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SYMBOLS

Tower Case Latin

semi-diameter perpendicular to Z-axis in ellipsoid
semi-diameter parallel to Z-axis in ellipsoid
distributed loads in local coordinates

shell thickness; face sheet thickness

index: Dbeginning edge of shell segment; independent joint of
kinematic link; subscript "inside"

index: ending edge of shell segment; dependent joiﬁt of
kinematic link

index on harmonic

subscript "outside"

radius

index of segment; coordinate in cylinder or cone
core thickness in sandwich shell

normal deflection, positive inward

Upper Case Latin

stiffness eccentricity parameters; offset distance in ogive, ellipse
bending stiffness parameters

Young's modulus (lb/in2)

lineal force (1b/in)

shear modulus (1b/in2)

extensional stiffness parameters

bending moment on shell (in-1b/in)

membrane stress resultant (1b/in)

transverse shear stress resultant (1b/in)

radius; "global" coordinate, positive radially outward



SYMBOLS (continued)

temperature; "global"” coordinate, tangential
Cartesian coordinate, @ = O at X-axis

Cartesian coordinate
Cartesian and "global" coordinate, coincides with axis of revolution

N o< 4 3

Greek

a angle between rotated coordinates

B ratio of semi-diameter parallel to Z-axis in ellipsoid to semi-
diameter perpendicular to Z-axis

7 shear strain; non-linear parameter; angle of inclination of
kinematic link

normal coordinate, positive inward

circumferential angular coordinate (rad)

shell parameter

Poisson's ratio

normal stress (lb/inz)

shear stress (lb/ina)

meridional angular coordinate (rad)

rotational displacement (rad)

rotational displacement in "global" coordinates (rad)

displacements in fixed or "global" coordinates

= > D OE e A Q ¢ > D oy

segment length parameter

Miscellaneous

eq equivalent
s¢ sin ¢
cé¢ cos ¢

Other symbols are defined in the text where used.
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SECTION 1

PROGRAM CAPABILITY

The use of an accurate shell theory to analyze structural shell problems
usually involves complex mathematics and numerical techniques, which are

nearly impossible to treat without the aid of automated procedures. On this
basis, a digital computer program based upon the Love-Reissner first order

shell theory has been developed. Isotropic and kinematic hardening lews

are available using an orthotropic yield surface and including the
Bauschinger effect. This program can perform a nonlinear geometric and
material analysis of orthotropic thin shells of revolution, subjected

to nonproportional cyclic axisymmetric distributed loading or concentrated
line loads, as well as thermal straihs (Reference 1). Furthermore, a

shell with artitrary boundary conditions, under loads which vary arbritrarily
with position and under a tempersature variation through the thickness, is
tractable with this program. The shell can consist of any combination of

the following geometric shapes:

1) Ellipsoidal - spherical (offset from the axis of revolution allowed)
2) Ogival - toroidal

3) Modified ellipse shape

k) Conical - circular plate

5) Cylindrical

6) General point input geometry

7) Dummy geometry slot to be filled by the user

8) Discrete ring

The shell wall crossection can be & sheet, sandwich, or reinforced sheet or
sandwich. The reinforcement can consist of rings and/or stringers, a waffle
construction rotated at any angle to the principal coordinates, or an isogrid
construction. General stiffness input options are also available. The rein-
forcement material properties can differ from those of the main shell, and a

temperature variation can cause different properties in the two face sheets of
e sandwich shell.



The basic approach to the problem (Reference 1) is to cut the structure into
several shell regions. These regions need to be singly-connected shells,

- and can only have line loads applied at their end points. There are no
restrictions on geometry, or uniform or thermal loads. The regions are
‘further subdivided into several shell segments, each being free to have its
own geometric shape, provided that the shape falls into one of the categories

mentioned above.

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 shell structure under analysis. Currently,
the computer programs are sized to handle a structure composed of up

to 29 segments in each of 29 regions arbitrarily connected to each other,
There is a limitation on the size of a shell segment, which is a consequence
of the demand that boundary disturbances be felt throughout the segmen*. This
limitation is mathematically described in Section 2 (pages 2-35 to 2-37) as a
length parameter. 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 (except for the torus-ogive and offset ellipsoid),

although any point outside a circle of infinitesimal radius is satisfactory.

There is a considerable latitude in what can be done within each shell seg-
ment. The thickness of any segment can be symmetrically tapered and it can
contain up to 14 points of discontinuity, provided that the segment center-
line remains continuous and describable by a single shell geometry. A temp-
erature distribution through the thickness can be sﬁécified at three points
in a homogeneous shell, and 4 points in a shell of rigid core sandwich con-
struction. 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 shell center-
‘lines, a kinematic link is available for use in the analysis. The link

relates displacements across the discontinuity. This link may be used between

1-2



regions, and between segments within a region. Discrete offset rings are

also available for use within or between regions.
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SECTION 2

INPUT INFORMATION

2.1 GENERAL NOTES

The preceding section provides some insight into the capability of the pro=-
gram, and the potential that it might have for future use. If the program
is applied judiciously it can be an extremely powerful tool. The mech=
anics of applying it should be clearly understood. With this in mind, the
remaining section should be studied carefully.

The required input data may be subdivided into three main parts, namely:
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 shell 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
stiffnesses and their symmetry checks are also provided, Final stresses,
displacements, and plastic strains are printed out for each shell segment

at intervals along the segment as specified by the user of the program.

The output will be further discussed in Section 3.

The present program size is described in the table below.

Table of Program Sizing

I. Segments per region: 29
II. Segment joints per region: 30
ITT. Regions: 29
IV. Region joints: 30

2-1



VIT.

VIII.

XI,
XIT.

Table of Program Sizing (continued)

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 submission:

Number of points per
material property table:

Hardening laws:
Orthotropy options:

30

L plus reinforcement temperatures.,

ellipsoid, sphere, offset ellipsoid,
modified ellipsoid, ogive, toroid,
cone, annular plate, cylinder, general
geometry, ring, elastic support, dummy
geometry.

single sheet, equal face sheet sand-
wich, unequal face sheet sandwich,
eccentric reinforcement (rings,
stringers or both), waffle reinforce-
ment rotated at an arbitrary angle to
coordinate axes, isogrid reinforcement,
arbitrary stiffness input.

10

10

kinematic, isotropic, perfect plasticity

isotropic or orthotropic sheet, iso-
tropic or orthotropic sandwich, iso-
tropic or orthotropic sandwich with
different face sheet properties caused
by thermal gradients, isotropic or
orthotropic sheet or sandwich reinforced
by. different property rings or different
property stringers or both, isotropic or
orthotropic sheet or saridwich reinforced
by a different property waffle system
rotated by an angle B to coordinate axes,
isotropic or orthotropic sheet or sand-
wich reinforced by a different property
general isogrid reinforcing system,
arbitrary stiffness input options used to
describe other configurations.
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Table of Program Sizing (continued)

XIII. Number of rings per region: 28
X1V, - Total number of rings at
region joints in structure: 28

Figure 2-1 shows the detailed option flow chart for the present programs.

GENERAL NOTES - Ideglizations

Before discussing the specific card 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
computation, 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 throught the use of judicious idealizations. Such
a possibility exists in the STARS-2 programs, 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 (see Reference 2).
Physically, the way to achieve this end is to have all the segment stiff-
ness matrices of the same order of magnitude. This will in turn produce
region stiffness matrices which 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

8o 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
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Equations
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2=4,2-5

Figﬁre 2-1 Program Option Flow Chart



to see if A gtructure is in equilibrium under the applied loeding., In
the case of the nonlipear anglysis an interpal equilibrlum correction
may be gpecified in the input. The symmetry checks of segment and region

gtiffness matrices are useful for many resgons, but will not necessarily
slert A user to 11l-conditicning,

In the use of reglons, ome other type of accldent must be awolded. This
is the creatlon of & single reglon structure with both ends fixed, where-
in no sultable boundary condltion matrix can be formed. Thus; in the
uge of region ifdealizations, which are lese physlcally meaningful to a
uger than pure segment idealizations, care should be ftaken so that all
boundary conditlons are not gerced cut. To avoid this problem, and to
minimize program running time, it iz best to maximize the number of
reagiong in a structura, and minimize the number of segments par region.
Thus;, in small problems, for best numerical efficiency, there should
only be one segment per region.

In the solution of ststic sxlsymmetric problems, torsicosl and oon-torsional
gtates may be uncoupled. Thus if no torsional losds exist in combination
with non-torsional loeds, sll torsional degrees of freedom can be removed.
When both types of loads exist, the nonlinear analysis will be coupled.

In an ineremental analysie such as the present, the mumber of load inere-
ments is part of the user specified "idealization". The current analysis
uses each load step as a one 8tep Newton-Raphson cycle. Thus the mmber of
load steps necessary is directly proportional to the nonlinearity of the
material strese-strain behsvior. Ino general it may be necessary to mm each
problem ftwice: onee with large steps to determine gross behavior and then,
after comparing the analysis strain increments in the shell to the material
proparty curves, with smaller stepe.
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GENERAL WOTES - Restarts

Since the solution of & nonlimear geometric and material problem regquires
the consecutive executlon of a8 eeries of mnalyses, the progrem may be
inadvertently eut off due to an insufficient time estimate, or the user
may wish to examine the aspluticons of a cyeling or consecutive loading
problem before executing further, In order to allow the user to utilize
the good data generated im auch runs, & restart option has besn incorporated
into the STARS-ZF program, Thiz cption iz used as follows:

s

ifter the complete execution of any load step the completed load
gtep mumber iz printed. In & load cyeling run both the overall
step counter (initially started from zerc) and the local step
counter (indtislized to zero at every load change) are printed.

In prder to be able to restsrt, the tapes op units 11, 12, 13 and
15 mist be saved, (The firet two are necessary only if the run
containe digerete rings.) These are called respectively RINGERLL,
RIBGER12, SHFLAB13, snd SHFIAZ1S,

Tpon receipt of an sborted run the necessary restart tapes can be
chtained from the completed load step primtout. If the lest
overall load step completed was odd, the necessary tapes are
REINGER11 and SHPLAS1S; the other two may be released. If the
leat pyverall load step completed was even, the necessary tapes are
RINGER1Z and SHPLAB13; the other two may be released. (in
exception to the above formula involves restarting restarted runs:
If the previous restart sterted on an even losd step the above
formula ie reversed. )

In order to initiate a restart ron the following muat be done:

a., Ina elngle load run adjust the Program Control Card ss noted
in items 2T and 27,

b, In a lead-time history or cycling run comvert the load data
by removing the eompleted eyeles from the deck, and adjust



the Program Control Card accordingly. Note the item about
the Ramberg-Osgood "s" parameter in the cycling input
description on p 2«79,

c. Operator instructions must be given to mount the SHPLAS

» restart tape on logical unit 13, and the RINGER restart
tape (if necessary) on logical unit 1i (regardless of thé
numbers associated with the restart tape names). Scratch

tapes will be mounted as usual on logical units lé and 15.

d, The run will now proceed as normal (even restarts of restarts).

4, Note: The restart tapes for any given run are not useable more
o than once, Upon the initiation of the computer run these tapes
become seratch tapes and additional information (more load step

data) will be written on them,

GENERAL NOTES - Data debugging

The STARS programs have been provided with special separate data debugging
packages called SATELLITE programs. In order to be able to debug as much
of a given data deck as possible in one computer submission, the data is
grouped by inserting special cards, termed "dash-separator cards", appro-
priately.' In order so that additional errors are not made by requiring
insertion and removal of these cards, the STARS program has been coded to
accept these dash-separator cards in the input. A dash-separator card is

shown below:
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As can be seen, a minus.-symbol is inserted straight across the computer card
from column 1 through column 80,

Since the dash-separator cards'subdivide the data deck, there exists the pos=-
gibility that a separated date block may'be completely omitted (for exsmple
no kinematic links in a structure). In this case one dash-separator card is
also omitted. Under no circumstances can there exist two adjacent dash-
separator cards in a data deck. The SATELLITE programs are described in
Reference 3.




2,2 CARD FORMATS

The following different card formats are presentiy required by the STARS-2P program. A full
description and explanation of the information to be entered on the cards is presented in Section 2.3.

N — . Title Card . - , :
o o P R R T P PP P PR b Pl e W e o P P e PR B PP P

(1) Alphameric Title 16akL

Program Control, Program Cycling Cards

oxim (q‘u]as[m!o Aos}lm{n 1z'lslui“‘wj” "Ps[m]zx IEIME] ]zr z‘!a’ laxg ,[33' ]35] 77 4] iy {ts}“luf m [51] [sai ss] Jor] fs Te ]sa] lssl Ter i T :
| ! ! 0; 1z ju 2! l30f 132 fa l [ |0 o u sl | ] lssl” s loo!™ ool 4] L] I“Iﬂlmln[n nlnlnwngn!nm
Clopldd © To lekld @ | @ @“L‘*“J"

(1) Number of regions i)
(2) Total number of segments I3
o (3) Number of material property tables 12
5 (4) Intermediate print clue I2
(5) Number of load cycles I2
(6) Number of load steps F6.0
(7) Load step print increment F4k.0
(8) Load unit clue . I2
(9) Nonproportional load clue ' : 12
(10) New material table clue ~ I2
(11) Completed load steps in last cycle for restart F6.0
(12) Total completed load step for restart F6.0
(13) Blank - -
(14) Rotation clue I2
(15) Rotational speed Elb,7



Analysis Option Card '

WAL AELR UL L" l"luI“LI"!a”l,u a4 N PN G RO R A AN NP
O @ (e | |
(1) Problem Identification S Al
(2) Equilibrium correction S 16
(3) Blank : -
(4) Graphics clues _ I1
(5) Graphics Print Cycle 4.0

Material Property Table ID Card

o]l

[
et
>

i P Y O B A P M M P M R N A 8

i
|

L
o |

@

1) Material Name
2) Blank
3) Table Type

LN @

Al
Al

.- Materials Property Table, Geometry, Position, Crossectlon, Loading Cards

mluTﬂ'uJ ulls 'li]"lll !stn ]zx 'Biu

0]

szs' A!!l«l m‘u'”lxl”la!”w'u! |4a‘ :451 7 Iu‘ st' n| 5] s7| ™ Iﬂ ‘z]sa “]“_EU“M"] ]73| ]75' '77! V’l:':]'
NG | ® @

(1) Input teble item (as many cards and fields are necessary) Elh4.7

Region Introductory Card

el

lole

“h“hFthFhPhPhPhﬂdﬂﬂﬂ

&)

AR AR g WM M R 5

@

(1) Number of segments 12
(2) Number of kinematic links 12
(3) Number of rlngs 12
(%) Title 16AL



Topology Cards, (Region Joint Control Card)

THIM j NREROAROROREIRE 27;‘[ far T3y Tas] a7 R HRTHR COREYINES
deJ dq ® M Plklhlkhdfd'ﬁl qﬂ'ulw H LPmﬁw“u“-"a”'”'“u@'W

n Tl o]
u! 128. nl !n

@

(1) Region or segment number, (number of joints) 15
(2) Beginning joint, (number of rings) 15
(3) End joint, (number of links) 15

Segment Identification Card,

olioz WY “]ln‘»“]leﬂjui“'u ulupsE]zx]u!n!z‘lﬁ{x!nuzq”ihf,z!@ug”[s T Y i g 1 1551 197 m]a‘,“l“l“lgt’ n‘l-‘nl"in‘ni"!wi”mlf"ﬁl
l(? i€£’

(1) Segment code F2,0, Al
(2) Number of plastic layers 12
(3) Title 16AL

gi=¢c

: ' - ' MAGIC Integration Card -
P S P S PG A PG e

@ @ @

~4
-

(1) Print Interval Elk.1
(2)  Aecuracy control E1k.1
(3) Integration interval Elk.1
(4) Blank ' -
(5) Step control F2.0



o N Special Geometry Card for Point Input Shape
AL RG AL AT LA AN G RN L R BN ROIR IRCRRCRC N R LN R Mo S R AL R
e ® @ @ @ @
I2

o @ ‘
(1) Number of input points
(2) Input points (as many pairs as specified) F10.0

72<l73'7‘|75| 'n] ,mn]

Master Clue Card
Al ol o A P
ol @ |olo Tole Telo loleo Tel @ b

(1) Clues Al
(2) Blank -
(3) Number of Table points ’ I2
Loading Clue Card B »
ol 12’“[14“'15!"]1! ls[m]zul lzsiz‘]ulmlzruq Isn mlu'”'x]”lnf” u] oK ‘45 147 Ics' ls|] |53| SSLSEEIS w!snlalmlulss!“lsv“IanLzvni"|7s}n§”77!n!7ﬂgl'
I1 ,
16AL

(1) ZLoad Clues
(2) Title

g U R AU R g R N RSN
o e o 5 R
| E1b.7

(1) Ring joint number
(2) Ring properties



Ring Plasticity Card

P P P A G P DN R M W A P 8 B B L G

(1) Geometry description clue
(2) Blank
(3) Plasticity properties

Al
E1L.7

Ring Load Card

R A A R N R R e R N
G 0 ® @ AER

(1) Ring loads E1k.7
(2) Blank -
(3) Hardening law clue Al

Ring Geometry Cards

'loxmlmlmllos,“lw,m‘os[m,u.llvz !3l“!ls'llsl"’ulxsi'm]zx!n,alu 25!26127] [ ] ]3:! [nl JisHa Lalm |4|! 43 1451 . “lso]sllsz'ﬁiﬂ(ssisslnlss!slw ﬂlﬁ?‘ulﬂlalﬁlniﬂmml"ln nl" H"Inh hli]
0 @ o | o | 0 @
E12,5

(1) Ring geometric properties

Kinematic Link Cards

m]éo‘vumllgzllaiuixsb nlulxsilm[u' ,24'2‘]25] ]ernlzsg lax] l:sl ]35!__[37lu ; :u] T usf I47 149l 151[ ’m Issl ls7l lsslw[sxlszlsa[“‘ss] Inl HMI“ nlnln 75}76! |79| ]

S
)y

(1) Dependent joint 12
(2) 1Independent joint 12
E1k,7

(3) Angle of inclination

Boundary Condition Card

o e N e R R e N e e N

joe| o

oerl ®

(1) Joint Number 12
(2) Boundary conditions F2.,0
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Joint Load Control Cards
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2.3

DETATLED ORDER OF INPUT (See Figures 2-1, 2-2)

GENERAL INTRODUCTORY CARDS

1. Title Card

A,

Alphameric title (submission description)

2. Program Control Card

A.

B,

Number of regions to be coupled
(Max. = 29)

Total number of segments

Max. = 29 x 29 = 841)

Number of Material Property Tables
(Max. = 10)

Intermediate print clue

If this clue is set to unity, stiffness
metrices and symmetry checks will be printed
for all segments and regions at the specified
load step print interval (item G below). To
delete this intermediate print the clue should
be set to zero. .

Number of load changes

Number of load patterns or cycles to be applied
in a cycling load analysis (see p 2-76 ).

Number of load steps

Number of loading increments to be made for
the first loading cycle.

‘Column

| 1-6h

1-2
3-5

6-7

8-9

10-11

12-17

Format

16AL
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Iz
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l LOAD-MATERTAL CARDS FOR CYCLING

Ve

| JOINT LOAD CARDS (IF ANY)

[JOINT LOAD CONTROL CARD (BLANK IF NO JOINT LOADS)
| BOUNDARY CONDITIONS
| INTER-REGION KINEMATIC LINKS (IF ANY) | ’

| INTER-REGION RINGS (IF ANY)

| SEGMENT TOPOLOGY

ITABLE - DISTRIBUTED LOADS (IF ANY)

| JOINT CONTROL DATA CARD
| INTRA-REGION KINEMATIC LINKS (IF ANY)
| INTRA~REGION RINGS (IF ANY) l

in region.

| TABLE - WALL CROSS-SECTION GEOMETRY
[¢ OR'S
| MASTER CLUE CARD
[ GEOMETRIC DESCRIPTION
[’ MacIC conTROL
| SEGMENT IDENTIFICATION CARD-
| REGION TOPOLOGY

Repeat for yd §
each region. Repeat for [TABLE - THERMAL LOADS (IF ANY)
each segment | 10ADING CLUE CARD l

l REGION IDENTIFICATION CARD

| MATERTAL PROPERTY TABLES
| ANALYSIS OPTION CARD
| PROGRAM CONTROL CARD
TITLE CARD

Figure 2-2 Data Sequence
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G.

H,

I.

K,

Column
Load step print increment 18-21

The interval number of load increments at which
printout is desired. (Ex: print every 20 steps).

Load unit clue 22-23

This clue is zero (0) for a single loading
analysis, If there is a change of load
distribution with time (sequential loading)

this clue is two (2)., For further information

and load cycling see the input for the Load Cycling
Program Control Card on p 2-76 |,

Local cycle load step count for restart - 28-33

If the restart submission is concerned with load
amplitude changes or cycling, this entry is the
local count of load steps completed with the last
loading amplitude input. If there is no load amp-~
litude changes item J below and the present item
are equal for restart. (See p 2-7 for restart
information. )

Total load step count for restart 3k-39
In the event that the submission is a restart

problem, this entry provides the total count
of previously completed load steps.

Shell rotation clue 57=58
If the shell is rotating at an angular velocity

about its centerline, the input clue is unity.

If there is no rotation the clue is gero.

Angular Velocity in rad./sec. 5972

The maximum amplitude of angular velocity of
the rotating shell. This velocity will be
attained in a series of steps in a nonlinear
analysis analogous to a mechanical or thermal
loading, The step size has been defined in
item F of this card.

2-18
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Column
3. Analysis Option Card
A. Analysis Description Clue 1k
There are three possible analysis formulations.
If the problem is to be a small deflection
plastic analysis, then the clue word is PLAS,
If the problem is to be a large deflection
elastic analysis then the clue word is NLIN,
If the problem is to be -a large deflection
inelastic analysis then the clue word is NLPL.
B. Equilibrium Correction Clue 5=10
Equilibrium correction loads can be used with
all three analysis options above. To utilize
this option set the clue to unity. To eliminate
equilibrium corrections set the clue to zero,
It is recommended that equilibrium corrections
always be included,
C, Graphics Control Clués
The following nine (9) data fields determine the
plotting required for the run,
a., Circumferential displacement clue 21
Clue = 1 plot u
Clue = O or blank, do not plot u
b. Meridional displacement clue 22
Clue =1, plot v
Clue = O or blank, do not plot v
c. Normal displacement clue 23
Clue = 0, plot w
Clue = O or blank, do not plot w
d, Hoop stress (inner face) clue 2L
Clue = 1, plot % in
Clue = O or blank, do not plot %9 in
e, Meridional stress (inner face) clue 25
Clue = 1, plot g

© in

Clue = or blank, do not plot cCP in

2-19
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Column

f. In-plane shear stress (inner face) clue 26
Clue =1, plot Twe in
Clue = O or blank, do not plot Twe in

g. Hoop stress (outer face) clue 27

Clue = 1, plot &

6 out
Clue = O or blank, do not plot ) out
h, Meridional stress (outer face) clu 28
Clue =1, plot ©
¢ out
Clue = O or blank, do not ploto :
: ¢ out
i. In-plane shear stress (outer face) clue 29
Clue = 1, plot Tqﬁ out
Clue = O or blagk, do not plot T¢9 out
D. Graphics Print Cycle 32.35

Graphical output will be provided in accordance
with the Graphics Control Clues above at every
'X' load step as input here.

MATERTAL 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
loadings exist. Thus the range of temperature in this
teble 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,

Since apex segments should not be allowed to go plastic,
separate tables with fictitiously high yield stresses
should be prepared for this case (see p. 2-35 ).

2-20
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MATERIAL PROPERTY TABLES (continued) Column

l.

Identification Card

A.

Material Title (Alphameric) ’ 1-4

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.

Type of Table 11-1%

One of several possible alphameric clues is
written here. These clues serve to size the
number of cards in the property table, and
define which properties belong on which card.
The possible clues are:

180T
ORTH
STIF

Their definitions are provided in Item 2 below.

Material Property Cards

The material property cards below are given 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)

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. The values of temperature-in table col-
unns 2 through 10 must be in algebraically
increasing order.

Values of Young's Modulus at the given temperaiures.
(5 values per card; 2 cards)

Values of Poisson's Ratio at the given temperatures.
(5 values per card; 2 cards)

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

2-21
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E.

G.

If the
A‘

D.

Column

Values of the Ramberg-Osgood "s" (see Ref. 1)
at the given temperatures. (5 values per card;
2 cards).

Values of the Ramberg-Osgood "n" (see Ref. 1)
at the given temperatures. (5 values per card;
2 cards).

Values of the yield stress at the given tempera-
tures. (5 values per card; 2 cards)

Note: TIf the hardening law for the segment is
perfect plasticity (PERF on the Master Clue Card)
the items E and F.above are zero.

table type clue is "ORTH" (orthotropic table):

Temperature values
(5 values per card; 2 cards)

These are the temperatures at which the values of
material properties will be given.

Values of Young's Modulus in the 6 direction (E )
at the given temperatures.
(5 values per card; 2 cards)

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 Voo at the given
temperatures.

Orthotropic identity defined as Eevew = wake'

(5 values per card; 2 cards)

Values of the thermal coefficient of expansion in
the 6 direction (a ) at the given temperatures.

(5 values per card; 2 cards)

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

(5 values per card; 2 cards)

Values of the Shear Modulus G,_ at the given
temperatures. ¢6 .

(5 values per card; 2 cards)

222

Format
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I.

2

Values of the Ramberg - Osgood "s” in the ¢ direction
(see Ref., 1) at the given temperatures.
(5 values per card; 2 cards)

Values of the Ramberg - Osgood "n" in the ¢ direction
(see Ref. 1) at the given temperatures.
(5 values per card; 2 cards)

Values of the yield stress in the ¢ direction at the
given temperatures. ’
(5 values per card; 2 cards)

Values of the yield stress in the © direction at the
given temperatures,
(5 values per card; 2 cards)

Values of the yield stress in the normal ({) direction
at the given temperatures.
(5 values per card; 2 cards)

Values of the shear yield stress in the ¢ 6 plane at the
given temperatures.
(5 values per card; 2 cards)

Values of the Ramberg - Osgood "s" in the g direction
(see Ref. 1) at the given temperatures.
(5 values per card; 2 cards)

Values of the Ramberg - Osgood "m" in the g ‘direction
(see Ref. 1) at the given temperatures.

(5 values per card; 2 cards)

Values of the Ramberg - Osgood "s" in the ¢ directions
(see Ref. 1) at the given temperatures.
(5 values per card; 2 cards)

Values of the Ramberg - Osgood "n" in the 98 directions
(see Ref., 1) at the given temperatures.
{5 values per card; 2 cards)

Note; 1If the hardening law for the segment is perfect

plasticity (PERF on the Master Clue Card) items H, I,
and N through Q are zero.

2-23
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If the table type is "STIF" (table to be used for
reinforced shells):

A.-Q.

The values in these locations are the same as
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 (Es) at the
given temperatures.
(5 values per card; 2 cards)

Values of ring thermal coefficient of expansion
(ah) at the given temperatures.

(5 values per card; 2 cards)

Values of stringer thermal coefficient of
expansion (as) at the given temperatures.

(5 values per card; 2 cards)

Values of the Ramberg = Osgood "s" in the
rings (see Ref. 1) at the given temperatures.
(5 values per card; 2 cards)

Values of the Ramberg - Osgood "n" in the
rings (see Ref. 1) at the given temperatures,
(5 values per card; 2 cards)

Values of the ring yield stress at the given
temperatures.

(5 values per card; 2 cards)

Values of the Ramberg - Osgood "s" in the stringers
(see Ref. 1) at the given temperatures.

(5 values per card; 2 cards)

Values of the Ramberg - Osgood "n" in the stringers
(see Ref. 1) at the given temperatures.

(5 values per card; 2 cards)

Values of the stringer yield stress at the given
temperatures,
(5 values per card; 2 cards)

Notes: If the hardening law for the segment is

perfect plasticity (PERF on the Master Clue Card)

~items H, I, N through Q, V, W, Y, and Z are zero,

2-2h
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SELL.T

S5E1k. 7

5E14.7

SE1 .7

5E1k4,7
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S5E1kL,7

5E1L,7

5E14.7



In a rotated waffle or isogrid constructions, items
Rand S, T, and U, V and Y, W and Z, X and o refer
to the grid directions and are respectively identical.

D~-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D
(See General Notes - Data Debugging)

REGION INTRODUCTORY CARDS

These two cards are placed at the beginning of each region
data information. Each region contains the following data
set (see Figure 2-2): a) Two region introductory cards;
bg' data cards for each segment within the region;

c¢) ring cards describing the discrete rings within the
region, if any; and d) kinematic link cards describing
the kinematic links within the region, if any.

1. TIdentification Card
A. DNumber of segments within the region (<29) 1-2

B. Number of kinematic links between segments 3-k
within the region.

C. DNumber of discrete rings between segments 5-6
within the region.

D. Any alphameric information (region description) 7-T0

2. Topology Card (Coupling Orientation)

A. Region Number 1-5
Number of the region under consideration.
B. Joint (i) 6-10

Joint associated with i°F (beginning) end of
the region.

C. Joint (3) th
Joint associated with j ~ (ending) end of
the region.

11-15

There is no coordinate flow in regions (unless
1 region = 1 segment), such as that shown for
segments in Figures 2-3 to 2-9. However, 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 (see Figure 2-12 and page 2-57).
If 1 region = 1 segment,the segment topology
carﬂ)will be a dummy card [1 1 2] (see page
2-57). ‘
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Figure 2-3. Typical Shell Segment
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+2

Top Ellipsoid

. Specify a, B = -zf, C=0

Bottom Ellipsoid

. Sphere
Specify a, 8 = 1
or use ogive with

rl=a,c=0

Figure 2-ka. Ellipsoid
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|

l«—(neg) C—»{ out

/

/

/
o —>

Specify a, B = b/a, C < 0
¢ > 360 degrees

(neg) C

Specify a, B = b/a, C < 0

N

Specify a, B = b/a, C > 0
+C =

Figure 2-4b. Translated Ellipsoid
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n=1 b/a = 0.707
n=0 b/a = 0.666
. n=-1/2 b/a = 0.639

n -1 b/a +0.618

Figure 2-5. Modified Ellipsoid
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J
r
1 Standard Ogive
i Specify r , C > 0
-
4

L. T 0
Toru.:
‘ J
‘=<:T——C(neg)————— Specify r, C<o0
t
¥

¢ 0

Specify rl, C <90

Figure 2-6. Ogive
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~may be more than
one segment

In the ranges of ¢ "B" shape 10°< ¢ < 170°
0° < ¢ < 10°
170° < ¢ < 190° Specify: Z versus rs starting with

350° < ¢ < 360°
spherical, toroidal or
. elliptical segments can -
be used with sufficient l Note: Z vs r, input table should overlap

accuracy.

may be more than_ |
one segment

Z=0 at'Cl, and going to C2.

total range of ¢ input for all segments.

"A" ghape 190° < ¢ <350°
Specify: Z versus r, starting with

%2 =0 at C,, and going to C

1 2"

Note: Z vsr input table should overlap

| total range of ¢ input for all segments.

Figure 2-7. General Geometry
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e —————————
S out

-¢ i in J
|
J
out
J g
1 in
S

Figure 2-8. Cone

2=32

Standard Cone

Specify ¢ > O

Plate

Specify ¢ = 0

Inverted Cone

Specify ¢ < O




o .
Specify ry

Figure 2-9. Cylinder
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SEGMENT CARDS

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

l. Identification Card

Column

A. Segment identification code (see Figures 2-4 to 2-9)

1. Ellipsoidal or spherical shell Code = 11

2., Modified ellipse shape Code = 12

3. Ogival - Toroidal Code = 13

4, General Geometry Code = 1U4A or
(see Figure 2-7)° 14B

5. Dummy geometry slot . Code = 15
(¢ coordinate)

6. Conical - Circular Plate Code = 21

The plate is treated as a cone with zero angle.
7. Cylindrical shell Code = 31

B, Number of layers through the thickness

This is the number of layers through the thickness

for plastic strain integration. In a single sheet

construction the maximum number of layers is 20,
In a8 sandwich construction both face sheets are
divided into the same number of layers and this is
the required input. The maximum number of layers
for the sandwich face sheet is 8.

C. Any alphameric information (segment description)

2. "MAGIC" Control Card

A.. Interval at which final answers are to be printed
(in radians or inches).

The ¢-coordinate is defined for all geometric
shapes except the cylinder, cone and plate,
for which the s coordinate is used. Figures
2-4 through 2-9 describe these coordinates
for each shape.

B. Difference

The value recommended depends upon the
computer used. For eight figure accuracy
computers it is 1.0 E-6; for the IBM 360
it is 1.0 E-4.

C. _Integration interval

The Runge Kutta numerical integration procedure
is .substantially more accurate than finite dif-
ferencing. An interval of (.01 £0.03) x segment
size (in radians or inches)is recommended in eigen-
value analysis so as to be able to represent eigen-
vectors with high wrinkling in the segment interior.

(In using a 30 point segment table (see p.2-U41)there
should be at least 30 integration steps.)

2-34
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Column Format
D. Apex Clue L6-49 A4

In the STARS program an apex segment is liable to
have fictitiously high stresses due to the sing-
uwlarity effect of ro - O, Thus such a segment

should not be allowed to go plastic, since it may
prématurely stop the run. Therefore a separate
material property table should be prepared containing
fictitiously high yield stresses. " The word APEX
should also be entered here as a reminder, and will
trigger a reminder message in the output.

E, Delta TL=T72 F2.0
For a fixed-step integration, Delta = O,

This card controls the Runge~Kutta numerical
integration scheme, The suggested values above
yield accurate results for a fixed-step integration
method,

Calculation of Segment Length

There is a restriction on the length of the shell segments. Physically,
the restriction demands that boundary disturbances at one edge be
distinctly felt at the other edge. This is a consequence of using a
numerical integration procedure. Since the segment stiffness matrices

must be symmetric, the calculations involved in obtaining each matrix elemént

must be such that a computer round off error never becomes prominent. Limit-
ing the segment length insures satisfaction of this criterion. This length
is a function of both geometric shape and segment location within a specific
geometry. One of the limiting factors is that the ratio of the radii of

revolution at the initial and final points of a segment be greater than one

r .
hundredth and less than one hundred. Thus i%6<: (;93-) <100 where:
oJ

oi

r .
oJ

This requires smaller segments than will normally be predicted by formulaiin
the area of an apex. In addition, note that (¢ = 0) is_ggg an acceptable input
point (except for the torus-ogive or offset ellipsoid). Also the apex segment
should not be allowed to go plastic by adjusting the corresponding material

property table,
2=35



For a cylinder, the segment length parameter,
1
A= (1+v)%8 as

should be held to about 4.0. 1In this expression, "y" is a non-linear param-
eter. For homogeneous shells:

5 8 r
2
7= e -] (L)
It is zero for a linear problem.
"8" is a measure of the rate of .decay of a disturbance in the shell.

"As" is the meridional length.

r =r '3in
o} 2 ° ¢

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

Por v 0.3, As bk

: 1
2
2) 3.1Mr )
Homogeneova Cylinder .‘ ® 1(.1_;%. a8 ¢ (——‘L);
o ¥ 14y

u
T :

2 2002 21"
Sandwich Cylinder - LI _lgl_-_'_)___ s s 3.1 [’o (0 o 6nt ¢ 3t )}
Equal Face Shests

r 2’ + at + 3%
4

— 1

-1

i
H

2 h, *h 2 Ty b D
Sendwich Cylisder - LI - i) Lo P [(u‘ en ) e 1mmtng e @ t)]
Unequal Pace Bheets (hl » ho) 4 12h£noz(n‘ * ho +t) [} i o .

J‘m
—_ 1.

—3"

Approximate formulas can be obtained for near cylindrical regions of generally

curved surfaces. The length parameter,

A= (1+v)E N e

should be held to about 4.,0. In this expression "y" has the same definition

as in the cylinder case.
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"\" is a measure

"Atb" = _A_§_

Ty

The values of Ah

is the

of the rate of decay of a disturbance in the shell.
angle intercepted by a meridional arc length "as",

and As for various shell geometries are given below:

for v = 0.3, As b

Py
. sautr?

] 2 43 s

N
P (e R Ry
N

Homogeneous Construction ey );,

W3-t

Sandvich Construction - AT B ———
rf(rm2 + 6nt ¢ 3t%)

Equal Pace Sheete

b s 301 [r:(khz + 6nt * 3t2)]

i t
a1 - e n +n 1’ . _:2_2 (h, + 0 )% & 22m,h tin, o0, +t)
Us:::xhr::.g::::m- Ah-(B‘OB‘,)homghot:h;’ba‘ﬂ[ Fa ] fen [‘1.h° [h‘ " R T R ]
The minimum allowable segment length is 1 x 1073
(inches or radians according to segment sizing).
3. Geometric Description Card
A. Ellipsoid and sphere (Figure 2-U) Column Format
1. Semi-axis perpendicular to Z-direction (a) 1-14 El4.1
2. Ratio of semi-axis in the Z-direction (b) 15-28 El4.1
b
to (a): B = (E)
3. C = offset distance (%) (C = 0.0 if no offset) 29-4 Elk.1
B. Modified ellipse shape (Figure 2-5) ‘
1. .Axis ratio coefficient (n) 1-14 El4.1
2. Semi-axis perpendicular to Z-direction (a) 15-28 Elk.1
C. Ogive (Figure 2-6)
1. r, = radius 1-14 Elk.1
2. C = offset distance (%) 15-28 Elk.1
D. General Geometry (Figure 2-7) '
1. Number of pairs of Z versus r_ points (<1h) 1-2 I2
2. Z versus T points, in pairs, starting 3-72 F10.0
with Z value (7 values per card, including 1-70 °Y  F10.0

first card, for up to 4 cards total).

In the input table the first Z value is

taken as Zl = 0, and furthermore Zi >0

(i =2 - 14) (see Figure 2-7).
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1

F.

Cone (Fipgure 2-8)

1. Angle ¢ in redians (for flat plate, ¢ = 0).
Eeep in mind that this ¢ is a constant for
a glven cone and should not be confused
with the ¢ on cerd get 5.

Cylinder [Figure 2-9)
l. FRaodius

Master Clue Card

Thie card conteins a serles of cliues which de-
termine the program and table locatione to be
uged for the segment being described. For a
master flow chart of cluea snd aptions in the
program see Figure 2-1.

A,

Material Table Type Clus

Thig clue defines the type of meterial property
table to be expected far the segment. This, as
well pg bhe following clue determines the mate-
riel propertiea that will be used in the strue-
tural analysis for the segment. Thua these two
cluea should match the twe elues uged on the
ldentification card of the corresponding mate-
riel property table. As mentioned before on
page2=21 , the three possibilities are:

TS50T
ORTH
ATIF

Material Tikle

This name should be the zame as the name which
gppears on the material property table which
eontaine the properties to be utilized for
thie asegment.

Sheat Clue

Thig clue informs the program s to what kind
of ghell wall crossecticn to expect. If the
ghell is of single gheet construction, the clue
to be uged is: BSING. If the shell wall iz an
gquel-aize face sheet gandwich, the olue ta be
uged 1g: HEQUA. If the ghell well iz = gand-
wich but the face sheets are not egual, the
clue to be used is: UNEQ. Finally, if the
shell segment is reinforded by rings, stringers, a
waffle, or an isogrid; the clue to be used

is: BELAN.
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ji

Colimn

Beinforcemant Clue 3-1-31*

Thig clue describes the type of reinforcement
that is present on the shell., If the shell is
purely of gingle sheet or equal or unequal-size
face sheet honeycomb eongtruetion (no reinforcing),
the clue to be used is: THIC. If the reinforce-
ment conslsts of rings or stringers or both,
located along the coordinate sxes (8 and ¢ or &),
three clues are possible depending upon the

bapic shell wall conetruction. If the basic
wall constructlon is a single sheet, the clums to
be used i= STil. Tf the basiec sghell wall iz an
equal-gige face sheet sandwich, the clue to be
uged ig ST12. I the basic shell well is s sand-
wich but the face sheets are unegual, the clus ta
be used is ST13. If the reinforcement consists
of g wal'fle which ig rotated st an arbitrary angle
g from the meridional sxis the following three
clueg are pogsible depending vpon the basic shell
wall construction. If the basic wall construction
iz a single sheet; the clue to be used iz RWAL.
If the baaic ghell wall iz an equal-gize face
sheet sandwich; the clue to be used iz BWAZ. If
the bagle ghell wall lg a sandwich bLut the face
sheets are unequal, the clue to be used ia EWA3.
If the reinforcement congisgte of an isogrld con-
etructlon of genersl angle # from the meridional
axie (normally B = 30°) the following three clues
are poBsible depending upon the basle ghell wall
construction. If the basic wall construction is
a single sheet; the clue to be used is ISGl. If
the basic shell well is en equal-size face sheet
sandWwich, the clue to be used ig IBGE, I the
basgic ghell wall is a sandwich but the fzoe sheets
are unequal, the clue to be used is IBG3. Two
other clues are aveilsble, namely ETI0 and FHAT,
if the user wighee to ioput bis own stiffness
conetants. These constants may represent any
wall comstruction a8 long as the basic Booke's
Laws used with the clues sre appropriste to
deégerlibe the construction to be coneidered.  The
Hooke's Laws used with thege clues are given
under the deseription of segment card set 6. No

plastic analysie iz allowed with the last two

cluaes since & geometric description of the crossectlon
1s pot input,
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Note: The reinforcement described in the seg-
ment cards is closely spaced reinforcement which
will be smeared over the segment. Discrete rings
at segment ends in a region are described at the
end of all segment data for that region.

Thermal Clue Ly Ly

This clue describes the type of thermal problem
which exists in the segment. The user is reminded
that in a cyeling run this clue is constant for all
cycles, requiring zero thermal loads to be input
Af necessary. 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 géneral,
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 directions,
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 all, but merely a manipulation
of the material property tables. If a structure
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, however, 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 temperatures are
only used 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.

Hardening Law Clue 5154

This clue determines the hardening law to be used for
the segment., If isotropic hardening is to be used
the clue is ISOT. If kinematic hardening is to be
used the clue is KINE, If perfect plasticity is

to be used the clue is EEBE.

Note: ISOT hardening law is not allowed with ORTH
material (item A on this card),
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G. Table control - Number of points in each of the

following tables.

This can vary from 2 to 30 depending upon the
shell geometry and loading. For a linearly
varying geometry and/or loading only 2 input
points would be required. These two points
would be the end points. For more general
loading and/or geometry a larger 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, rather than using very short
segments.

Table of ¢ or s Values

A. Initial, intermediate and final values of
¢ or s. FEach 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.” The points to be specified are
the beginning point of the segment, any point
of discontinuity, and the end point of the
segment. The input must be consistent with
item G of the previous card.

Table of Wall Crossection Geometry

The contents of these cards (up to 6 cards per
item below) are dependent upon the clues reg-
istered on the Master Clue Card. If the shell
to be described contains no reinforcing, the
pertinent clue is item 4C, the Sheet Clue. The
geometry is input and the stiffnesses are cal-
culated by the program (see Figure 2-10). The
input is presented below as a function of the
Sheet Clue.

If the Sheet Clue is SING (single sheet con-
struction):

A. Initial, intermediate and final values of wall
thickness (hi) at points defined by table of ¢
or s values.

2-l1
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Format

If the Sheet Clue is FQUA (equal-size face sheet
sandwich):

A. TInitial, intermediate and final values of face
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 s values.

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

A. Initial, intermediate and final values of inner
face sheet thickness (h ) at points defined by
table of ¢ or s values.®

B. 1Initial, 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.

If the shell is reinforced, the Sheet Clue will be
BLAN. In this case it is the following, or Reinforce-
ment Clue (item 4D) which will determine the contents
of card series 6. For the reinforcement cases the
geometry can be complex and varied, since all types
of reinforcing are to be included. The reinforced
shell input is presented below as a function of the
Reinforcement Clue.

If the Reinforcement Clue is ST11l (single sheet
reinforced by rings and/or stringers):

A. 1Initial, intermediate and final values of the
torsional stiffness in the ¢ direction (GJ¢) at
points defined by table of ¢ or s values.

B. Initial, intermediate and final values of the
; torsional stiffness in the 6 direction (GJ 9) at
points defined by table of ¢ or s values.

C. Initial, intermediate and final values of
’ stringer area (A¢) at points defined by table of
¢ or s values.

D. TInitial, intermediate and final values of ring
area (A ) at points defined by table of ¢ or s
values.

E. Initial, intermediate and final values of
stringer eccentricity (measured inwards from
base shell centroid as positive) at points
defined by table of ¢ or s values.
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Initial, intermediate and final values of ring
eccentricity (measured inwards from base shell
centroid as positive) at points defined by
table of ¢ or s values.

Initial, intermediate and final values of
stringer moment of inertia (about base shell
centroidal axis) at points defined by table
of ¢ or s values.

Initial, intermediate and final values of ring
moment of inertia (about base shell centroidal
axis) at points defined by table of ¢ or s
values.,

Initial, intermediate and final values of
stringer spacing at points defined by table

Column

Format

of ¢ or s values. (Do not set to zero if no stringers.)

Initial, intermediate and final values of ring
spacing at points defined by table of ¢ or s
values. (Do not set to zero if no rings.)

Initial, intermediate and final values of base
shell wall thickness (hi) at points defined by
table of ¢ or s values.

If the Reinforcement Clue is ST12 (equal face sheet
sandwich reinforced by rings and/or stringers):

A. through J. The items contained on these cards are

K.

those described for the ST11 clue above.

Initial, intermediate and final values of base
shell face sheet thickness (hi) at points de-
fined by table of ¢ or s values.

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

If the Reinforcement Clue is ST13 (unequal face
sheet sandwich reinforced by rings and/or stringers):

A. through J. The items contained on these cards are

K.

those described for the ST1l clue above.

Initial, intermediate and final values of base
shell inner face sheet thickness (h.,) at points
defined by table of ¢ or s values.

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

2=hl
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M. 1Initial, intermediate and final values of base
shell outer face sheet thickness (ho) at points
defined by table of ¢ or s values.

If the Reinforcement Clue is RWAl (single sheet
reinforced by a waffle rotated at an arbitrary angle
from the meridional direction):

A. TInitial, intermediate and final values of waffle
grid area at points defined by table of ¢ or s
values.

B. 1Initial, intermediate and final values of waffle
grid eccentricity (measured inwards from base
shell centroid as positive) at points defined
by table of ¢ or s values.

C. Initial, intermediate and final values of waffle
grid moment of inertia (about base shell centroidal
axis) at points defined by table of ¢ or s values.

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

E. Initial, intermediate and final values of waffle
grid rotation angle, B, (in radians from the
meridional direction) at points defined by table
of ¢ or s values.

F. 1Initial, intermediate and final values of extreme
distance from base shell centroid to waffle outer
edge (% value, positive inwards), at points
defined by table of ¢ or s values.

G. Initial, intermediate and final values of base
shell wall thickness (hi) at points defined by
table of ¢ or s values.

If the Reinforcing Clue is RWA2 (equal face sheet
sandwich reinforced by g waffle rotated at an
arbitrary angle from the meridional direction):

A. through P. The items contained on these cards are
those described for the RWAL clue above.

G. and H, The items contained on these cards are
those described for the ST12 clue above as items
K. and L.

If the Reinforcing Clue is RWA3 (unequal face sheet
sandwich reinforced by a waffle rotated at an
arbitrary angle from the meridional direction):

A, through F. The items contained on these cards are
those described for the RWAl clue above.

G. through I. The items contained on these cards are
those described for the ST13 clue above as items
K. through M.

2-li5
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If the Reinforcing Clue is ISGl (single sheet
reinforced bv a general angle isogrid construction):

A. through D. The items contained on these cards 4 sets of SE14.7
are identical to those described for the RWAl
clue above, but with reference to the isogrid.

E. 1Initial, intermediate and final values of the . S5E14.7
isogrid angle, B, (in radians from the
meridional direction, see Reference
Appendix A). TFor the normal isogrid, the
angle is 30° (input in radians).
F. 1Initial, intermediate and final values of base 5E14 .7

shell wall thickness (h,) at points defined by
table of ¢ or s values.™®

If the Reinforcing Clue is ISG2 (equal face sheet
sandwich reinforced by a general angle isogrid
construction):

A. through E. The items contained on these cards 5 sets of B5E1.7
are those described for the ISGl clue above.

F. and G. The itéms contained on these cards are 2 sets of 5E14.7
those described for the ST12 clue above as
items K. and L.

If the Reinforcing Clue is ISG3 (unequal face sheet
sandwich reinforced by a general angle isogrid

construction):

A, through E. The items contained on these cards 5 sets of “SEl14.7
are those described for the ISGl clue above.

F. through H.  The items contained on these cards 3 sets of SE1k.7

are those described. for the ST13 clue above
as items K. through M.

If the Reinforcing Clue is ST10 the following Hooke's
Laws will be used by the program for the description
of the shell wall:

Ny = Klleéo + K12%0 " C11% - Tpg
= + - -
Ny = Kopfy T Eipeg - Copky - Moy
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Mo = Prafe * Dia¥y * Cnafe_ ~ Mo
M¢ = D22k¢ + Dlzke + C ¢ - MT¢
oo = Moy T ~ED33%0
Therefore the input is(see Ref. it Appendix A):
A, TInitial, intermediate and final values of Kll 5E14.7
at points defined by table of ¢ or s values.
B. Initial, intermediate and final values of K 5Elh.7
at points defined by table of ¢ or s values.
C. Initial, intermediate and final values-of K,, S5E14.7
at points defined by table of ¢ or s values.
D. Initial, intermediate and final values of K33 5B14.7
at points defined by table of ¢ or s values?
E. Initial, intermediate and final values of D 5E1k .7

at points defined by table of ¢ or s values}l

(Should be input as negative for sign convention.)

F. 1Initial, intermediate and final values of D S5E14.7
at points defined by table of ¢ or s values.
(Should be input as negative for sign convention. )

G. Initial, intermediate and final values of Dy 5B14.7
at points defined by table of ¢ or s values,
(Should be input as negative for sign convention.)

H. 1Initial, intermediate and final values of D33 5E1k.7
at points defined by table of ¢ or s values?

I. Initial, intermediate and final values of Ciq S5E1k .7
at points defined by table of ¢ or s values:

J. 1Initial, intermediate and final values of C 5E14.7

at points defined by table of ¢ or s values=2

Note: No plasticity is allowed for this option.

If the Reinforcing Clue is RWAF the following Hooke's
Laws will be used by the program for the description
of the shell wall:

NQ = Kll € + K12 €¢ - Cll ke - 015 k¢ - NTQ
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Column Format

=
]

D kG + D12 k¢ +C. . € +C,. e, - MTG

9 11 11 %_ " 15 %9
My =Dyp ky + Dy kg *+Cpg ®0_ * Cop o, " Mrg
M

96 = “2D33 Kye + Cig Y¢eo

Therefore the input is (see Ref. 4 Appendix A):

A. through J. The items contained on these cards are 10 sets of 5E14.7
those described for the ST1O0 clue above.

K. 1Initial, intermediate and final values of 015 at SE1L .7
points defined by table of ¢ or s values.
L. Initial, intermediate and final values of Cl6 at SE1L .7

points defined by table of ¢ or s values.

Note: ©No plasticity is allowed for this option.
Teble of Reinforcement Temperatures

This card set is included only if the Reinforcement
Clue (Item D page 2-39) is ST11, ST12, ST13, RWAl,
RWA2, RWA3, ISGl, ISG2, or ISG3 and the Thermal Clue
(Item E page 2-40) is THST or THCN, The input is
presented below as a function of the Reinforcement
Clue.

If the Reinforcement Clue is ST11, ST12, or ST13:

A. TInitial, intermediate and final values of the 5E1k.7
stringer temperature, at points defined by
table of ¢ or s values,

B. Initial, intermediate and final values of the SE1L.7
ring (smeared) temperature, at points defined
by table of ¢ or s values.

If the Reinforcement Clue is RWA1l, RWA2, RWA3, ISG1,
ISG2, or ISG3:

A, TInitial, intermediate and final values of the SE1k4,7
reinforcement (waffle or isogrid) temperature,
at points defined by table of ¢ or s values.

Table of Mass Densities (Dimensions = weight/volume/
acceleration due to gravity.)
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This card set is included only if the Shell Rotation
Clue (Item X page 2-18 ) is set to unity, i.e., if
the shell undergoes rotation. In such a case, the

contents of these cards (up to 6 cards per item below)

are dependent upon the clues registered on the Master
Clue Card, If the shell to be described contains no.
reinforeing, the pertinent clue is item 4C, the sheet
clue., The input is presented below as a function

of the Sheet Clue.

If the Sheet Clue is SING (single sheet construction):

A, Initial, intermediate and final values of the wall
mass density at points defined by table of ¢ or s
values,

If the Sheet Clue is EQUA or UNEQ (sandwich
construction):

A, Initial, intermediate and final values of the
core mass density at points defined by table of
@ or s values.

B. Initial, intermediate and final values of the face
sheet mass density at points defined by table of
® or s vaglues.

If the shell is reinforced, the Sheet Clue will be
BIAN., In this case it is the following, or
Reinforcement Clue (item LD) which will determine
the contents of card series 8. The reinforced shell
input is presented below as a function of the
Reinforcement Clue.

If the Reinforcement Clue is ST1l (single sheet
reinforced by rings and/or stringers):

A, Initial, intermediate and final values of the
base shell mass density at points defined by
table of ¢ or s values. ’

B. Initial, intermediate and final values of the
stringer mass density at points defined by
table of ¢ or s values.

C. Initial, intermediate and final values of the
ring mass density at points defined by table
of ® or s values.

If the Reinforcement Clue is ST12 or ST13 ¢sandwich
reinforced by rings and/or stringers):

A. Initial, intermediate and final values of the
base shell core mass density at points defined by
table of ¢ or s values.

2-k9
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B. Initial, intermediate and final values of the
base shell face sheet mass density at points
defined by table of ¢ or s values,

C. and D, The items contained on these cards are
those described for the ST1l clue as items
B. and C.

If the Reinforcement Clue is RWAl or ISGl (single
sheet reinforced by a rotated waffle or isogrid):

A. Initial, intermediate and final values of the base
shell mass density at points defired by table of
@ or s values.

B. Initial, intermediate and final values of the
reinforcement mass density at points defined by
table of ? or s values.

If the Reinforcement Clue is RWA2, RWA3, ISG2 or ISG3
(sandwich reinforced by a rotated waffle or isogrid):

A. Initial, intermediate and final values of the base
shell core mass density at points defined by table
of ¢ or s values.

B. Initial, intermediate and final values of the base
shell face sheet mass density at points defined by
table of ¢ or s values.

C. Initial, intermediate and final values of the
reinforcement mass density at points defined by
table of ©® or s values.

If the Reinforcing Clue is ST10 or RWAF the program
does not have any crossection description available
to it for calculations., Thus no plasticity analysis
is allowed, and the required input in card set 8 for
these clues is (see Refs. 1, 4 and 5):

A. The meridional distributed load on the crossection
due to rotation at points defined by table of ¢ or
s values. For example for a layered section this
can be expressed as:

jo}

1 _ :E
fcp = piu?riti cos ©

i=1

B. The normal distributed load on the crossection due
to rotation at points defined by table of ¢ or s
values. For example for a layered section this
can be expressed as: ‘

n

£ o= - piu?riti sin ©

- 2-50

Column Format

5E1L. T

2 sets of 5E1hk.7

SE1L4.7

S5E1L. T

SE1L. T

SE1L.7

SE1L. T

SE1k4,T

SE1L. 7
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C. The circumferential distributed moment load on 5E1L. 7
the crossection due to rotation at points
defined by table of ¢ or s values. For example
for a layered section this can be expressed as:

n

mg = = E piu?ritiyi cos ¢

i=1

Note: The sign convention for the above loads is
as shown in Figures 2-11.

9. Loading Clue Card

The contents of this card are numerical clues which
alert the program to the types of loads that exist

on the segment., In addition, if the clue indicates
that some load does not exist, the appropriate

cards in series 10 which would ordinarily contain

the numerical values of this load are omitted from

the sequence, 1In the case of a rotating shell the
inertia loads are calculated internally by the program,

The appropriate clues are as follows: .
A. Thermal Clue 1 IL

If there are no thermal loads (Item LE is
NOTH) the clue number is zero (0).

If there is a standard thermal variation through
the thickness {Item LE is THST) the clue number
is four (4).

If the temperature is constant through the
thickness (Item LE is THCN) or if the in-
homogeneous option is used (Item L4E is THIN)
the clue number is one (1).

B, Circumferential Load Clue (f ) 2 i
6

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).
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C. Meridional Load Clue (f¢) ' 3

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

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

D. Normal Load Clue (f ) L

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

If there are normal loads, then the clue
number is one (1),

E. Circumferential Moment Load Clue (me) 5

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

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

F, Meridional Moment Clue (m ) 6
©

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-T70

10. Table of Applied Loads (see Figures 2-1la, b for
sign convention).

The appropriate card sequence is given below as a
function of the Loading Clues on card 9. If the Thermal
Clue is one (1):

A. Initial, intermediate and final values of the
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}.)
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If the Thermal Clue is four (L):

A.

B.

Initial, intermediate and final values of the
temperature Ti4 at points defined by table of
¢ or s values. (The subscripts "nm" indicate

temperature location - see below.)

Tii Inside
Face Sheet
. lIIIIII| EERR
ic | Honeycom re

A

Face Sheet /

Too Outside

Initial, intermediate and final values of the
temperature T.c at points defined by teble 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 Too at points defined by table of
$ or s values.

If the Thermal Clue is zero (0), the above cards are
omitted, All temperature values above refer to the
base shell.

If the Circumferential Load Clue is one (1):

El

Initial, intermediate and final values

of the circumferential loads fe at points

defined by table of ¢ or svalues.

If the Circumferential Load Clue is zero (0), cards
E are omitted.
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Figure 2-1la. Forces on Shell Element
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Figure 2-1lc. Shell Element Geometry and Displacements
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Column Format
If the Meridional Load Clue is one (1):
F. Initial, intermediate and final values of the SE1L.7
meridional loads f, at points defined by table
of ¢ or s values.
If the Meridional Load Clue is zero (0), cards F are
omitted.
If the Normal Load Clue is one (1): .
¢. Initial, intermediate and final values of the SE1L,7
normal loads f_at points defined by table of
¢ or s values.
If the Normal Load Clue is zero (0), cards @ are omitted.
If the Circumferential Moment Load.Clue is one (1):
H. Initial, intermediate and final values of the S5E1kL.7
circumferential moment loads my at points
defined by table of ¢ or s values.
If the Circumferential Moment Load Clue is zero (0),
cards H are omitted. '
If the Meridional Moment Load Clue is one (1):
I. Initial, intermediate and final values of S5E1k.7
the meridional moment load m at points
)
defined by table of ¢ or 8 values,
If the Meridional Moment Load Clue is zero (0),
cards I are omitted,
11. ©Segment Topology Cards
A. Segment number A 1-5 I5
Number of the segment under consideration.
B. Joint (i) 6-10 15
Joint associated with ith end of the segment
(TIC).

Joint associated with the jth end of .the
segment (STOP).

S@nce within a region the segments are all
singly connected, the segment Jjoint numbers
ghould be in adjacent numerical paifs, That
is, if joint (j) is 6, joint (i) could only
be 5 or 7. This is true only within a region,
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Column Format

In addition, the initial joint of each
region 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 (see
Figure 2-12). The coordinate ¢ or s
"increases from TIC to STOP, i to jJ.

The user is again advised to see

Figures 2-3 to 2-9.

D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D minus in 1-80
(See General Notes - Data Debugging)

INTRA-REGION DISCRETE RING CARDS

These cards, if any exist (region introductory card,
item 1C), are placed at the end of all the segment
data for the region. They contain the following
information for each ring (in groups of 5 cards):

1. Ring Property Card

A. BSegment joint number to which the ring is 1-2 I2
attached. If there is also a-radial
discontinuity at this location necessitating
a kinematic link, the joint number of the

ring is the independent joint number of the
link (see Figure 2-13a).
B. Ring extensional stiffness (EA) . 3-16 CElb.7

C. Ring bending stiffness about centroidal y 17-30 El4.7
axis (EIy). See Figure 2-14.

D. Ring cross-bending stiffness about centroidal 31-4k Elk.7
axes (EIxy)'

E. Ring bending stiffness about centroidal 5972 E1k4.7
x axis (EIx)‘

F. Ring Young's Modulus 45«58 E14.7
2. Ring Plasticity Card
A. Ring Geometry Description Clue 1=k Ak
A specific clue word is necessary to describe
the ring shape. The possible clue words and
the associated shapes are presented in

Figure 2~15,
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Region Numbering

-

4+ N

- L)

Numbering of Segments Within Regions

Figure 2-12. Topology Schemes
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kinematic link

- 3

Independent Joint
of kinematic link

No Links Necessary and therefore Ring joint
number,

Kinematic Link Necessary

(a) Segment or Simple Region Rings

kinematic link 1

Independent joint for all
kinematic links and
therefore Ring Jjoint
number,

kinematic link 2

(b) Possible Region Multi-connected Rings

Figure 2-13. Discrete Ring Topology
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3.

B. Ring Orientation Angle

Angle (in radians) at which ring is oriented,
Normelly this entry is the same as the "phi
input" for a curved shell; or is equal to

the angle input for a cone (see Figure 2-8, but
¢ range here is between O and 3¢ radians [no
negative angles in inverted cone]); or is egqual
to m/2 for a cylinder.

Notes: 1. In order to "invert" the ring, i.e.,
turn it upside down from the position shown in
Figure 2-15, as it rotates clockwise, and attach
it to the inside part of the shell, add m to the
angle above, '

2, 1If the ring is oriented at another
angle rather than tangent to the shell wall,
the angle should be entered accordingly above,

C. Ring Yield Stress

D, Ramberg - Osgood constant "s" for the discrete
ring (see Ref. 1).

E. Ramberg - Osgood constant "n" for the discrete
ring (see Ref. 1).

Ring Location Card (see Figure 2-1k)
A. Ring thermal coefficient of .expansion (a’R)°

B. Ring centroidal radius (rc).

C. Distance (%) between ring centroid and shear
center in the x direction (xc).

D. Distance () between ring centroid and shear
center in the y direction (yc).

E. Offset (+) of ring shear center from attached _
shell joint (see item 1A) in the x direction ().

F. Offset (%) of ring shear center from gttached
shell joint (see item 1A) in the y direction (F).
Note: The shear center (3) is the origin of the
x, y axes shown in Figure 2-1k,

Ring Thermal Description Card (See Figure 2-1k)

2-63

Column Format
7«20 Elk 7
21-3h4 E1h,7
35-48 E1lk,7
L49.62 Elk,7
1-12 E12.5

13-24 E12.5
25-36 E12.5
37-48 E12.5
Lg.60 E12.5
61-72 E12.5



Column

A. TInnermost point temperature (TI) 1-1h
B. Outermost point temperature (Tb) 15-28
C. Radius of revolution at the segment Jjoint which 29.42

is used to identify the ring (Item 1A),
D. Ring mass density (P) 43-56
E. Hardening Law Clue 61-64"

Different hardening laws can be used

for each ring (as well as each segment), If

isotropic hardening is to be used the clue

is ISOT., If kinematic hardening is to be used

the clue is KINE, If perfect plasticity is

to be used the clue is PERF, For this last

clue word items 2D, E(above) are set to zero.
Ring Geometry Card (see Figure 2-15)
The ring geometry is specified on this card (as many
items as necessary) as a function of the Ring Geometry
Description Clue (item 2a),
If the clue word is ZSEC, ISEC, or CHSC:
A, ILength dimension, a 1-12
B, Length dimension, b 13-2k4
C. Length dimension, c 25.36
D, Thickness dimension, tl 37-h8
E. Thickness dimension, t, 49-60
F. Thickness dimension, t3 61-72
If the clue word is HTRI, CRRC, TSEC, or RASC:
A,, B, These items are the same as those identified 1-24

above for the ZSEC clue,

C., D. These items are those identified above for 25.48

the ZSEC clue as items D.and E.

Format

ElkL,7
Elk,7
E1L4.7

Elk4,7
Al

El2.5
El2.5
El2.5
El2.5
El2.5

El2.5

2E12,5

2E12.5



If the clue word is HREC:

A-D, These items are the same as those identified above
for the HIRI clue
E, Thickness dimension, t3
If the clue word is SREC:
A, Length dimension, b
B. Length dimension, a
D-A-~S-H S~E~P=-A-R~A-T=0=R C-A=R~D

(See General Notes - Data Debugging)

INTRA-REGION KINEMATIC LINK CARDS

These cards, if any exist (region introductory card,
item 1B), are placed at the end of all the discrete
ring data for the region. They contain the following
information:

A.

BI

Joint (j) dependent joint

Joint (i) independent joint

For intra-region kinematic links these Jjoints
must be in consecutive decending order. That
is, joint (j) should always be greater than
joint (i) by one.

Angle 7y in radians (see Figure 2-16)

y cannot equal O or .

The angle y 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.

D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D
(See General Notes - Data Debugging)

REGION JOINT CONTROL DATA

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

1. Joint Control Data Card

2-65

Column Format

1-48 LE12,5
49-60 El2.5
1-12 El2.5
13-24 . E12.5

minum in 1-80

1-2 2
3=h 12
5-19 E1h,7

minus in 1~80
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Column Format

A. Number of region joints 1-5 15
Total number of region joints (Max. = 20).

B, Number of discrete rings 6=10 I5
Total number of discrete rings between
regions.

C. Number of kinematic links 11l-15 I5

Potal number of kinematic links between
regions.

Discrete Ring Cards (inter-region, if any exist)
A, Ring Property Card

a. Region joint number to which the ring is 1-2 I2
attached. If there are also radial
discontinuities at this location neces-
sitating kinematic links, or multi-
connections, the joint number of the ring

is the independent joint number of all
the links (see Figure 2-13b).

b. Ring extensional stiffness (EA) 3-16 E1k.7
c. Ring bending stiffness about centroidal 17-30 E1k.7
y axis (EIy%. See Figure 2-1%4.

d. Ring cross-bending stiffness about 31-LL E1k.7
centroidal axes (EIxy).

e. Ring bending stiffness about centroidal x 45.58 Elk.7
axis (EI_).
x .
f. 'Ring Young's Modulus 5972 E1k.7
B. Ring Plasticity Card
a. Ring Geometry Description Clue b Al
A specific clue word is necessary to describe
the ring shape, The possible clue words and

the associated shapes are presented in Figure
2-15 e

2-67



Column
b. Ring Orientation Angle T=20
Angle (in radians) at which ring is oriented.
Normally this entry is the same as the "phi
input" for a curved shell; or is equal to
‘the angle input for a cone (see Figure 2-8,
but ¢ range here is between O and 3m radians
[no negative angles in inverted cone]); or
is equel to m/2 for a cylinder.
Notes: 1. In order to "invert" the ring,
i.e.,, turn it upside down from the position
shown in Figure 2-15, as it rotates clockwise,
and attach it to the inside part of the shell,
add 1 to the angle above,
2, If the ring is oriented at another
angle rather than tangent to the shell wall,
the angle should be entered accordingly above.,
c¢. Ring Yield Stress 21-3k
d, Remberg - Osgood constant "s" for the discrete 35-48
ring (see Ref, 1).
e. Ramberg - Osgood constant "n" for the discrete 49-62
ring (see Ref, 1).
Ring Location Card (see Figure 2-14)
a. Ring thermal coefficient of expansion 1-12
(ag).
b. ‘Ring centroidal radius (rc). . 13-2L
c. Distance (*) between ring centroid and 25-36
shear center in the x direction (xc).
d. Distance (*) between ring centroid and 37-48
shear center in the y direction (yc),
e. Offset (%) of ring shear center from 49-60
attached shell Joint (see item Aa) in the
x direction (X).
f. Offset (%) of ring shear center from 61-72

shell joint (see-item Aa) in the y
direction (¥).

Note: The shear center (8) is the origin
of the x,y axes shown in Figure 2-1k;

2-68

Bk, 7
Elk.7

Elk.7

E12.5

E12.5

E12,5

El2.5

E12.5

E12.5



D,

Ring Thermal Description Card (See Figure 2-1k4)

a., Innermost point temperature (TI).’
b, Outermost point temperature (To).

¢, Radius of revolution at the region joint
which is used to identify the ring (Item
Aa). ' '

d. Ring mass density (p).
e, Hardening Law Clue

Different hardening laws can be used for
each ring (as well as each segment)., If
isotropic hardening is to be used the clue

is ISOT. If kinematic hardening is to be
used the clue is KINE. If perfect plasticity
is to be used the clue is PERF, For this

Column

1-1k4
15-28
2h.ly2

43.56
6164

last clue word items B4, é?ZEBVE) are set to zero.

Ring Geometry Card (see Figure 2-15)

The ring geometry is specified on this card
(as many items as necessary) as a function
of the Ring Geometry Description Clue (item
Aa).

If the c¢lue word is ZSEC, ISEC, or CHSC:

a, Length dimension, a

b. Length dimensioh, b

¢. Length dimension, c

d. Thickness dimension, tl

e. Thickness dimension, t2

f. Thickness dimension, t

3
If the clue word is HTRI, CRRC, TSEC, or RASC:

2., b. These items are the same as those
identified above for the ZSEC clue.

¢., d., These items are those identified above
for the ZSEC clue as items d and e,

1-12

13-2k4
25-36
37-48
49-60
61-72

1-24

2548

Format

Elk4,7
Elk.7
Elh,7

E1lh.7
Al

El2.5
El2.5
El2.5
E12.5
E12,5
E12.5

2E12.5

2E12,5



3.

If the eluse word is HEEC:

A=A, Thesse items are the game s28 thoge ldentified
abore for the HTRT clua

¢, Thicknesg dimension, 1:3
If the clue word ia SRHEC:
&, Length dimenslon, b

b. Length dimension, a

D-A-83-H 3-E-P-A-R-A-T-0-FR C-A-R-D
(See General Hotes - Data Debugging)

Kinematie Link Cards (inter-region, if any exist)
A. Joint {j) dependent joint

B. Joint (1) independent joint

For kinematic links between regions there
are oo restrictions upom Joint numbering.

The cnly restriction is that between succeselve
kinematic link date cards the .':I:I Joint entry
ghould be in inereasing order [not necesssrily
songecutive), For examle:

d L x
Must be 3 2 —
in b 2 -
incressing g 1 -
arder. 12 & —rp

. Angle ¥ in radisns (@ee Figure 2-16)

¥ cannot equel 0 or w.
_I_'_-".-

__WE‘ ¥ deseribes the orientation of the

1ink; it is the ineclination angle of the
link from the wvertical (% exis). The number
of kinematic link cards must egqual the mumber
gpecified in item 1C of the Jjoint Contral
Data Card.

2-Th

Column Farmat

1-L48 LE12.5
Lgaio El12,.5
1=12 E12.5
13-2h4 El12.5

minus in 1-80

1-2 Iz

3=k Iz

5-1‘; Elu' ll?



I=A=8-H 8-BE-P-A-R=fA=-T-}-F C-A-R-D
(See General Notes - Data Debugging)

Boundary Condition Cerde (Joint Data - one card
per region joint)

A« Joint Mumber

B: Joint component conditions om:
1) L
2) &, or A, (see Figure 2-17)

k) or &
L) a,

€. Angle @ in radians

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

Hote: There must be as many boundary con-

dition cards as there are Jolnts as indicated

in item 1A of the Joint Jomtrol Data Card.

Thers are % different codss that are used
to prescribe jolnt component conditions.
They nre:

a. 0 = no displacement allowed.

be 1 = ddgplacement allowed in the
indicated direction.
C. 2= and are rotated through =n
gle o iffé-u)mdbem.ﬂu
and 4. regpectively, while a
digplicement lg allowed inm the ":"hl
direction.

2=T1

Format

Column s
minus in 1-80

1-2 2

Fmit F2.0

5-6 F2.0

78 F2.0

g-10 2.0
11=2% Elx.1



Shell
Crossection

Figure 2-17a. Description of General Coordinate Rotation (« % ¢)
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Rotation Code

Matrix

Rotation Code

Matrix

Rotation Code

Matrix

Figure 2-17b.

+1

+1

0

0

0

Provision for Local Rotations

sin

-cos

sin

-COSs

cos

sin

2-73

cos o

sin a

P~

+1




d.

and

3 =

oF

and

respectively, while a displacement
is allowed in the AQ direction.

See Figure 2-17 for a geometric
explanagtion of codes 2 and 3.

When using rotation codes:

Code 2 can exist only as AZ coding.

Code 3 can exist only as AR coding.

Codes O and 1 can appear in either
column 4 or column 6, in addition

to columns 8 and 10.

Thus, there

are twelve possible boundary con-
ditions when rotation codes are

used..

(¢ = ¢ for table below.)

are rotated through an angle
(r/2 = &) and become

Free edge (possible = 0, normal Ay = 0, membrane
to apply shear and/ | sipport (possible |support (possible to
or membrane loads) to apply membrane | apply shear load)
load)

Ai, Q, free 1,2,3,1 1,2,0,1 1,0,3,1

Ay 9, Fixed 0,2,3,0 0,2,0,0 0,0,3,0

AT fixed

a, free 0,2,3,1 0,2,0,1 0,0,3,1

AT free

Q. fixed 1,2,3,0 1,2,0,0 1,0,3,0

)
2-7h




Column
Apex boundary conditions:
Since the closed apex (¢ = 0) angle
is not acceptable input, the apex
boundary conditions must be simulated
at a small ¢ angle. These boundary
conditions vary per Fourier harmonic,
and are as follows:

n O o Op g angle
0.0 0 0 3 o=
1.0 1 2 0 1 a=¢

>2.0 0 0 0 0 .-

General Notes:

1) To establish a datum for measuring
displacement, free body motion must be
eliminated from the structure. This should
be accomplished by suitably applied boundary
conditions.

2) The ability of a dependent Joint in a
kinematic link to prescribe motion independ-
ently should be removed by setting all
boundary conditions of that Joint to zero.
See pages 2-65 and 2- 84

D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D
(See General Notes - Data Debugging)

JOINT IOAD DATA

1. Ioad Control Data Card

A.

Number of Joint Ioads 1-4
To?al number of joint loads in analysis.

gg%g%s%gads can only be applied to region

Any alphameric information (load description) 5-68
Note: If there are no Joint Loads for the

structure, card 1 of the JOINT LOAD DATA
is blank and card set 2 is omitted.

2-75

Format

minus in 1-80

14

16A4



Colunn Format

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

A. Enter unity in column 5 1-5 I5

B. Row Identification 6-10 15

The identification is the location of the
degree of freedom at which the load is
applied. This is obtained by counting the
non-zero codes entered in the Boundary
Conditions Cards, starting with Joint 1;
T, Z, R, §lg, Joint 25 T, Z,......ebc.,
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 Elk.7

The input is 2mr_ times the running load
in 1b./in. In the particular case of the
axial axisymmetric load, this is simply
the net force. For sign convention see
Figures 2-11, 2-17 and 2-18

D-A-8-H S-E~P-A-R-A-T-0-R C-A-R-D minus in 1-80
(See General Notes - Data Debugging)

LOAD CYCLING CARDS
If only a single loading is being investigated these cards are
omitted, For changes of load distribution, magnitude, or mat-
erial property tables with time, the appropriate cards below
are included, (See also item 2H in the General Introductory
Cards p 2-18 ). These cards are repeated to amount described
in Item 2E on p 2-16 «

1. Load Cycling Program Control Card

A, Intermediate print clue 8«9 I2

(See item 2D General Introductory Cards p 2- 16),
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A Axial Load (Z)

Program Input Load = 2nrox (FZ)

(negative in

*x O Fo= 2 1b/in pictured direction)
Z 2nr
o
Z
J
= Program Input Load = 2mr_ X (FR)
FR = 1b/in
2
T Torque (T)

¥ Program Input Load = arr  x (FT)

R
U = "on

1b/in

Program Input Load = 27r X (M) .

Vi

MQ = M in-1b/in

Figure 2-18 Line Loading for Harmonic n = 0.0

277



BO

Number of load steps

Number of loading increments to be made for the

next loading cycle.

in direction, this number is input as being of
opposite sign to the same entry for the previous

Z2€ero.

loading cycle.

Load step print increment for next loading cycle.
( See Item 2G General Introductory Cards p 2-18

Load amplitude change clue

If the previous loading cycle load amplitudes

to be weused, and the only changes involved are
load directions or step sizes (controlled by item
C above) or material property tables, the clue is

If the load amplitudes are also changed, the

clue is five, and new load cards will be expected

to be read,
are sequential,
Figures below.

Load Cycle| No. Load Steps
1 Ex: 10
2 =20
3 30
4
Applied
Load

Anplitude

8

change to a,

no change

time

It should be noted that load amplitudes
For further clarification see

Column Format
12-17 F6.0
If the loading reverses
18-21 FL.,0
)
2h.25 12
are
Load CycleiNo. Load Steps|Amplitude
1 Ex: 5 al
2 5 change to 3,
3 -5 no change
Applied
Load
/

278

time




20

EU

Column

Format

Material Table Change Clue 2627

If the previous loading cycle material property
tables are to be reused the clue is zero. If
new material property tables are supplied the
clue is gne.

Note: At the first load reversal in direction
the material property tables must be re-read
with all the Ramberg - Osgood "s" constants
being doubled in value. This is done only

at the first load reversal, and the new tables
can be reused thereafter. If the constants
above are all zero this can be disregarded.
This is true for all reinforcement as well as
the shell,.

Angluar velocity in rad./sec. for next loading 59«72
cycle., ”

Since the shell rotation clue (item 2K in the

General Introductory Cards p 2-18 ) is constant
for the total run, the above item is significant
only if that clue was initially set to one. 1In
order to apply or delete an angular velocity in
the middle of a loading history, the velocity

values for other load cycles may be set to zero,

Material Property Tables for Next Loading Cycle

If the preceeding Material Table change clue was set
to one a complete new set of material property tables
must be provided, Note the special item above for the
Ramberg - Osgood "s" parameter. The names of the

material tables may not be changed. The necessary

formats and card sequences are provided on p 2-21

DwA~S-H S«E«P-A~R-A=T=0-R C=A«R~D

(see General Notes - Data Dubugging)"

2-79

1z

Elk,7

minus in 1-80



If the preceeding Material Table Change Clue was set to zero,
item 2 above and the separator card are omitted.

3.

Shell loading data for next loading cycle

If the preceeding Load Amplitude Change Clue was set
to five, the following card sequence must follow.

A, Segment Loading Clue Card for next loading cycle

=W

Load clues for temperature, circumferential,
meridional, normal, circumferential moment,
and meridional moment load, for next loading.
cycle,

Note: Variations in types of loadings as
well as magnitudes are allowed per cycle.
The thermal clue, however, is fixed and
must remain constant. Thus AT = O may have
to be input as appropriate.

B. Table of Applied Loads for next load cycle (see
segment card set 10). These cards contain the
next set of loads as described previously in the
segment data according to the Load Clues above,

Note: The above data sets (3A and 3B) are re-
peated until all the segments in the first
region are completed for the next load cycle,

C. Region Ring Load Cards for next loading cycle.

a.

b.

Ring Yield Stress

Ring Ramberg - Osgood "s" value (see note
about doubling this value for first load
reversal, above.)

"o

Ring Ramberg -~ Osgood "n" value.

Innermost point temperature (TI).

Outermost point temperature (TO).

Note: The above data set (3C) is repeated
until all the rings in region one are completed
for the next load cycle.

The above data sets (3A through 3C) are then
repeated until all the segments and rings in

all the regions are completed for the next
load cycle.

2-80

Column Format
1-6 611
5E1L,7
1-1h E1h4,7
15-28 Elk,7
29.-42 Elk,7
L3-56 Elk,7
56=T70 Eik,7



Do

Column Format
The above data set (3C) is then repeated until
all the structure rings are compileted for the
next load cycle,
Joint Load Control Data Card for next loading cycle,
a. Number of Joint Loads 1-k4 Ik
b, Any alphameric information | 5-68 16ak
Note: If no joint load changes exist in this load
cycle, the above card is blank and card set 3E (below)
is omitted,
Joint Load Cards for next loading cycle
8., Enter unity is column 5 1-5 I5
b. Row identification (see previous Joint Load 6~10 15
Card description)
Note; ZILocations of line loads may change from
load cycle to cycle.
c. Applied Joint Load 11-24 Elk.7
The input is 2nro times the running load in
1b,/in, for this load cycle (see Figure 2-18).
D~A-S~H S=E-P~A-R-A-T-0-R C-A-R~D minus in 1-80

(see General Notes - Data Debugging)

If the preceeding Load Amplitude change clue was set to zero,

item 3 above and the separater card are omitted.

The above cycling cards (items 1-3) are repeated until all the
load cycles input in item 2E on p 2-16 are completed,
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It is hoped that the user is now sble to use the STARS-2P program to good
sdvantage. It is & powerful tool which will increase in value to the user as

he uses it. One of the more complex areas of usagé 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 below.
(See Figu.fes 2-19 and 2-20 for the structure and idealization.) The idealized
structure contains four regions and two kinematic links, The joints are numbered
from 1 to 7. Membrane loading is applied to joints 1 and 5 and the structure

is supported by membrane action at joint 7. All regions must be coupled.

The second card in each region description (topology card) is as follows:

Region Joint (i Joint
1 1 2
2 2 3
3 L 5
N 6 7

The Joint Control Date card would contain a 7 in column 5 and a 2 in column 15.

In this example, the restraints at joints 1, 5 and 7 must be rotated from the
fixed (global system) to a local system such that membrane action may be
applied. In addition, joints 3 and 4, and 6 and 3 are to be coupled with
kinematic links. Thus, the motions of joints 4 and 6 are dependent upon the
motion of joint 3. This dependence will be insured by using 2 kinematic link
cards and setting the independent degrees of freedom of joints 4 and 6 equal to
zero, It should be noted in this particular case that the motion of joints 4
and 6 is not being equated to zero, but rather, the sbility to prescribe

motion independently is being removed. The required data has the following

appearance.

A. Kinematic Link Cards (2 cards)

Joint (§)  Joimt (i)  Angle ) woio. Tn a double link of the type
L 3 T+nw shown in Figure 2-20, one joint
6 3 v must be consistently independent
(joint 3 in example).



B. Bountary Condition Cards for a coupled torsional case (7 cards)

Joint T Z R &  Angle
1 1 2 3. 1 %
2 1 1 1 1
3 1 1 1 1
4 0 0 0 0
) 1 2 3 1 ‘a2
6 0 0 0 ‘0
7 0 0 3 1 ez

The ILoad Control Data card would contain a 2 in column 4.

The external membrane loads are applied to the structure through the

Joint Load Cards which, in this example, would appear as (2 cards):

Problem No. Row Load
1 ' 2 omr | X Membrane Load (1b./in.)
1 14 2nr  x Membrane Load (1b./in.)
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SECTION 3

QUTPUT INFORMATION

The output of the STARS~Z2P program is straightforward, however a
description is in order since the user should learn the significance
of the various checks that are provided. It is important to point

out that the output of the program will include a print-out of the
input data. This gives the user the opportunity to check whether

or not the input data was correct. In the detailed description of

the complete output which follows, the user should refer to the output

of the problem in Section 4 as an example.

The title page of the output contains all the data from the General
Introductory 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):

Contents of segment Identification Card.
Contents of MAGIC Control Card

Contents of Geometric Description Card (Cards)
Contents of Master Clue Card

The material property table used for the segment
Crossection description table

Temperature load table (if any)

Distributed load tables

@

O O N ON VW

%

Segment influence coefficients (MAGIC output)

-
(@]

Segment stiffness matrix

'._-J
=

Stiffness matrix symmetry check

.}
N

Segment load matrices

ot
[U¥]

Radius of revolution at ith and jth ends of segment
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Item 11, 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
should be 0.1010... E 01).

As mentioned previously, items 1-13 are repeated for all the segments
within region one. The radius of revolution at every joint should be
checked at corresponding joints of adjacent segments to make sure
that proper coupling has been specified. At this stage in the output,
the topology of the segments within the region, and the description

of the intra-region rings and kinemstic links is presented.

Next the region matrices are presented. Given in order are: the
region stiffness matrix, the stiffness matrix symmetry check, and

the region load matrices. Again the numerical round-off, evident

in the symmetry check, should be kept to a maximum of one percent
(0.1010... E Ol in lower triangle). The output to this point, that
is, sets of items 1-13, 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.
The next items to be provided by the output are the descriptions of
the inter-region rings and 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 g rotation

code is indicated. It is important to refer to Figure 2.17once more and

point out that o represents a rotation of the coordinate system.




There are a variety of errors that can be made in submitting input data.

The STARS-2P program is set so that as an error is detected, (input or

in the matrix calculations) the program is stopped. Therefore, to avoid

delays in getting an answer, the SATELLITE-1P program was created to

debug input data, and to check for other possbile inconsistencies. The use

of this program is described in Reference 3, and all the STARS error messages

are contained in the listings therein,

After having corrected any errors, so that it is now possible for the pro-

gram to run to completion, the problem solution can be discussed,  From

the above point in the output, further output will depend upon the inter-

mediate print clue. If this clue is set for full output, all stiffness

matrices will be printed for all segments, regions, and structures in all

print cycles specified, If the print clue is set for abbreviated print,

only that noted below will be printed:

The applied line loads,
The region end deflections starting from region joint 1.
Tabulation of final print (per print interval) as shown in Table 3-1.
Below this tabulation will appear the numerical results. In addition,
if the crossection has gone plastic the following results will be
available:
a, NPLA: if this indicator is zero the layer is elastic.

if this indicator is + the layer is plastic.

if this indicator is - the layer is elastic

but has previously been plastic.,

b. Total stresses through the crossection.

¢, Plastic strains through the crossection.

In item 3 above the following special cases may arise:

1. The 1,2 element will be zero for cylinders or cones,
2, No stresses will be calculated for the ST10 or RWAF options.
L4, A restarted run will provide the initial print and start item 3 at

the next print interval.

This completes the program output. The user is reminded to check continuity

of stress resultants across segment boundaries where applicable,



TABLE 3-1. Tabulated Final Output Information

1,1 PHI (RAD. OR IN.) ® or s at which calculations are made

2,1 EPSTLON THETA €qo circumferential strain

3,1 U circumferential displacement

h,1 v meridional displacement

5,1 W normal displacement

6,1 OMEGA THETA Wy circumferential rotational displacement

(rad)

1,2 DEGREES tp, expressed in degrees

2,2 EPSTION PHI €, meridional strain

3,2 K PHI THETA kwe’ specific twist

k2 J PHI STAR Jx, non-linear effective transverse shear
stress resultant

5,2 T PHI THETA IRDQ’ effective in-plane shear stress

resultant

6,2 OMEGA PHI ® meridional rotational displacement
(rad)

1,3 R ZERO s radius of revolution

2,3 GAMMA PHT THETA \'we, shear sbtrain

3,3 N THETA Ne, circumferential force resultant

4,3 M THETA Mg, circumferential bending moment resultant

5,3 SIGMA THETA IN Opin? circumferential stress on inside fiber

6,3 SIGMA THETA OUT Toout’ circumferential stress on outside

fiber

1,h BASE THICKNESS basic shell wall thickness

2,4 K PHI k , meridional curvature

3L N PHI N , meridional force resultant

hoL M PHT Mm, meridional bending moment resultant

5,4 SIGMA PHT IN o ;p Meridional stress on inside fiber

6,4 SIGMA PHI OUT °¢oﬁt’ meridional stress on outside fiber
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TABLE 3~1. Tabulated Final Output Information (Continued)

1,5 STEP numerical integration step size

2,5 K THETA kg, circumferential curvature

3,5 N PHI THETA N o’ in-plane shear stress resultant

4,5 M PHI THETA M&e, twisting moment resultant

5,5 TAU PHI THETA IN T@ein’ in—p;ane shear stress on inside
fiber

6,5 TAU PHI THETA OUT T¢Bout’ in~plane shear stress on outside
fiber

1,6 EPSTLON THETA IN Extreme edge strain for base shell (inmer)

2,6 EPSTLON THETA OUT Extreme edge strain for base shell (outer)

3,6 EPSIION PHI IN Extreme edge strain for base shell (inner)

4,6 EPSILON PHI OUT Extreme edge strain for base shell (outer)

5,6 GAMMA PHT THETA IN Extreme edge strain for base shell (inner)'

6,6 GAMMA PHI THETA OUT Extreme edge strain. for base shell (outer)
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SECTION k4

EXAMPLES OF INPUT AND SOLUTIONS

This section contains the full input for two example test problems, and
the full output of the second test problem for the STARS-2P program. The first
input problem was chosen simply to illustrate a load cycling run data set-up.

The test problem is presented in Figure 4-1. The loading involves both
distributed and line loads. The intermediate print clue has been set for
abbreviated output and graphic displays of some output variables have been

requested. The necessary input is presented on the following pages.

b1



2.61”

APPLIED LOAD

(a) STRUCTURE.

A ff = 12,000 psi

> TIME

f§‘ = -7,000 psi

{b) LOADING PATTERN

Figure L-1 TEST PROBLEM 1

Lo
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PLATE UNDER CYCLIC LOAD

4 & 2 3 120 20 2 56 56
NLPL i
ALUn 1507

10.05 E 06

33

8417 £ 03

3.967

4.0 E 03
ALUl 1S07

10.05 E 06
»33

8.417 E 03
3.967
4.0 E 08

1 00 PLATE
1 1 2
21 20
0002 1.0 E=04 - 0006
0.0
Iso7Y ALUL SING THIC "NOTH
«0020 «02
«2615 «261%
000100
12.000 E 03 12.000 E 03
1 1 2

KINE -

0o

1 00 PLATE
2 2 3
-21 20
-01780 1.0 E~04 005933
0.0
1507 ALUM SING THIC NOTH
0200 - 1875
<2615 +2615
000100 .
12.000 E 03 12.000 E 03
1 1 2

-

KINE

0 D P >

1 00 PLATE
3 3 &
21 20



21130 1.0 E-04 .042250 0.
0.0

ISOT ALUM SING THIC NOTH KINE 2
1875 .61

2615 2615

1 1 2

1 00 PLATE
4 4 5
21 20
1.0 1-0 E~04% 22 [+ 78
0.0
1507 ALUM SING THIC NOTH KINE 2
b1 2.61
»2615 <2615

1

—

2

5 0

O b g
g ot e O
ot b i ot O O

VP WN
R N-X-X-X-¥-

1 1 =.150797

4 42 3 -190 20 51
ALUM Isor

10.05 E 06
33

1.6834 E 04

3.967
4.0 E 03
ALU1 1s07

10,05 E 06
«33

1.6834 E 04
3.967-
4.0 E 08



000100 -

19.000 £ 03 19.000
000100

19.000 € 03 19.000

i
| 1 «.238762

E 03
€ 03

4 42 3 190 20



The second test problem involves ménotonic loading of a structure
similar to that shown in Figure h-l.\ The thickness of the plate for
this problem is 0.1286" and the loaded area radius is 0.18675'. The
applied load increases monotonically to 5,000 psi. The input and out=
put for the problem is presented on the following pages. The apex
segment Was treated as an elastic plug in this problem because of a
local stress singularity at the apex which is dependent upon computer
accuracy. Further discussions of this and other problem results are

available in Ref, 1,
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CIRCULAR PLATE TPl

4 & 2 1 50 50

4.7

NLPL 1 11 25
ALUM 1507
10.5 E 06
.33
6.63¢ E 03
3.661
4.0 E 03
ALUL 1so1
10.5 E 06
.33
6.63¢ E 03
3.661
4.0 £ 08
100 PLATE
T 1 2
21 20
.002 1.0 E-04 .0006 0.
0.0
1SOT ALUL SING THIC NOTH KINE 2
0020 .02
<1283 .1283
000100 )
0.5000 E 04 0.5000 E 04
T 1 2
100 PLATE
2 2 3
21 20
001780 100 E"'O‘} 9005933 0.
0.0
1507 ALUM SING THIC NOTH KINE 2
.0200 .1875
.1283 .1283
000100
0.5000 E 04 0.5000 E 04
1 1 2
100 PLATE
: 3 3 4



21 20

21130 1.0 E=04 .042250 0.
0.0
10T ALUM SING THIC NOTH KINE 2
1875 .61
.1283 1283
T 1 2
100 PLATE
4 4 5
21 20
1.0 1.0 E-04 .2 0.
0.0
1507 ALUM SING THIC NOTH KINE 2
61 2.61
1283 1283
T 1 2
5 o0 0
10100
20111
30111
40111
50011
-
1 1 =.125664
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REGION NUMBER 3~
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SEGMENT NUMBER ) SEGHMENT CODE 2

TABLE ORDER PHT OR S VS CROSSECTION PROPERTES
N hd . R . e —
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APPENDIX A

CONVERSION OF U.S. CUSTOMARY UNITS TO SI UNITS

The International System of Units (SI) was adopted by the Eleventh

General Conference on Weights and Measures in 1960.

Conversion factors for

_the units used in this report are given in the following table:

U.S. Customary Conversion ST Unit

Physical Quantity Unit factor (*) (%)

Length in, .0.,0254 meters (m)

Stress modulus ksi 6.895 x 10° newtons/metér’2
(w/a)

Stress resultant 1bf/in, 175.1 newtons /meter
(N/m)

Temperature change Op 5/9 Kelvin (K)

* .Multiply value given in U.S. Customary Unit by convérsion factor to

obtain equivalent value in SI Units,

*% Prefixes to indicate multiple of units are as follows:

*U,S. GOVERNMENT PRINTING OFFICE:

Prefix Multiple
giga (G) 107
mega (M) 106
kilo (k) 105
deci (4) 107t
centi (c) 10-2
milli (m) 1073
A=l
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