9060
.. 193 CONTINUE } : ©© €%070
= T TWRITE (8,215)° ’ ’ ’ o <9080
s WRITE (4,216) (YCORR(I)sIm),HEUNS) e <9090
* " RESTOP=RO - : ) 7 €9100
Lo :  LIF (NCUPLELEWQ.DQ) GO To 194 c9110
.. RADUS(ISTOP)=RO ' ‘ c9120
1F (NSCJLTeNSEG) G0 To 194 : cv130
TSADUS(JSTOPISROT T T T ) c9140

. L FF CtITIC.GT4ISTOP) SADUS(JSTOP)=RADUS(]ITIC) : c9150
194 RETURN ©~ 7 ’ ’ C9160
o o c9170
195 -FORMAT (F2.0,16A4) - ©-C9180
196 FORMAT (SEL49.14,F2,0) . T €9190

197 FORMAT (S(A4,6X)E1Del4A%16X,12) : - .C9200
. 198 FORMAT (//713X,15HSEGMENT HUABER 12954, 13HSFGHENT CUUE ,12,54,16A4 C€9210
1/722X33HTIC 15X s 4HSTOP + 15X 4HDTAU S 15X 4 4HUIFF 3 15X s 4HSTEP 2 10Xy YHDELT 'C9220

2A7/716X%4s5(E19e745X)424,F240) . €9230
199 FORMAT (//54X,24HGEOHMETRY IHPUT VARIABLES //38X,3(EL147,5X)) €97240
200 FORMAT (//12X5(A446X) ,9HT FREE & JE1D.342XA%,4X26HNUNBER OF TABLE €9250
" _1COLUMNS ‘= ,12) ’ C9260
201 FORMAT (//S51Xs28HMATERIAL PROPERTY TABLE USED//U1001H +E12e5))) Cc9270

‘202 "FORMAY (//42X ,47HTABLE ORDER PH! OR S VS. CRUSSECTION PRUPERTIES,) (9280

203 FORMAT (5E1447) ) . €9290
204 FORMAT (IH 48(E14,742X)/(3%+8(EL1H4a702X))) © €9300
‘205 FORMAT (611,16A%)" B c9310
204 FORMAT [(/795XT42HTARLE ORDER PHI OR 5 VSe TEMPERATURE LOADS,)» - -~  €9320

207 FORMAT (//16X,8HPROBLEM ,12,5X,84HTALLE ORDER PHI OR 5 VvS. DISTRI C9330
T IBUTED LOADS (F THETA, F PHI, F ZETA, H THETA, M PHI),) o C o ''C9340
208 FORMAT (27H LOAD IDEWTIFICAIION CLUES ,611/7) ' C9350
209 FORMAT (//47X,38HASSUMED NOW=LINEAR VALUES VS. PHI OR S//(1H ,B8(El C9360

L49¢742X))) c9370

210 FORMAT (4(A4,6X)) - - "€9380
211 FORMAT (//34X,23HTHE STRESS CLUES ARE s HIAY 8X)) cCv390
212 FORMAT (//44X,43HTABLE ORvER PHI QR S YS. STRESS PRUPERTIES/) C9400
213 FORMAT (SE1447) ) C9410
2149 FORMAT (315,16A4) C9420
215 FORMAT (/746X ,41HMATRIX X AND Y (TRANSPOSED) HMAGIC O0uTPUT) . C9430
"Z16 FORMAT (B(2X,E1%e7)) ' C9440
- END CY450=
299
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T XNLED.0

TABLE D-3. SUBROUTINE LEBEGE

SUSROUTINE LEBEGE

SUBROUTINE LEBEGE
COMMON STORY(16),TALE(18)

COMMON XMAT(IIU-ID),STD(IO)nNST(JD),NKL(SD),NXHAT(ZU).SAVTIC(?OO)
COMMON SAVJUTC{30),SAVSTPI(30!},JRTICI30),JRSTNP(30)

COMMON SADUS(60) ,RADUS(60)

COMMOWN XN NREG)NSEGTL NMPT ,HATPRPyTEFREE,NCUPLE ,TIC,PHI ,STOP

COMMON NRGENDyNSYM,NRG,NRC,NSCyNIX,IERROR,RESTOP,RTICK,10UT
COMMON MAT ,KGEOM, IGEOM,ITYPE ,ISTTABTHICK KELVIN,G1 e

COMMON IBEGIN,NPROB,NHARM,NSEG,NERROK 4 ,NSMAX

COMMON /NAM1/ STRGO(A) THERM(4) yMATER(3),SEGTAB(3),FACE(4),EQJUATEL

13),STRESS(4)

INTEGER SAVJTC,SAVSTP
INTEGER SEGTAR
INTEGER THICK,TYPE
INTEGER Q

EQUIVALENCE (XMTTH,XMTETH), (XMTPH,XMTEPH), (XNTTH,XNTETH),

1y XNTEPH)

EQUIVALENCE (XNPHI,XNPI)

DIMENSION IPROB(10), L STI(61))

DIMENSION YDEV(80), YICS(8D), YNEW(B0)
DIMENSION TBDEL(80), FWDEL (480)
DIMENSION YCORR(B0)

DIMENSION TLAYR(10}

DIMENSTUN KLUE(®)

DIMENSION ST(70+31)s XLAYER(1U)}

DIMENS1ON LMERD(S5), LPRES(5), XPL(5), XMERD(5), XPRES{S5)

DIMENSION LMONTI(5), XMONTI(S5)
DIMENSION OMAGX(5)
DOUBLE PRECISION YNEW,YPRED

{XNTPH

COMMON /LASTEQ/ YPRED(B0),YDOT(8D),YASAVE(BO) ,YANTH YAMTH,YAMPT,YA
INPT,YAOPH,YAQPH ,YAQTH ,YAJPH ;5 ,SNyCS,SNSQ,CSSQ,TAN,SEC ,CN;X1CS,X1ISN
23 TNy XIRO,XIROSQsXISNROWXICSRULENIRGWSNIRDCSIRUWXIRIJXIRZ,CSIRLHCS
3IR2+SNIR1 s XIRISQIR2SQ,ROHESQROSQ)XNSWeBETA Rl yR2,51RIDOTsR1SQsX
YNTTHy XNTPH  XMTTH ) XMTPH o XFTHLD 4 XFPHLD s XFZELD s XMTHLD s XMPHLD 4ETHET 4EP
SHI XGPT1ALPHTHIALPHPH (XNUTP s KNUPT 4 XCI11XC22sXD339XD22,XD21,XD124KK
611 ,XK129XK214XK22,XK33,XD113Msl,SITIN,SITOUT,SIPIN,SIPOUT,TPTIN,TP
7TOUT ,ZBRIN,ZBROUT 4SCRIPA,SCRIP14SIFIN,SIFOUT,TZEPH TZETHXNL XNPHI

REWIND |
KSC=Q

JAM=|

JNSC=Q

DO 1 ]=] ,NREG
KSCaKSC+NST ()
Ls€+0
LSC=LSC+1]
"XNTTH=0.0
XNTPH=0+0
XMTTHa0«Q
XMTPH=Qs0

"11711:111?'ﬂ"‘011‘V'U'V:TY'D'U‘D'U'D‘U'D'U'DV'0'!1 1171‘0111ﬁ“‘11"11‘

-

10

20

30
40

50

60

70

80

90
100
110
‘120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270

2%¢
300
310
320
33Q
T340
350
360
370
360
390
400
410
420
430
440
450
460
470
480
490

800

280
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TABLE D-3.  (Continued)

rrr

; SUBROUTINE LEBEGE
l NSCsLSC P 510
A JNSCaJNSC+] P 520
] IF (JUNSC.LEJHSTIJAM)) GO TO 3 P 530
JAM=JAM+] P 540
JNSC=) ) P 550
*3 CONTINUE P 560
‘ 10UTs} P 570
; READ (1) RGO.(STORY(I).I-I.IA) P 58D
‘ READ (1) TIC,STOP,DTAU, olrr,sTEP.DELTA P 590
- READ (1) G],G2,G3 P 600
> READ (1) TYPE.HLAYR.SHEET INTERP, RANKIN TEFREE.ANALYS.NP P 610
- DIFF®)«0E~04 P 620
EPSIL=]«0E=D5 P 630
ERR= | 0E=0Q7 P &40
I=RGO P 450
WRITE (6,186) P 4660
Tt OIF (JUNSCLEQel) WRITE (691871 JAMINST(JAM) (NKLUJAM) P 670
. WRITE (6,188) JNSCyI+(STORY(1),1m1,16) P 680
€ '' 'MATERIAL PROPERTY IDENTIFICATIOM P 690
%% DO S [=](NMPT P 700
: IF (HLAYR=STD(I)) 5,4,5 P 710
"4 MATE] P 720
" GO TO 4 P 730
‘S CONTINUE P 740
‘G0 TO 162 P 750
C GEOMETRY IDENTIFICATION SEAKCH P 760"
6 DO 7 i=l,e6 P 770
IF (RGO=STRGU(I)) 7,6,7 P 780
7 CONTINUE P 790
¢+ "GO TO 1643 P 800
'8 KGEOMm=] . P 810
IGEQMa0 - P 820
IF (KGEOMeERel sORKGEOMsEW2e0RKGFOMeEQs5sORaKGEOMeEQeb) IGECM=] P 830
IF (KGEOM+EQe3) IGEON=2 P 840
1IF (KGEOMeEQe4) IGEOMNa3 P 850
DO 9 [=l,a P 840
© IF (TYPE=MATER(1)) 9,10,9 P 870
“ 9 CONTINUE ’ . o T P 880
GO TO leay : P 890
10 1TYPE=I P 900
DO Il I1=(,3 P 9to
“IFT (INTERP=SEGTAB(I)) 11,12,11 P 920
11 "CONTINUE P 930
" GO TO 16§ T N P 940
12 1STTAB=] P 950
DO 13 l=],4 P 960
. IF (SHEET.EQ.FACE(I)) GO V0 14 P 970
13 CONTIHUE P 980
GO TO 146 P 990
“i4 THICK=I . P1D00

{173
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T T UTTWRITE TS, T8
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TABLE D-3. (Continued)

SUBROUTINE LEBEhE

TEMPERATURE LOAD IDENTIFICATIDN
SO ISt -
IF (RANKINJEQ.THERM(I)) GO TO 16
IS5 CONTINUE — "~ -
GO TO 167
V6 KELVINET™
LINEAR OR NONLINEAR ANALYSIS IDENTIFICATION
TTOOTY7 T IET, 3 - - ) ’
IF (EQUATE(I).EQ+ANALYS) GO TO 18
17 CONTINUE™ — - -
GO TO 179
18 TANLYZsT ~ 77
IF (JANLYZeNEo+lsAND«NPROBe«GT«1) GO TO 160
TTTTIFT(TANLYZ W NE G TT XNLwT .0 . )
IF (XNL+NE+0+0+AND.XN.NE+O.0) GO TO 180
NROWs(Q
NROVW=THICK+1
CIF TISTTABGEW 1) NROWE1]
IF (ISTTAB.EQRe3) NROW=]O

DO 19 Iw],NROW
" READ (T UST(TI, W), I, NP)
WRITE (6,185) (ST{I,d1+J%1,NP)
19 CONTINUE ——
K=aNROW+1
JI=T
JJdJ=s
MM=]1™
DO 32 NLC=},NPROB
Jy=gyT T ’
JTTaJJdd
—
READ (1) (LST(J)yJdmdJd, JJJ)LLI}LE(I)-lal.lb)
HFESTIJIYY 161,21 ;26—_-
20 L=LST(JI)
[F AINLCeGT o1 s ANDLST(JTI<NE.O) GO TO 159
21 JIsJJ+l
22 TF ALSTIJINY 161424,23
23 LalL+]
24 IF TIJERSJITT 607 TO 257
NNENNESS
G0 Y0 22
25 IF (L.EQ.0) GO TO 31
) KKEK+L=1
DO 246 Ma3K,KK
READ 11V (STUM JY S NPy
24 CONTINUE .
IF (NLC GTWTZORVLSTIIIEQeD) GO TO 28
WRITE (6,190)
KV =K

\\\/

P1010

Fio2o’

Pi0o3C
PL10O40

P10SD

P1060
P1070

"P1080°

P1090
P1100
P1110
P1120
P1130

P1140°

P1150
PL1160
Pl1170
P1180
P1190

P1200°

P1210
P1220
Pl1230
Pl240
P1250
Pi260
P1270
P1280
Pi1290
P1300
P1310

T Pl320

P1330
PL340
P1350
P1360
P1370
P1380
P1390
P1400
P1410
Pl420

© P143g

Pls40
P1450
P1460
Pl1470
P1480
PL1490
P1500



TABLE D-3. (Continued)

SUBROUT INE LFDLEGE

CORZEKELST 1= Flbluy
LC 27 NEAYIKZ Flb2y
“aRLIE (Be1bB) (Si{Ned)rdZleNe) Flb30

27 .LONT juk . , o Pib4y
KEInded o C PLlobu

26 iF. ((L=LsTtJ1)lecGal) GU U 30 _ H1b6U
wikd Tk (6r191) nLU Pl /y

wRLITF (brl92) (LSTHU) pu=dTrdIT) P14y

LU 29 =R eRK : PLloYu

T aRLTE (6e1b5) (S lneu) ruz=leNrE) Fleuy

29 CONT P UE Floluy

S0 CONT jRNUE HFib2y

L RTRFL=LS () Plosuy
Jd=dudtl Plody
uJduSydth FLebuy

S wm=Mivtd Flobu

e ClaNLYZebged) GU 10 33 HFlofu
nk=Kat1l Plodu

1F GiietQoe) AKENROWHL FloYu

READ (L) (STUKReL) pU=) 7 NF) PL70v

WwRITE (62193) (STKRKrY)ruzrenl) FL71ly

S0 Lond Lk F1720
WSAVE ZRNRUR Fi173y
UusNERUB 6 r1/i4y

L. f=u _ PLTHU

LO 94 wTireuy Fl76u

A LT=Li+LSa(u) P17y
ividlal.ZL 14+iNSAVE P178u

1 (xhiLeelel)) NWTUTAL =ENTOIACHL PL7Yy
WCUNTSINTUTAL PLBUY

F UIS1ETaR=2) 3903Y006 Plolu

A9 aF (pANLT1Zebuel e ANUsL EGe0) ARKZNKOW Fls2y
nTAK+1 Ploeh
KRK=KK+15 Pilbdy
wlUlabl=NGTAL+HLD Plsdy

e fo o7 Flbebuy

36 1F CjARLYZ ebGoedenMUel EG 0] AKZNRCW Plobu
AnZAK+) FPlbs
nK=KK+Y PLblu
WIOTat.=NIGIALTY Pladuy

37 rREAU (L) (RLUELL) v i=dyy) FlouYu
U0 3~ LZarrRK ) P1lyuy

5 3b KEAD (1) (ST Lled)eu=a, iNF) PlYly
/ 3% CLONT hUE Flyzy'
' KEAD (1) PROLePHU29PHI0S e PHUG ' F193y
KEAD (1) (UMAGA(ARJ) rAJ=1eNPRUB) \ Ply4y
wEWNSZo*nHRUY \ H1lSby

L 4 1S iebBEuNS | ' [ R=1-1V]

4u TILS(L)=ueU X YT P19y
rEAU (4) (YLCSUL) v k=0 y NEUND) ! Ply8y

. WCYCZU 1 } P1Y90
4 CINSAVEZINROW | ! F2UU0y

| !

\
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' TABLE D-3. (Continued)

SUSROUTINE LEREGE

[END=D
PRINT=TIC
DTA=DTAU
DTAU=0,.D : . -
CALL FIXKEM (MAGIN,HMAGOUT yTIC ,STEP NEWNS OTAULEPSIL DELTALERR,TIME,
IOTIME,Y!CS,YPRED,YCORR,YDOT,YNEW,YDEV,F¥DEL ,TBOEL)
GO TQ 42 .
41 CALL WAND (MAGIN,MAGOUT,TIC,STEP,NEQNS,DTAU,EPSIL DELTA,ERR,TINE /D
ITIME YICS,YPRED,,YCORR,YDOT ,YNEW,YDEV ,FWDEL , TBDEL )
42 [F (MAGOUT.LE.O0) GO To S1 .
IF (TIME«GT<STOP)} GO TO 44 ’
[F (TIMEJ.LT.STOP) GO TO 45
43 IEND=~1
GO TO 446
44 IF (TIMELLE«(STOP+DIFF)) GO TO 43
GO TO 154
45 IF ((STOP=DIFF)sLE.TIME) GO TO 43
IF ((TIME+DTIME) «GT+STOP) GO TO 49
IF (PRINT.GTSTIME) GO TO 48 .
PRINTaTIME+DTA
46 IF ([OUTNEWD) GO TO 131}
47 IF (IENDGT.Q) GO TO 155
IF (1END.LTeN) GO TO 183
48 MAGIN=n
GO TO 41
43 DTIME=STOP=-TIME
DELTA=0.0
GO TO 46
50 NCYCaNCYC+]
MAGIN=~=]
GO To 41
51 PHIaTIME ™"
ARG=PHI
LLsNP+]
DO 53 I=)],NP
IF (ARG=ST(1,I)) 52,56,53
52 IF (I=1) 156,156,54
53 CONTINUE
GO ToQ 157
59 DO 55 IK=2,NTOTAL
55 STUIK,LLIRST(IKylaf)#(STIIK,1)=ST(IK,1=1))elARG=ST(1,1=-1)1/7(ST(1,1]
1)=STi1,1=-1))
G0 TO 58
86 DO B7 IK=2,NTOTAL
57 STUIK,LLY=SST{IK,I} . o
‘58 CONTINUE : )

C THE UPDATED INTERPOLATED VALUES OF THE MATERIAL PROPERTY COEFFIC

304

< IENTS ARE FOUND IN THE XMAT TABLE AND STORED IN THE XLAYER ARRAY

Le{MAT=1)e2¢+}

P2010
P2020
P203D
P2040
P2050
P2040
P2070
P2080
P2090
P2100
P2110
P2120
P2130
P2140
P2150
P2160
P2170
P2180
P2190

‘P220606

P2210
P2220
P2230
P2240
P2250
P2260
p2270
P2280
p2290
P2300
P2310

P2320°

P2330
P2340
P2350
P2369Q

T YIsNXMAT (L) T



~ TABLE D-3. (Continued)

SU3BROUTINE LEBEGE

III=NXMATIL+) P2510
M= - o T 'P2520 7
LLaNP+] P2530
GO TO (59+68,60460), KELVIN . P2540
59 L=NROW+] . P2550
T OTEMPAVS{ST(L,LLI+ST(L+14LL)I+5T(L+2,LLI+5TIL+3,LL}}/Ye0. P2560
ARGETEMPAY e : : P2570
. GO .TO &) o , o o ’ P2580
60 ARG=ST(NROW+1,LL) o R R T P2590
61 DO 43 I1%2,10° : ) : : T : P2600
) IF (ARG=XMAT(II,l)) 62,64,63 P2610
62 IF (1=2) 158,158,446 P2620
63 CONTINUE ) . - P2630
GO TO 168 : : B P2640
64 Lullel ) P2650
' DO 65 J=L,III ' ' P2660
XLAYER(M)®SXMAT(Jy1) P2670
65 MEM+| : P2680
G0 TOo 70 o P2690
66 Lall+l - P2700
DO 67 JsL,I11 . ] P2710
XLAYER(M)®XMAT (Jslwl d+ (XMATIJ 1) =XMAT(Jyi=1)) e (ARG=XMAT(II,1I=1)}/( P2720
IXMAT (11, 1)=XKMAT(I1,1~1)) P2730
67 MesM+] - P2740
GO0 0 70 P2750
68 L=ll+] P2760
DO 69 JsL,lll P2770
XLAYER(M)=XMAT(Jy1) P2780
69 MmM+] : P2790
70 GO TO (71s72473), ITYPE " P2800
71 ETHET=XLAYER(1) . P2810
XNUTP=XLAYER(2) P2820
ALPHTHeXLAYER(3) i P2330
EPHISETHET : P2840
XNUPT=XNUTP P2850
ALPHPH=ALPHTH . . P2860
XGPTRETHET/(240¢(140+XNUPT)) : P2870
GO TO 74 . P2880
72 ETHET=XLAYER(1) P2890
EPHI=XLAYER(2) . P2900
XNUTP=XLAYER(3) . . P2910
ALPHTHBXLAYER(4) ’ S : : P2920
ALPHPHaXLAYER(5) P2930
XGPT=XLAYER(S) ' P2940
XNUPTRETHET#XNUTP/EPHI : P2950
GO TO 74 . P2940
73 ETHET=XLAYER(]) P2970
EPHI=XLAYER(2) i o P2980
ANUTPaXLAYER(3) : ) ) P2990
ALPHTH=XLAYER (%) P3000

305




TABLE D-3. (Continued)

SUBROUTINE LEBEGE

ALPHPHSXLAYER({S) ' P3010

© XKGPTaXLAYER(41 " - T o Tt T " P3020
ERxXLAYER(7) P3030
ESsXLAYER(8) i P3040
ALPHRSXLAYER(?) . #3050

" ALPHSeXLAYER{10Q) ' ’ £3060
XNUPTSETHETeXNUTP/EPH] P3070
TTTRTEONTINOE T T T P3080
GO TQ (75:78,81482,83,84), KGEQM P3090

€~ " GEOMETRY FOR ELLIPSE .P3100
75 As=G) P3110

" 8EmG2 T P3al12c
BETASBE . P313C

T TTRESQadEee T T T P3140
ASQEsAee2 #3150

T T SNSSINTPHIY - P3160
CS=COSIPHII f3170

TTTTTT SNSQWSNew2 T T - £3180
CS5Q=CS*e2 P3190

T TRZSASSQRT (L S0/ (SNSQYBESAECSSR)) : 3200
R25Q=R2%¢2 P3210

T T U TRO=RZeSNTT T P3220
RI=R2¢R2SQeBESQA/ASAH P3230

T T U BESQmBEWE2 - P3240
R1DOT=0e9 P3250
I TIKGEOM G EQ e I «ANDGBETACNE i sQ) RIDOT=3,0¢(R2eBETA/A)®e20(CS/SNSQ) PI26D
{e{RI*SN~RO} £3270

C " TFOLLOWING EQUATIONS ARE FUR DISPLACEL ELLIPSE P3280
IF (SNeEQeDeD) GO TO 76 P3290
"R2mR2=G3/SN T P3300
ROWRO=G3 ~ P3dlo
TTTeOTTQTYYTT T P3320

76 1IF (G3+EQeDs0) GO TO 77 P3330
R2=140 ~ ~ T P3340

. ROx=G3 P3350
7?7 CONTINUE™ ™ 77 ° P3360
GO TO 85 P3370
TCTTTTTTTTGEOMETRY FOR OGIVE’ P3380
78 Ri=Gl P3390

Y < 1 ¥ S P3400
SNxSIN(PHI) P3410

- CSaCOS(PH]) ’ P3420
IF (SNeEQ+Qe0) GO TO 79 P3430

T 77 R2aRQeC/SHT T T ) P3440
GO TO 80 P3450

79 R2=leQ T T ) P3460

80 RO=mR]eSN=C ' P3470

T RIDOTs0:0 T P3480
GO Ta 85 P3490

TCTTTT TGEOMETRY FOR CONE . P3500
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TABLE D-3. (Continued)

SULROUTINFE LEGEGE

CS5=COS(G!t)

SN=SINIGL)
SsPHI
Sim],.0/5
R2=CSsSNePKI
RO=PH]&CS
RIDOT=0.0

760 TO A5

GEOMETRY FOR CYLINDERK

82" RO=G)

SN=1e0 /

" CSsi.0

RIDOT=0.0

60 To 85 " U

MODIFIED ELLIPSE

83 XNEXPsGLl

“ASG2

"XNTiluD¥XNEXP

c

I

"XN3sXNT1+T.0

XN2=m] 40/XN1

XN4mXNI+1.0

"KNS=XN4/XA)

SHsSINIPHI)

‘CS=COS(PHI)

R2mA®( 20/ (1e0+SNewXN]) ) O OXin2

TRIE(AT7200Te (RZ/A)eeXN)

RO=R2e5N

" RIDOTa=XN3eA® (SNOOXNEXP®CS/4e0)®(2e0/(1e0+SNea)XN1))®eXNS

GO TO 85
PARABOLIC GEOMETRY

84 SNaSIN(PHI)

CS=COSTPHE)
TAN=SNACS
SEC=].0/CS
Flag)

" F2mG2

Fl=sG3

RO« (F2+TAN}/(2.00F3)
Ri==SEC®e3/(2.00F3)

R2=RO/SH
RIDOT==3,00SEC**4e5N/(2C*FJ)

85 TAN=SN/CS

THE FOLLOWING LOGIC DETERMIWES ROTATIONAL IMERTIAL LOADS AND
PUTS THEHM INTO THE ST ARRAY AS STATIC LOADS

LZAP=O

DO 846 NNIs],5

LMERD(NN] ) =]

LPRES(NN] =0

86 LMONT(NNI)=Q
87 LZAPSLZAP+]

P3510
P3520
#3530
P3540
P3550
P3560
P3570
P3580
P3590
P3600 .
P3610
P3620
P3630
P3640
P3650

- P3660

P3s&70
P3680
P3690
P3700°

.P3710

P3720
P3730
P3740
P3750
F3760
P3770
P3780
P3790
P3800
P3610
P3820

- P3830

P3840
P3850
P3860
#3870
P3880
P3890
P3900
#3910
P3920
P3930
P3940
P3950
P3960
P3970
Pa9ao
P3990
P4000
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88

39

90
91

TABLE D-3. (Continued)

SUBROUTINE LEBEGE

GO TO (88,89,89:89,89), LZAP
KNK=3

MIM=]

G0 TO 90

KNKuKNK+4

MIMaMIM+]

DU 91 NI=l,KNK
LMERD(MIM) =LMERD (MIM)+LST(N{)
LMERD(MIM) = MERD (MIM)+NSAVE
LPRES(MIM)=LMERD(MIM)+1
LMONT(MIM)SLHEROIMIN) +2

IF (LZAP={{PROB) B87,92,92
LL=NP+!

IF THICK=%, THE ELENENT 1S STIFFENMED W]Th EITHER RWAF QR STiQ

IF THICK=1,2 OR 3 THE ELEMENT HAS NO STIFFENER
IF [THICK«NE«4%4) GQ TO 108"

YBAR1=Q.0

YBARO=D,0

TISZ=04.0

T0S2=0.0

IF ISTTAB=], THE ELEMENT IS STIFFEMED wlITH STRINGERS AND/OR RINGS
IF 1STTAR=3, THE ELEMENT IS STIFFENEL WITH 45 DEGREE WAFFEL

IF (1STTABLEQ.]l) GO Tu 96

RWAF STIFFENED
TEST1aST(NCONT+5,LL)

IF (TEST1) 923,94,94
YBARO=ST(NCONT+5sLL)
TOSZaST(NCONT+6,LL)

GO TO 95

YBARI=STINCONT+5,LL)
TISZaSTINCONT+6,,LL)
HIZ=STINCONT+7,LL)
TZ=sST(NCONT+8,LL)
HOZ=ST{NCONT+97,LL)

@C TO 103 .
ST10 STIFFENED (STRINGERS AND/OR RINGS)
TESTIaSTI(NCONT+74( L}

TEST2=STINCONT+1il,LL)

IF (TEST1) 97,99,98
YBARO=ST(NCONT+9sLL)
TOSZaSTINCONT+10,LL)
GO TO 99

YBARISST(NCONT+?,LL)

TT1S2aSTINCONT+10,40L)

92
c
¢
c
C
4
93
24
95
A
4
95
77
98
99
—100°
101
308

IF (TEST2) 1004102,101
YBARO=ST(NCONT+il,LL)
TOSZaSTINCONT+12,LL)
GO0 TO 102
YBARI=ST(NCONT+11,LL)

T157eSTI(NCONT+12,4LL}

P4010
P4020
£4030
P4O40

. P40S0

P4040
P4070
P4080
P4090
P4100
P4110
P4120
P4130
P4140
P4150
P4140
P4170
P4180
P4190
P4200
P4210
P4220
P4230
P4240
P4250
P4260
P4270
P4280
P4290
P4300
P4310
P4320
P4330
P4340
P4350
P4360
P4370

P438g

P4390
P4400
PY410
P4420
P4430
P4440
P4450
P4460
P4470
P4480
P4490
P4500



102

103
104

1086

107

T 109

114

118

- TABLE D-3, (Continued)

SU3BROUTINE LEBEGE

HIZ=ST{(NCONT+13,LL)}
TZ=ST(NCONT+14,LL)
HAZ=ST(NCONT+1S,LL)

GO TO (104,104,105,106,134,134), KGEOM '
DISSYBARI®SINC(3Ie1415926=PHI)
DOS=ABS(YBARD)eSIN(3,1415924=PHI)
GO TO 1927

DIS=YBARI®*SIN(GL)
DOS=ABS(YBARO)I®SINIGL)

GO To 107

DIS=YBAR]

D05=ABS(YBARO)

RO1SsRO=DIS

ROOS=R0+D0S

GO TO 113

NO STIFFENER ON SKIN gLEMENT
TISZe0eQ I
T0SZ=0.0

YBARI[=0.2

YBARO=3«0

ROIS=0,32

ROOS-O.Q

IF (THICK=2) 112,119,199
HOZ=aST(4,LL) * =~

GO TO 11

HOZ=S5T{2,LL)

TZ2ST(3,LL)

HIZaST(2,LL)

GO TO 113

H1Z=5T{2,LL)

TZ=040

HOZu0.0

SSSIm(HIZ*®e2+HOZ®e2+2,00H1Z2+40Z+2.N%H0Z2T2)/(2.0¢H12+2.0H02Z)

SSSOR(H41Z#82+HOZ*e2+2 ,DeHIZsHOZ+2,0¢HIZ2eTZ)/{2,00H1Z+2.,0eH0L)
YBRI=={(H]Z2/2.0)+3551

YBRC=m=(HIZ+TZ/2+0)+5551

YBRO=®=(H0OZ/249)=5550

GO TO (1149,114,115,116,11%,11%), KGEOM .

ELLIPTICAL SPHERICAL ¢MODe ELLIPSE DGIVALTOROIDAL,PARAQOLO]D
ROI=RO=YBRI*SIN(3414159256=PAl)
ROC®RO=YARCOS[W(Ie1115926~PA1)
ROO=RO«YBRO®*SIN{3,14915926=PH1l)
G0 TO 117

CONICAL,y PLATE
ROI=RO=YBRI*SIN({SIY)
ROC=RO~YBRC®SIN(G])
ROOaRO=-Y3RO®SIN(G])

GO TO 117

CYLINDER

RO[=RO-Y3RI

S P4510
P4520
P4530
P4540
£P4550
P4560
P4570
P4580
P4590
P4600
P4610
P4620
P4630
P4640
P4450
P4s60
P4670
P4680
P4490
P4700
P4710
P4720
P4730
P4740
P4750
P4760
P4770
P4780
P47%90
P4800
P4810
P4820
P4830
P4840
P4850
P4860
P4870
P4880
P4890
P4900
P4910
P4920
P4930
P4940
P4950
P4960
P4970
P4980
P4990
Ps000

309/



ROC=RO=YBRC

117

120

C
lZ;

122

123

124
125

310

TABLE D-3. (Continued)

SUBROUTINE LEBEGE

"ROO=RO~YBRO

DO 118 1JK=],NPROB
XPLI1aPHOl¢OMAGX[IJK)ae2eROI®HIZ
XPLO1=PHOl#0OMAGX(I1JK)se20R00*HOZ

XPL2=PHO2*0MAGX ([ JK)we2eROCOTZ

XPL3sPHO3®*OMAGXK(IUK)ee28ROISeTISZ

XPL4mPHO4e OMAGK{I'UK) e 929R005T0S2Z
XPLUIJK)=XPLILI+XPLOL+XPL2+XPLI+XPLY

50 TO (119,1195121,123,119,719), KGEOM

ELLIPTICAL,SPHERICAL ,MODEFIED ELLIPSE,0GIVAL, TOROIDAL,PARABOLODID
DO 120 KNl=1,NPROF

XMERD (KNI )==XPL(KN])®COS(341415926=PH])
XPRESIKNIVE=XPLIKNIY»SIN(ITT415924=PrAl)
XMONT(KNI)8XPL3#C0OS(341415926=PHI)#YBARI +XPLY4#COS(341915926=PHI)eY
1BARQ

XMONT (KNI)=XMONT (KNI )+XPLI{%C0S(3¢1915926~PH])®YBRI+XPLO1¢CUS(3el4
115926=PHIYeYBRO+XPL2ZWC0S(3,1415926=-PH1)9YBRC

LKL=2LMERD{KNI)

TSTHLKE JCE T =ST (LKL, LY« XHERD (KNT)

LKL=LPRES (KNI}
STILKLYLL) =ST(LKL,LL) ¥XPRES(KNT)
LKLaLMONT (KNT)

ST{LKL,LL)sSTILKL ,LL)+XMONTIKNI)
GO To 125
CONTCAL, PLATE
DO 122 KNI=1,NPROB

XMERD(KNTYEXPLU(KNTYeCoStGl) 7

XPRES(KNI)3=XPL(KNI)#SIN(G])

XMONT(KNT VY 2=XPL3*CO0S(G11¢YBARTI~XPL4%COS(Gl)®YBARY

XMONT (KNI I =XHONT (KNI} =XPLI19COS(GI)#YBRI~XPLOI4COS(GL)sYERO=XPL2C
10S(G1)eYBRE 7 -

LKL=LMERD (KNI ) :

STILKL,,LL)®ST{LKL ,LLY+XMERDIKNI)

LKLSLPRES(KNI)

STILKL LI sST(LKLFLL ) +XPRESIKNT)

LKL=LHONT(KNI)

G0 YO 125
CYLINDER ™™~
D0 124 KNl=],NPRGB

XPRES(KNI)==~XPL(KNI)
XMONT(KN1)=0,0
LKLaLPRESI(KNI)
STILKLyLL)FSTILKL JLET+XPRESIKNTY
CONTIWNUE

DEGRES=0,0 .
IF (IGEOW.EQe1) DEGRES=PHI:

-

i
N
0
wn
~

P5010

- TPS0207

P5030
P5040
PS050
P5060
PSR70
P5080
P50%0
P5100
PS5110
P5120
P5130
P5140
P5150
P5160
P5170
P5180
P5190

"'P5200°

P5210
P5220
P5230
P5240
P5250
PS260
PS270
P5280
P5290
P5300
P5310
P5320
P5330
P5340
P5350
Ps360
P5370
P5380
£5390
P5400
P5410
PS420
P5430
P5440
P5450
P5440
P5470
P5480
P5490
P5500



W

=,

=

c

127 HI=ST(2,LL)

128 TEMPI=EPHIeHI

T XNSQaXNew2 T

T XIR1S@=1,0/R1%e27
126 XNTTHaB.0

" XMTPH=0.0 "

TABLE D-3.

SUSROUTINE
ROSQ=esR0O#e2
CN=CSeSN
X1CS=le3/CS ~ ~ 77
TN=SN/CS
X1RO=} 43/R0 .
XIROSQ=]1,0/R0se2
X1CS5RO0=]1,0/(CSeR0} "~ 7
CNIROaCN/RO
SNIRO=SN/RO T T
CSIRO=CS/RO
SNSQ=SNe#s2
CSSQ=CSee2
IF (KGEOMsEQW 42 OR,KGEOMJEW 32 GO TO
R1SQuRlse2
R2SQaR2%s2
X1SN=1.0/SN-
X1SNRO=),Q7 (SNeRO) 7
X1R1=140/R]} :
XIR2=140/R2"
CS1R])=CS/R]
CS1R2=CS/R2 ™~
SNIRI=SN/R]

CXNTPHEQ.g T T
XMTTH=0.Q

IF (ITYPECEQe3) GO Tu 136
"COMPUTATION OF K AND D FOR MATERIAL
GO TO (1274130,133), THICK

SINGLE SHEET

TEMP I WETHETaH T
TEMP2=TEMPlaH]es2
TEMP3= (1, D= XNUPTeXNUTP)
XK {=sTEMPI/TEMP3
XD11=TEMP2/ (12 G TEMP3)
IF (ITYPE.EQs2) GO TO 128
XK22aXK11 ’
xD22=XD11

GO TO 129

TEMP2eTEMPloH[ew2 ™~ 7
XK22=TEMPI/TENPA
T XD22TEMP2/(12.0¢TEMP3)

129 XK33=XGPTeHI

XD33=sxXK33=HIee2/12.0
GO 1O 139 .
EQUAL SHEETS

(Continued)

LEBEGE

126

PROPETY

INPUT

PS510
P5520
P5530
P5540
P5550
P5560
P5570

" P5580

P5590
P5600
Ps610
P5620
P5630
PS640
PH450
Pb660
P5470
P5680
P5&690
P5700

. Pb5710

P5720
P5730
P5740
P5750
P5760
P5770
P5780
PS790
P5800
P5810

P5820

PS830
P5840
FP5850
P5860
P5870
PS880
PS5890
P5900
P5910
P5920
P5930
P554Q
P5950

.P5960"

P5970
PS980

P5990

P6000

311



‘130

131

132

133

134

135

[aNalaNal

136

312

. TABLE D-3. (Continued)

SULROUTINE LEBEGE

Hi=ST(2,LL)

TaST(3,LL)

TEMP1=2.0#ETHET*HI

TEMPZul 1 e{4.D¢HI®82+6,08H]8T+3.0¢Tun2)
TEMP3=({1,0=XNUPTeXNUTP)
XK11=TEMPI/TEMP3

XD 1=ETHET®TEMP2/(4.NsTEMP3)

IF (ITYPESEQ.2) GO TO 131

AK22=XK11 ’

XD22=XD11

GO TOo 132

TEMPI=2.00EPH] eI

XK223TEHP) /TEMPI
XD22=EPH]STEMP2/(460e¢TEMPJ)
XK3322.08XGPTeHI
XD33=XK33#TEMP2/(1208HI)

GO TO 139

UNEQUAL SHEETS'

HI=ST(2,LL)

TeST(3,LL)

HO=ST(4,LL)

TEMP1aHI+HO

TEMP2STEMP 1ee4+]12,00H[#HOeT¢ (TEMPI+T)
TEMP3=({1+.0=XNUPT®XNUTP)

XK1 1=ETHET#TEMPI1/TEMP]
XDI1=ETHETSTEMP2/(12.0#TEHPLISTEMP3)
IF (ITYPEJEQe2) GO TO 134

XK22=XK11

XD22=xD11

GO TQ 135

XK22sEPHISTEMPI/TEHP]
XD22=EPHISTEMP2/(12.0¢TEHMP 1 #TEMUPI)
XK33=XGPTeTEMP]

XD33=XGPTe (TEMP2/(12,0+TEMPL))

60 TO 139

RANKINaTHSTND MEANS INTERPOLATE yCOMPUTE HTEMP ,MTEMP

RANKIN=NOTHRM MEANS D0 NOT  NTERPOLATE,DU NOT COMPUTE NTEMP,NTEMP

RANKINSTHCNST MEANS DO NOT INTERPOLATE,COMPUTE NTEMP,MTEMP
RANKIN=THINHO MEANS INTERPOLATE,BUT DO NUT COMPUTE NTEMP,MTEMP"

CONTINUE
XK11=ST(2,LL)
XK12aST(3,LL)
XK22=ST(4sLL)
XK33=ST(5,LL)
XD11=2ST(4,LL)
XD12=5T(7,LL)
XD22aST(8,LL)
X033=ST(9,LL)
XC11=ST(10,LL)}
XkZi=xk12 =

‘P601D
“"P6020

P6030

- P&040

P6050
P6060
P6070

" P608O

P6090
P&6100D
P6110
P6120
P6130
P6140
P6150
P6160
Pe170
P6180
P61%0
P&200
P6210

P6220

P6230
P6240
P6250

. P6240

P6270
P6280D
P6290
P6300
P6310
P6320
P6330
Ps340
'P63S0
P6360
P6370

‘P4380

P6390
P6400
P6410
P&420
P6430

P6440

P6450
P6460
P6470
P6480
P6490

T P6500



E‘-“i

k]

137

. TABLE D-3. (Continued)

SUSROUTINE LEBEGE

XD21i=XxD12

IF {1STTAB=2) 137,139,138
KsNTOTAL~-14
XC22uST(11,LL)
ZINTHeST(K,LL)
ZOUTTH=ST(K+1,LL)

© ZINPH=ST(K+2,LL)

ZOUTPH=ST(K+3,LL)

.., SREST(K+4,4LL)

55=ST{K+5,LL)

© . TReST(K+6&,LL)
TS®ST(K+7,LL)

1348

139
140

141

143

144

GO TO 139
KsNTOTAL<8
ZINTHEST(K,LL)
ZOUTTHaSTIK+1,LL)
SREST(K+2,LL)
TReST(K+3,LL)
ZINPHSZINTH
ZOUTPH=ZOUTTH

GO TO (140.147,14141497), KELVIN
TII=ST(NROWS1,LL)
TIK=ST(NROW+2,LL)
TOK=ST(NROW+3,LL}
TOO=ST(WROW+4,LL)
GO To 142
TII=ST{NROW+1,LL)
TIKsTI1

TOK=T1!

TOO=TII

CONTINUE

 TEMP 1 =2ALPATH+XNUTPeALPHPH

TEMP23ALPHPH+XNUPTeALPHTH
TEMP3=1a0=~XNUPT#XNUTP

TEMPY4sHIZ440

TEMPS=HIe$2/24.0
TEMP6=TI[+TIK+TOK+TO0=4+0eTEFREE
TEMP732e0%TI1+T1K=TOK=2+0eTUD

GO TO (143,144,1485,146), THICK
CONTINUE )

IF (ITYPE<EQ+3) GO TO 44

IF (THICK«EQa2) GO TO 144

IF (THICK+EQ+3) GO TO 145 o
ANTTHEETHET®TEMP 1 e TEMPHSTENP&/TEMP 3
XNTPH=EPHITEMP2¢TEMP4eTEMPO/TEMPI
XMTTHSETHET®TEMPl e TEMPSSTEMP7/TEMP)
XMTPHSEPHI«TEMP2STEMPSeTENP 7/ TENP 3
GO TO 147 : :
TI=T/2.0

TEMPB=H1/2.0

" TPé940

P&510
P6520
P6530
P4540
P6550
P6560
P&6570
P6580
P6590
P64600
P6610
P6620
P6630
P&&a4OD
P6650
P&6660
P&6670
P6680
P6690
P&4700
P&6710
P6720
Pe730
P6740
P6750
P&6760
P&6770
P&6780
P6790
P6800
P&6810
PaB820
P&830
P68HO
P6850
P&860
P6870
P6880
P6890
P&90Q
P6910
P6920
P&6930

P&950
P6960
P&970
P6980
P6990
P7000

313
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TABLE D-3. (Continued)

SUSKOUTINE LEBEGE
TEMP9aT11+TIKeTOK=TOO0
XNTTHSETHET®TENP1eTEUPBSTENP&/TENP
XNTPHSEPHL e TEMPReTEMPBOTENPG/TEMP
XMTTH-ETHET'TEHP!oTEHPB*lHlOTEHP7/3-D*TI-TFMP9)/TEHP3
XMTPHeEPHI ¢ TEHP2¢TEMP RO (HI &« TEMP7/3,U«T1eTEMP9) /TEMPS
GO TOT14? T FT
45 TIis(HO®®2=H[ee2+2,0%H0®T)/{2.00(HI+HU))
T TOm({HI®€2<H0se2+2,0¢HIeT)/ (200 (HI+HO))
TEMP622+0°TI]+TIK=3.,0eTEFREL
TEMP782.0¢T004T0K«3.0«TEFREL
TEMPB=T][+T[K=2+08TEFHEE
TEMP9=TOK+T00=2+0¢TEFREE
ANTTHRETHETSTEMP 10«50 (HITLHPB+HOSTEMPI) /TEHP 3
T XNTPHSEPHISTERP 2905 (HISTEHP3+HOSTENPY) /TEMP I
XMTTHSETHETSTEMP 1 #0ebhe({Hi0n2e¢ TEMP6/3.0=HU®620TEMP7/3.0+TI®HI*TEHPS
"~ I=TO®HUSTENPY) /TEMP)
XMTPHSEPHI ¢ TEMP 200 o5 (HL 002 TEMP6/3+sU~HO®S 28 TEMP7/3ei+TIeH]I *TEMPH
fTOSHO®TEMP9) /TEHP)
GO TO 147
FETYEMPIOSSQRT(«XK110XD11)/SQURT(4860)
TEMP] 18SQRT (=XK22#XD22)/Sui 1 (484+0)
TTXNYTAS(XKIT/440) $TEMP 1 #TEMP O
ANTPH= (XK22/440)*TENP2eTENP S
TXMTTHSTEMP1QeTEMP [ #TENP?
XMTPHaTEMP] 1o TEHP2#TENP?

TTTTTCOMPUTATTION OF KTAND 0 FOR K AND D InpuT

47 LL=NP+| .

- TF (XKT1.EQ.0.D) GO To 169

IF (ITYPESEQe3«ANDoXK12:EG.Js?) GO TO 170
TTF T (ITYPECEQe3eAND ¢ XK214EQRede) 6O TO 171
IF _(XK22,EQeQe¢0) GO To 172
TF {XKYI,EQ.D0) GO To 173
IF (XD114ERe0eQ) GO TO 174
TIFTUTTYPECEQe 3o AND o XD124EWade) GO TO 175
IF (ITYPEsEQe3sANDeXDZ21¢EQeds} GO TO 176
PTIFT(XD224EQe040) GO TO 177
IF (XD33,EQe0.0) GO To 178
NCED ? Y0,
XNPH]=D.0
CTJKLMNSHROWHLST (1) eLST(2)+LST(IISLST{4)I+LST(B)4LST(6)¥]
IF (XNLeNEoB<D) XNPHI1=ST{IUNLMN,LL)
JFsNPROB :
K=aNROW
T TDOTYSI He Il IF T
Is(M=1)e8+]
TONCRNL®1T T T T
XFTHLD=0.D
XFPHLD=0 40
XFZELD=0.0

314

KMTHLD=O.0

P7010

“'P7020

P7030

-P7040

P7050
P7060
P7070
P7080
P70%90
P7100
P7110
P7120
P7130
P7140
P7150
P7160
P7170
P7180
P7190
P7200
P7210
P7220
P7230
P7240
P7250
P7260
P7270
P7280

P7290 -

P7300
P7310

P7320 -

P7330
P7340
P7350
P7360
P7370
#7380
P7390
P7400
P7410
P7420
P7430
P7440
P7450
P7460
P7470
P7480
P7490
P7500

g



TABLE D-3. (Continued)

‘l
SUGRQUTINE LEBEGE

AMPHLD=0,0 P7510
o . CIR=mNLe&=gs T T " P7520
i IF (LSTUIR)eNES3) KSK4LST(IR) 7530
i © FF (LST(IR¢1)+EQe0) GO TO 148 P7540
| KsK+| : P7550
i “XFTHLD®ST(KoLL) : : P7560
i 1498 IF (LST(IR+2)eEQe0) GO TO 149 P7570
i T oo KeK#l : . _ _ _ P7580
3 “AFPHLDSST(K,LL) Ci i ot 4w ., P7S90
i 149 IF (LSTUIR+3).EQeD) GO YO 146 P7600
1 KsKe] . P7610
A XFZELD=ST(K,LL) _ P7620
y 150 IF (LSTIIR+4),EQeQ) GO TO by . P7630D
g  KeKel CoTeENre. . _ ; P7640
: XMTHLO=ST (KyLL) - P765D
b 151 IF (LSTUIR45)EQe0) GO TO 1h2 ) P7660
KaK+ ) - P7670
TTXMPHLDASTIK LL)Y ’ P7680
152 CONTINUE . P7690
TTCALLTORE T T T P7700
153 CONTINUE P7710
SR Tk 1 - ) o : P7720
154 IERROR=8001 . . P7730
" NERROR=I] " — "~ R7740
GO TO 182 P7750
(55 TPERROR®JQQO2” T T7 U UTUT T ) P7760
NERROR=] 2 P7770
"GO TO 182 _ P7780
156 LERROR®8003 . . P?72790
"NERROR=13 : P7800
. GO TO 182 : ) P7810
157 JERROR=8Q06 " — 77 7 e P7820°
NERROR=14 : ) P7830
G0 'To 182 . ) " P7840
158 1ERROR=8007 P7850
~ 'NERROR=)S : P7860
GO ‘TOo 182 . P7870
‘159 1ERROR=28003 ’ ) ) . P7880
NERROR=1D P7890
GO TO 182 . P7900
160 1ERROR=8009 P7910
' NERROR=8 | . P7920
GO TO 182 P7930
‘161 JERRORwEYIY 77 ) " P7940
NERROR=9 ’ P7950
‘G0 TO 182 ‘ P7960
162 1ERROR=8036 P7970
NERROR=2 ) ' P7960
GO TO 182 P79%0
‘143" IERRORSB08s = ' ’ T P8UOO

‘3156




164
165
166
1467
168
169
170
171
172
173
174
175
176

17?7

316

NERROR=]
G0 TO (82

IERROR=3087
NERROR=4

GO TO 182
IERRUR=888
NERROR=27
G0 TO 182
IERRQR=3N89
NERRQOR=S

G0 TO 132
1ERROR=8990
NERROR=6

GO TO 182
IERROR=8Q67
NERROR=16
GO TO 182
1ERRQR=8101
NERROR=17
GO TO 182
IERROR=8132
WERROR=18
GO TO 182
{ERROR=3103
NERRQR=19
GO TO 182
IERROR=8104
NERROR=29
G0 TOo 182
IERROR=8105
NERRQR=21

- 60 TO 182

IERROR=8106
NERROR=22
GO TO 182
IERRQR=8107
NERRQR=23
GO TO 182
IERROR=8108
NERROR=24
GO To 182
IERROR=8109
NERROR=25
GO TQ 182
IERROR=B110
NERROR=26
GO TO 182
IERROR=3013
NERRQR=7

g0 TO 182

TABLE D-3. (Continued)

SULROUTINE LEBEGE




TABLE D-3. (Concluded)

SUSROUTINE LEBEGE

IERROR=3787
NERRQR=34
. GO TO 182
180 IERRQR=85]1
NERRQR=35
GO TO 132
.THE HUBER VON MISSES STRESS EQUATIONS
181 CALL OUTPUT (KLUE,YCORR,ER,ES,ALPHR ALPHSy2ZINTH,ZOUTTH, ZINPH ZOUTP_
1HySR,SS, TR, TS.NCYC.T!ME DEGRES ) DTAGSTEP yH1 ,HO,T, Tll.TOO)
IF (NIXeERQel) GO TO 184
. GO TO 47
182 NIX=)
G0 TO 184 :
183 IF (LSC-LT.KSC) Go To 2
184 RETURN

185 FORMAT (1H ,8(E1947,2X1/(3X,8(E149¢7+2X)))
1846 FORMAT (1H})

187 FORMAT (//58X, lJHREGlON NUMBER13//35X, 10HTHERE ARE 212,14H SEGMEN

LTS AND »12,35H KINEMATIC LIWKS WITHIN THIS REGION)

lés_FORHAT (7713X41SHSEGMENT NUABER »12¢5X,1IHSEGMENT CODE »12,5X,16A4"

1) .
189 FORMAT (//42X,47HTABLE ORDER PHI OR S$ VS« CROSSECTION PROPERTIES)
190 FORMAT (//45X,492HTABLE OROER PHI OR S VS. TEMPERATURE LOADS,). -
191 FORMAT (//16X%X,8HPROBLEM ,12,5X,84HTABLE URDER PHI OR S VS, DISTRI
IBUTED ‘LOADS (F THETA, F PHI, F ZETA, M THETA, M PHI),)
192 FORMAT (27H LOAD IDENTIFICATION CLUES ,611/)
193 FORMAT (//47X,383HASSUMED NON=LINEAR VALUES VS, PHI OR S//(1H ,8(El
147,2X3)) '
END

P8510

-Pab20

PB530
P8540
P8550
PB8560
PB8570
Pa580

~ PE590

P8600
Pa&al1o
P8620
Pa630

" PB640

PB84S0
PB&660
PB670
P84680
P8690
78700
PB710
Pa72p0
P8730
P8740
P8750

.P8760

P8770
P3780
?8790

~P3800=-

317
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