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SYMBOLS 

Lower Case Latin 

semi-diameter perpendicular to  Z-axis i n  ellipsoid 

semi-diameter paral le l  to  Z-axis i n  ellipsoid 

distributed loads i n  local coordinates 

shell  thickness; face sheet thickness 

index: beginning edge of shel l  segment; independent joint of 
kinematic l ink; st~bscript "inside" 

index: ending edge of shell  segment; dependent j o i i t  of 
kinematic l i n k  

index on harmonic 

subscript "outside" 

radius 

index of segment; coordinate i n  cylinder or  cone 

core thickness i n  sandwich shel l  

normal deflection, positive inward 

Upper Case Latin 

stiffness eccentricity parameters; offset  &stance i n  ogive, e l l ipse 

bending stiffness parameters 
2 

Youngt s modulus (lb/in ) 

l inea l  force (lb/in) 
2 

shear modulus (lb/in ) 

extensional st iffness parameters 

bending mment on shel l  (in-lb/in) 

membrane s t ress  resultant (lb/in) 

transverse shear stress resultant (lb/in ) 

radius ; "global " coordinate, positive radially outward 



SYMBOLS (continued) .- 
T temperature ; "global" coordinate, tangential 

X Cartesian coordinate, 8 = 0 at X-axis 

Y Cartesian coordinate 

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

Greek 
P 

angle between rotated coordinates 

ratio of semi-diameter parallel to Z-axis i n  ellipsoid to semi- 
diameter perpendicular to  Z-axis 

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

normal coordinate, positive inward 

circumferential angular coordinate (rad) 

shell  parameter 

Poisson's rat io 
2 normal stress (lb/in ) 

shear stress (lb/in2) 

meridional angular coordinate (rad) 

rotational displacement (rad) 

rotational displacement i n  "global" coordinates 

displacements i n  fixed or "global" coordinates 

segment length parameter 

Miscellaneous 

eq equivalent 

s$ s i n  $ 

c$ cos $ 

Other symbols are defined i n  the text where used. 



PROGRAM CAPABILITY 

The use of an accurate she l l  theory t o  analyze structural  she l l  problems 

usually involves complex mathematics and numerical techniques, which a re  

nearly impossible t o  t r ea t  without the a id  of automated procedures. On t h i s  
basis, a d ig i t a l  computer program based upon the Love-Reissner f i r s t  order 

she l l  theory has been developed. Isotropic and kinematic hardening laws 

a re  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 

t o  nonproportional cyclic axisymmetric distributed loading or  concentrated 

l i n e  loads, as well as  themDal s t ra ihs  (~eference 1) .  Furthermore, a 

she l l  with a r t i t r a ry  boundary conditions, under loads which vary a rbr i t ra r i ly  

with position and under a temperature variation through the thickness, i s  

tractable with t h i s  program. The she l l  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 e l l ipse  shape 

4) Conical - circular plate 

5) Cylindrical 

6) General point input geometry 

7) Dummy geometry s l o t  t o  be f i l l e d  by the user 

8) Discrete ring 

The she l l  w a l l  crossection can be a sheet, sandwich, or reinforced sheet or  

sandwich. The reinforcement can consist of rings and/or stringers, a waffle 

construction rotated at  any angle t o  the principal coordinates, or an isogrid 

construction. General s t i f fness  input options are  a l so  available. The rein- 

forcement material properties can d i f fe r  from those of the main shell ,  and a 

temperature variation can cause different properties in  the two face sheets of 

a sandwich shell.  



The bas i c  approach t o  t he  problem ( ~ e f e r e n c e  1) is  t o  cu t  t he  s t ruc tu re  i n t o  

seve ra l  s h e l l  regions. These regions need t o  be singly-connected she l l s ,  

and can only have l i n e  loads applied a t  t h e i r  end points .  There a re  no 

r e s t r i c t i o n s  on geometry, o r  uniform o r  thermal loads. The regions a re  

' fu r ther  subdivided i n t o  seve ra l  s h e l l  segments, each being f r e e  t o  have i t s  

own geometric shape, provided t h a t  t he  shape f a l l s  i n t o  one of t he  categories  

mentioned above. 

S t i f f n e s s  matrices obtained f o r  each segment, 'are coupled by standard matrix 

methods t o  obtain region s t i f fnes ses ,  which, a f t e r  being reduced i n  s ize ,  a r e  

i n  t u rn  coupled t o  form the t o t a l  s h e l l  s t ruc tu re  under analysis .  Currently, 

t h e  computer programs a r e  s i zed  t o  handle a s t ruc tu re  composed of  up 

t o  29 segments i n  each of 29 regions a r b i t r a r i l y  connected t o  each other.  

There i s  a l imi t a t ion  on the  s i ze  of  a s h e l l  segment, which i s  a consequence 

of  the demand t h a t  boundary disturbances be f e l t  throughout t he  segmenc. This 

l imi t a t ion  i s  mathematically described i n  Section 2 (pages 2-35 t o  2-37 ) as a 

length parameter. This parameter, however, i s  not r e l i a b l e  near the  apex of 

any s h e l l  shape ( 4  = o), and the  segments needed i n  t h i s  region are  ac tua l ly  

much smaller than predic ted  by the  parameter. A mathematical s ingu la r i t y  

occurs a t  t he  apex where rO ( the  rad ius  of  revolut ion)  becomes zero. It i s  

t h i s  s ingu la r i t y  which prevents t he  length parameter from being meaningful 

near t h e  apex. Furthermore, the  poin t  ( 4  = 0) i s  not an acceptable input  

po in t  of  the  program (except f o r  t he  torus-ogive and o f f s e t  e l l i p s o i d ) ,  

although any poin t  outs ide a c i r c l e  of i n f in i t e s ima l  radius i s  sa t i s fac tory .  

There i s  a considerable l a t i t u d e  i n  what can be done within each s h e l l  seg- 

ment. The thickness  of  any segment can be symmetrically tapered and it can 

contain up t o  14 poin ts  of discont inui ty,  provided t h a t  t he  segment center-  

l i n e  remains continuous and descr ibable  by a s ing le  s h e l l  geometry. A temp- 

e ra tu re  d i s t r i b u t i o n  through the  thickness  can be sgec i f ied  a t  th ree  poin ts  

i n  a homogeneous she l l ,  and 4 poin ts  i n  a s h e l l  o f  r i g i d  core sandwich con- 

s t ruc t ion .  The d i s t r i b u t i o n  i s  considered t o  be l i n e a r  between these points .  

Thus, i t  i s  poss ib le  t o  approximate temperature d i s t r i bu t ions  o ther  than 

l i n e a r  d i s t r i bu t ions .  I n  t he  event of physical ly  discontinuous s h e l l  center-  

' l i ne s ,  a kinematic l i n k  i s  avai lable  f o r  use i n  the  analysis .  The l i n k  

r e l a t e s  displacements across the  discont inui ty.  This l i n k  may be used between 



regions, and between segments within a region. Discrete o f f se t  r ings a r e  

a l s o  avai lable  f o r  use within or  between regions. 



SECTION 2 

INPUT INFORMATION 

2.1 GENERAL NOTES 

The preceding section provides some insight in to  the capabil i ty of the  pro- 

gram, and the  potent ia l  t ha t  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 t h i s  i n  mind, the  

remaining section should be studied carefully. 

The required input data  may be subdivided in to  three main .parts, namely: 

geometric, topological (or coupling orientation) and joirtt data (degree of 

freedom description fo r  each joint  component). Each segment requires i t s  

own geometric configuration and numerical integration control. 

The output consists of s t i f fness  coefficients f o r  each she l l  segment and the  

actual  symmetry of the  coefficients is presented i n  a convenient form f o r  

a check on the accuracy of the  integration through the segment. Region 

st iffnesses and t he i r  symmetry checks are also provided. Final  stresses,  

displacements, and p las t i c  s t ra ins  are  printed out fo r  each she l l  segment 

at in tervals  along t he  segment as  specified by the user of the program. 

The output w i l l  be further discussed i n  Section 3. 

The present program s ize  i s  described i n  the table below. 

Table of Program Sizing 

I. Segments per region: 2 9 

11. ' Segment jo ints  per region: 30 

111. Regions : 29 

IV.  Region joints: 30 



VI. 

VII. 

VIII . 

XI, 

Table of Program Sizing (continued) 

Number of points available 
per segment f o r  specifying 
geometric o r  load data: 

Number of points available 
through the thickness for  
specifying temperature data: 

Geometries: 

W a l l  cross-section options: 

Number of material property 
tables per submission: 

Number of poi.nts per 
mat e r i  al property table : 

4 plus reinforcement temperatures. 

el l ipsoid,  sphere, o f f se t  el l ipsoid,  
modified el l ipsoid,  ogive, toroid, 
cone, annular plate,  cylinder, general 
geometry, ring, e l a s t i c  support, dummy 
geometry. 

single sheet, equal face sheet sand- 
wich, unequal face sheet sandwich, 
eccentric reinforcement (rings, 
str ingers o r  both), waffle reinforce- 
ment rotated a t  an arbitrary angle t o  
coordinate axes, isogrid reinforcement, 
arbitrary s t i f fness  input. 

Hardening laws: kinematic, isotropic,  perfect p las t i c i ty  

Orthotropy options: isotropic o r  orthotropic sheet, iso- 
tropic o r  orthotropic sandwich, iso- 
tropic o r  orthotropic sandwich with 
different  face sheet properties caused 
by thermal gradients, isotropic o r  
orthotropic sheet o r  sandwich reinforced 
by different  property rings or  different  
prope+ty str ingers o r  both, isotropic o r  
orthotropic sheet or  saxidwich reinforced 
by a different  prqperty waffle system 
rotated by an angle p to  coordinate axes, 
isotropic or  orthotropic sheet o r  sand- 
wich reinforced by a different  property 
general isogrid reinforcing system, 
arbitrary s t i f fness  input options used t o  
describe other configurations. 



Table of Program Sizing ( continued) 

X I I I .  Number of r ings  per region: 28 

XIV. Tota l  number of r ings  a t  
region jo in ts  i n  s tructure:  28 

Figure 2-1 shows the  deta i led  option flow chart  f o r  the present programs. 

GENERAL NOTES - Ideal iza t ions  

Before discussing the  speci f ic  card input order, it would be advantageous 

t o  introduce some general guidelines i n  the  area  of ideal izat ions and 

topology. I n  many computer programs there is such an abundance of numerical 

computation, t h a t  minimizing numerical roundoff e r ro r s  becomes as important 

as ge t t ing  the  f i n a l  answers. I n  some cases the  engineer can a i d  the  

program i n  t h i s  e f f o r t  throught the  use of judicious ideal izat ions.  Such 

a poss ib i l i ty  e x i s t s  i n  the  STARS-2 programs, s ince many in te rna l  operations 

a r e  involved with building and invert ing s t i f f n e s s  matrices. The object  

of the  user therefore,  should be t o  help the  computer by avoiding the 

creat ion of il l-conditioned matrices a t  any s t ep  (see Reference 2). 

Physically, the  way t o  achieve t h i s  end is t o  have a l l  the segment stiff- 

ness matrices of the  same order of magnitude. This w i l l  i n  turn  produce 

region s t i f f n e s s  matrices which a r e  of similar orders of magnitude, and 

minimize possible i l l -condit ioning i n  the  t o t a l  s t ruc ture  m t r i c e s .  The 

user can help t o  achieve t h i s  end by s iz ing  h i s  segments i n  such a way 

s o  t h a t  no shor t  stiff segment is contained alone i n  a region with a l l  

other long f l e x i b l e  segments, o r  t h a t  no region comprised of a l l  shor t  

stiff segments e x i s t s  i n  a s t ruc tu re  whose other  regions contain only 

long f l e x i b l e  segments. No accurate measure can be given on the r e l a t i v e  

s t i f f n e s s  o r  f l e x i b i l i t y  of segments aJ.lawed, and thus the  bes t  check is 
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t o  see i f  a s t ructure  i s  i n  equilibrium under the  a a l i e d  loading. In 
t h e  case of the  nonlinear analysis an in te rna l  equilibrium correction 

may be specif ied i n  the  input, The symmetry checks of segment and region 

s t i f fness  matrices a re  useful  fo r  many reasons, but w i l l  not nec'essarily 

a l e r t  a user t o  ill-conditioning, 

I n  the use of regions, one other type of accident must be avoided. This 

is  the creation of a single region s t ructure  with both ends fixed, where- 

i n  no sui table  boundary condition matrix can be formed. Thus, i n  the 

use of region idealizat ions,  which a r e  l e s s  physically meaningful t o  a 

user than pure segment idealizat ions,  care should be taken so  t h a t  a l l  

boundary conditions a re  not zeroed out. To avoid t h i s  problem, and t o  

minimize program running time, it is  best  t o  maximize the  number of 

regions i n  a structure,  and minimize the number of segments per region. 

Thus, i n  small problems, f o r  bes t  numerical eff iciency,  there should 

only be - one segment per region. 

In  the  solution of s t a t i c  axisymmetric problems, tors ional  and non-torsional 

s t a tes  may be uncoupled. Thus if no tors ional  loads e x i s t  i n  combination 

with non-torsional loads, a l l  tors ional  degrees of freedom can be removed. 

When types of loads ex i s t ,  the  nonlinear analysis w i l l  be coupled. 

In  an incremental analysis such a s  the  present, the  number of load incre- 

ments i s  par t  of the  user specified "idealization". The current analysis  

uses each load s tep  as  a one s tep  Newton-Raphson cycle. Thus t h e  number of 

load steps necessary i s  d i rec t ly  proportional t o  the  nonlinearity of t h e  

material  s t ress-s t ra in  behavior, I n  general it may be necessary t o  run each 

problem twice: once with large s teps  t o  determine gross behavior and then, 

a f t e r  comparing the  analysis s t r a i n  increments i n  the  s h e l l  t o  the  material  

property curves, with smaller steps, 



GENERAL NOTES - Restarts 

Since the  solution of a nonlinear geometric and material problem requires 

the consecutive execution of a ser ies  of analyses, the program may be 

inadvertently cut off due t o  an insufficient  time estimate, or  the  user 

may wish t o  examine the  solutions of a cycling or  consecut5ve loading 

problem before executing further. I n  order t o  allow the user t o  u t i l i z e  

the good data generated i n  such runs,a r e s t a r t  option has been incorporated 

in to  the  STARS-2P program. This option i s  used a s  follows: 

After the  complete execution of any load step the completed load 

step number i s  printed, In a load cycling run both the  overall  

s tep counter ( i n i t i a l l y  s ta r ted  from zero) and the  loca l  step 

counter ( i n i t i a l i z ed  t o  zero a t  every load change) a re  printed. 

In  order t o  be able t o  res taz t ,  the  tapes on un i t s  11, 12, 13 and 

15 must be saved. (The f i r s t  two a re  necessary only i f  the  run 

contains discrete rings. ) These are called respectively RINGER11, 

RINGER12, SltTPLCISL3, and SHPLAS15, 

Upon receipt  of an aborted run the  necessary r e s t a r t  tapes can be 

obtained from the completed load step printout. I f  the  l a s t  

overall  load step completed was odd, the  necessary tapes are 

RINGER11 and SHPLAS15; the  other two may be released, I f  the  

l a s t  overall  load step completed was even, the necessary tapes are  

RINGER12 and SHPLAS13; the  other two may be released. (An 

exception t o  the above formula involves res tar t ing res tar ted runs: 

I f  the  previous r e s t a r t  s t a r ted  on an even load step the  above 

formula is  reversed,) 

3, In order t o  i n i t i a t e  a r e s t a r t  run the  following must be done: 

a. f n  a single load run adjust the  Program Control Card as  noted 

i n  items 21 and 25, 

b, I n  a load- the  history or  cycling run convert the load data 

by removing the completed cycles from the deck, and adjust 



the  Program Control Card accordingly, Note the  item about 

t he  Ramberg-Osgood "s" parameter i n  the  cycling input 

description on p 2-79. 

c. Operator instructions must be given t o  mount the  SHPLAS 

r e s t a r t  tape on logical  un i t  13, and the  RINGER r e s t a r t  

tape ( i f  necessary) on logical  uni t  11 (regardless of the  

numbers associated with the  r e s t a r t  tape names). Scratch 

€apes wi l l  be mounted as  usual on logical  un i t s  12 and 33. 

d. The run w i l l  now proceed a s  normal (everi r e s t a r t s  of r e s t a r t s ) ,  

4, Note: The r e s t a r t  tapes for  any given run are  not useable more 
p-...31 

than once. Upon the i n i t i a t i on  of the computer run these tapes 

become scratch tapes and additional information (more load step 

data) w i l l  be written on them. 

GENERAL NOTES - Data debugging 

The STARS programs have been provided with spec i a l  separate  da t a  debugging 

packages c a l l e d  SATELLITE programs. I n  order  t o  be able t o  debug as  much 

of a given d a t a  deck as  poss ib le  i n  one computer submission, t he  d a t a  is 

grouped by i n s e r t i n g  spec i a l  cards,  termed "dash-separator cards", appro- 

p r i a t e ly .  In  order  so t h a t  addi t iona l  e r r o r s  a re  not made by requi r ing  

in se r t i on  and removal of these cards, t he  STARS program has been coded t o  

accept these dash-separator cards i n  the  input.  A dash-separator card i s  

shown below : 



As can be seen, a minus-symbol i s  inserted straight across the computer card 

from column 1 through co~umn 80. 

Since the dash-separator card9 subdivide the data deck, there exists the pos- 

s ib i l i ty  that a separated data block may be completely omitted (for example 

no kin-tic links i n  a structure). In  this  case one dash-separator card & 
also omitted. Under no circumstances can there exist. two adjacent dash- 

separator cards in  a data deck. The SATELIXTE programs are described in  



2.2 CARD FORMATS 

The following different  card formats a re  presently required by the STARSi2P program. A f u l l  
description and explanation of the information t o  be entered on the cards i s  presented i n  Section 2.3. 

T i t l e  Card 

(1) Alphameric T i t l e  

Program Control, Program Cycling Cards 

Number of regions 
Total number of segments 
Number of material  property tables  
Intermediate p r in t  clue 
Number of load cycles 
Number of load steps 
Load s tep p r in t  increment 
Load uni t  clue 
Nonproportional load clue 
New material  table  clue 
Completed load steps in l a s t  cycle f o r  r e s t a r t  
Total completed load s tep  f o r  r e s t a r t  
Blank 
Rotation clue 
Rot a t  ional  speed 



Analysis Option Card 

(1) Problem Identification A4 
(2) ~quilibxium correction 16 
(3) Blank - 
(4) Graphics clues Il 
(5) Graphics Print Cycle ~4.0 

1 Material Property Table ID Card 
I U J ; Q W ~  I 15 11 1 1 ' 2 1  o n n s 31 a a i s/ r t  u ? I  @ 1 1  l a  l o  / I  1161 118/ 4 1.1 1.1 1.1 1.1 I.1 bi LI br b I  I*/ i.1 1 .I " l s 2 $ / W I  ' 1.1 LPLl 6 1 ~ 6 5 ( 7 0 ) 1 1 n  I 4 0 ( 1  I I I I I CI I I O R 4  I I I I p b i " p !  0 

0 1  0 181 
(1) Material Name 
(2) Blank 
(3) Table Type 

!-' 
P Materials Property Table,,Gepmetry, Position, Crossection, Loading Cards, 

01; '"I I 1 1 1 1  13 15 11 11 1211 25 n 
lop! -d"liw I IO! , 112. I I 14 I IN I I 18 I b, ,a/ 'a!, ~d~a/"iz!B/a]al.131LPL[41!~P1~, 145 141; n, :I $11 ,g , ~ 4  1% !x ,Y 601 u 1631 64 1651 ,OI iw1 w 1q4 11 I I 13 1 1151 In Ini .n 14, IB, !m, ,a I 0 I 0 I 0 I 0 I 0 

(1) Input table item (as many cards and fields are necessary) ~14.7 

Region Introductory Card 
07 08 11 U 15 11 I1 41 : 49 51 

0) 10 L? 14 16 18 ,,,;"~i I y) 1 I ~rin ' 1 ~ 1  0 PI s ~1 wj 4 P 164 1651 9 r&plrnllll , n r  pb rCi"bp! 0 I 
I - " .  

(1) Number of segments 
(2) Nwnber of kinematic links 
(3) Number of rings 
(4) Title 



Topology Cards, ( ~ e g i o n  J o i n t  Control card) 

( 1 )  Region o r  segment number, (number O f  j o i n t s )  
(2)  Beginning jo in t ,  (number of r ings )  
(3 )  End j o i n t ,  (number of l i n k s )  

Segment Iden t i f i ca t ion  C a r d ,  
qjg13iG I u I U  13 In !d 37 I aP :m,  I e u a, 4 5  4. 7 u 4 9  9 1 1s s, s x 7 s 1 %  m! 1 1.1 Id !a! 1" ! u ? Y 4 7 1 i n 1 1 3 1 ~ 4  l i ~ ! ~ ! n l  1 ! :n Ini 

L9 I - 
(1)  Segment code 
(2 )  Number of p l a s t i c  l ayers  
( 3 )  T i t l e  

i. 
IU MAGIC Integrat ion Card 

(2)  Aacuracy control  Elk. 1. 
( 3) Integrat ion i n t e r v a l  E14. 1 
(4)  Blank - 
(5 )  Step control  F2.0 



Special Geometry Card f o r  Point Input Shape 
u u /45 !a. 147' el 49 I.! 51 I 53i I 55 I 57 59 Iel 61 let w 1.1 65 is/ 61 IwI a 1x4 71 in1 73 in! 75 in. ! n l n i ~ ~ m  . . . ] 

Q I O I a''..' 
(1) Number of input points 
(2) Input points (as many pa i rs  a s  specified) 

Master Clue Card 

(1) Clues 
(2)  Blank 
(3)  Number of Table points 

load in^ Clue Card 

(1) Load Clues 
(2) T l t l e  

Ring Location and P r o ~ e r t v  Card 

(1) Ring jo in t  number 
(2) Ring properties 



Ring P la s t i c i t y  Card 
09 11 13 15 11 1) n n .41 ,u pl I41 M sr s 51 w w ~ydlli l5 In li9i * i i  1.j !.! 14i !.I 1.1 a Is! 164.1 1 ' 1 , I 1.1 1.l L! 1.1 1.1 168 .pi 116 . 1" !@I 

(1) Geometry description clue 
(2)  Blank 
(3) P l a s t i c i t y  properties 

Rina Load Card 

(1) Ring loads 
(2) Blank 
(3) Hardening law clue 

(1)  Ring geometric properties E12.5 

Kinematic Link Cards 

(1) Dependent joint  
(2 ) Independent joint 
(3) Angle of inclination 

Boundary Condition Card 

(1) Joint  Number 
(2) Boundary conditions 
(3 )  Axis rotat ion angle 
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DETAILED ORDER OF IMPUT (See Figures 2-1, 2-2) 

GENERAL INllRODUCTORY CARDS 

1. T i t l e  Card 

A. Alphameric t i t l e  (submission description) 

2. Program Control Card 

A. Number of regions t o  be coupled 
(M. = 29) 

B. Total number of segments 
= 29 x 29 = 841.) 

C. Number of Material Property Tables 
(Max. = 10) 

D. Intermediate pr int  clue 

If t h i s  clue i s  s e t  t o  unity, s t i f fness  
matrices and symmetry checks w i l l  be printed 
for a l l  segments and regions at the  specified 
load s tep pr in t  in terval  (item G below). To 
delete t h i s  intermediate p r in t  the clue should 
be s e t  t o  zero. 

E. Number of load changes 

Number of load patterns or  cycles t o  be applied 
i n  a cycling load analysis (see p 2-76 ) 

F. Number of load steps 

Number of loading increments t o  be made for  
the  first loading cycle. 

'Column 



LOAD-MATERIAL CARDS FOR CYCLIIiG 
/ 

Figure 2-2 Data Sequence 
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G. Load step print increment 

Column 
_I__ 

Format - 
18-21 ~ 4 , o  

The interval number of load increments a t  which 
printout i s  desired. (EX: print  every 20 steps). 

H. Load unit clue 

This clue i s  zero (0) for a single loading 
analysis. If there i s  a change of load 
distribution with time (sequential loading) 
th i s  clue i s  two (2). For f'urther information 
and load cycling see the input for the Load Cycling 
Program Control Card on p 2-76 . 

I. Local cycle load step count for  res ta r t  28-33 

If the res ta r t  submission is concerned with load 
amplitude changes or cycling, t h i s  entry is  the 
local count of load steps completed with the l a s t  
loading amplitude input. If there is no load amp- 
l i tude changes item J below and the present item 
are equal fo r  restar t .  (see p 2-7 for  res ta r t  
information. ) 

J. Total load step count for  res ta r t  34-39 

In the event that  the submission is  a res ta r t  
problem, th i s  entry provides the t o t a l  count 
of previously completed load steps. 

K, Shell rotation clue 57-58 

If the shel l  i s  rotating a t  an angular velocity 
about i t s  centerline, the input clue i s  unity. 
If there i s  no rotation the clue i s  zero. 

L. Angular Velocity in rad,/sec. 59-72 

The maximum amplitude of angular velocity of 
the rotating shell. This velocity wil l  be 
attained i n  a series of steps i n  a nonlinear 
analysis analogous to  a mechanical or thermal 
loading. The step size has been defined in  
item F of t h i s  card. 



3. Analysis Option Card 

A, Analysis Description Clue 

There are three possible analysis fonrmlations. 
If the problem is to be a small deflection 
plastic analysis, then the clue word is P x .  
If the problem is to be a large deflection 
elastic analysis then the clue word is N A L  . 
If the problem is to be a large deflection 
inelastic analysis then the clue word is S L .  

Column Format 

1-4 A4 

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 unitx. To eliminate 
equilibrium corrections set the clue to zero. 
It is recommended that equilibrium corrections 
always be included. 

C. Graphics Control Clues 

The following nine ( 9 )  data fields determine the 
plotting required for the run. 

a. Circumferential displacement clue 
Clue = 1 plot u 
Clue = 0 or blank, do not plot u 

b . Meridional displacement clue 
Clue = 1, plot v 
Clue = 0 or blank, do not plot v 

c. Normal displacement clue 
Clue = 0, plot w 
Clue = 0 or blank, do not plot w 

d. Hoop stress (inner face) clue 
Clue = 1, plot ae in 
Clue = 0 or blank, do not plot oe in 

e. Meridional stress (inner face) clue 25 
Clue = 1, plot o 

cp in 

Clue = or blank, do not plot a 
cph 



f. In-plane shear s t ress  (inner face) clue 
Clue = 1, plot T cpe i n  
Clue = 0 or blank, do not plot T 

(PO in 

g. Hoop stress  (outer face) clue 
Clue = 1, plot a e out 
Clue = 0 or blank, do not plot o 0 out 

Column 
P 

Format 

26 I1 

h. Meridional s t ress  (outer face) clue 28 
Clue = 1, plot o 

cp out 
Clue = 0 or blank, do not p l o t a  

cp out 

i. In-plane shear s t ress  (outer face) clue 29 I1 
Clue = 1, plot T 

(pe out 
Clue = 0 or blank, do not plot T 

(pe out 

D. Graphics Print Cycle 32-35 ~ 4 . 0  

Graphical output wil l  be provided i n  accordance 
with the Graphics Control Clues above a t  every 
'X' load step as input here. 

MATERIAL PROPERTY TABLES (Max. = 10 sets  ) 

A s  many se ts  of these cards are used ( d o )  as there are 
different material property segments in the structure 
t o  be analyzed. These tables wil1,be used to  obtain 
the thermal variation of material properties i f  thermal 
loadings exist. Thus the range of temperature i n  t h i s  
table should be greater than that of the thermal loads. 
If no thermal loads exist ,  the values given in  the first 
column of t h i s  table w i l l  be used, and the res t  of the 
table can be l e f t  blank. If there are thermal loads, 
the range of the table i s  to  be considered as that 
between the second and tenth columns, 

Since apex segments should not be allowed to  go plastic,  
separate tables with f ic t i t iously high yield stresses 
should be prepared for  th i s  case (see p.  2-35 ) e  



MATERIAL PROPERTY TABLES (continued ) 

1. Iden t i f i ca t ion  Card 

A. Mater ial  T i t l e  (Alphameric) 

Any name can be made up as long a s  it i s  con- 
s i s t e n t l y  used on the  segment'cards t o  which 
it re fe r s .  The same name c'annot appear on 
more than one (1) tab le .  

B. Type of Table 

Column Format 

1-4 A& 

One of  severa l  possible  alphameric clues i s  
wr i t t en  here.  These clues serve t o  s i z e  t he  
number of cards i n  the  property tab le ,  and 
define which proper t ies  belong on which card. 
The possible  clues are: 

ISOT 
ORTH 
STIF' 

Their de f in i t i ons  are  provided i n  Item 2 below. 

2. Mater ial  Property Cards 

The mater ia l  property cards below are  given depending 
upon which t ab l e  type clue i s  used. I f  t he  t ab l e  
type clue i s  "ISOT" ( i so t rop ic  t ab l e ) :  

A. Temperature values (5 values per  card; 2 cards)  

These are  t he  t e w e r a t u r e s  a t  which the  values 
of mater ia l  p roper t ies  w i l l  be given. The f i r s t  
value i n  the  t a b l e  must always be the  room o r  
s t r e s s - f r ee  teniperature, s ince the  mater ia l  
p roper t ies  i n  only the f i r s t  column of t he  t a b l e  
w i l l  be used i n  an ana lys is  involving no thermal 
load. The values of temperature i n  t a b l e  col- 
umns 2 through 10 must be i n  a lgebra ica l ly  
increasing order. 

B. Values of Young's Modulus a t  t he  given temperatures. 5314.7 
( 5  values per  card; 2 cards)  

C. Values of Poisson's Ratio a t  t he  given temperatures. 5314.7 
. (5 values per  card; 2 cards)  

D. Values of the thermal cogff ic ien t  of expansion 5314 7 
a t  t h e  given temperatures. 
(5  values per-card; 2 cards)  



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

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

G. Values of the yie ld  s t r e s s  a t  the given tempera- 
tures ,  (5 values per card; 2 cards) 

Note: I f  the hardening law f o r  the  segment is  - 
perfect p l a s t i c i t y  (PEW on the  Master Clue ~ & d )  
the  items E and F ,above a re  z n ,  

I f  the table  type clue i s  "ORTH" (orthotropic table) :  

A. Temperature values 
( 5  values per card; 2 cards) 

These are the temperatures a t  which the values of 
material propert ies w i l l  be given. 

B. Values of Young's Modulus i n  the 0 direction ( E ~ )  
a t  the given temperatures. 
(5 values per card; 2 cards) 

C. Values of Young's Modulus i n  the ( direction ( E m )  
a t  the given temperatures. 
( 5  'values per card; 2 cards) 

D. Values of the Poisson's Ratio v a t  the given 
temperatures. 0 4 
Orthotropic ident i ty  defined as  E v = E v e e v  w c p e e  
(5 values per card; 2 cards) 

E. Values of the thermal coefficient of expansion i n  
the 0 direction (ag) a t  the given temperatures. 

(5 values per card; 2 cards) 

F. Values of the thermal coefficient of expansion i n  
the ( direction (a ) a t  the given temperatures. 

d 
(5 values per card; 2 cards) 

G. Values of the Shear Modulus G a t  the given 
temperatures. 4 0 
(5 values per card; 2 cards) 



H. Values of the Ramberg - Osgood "s" 5r1 the cp direction 
(see Ref, 1) at the given temperatures. 
(5 v~lues per card; 2 cards) 

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

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

K. Values of the yield stress in the 8 direction at the 
given temperatures. 
(5 values per card; 2 cards) 

L. Values of the yield stress in the normal ( 9 )  direction 
at the given temperatures. 
(5  values per card; 2 cards) 

M. Values of the shear yield stress in the cpeplane at the 
given temperatures, 
(5 values per card; 2 cards) 

Column Format 

5314~7 

N. Values of the Ramberg - Osgood "s" in the 0 direction 
(see Ref. 1) at the given temperatures. 
(5 values per card; 2 cards) 

0. Values of the Ramberg - Osgood 'h" in the 0 'direction 
(see Ref. 1) at the given temperatures. 
(5 values per card; 2 cards) 

P. Values of the Ramberg - Osgood "st' in the c+3 directions 
(see Ref, 1) at the given temperatures, 
(5 values per card; 2 cards) 

Q. Values of the Ramberg - Osgood 'b" in the ~$3 directions 
(see Ref, 1) at the given temperatures. 
( 5  values per card; 2 cards) 

Note; If the hardening law for the segment is perfect 
plasticity (PERF on the Master Clue card) items H, I, 
and N through Q are zero. 



Column Format 

If the table type i s  "STIT" (table t o  be used fo r  
reinforced shells)  : 

A.-Q. The values i n  these locations are the same, as 
those above fo r  the "ORTH" clue case, and refer  
t o  the basic shell .  

R .  Values of r ing Young's Modulus (%) a t  the 
given temperatures. 
(5 values per card; 2 cards) 

S . Values of str inger Young's Modulus ( E ~ )  a t  the 
given temperatures. 
(5 values per card; 2 cards) 

T..  Values of r ing thermal coefficient of expansion 
(%) a t  the given temperatures. 

(5 values per card; 2 cards) 

U. Values of str inger thermal coefficient of 
expansion (o$) a t  the given temperatures. 

(5 values per card; 2 cards) 

V. Values of the  Ramberg - Osgood "s" i n  the  
r ings (see Ref, 1 )  a t  the  given t-eratures. 
(5  values per card; 2 cards) 

W. Values of the  Ramberg - Osgood "n" i n  the  
r ings (see Ref. 1 )  a t  the  given temperatures. 
( 5  values per card; 2 cards) 

X. Values of the  r ing yie ld  s t ress  a t  the  given 
temperatures. 
( 5  values per card; 2 cards) 

Y. Values of the  Ramberg - Osgood "s" i n  the str ingers 
(see Ref. 1 )  a t  the  given temperatures. 
(5 values per card; 2 cards) 

Z. Values of the  Ramberg - Osgood "n" i n  the str ingers 
(see Ref. 1 )  a t  the  given temperatures. 
(5 values per card; 2 cards) 

a. Values of the  str inger yie ld  s t ress  a t  the given 
temperatures. 
( 5  values per card; 2 cards) 

Nbtes: If the  hardening law fo r  the segment i s  
perfect p l a s t i c i t y  (PERF on the  Master Clue card) 
items H, I, N through Q, V, W, Y,  and Z are - zero. 



Column Format 
P 

I n  a r o t a t e d  waff le  o r  i sog r id  construct ions,  items 
R and S, T, and U, V and Y ,  W and Z, X and N r e f e r  
t o  t h e  g r i d  d i r ec t ions  and a r e  respec t ive ly  iden t i ca l .  

D-A-S-H S-E-P-A-R-A-T-O-R C-A-R-D 
(see General Notes - Data Ilebugging) 

RFGION INTRODUCTORY CARDS 

These two cards a re  placed a t  the  beginning of each region 
da t a  information. Each region contains t h e  following d a t a  
s e t  (see Figure 2-2): a) Two region introductory cards; 

d a t a  cards f o r  each segment within the region; bC{ r i n g  cards descr ibing the  d i sc re t e  r ings  within the  
region, i f  any; and d)  kinematic l i n k  cards describing 
the  kinematic l i n k s  within the  region, i f  any. 

1. I d e n t i f i c a t i o n  Card 

A. Number of  segments within the  region (429) 1-2 

B. Number of kinematic l i n k s  between segments 3-4 
within the  region. 

minus i n  1-80 

C. Number of  d i sc re t e  r ings  between segments 3-6 
within the  region. 

D. Any alphameric information (region descr ipt ion)  7 -70 

2. Topology Card (coupling o r i en t a t ion )  

A. Region Number 1-5 
Number of t he  region under consideration. 

B. J o i n t  ( i )  6 -10 
J o i n t  associated with ith (beginning) end of 
the  region. 

C. J o i n t  ( j )  11-15 
J o i n t  associated with jth (ending) end of 
the' region. 

There i s  no coordinate flow i n  regions (unless 
1 region = 1 segment), such a s  t h a t  shown f o r  
segments i n  Figures 2-3 t o  2-9. However, the 
start j o i n t  of  a region must match with 1 i n  
segment numbering, and the end j o i n t  must 
match with t h e  highest  segment j o i n t  number 
i n  t he  region (see Figure 2-12 and page 2-57). 
I f  1 region = 1 segment,the 
card w i l l  be a dummy card [ l  
2- 57). 



Figure 2-3. T y p i c a l  She l l  Segment 

2-26 



Top Ellipsoid 

b Specify a, 0 = - 
a ' 

Bottom Ellipsoid 

Sphere 

Specify a, 0 = 1 
or use ogive with 
r = a , C = O  1 

Figure 2-4 a. Ellipsoid 
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Specify a, B = b/a, C 

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

Figure 2-kb . Translated Ellipsoid 
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Specify n , a  for: 

n = l  b/a = 0.707 

n = O  b/a = 0.666 
I 

n = -1/2 b/a  = 0.639 

n + - 1  b / a c 0 . 6 1 8  

Figure 2-5. Modified ~ l i i ~ s o i d  

2-29 



0 Standard Onive 

S p e c i f y r  C > O  
1 ' 

Toru.: 

rl, C < 0  

S p e c i f y r  C c O  
1 ' 

Figure 2-6. Ogive 

2-30 



In  t h e  ranges of 4 
oO 4 $l < l o0  
170° c 4 c 190° 

may be more than 

3500 < 4 3-600 
spherical ,  t o ro ida l  o r  I 

"B" shape l o o <  I$ 6 170' 

Specify: Z versus r_ s ta r t ing  with 
u 

Z = 0 at'C1, and going t o  C2. 

e l l i p t i c a l  segments can 
be used with su f f i c i en t  Note: Z vs rn input t ab le  should overlap 
accuracy. I - 

L 
t o t a l  range of I$ input f o r  segments. 

Specify: Z versus ro s ta r t ing  with 

Z = 0 a t  C1, and going t o  C2. 

Note: Z vs ro input t ab le  should overlap 

I t o t a l  range of 4 input f o r  segments. 

I 
Figure 2-7. General Geometry 



Standard Cone 

Specie I$ > 0 

PI a t e  - 
Specify J, = 0 

Inverted Cone 

Specify 6 < 0 

Figure 2-8- Cone 
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Specify r 
0 

Figure 2-9. Cylinder 
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SEGMENT CARDS 

This sequence of cards i s  repeated fo r  each segment 
within the  region. 

1. Identif ication Card 

A. Segment identif ication code (see Figures 2-4 t o  2-9) 

Column 

1. Ellipsoidal  or  spherical she l l  Code = 11 1-2 
2. Modified e l l ipse  shape Code = 12 1-2 
3. Ogival - Toroidal Code = 13  1-2 
4. General Geometry Code = 1 4 ~  o r  1- 3 

(see Figure 2-7)' 1 4 ~  
5. Dummy geometry s l o t  Code = 15 1-2 

( 4  coordinate ) 
6 .  Conical - Circular Plate Code = 21 1-2 

The pla te  i s  treated as a cone with zero angle. 

7. Cylindrical shel l  Code = 31 1-2 

B. Number of layers through the  thickness 4-5 

This i s  the  number of layers through the thickness 
fo r  p las t i c  s t ra in  integration. In  a single sheet 
construction the  maximum number of layers i s  20. 
In a sandwich construction both face sheets are 
divided in to  the  same number of layers and t h i s  i s  
the  required input. The maximum n b b e r  of layers 
fo r  the sandwich face sheet i s  8. 

C . Any alphameric information ( segment description) 6-43 

2. "MAGIC " Control Card 

A.. Interval  a t  which f i na l  answers axe t o  be printed 1-14 
( i n  radians or  inches). 

The $-coordinate i s  defined f o r  all geometric 
shapes except the cylinder, cone and plate,  
f o r  which the s coordinate i s  used. Figures 
2-4 through 2-9 describe these coordinates 
fo r  each shape. 

B. Difference 

The value recommended depends upon the 
computer used. For eight f igure accuracy 
computers. it  i s  1.0 E-6; f o r  the IBM 360 
it i s  1.0 E-4. 

C. Integration in terval  29-42 

The Runge Kutta numerical integration procedure 
is . substFl.nt.i ally more accurate than f i n i t e  d i f  - 
ferencing. An interval  of ( . O I  to. 03) x segment 
s i z e  ( i n  radians or inches)is recommended i n  eigen- 
value analysis so as t o  be able t o  represent eigen- 
vectors with high wrinkling i n  the segment in ter ior .  
( ~ n  using a 30 point segment h b l e  (see p.2-4l)there 
should be at  l e a s t  30 integration steps. ) 



D. Apex Clue 

Column Format 

46-49 A4 

In  t h e  STARS program an apex segment i s  l i a b l e  t o  
have f i c t i t i o u s l y  high s t resses  due t o  the  sing- 
u l a r i t y  e f fec t  of r 4 0. Thus such a segment 

0 
should not be allowed t o  go p las t i c ,  since it may - 
prematurely stop the  run. Therefore a separate 
material  property t a b l e  should be prepared containing 
f i c t i t i o u s l y  high y ie ld  stresses.  The word a 
should a l so  be entered here a s  a reminder, and w i l l  
t r igger  a reminder message i n  the  output. 

E. Delta 

For a fixed-step integrat ion,  Delta = 0. 

This card controls  the  Runge-Kutta numerical 
integrat ion scheme. The suggested values above 
y ie ld  accurate r e s u l t s  fo r  a fixed-step integrat ion 
method. 

~ a l c u l a t i o n  of Segment Length 

There is  a r e s t r i c t i o n  on the  length of the s h e l l  segments. Physically, 

the r e s t r i c t i o n  demands t h a t  boundary disturbances at  one edge be 

d i s t i n c t l y  f e l t  a t  the  other edge. This is  a consequence of using a 

numerical integrat ion procedure. Since the  segment s t i f fness  matrices 

must be symmetric, the calculations involved i n  obtaining each matrix element 

must be such that  a computer round off  error  never becomes prominent. L i m i t -  

ing the segment length insures sa t i s fac t ion of t h i s  cri ter ion.  This length 

i s  a function of both geometric shape and segment location within a specif ic  

geometry. One of the l imi t ing fac tors  i s  tha t  the ra t io  of the r a d i i  of 

revolution a t  the i n i t i a l  and f i n a l  points  of a segment be greater  than one 
r 

hundredth and l e s s  than one hundred. Thus &< ($ ) el00 where: 

This requires smdle r  segments than w i l l  normally be predicted by formula i n  

the area of an apex, In  addition, note tha t  ( 4  = 0) i s  not an acceptable input 

point (except f o r  the  torus-ogive o r  o f f se t  e l l ipsoid) .  Also the  apex segment 

should - not be allowed t o  go p l a s t i c  by adjusting the  corresponding material -- 

property table.  
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For a  cylinder,  t h e  segment length parameter, 

should be held t o  about 4.0, In  t h i s  expression, "y" i s  a non-linear param- 

e t e r .  For homogeneous she l f s  : 

It i s  zero f o r  a  l i n e a r  problem. 

"B" i s  a  measure of  the  r a t e  of .decay of a  disturbance i n  the she l l .  

"AS" i s  the  meridional length. 

r = r s i n  4 
0 2 

Approximate formulas can be obtained f o r  near c y l i n d r i c a l  regions  of general ly  

curved sur faces .  The length  parameter, 

'-1 

should be he ld  t o  about 4.0. I n  t h i s  expression "y" has t h e  same d e f i n i t i o n  
- as  i n  t h e  cy l inder  case.  



"A"  is a measure of the  r a t e  of decay of a disturbance i n  the shel l .  

" A ~ "  = - As i s  the  angle intercepted by a meridional arc length "AS". 

l 
4 

The values of X and A s  fo r  various s h e l l  geometries are given below: 

llaw.n.cru co"8truction 

8.ndrleh Colutruction - 
a p d  ?.c. Sb**t. 

S.ndvleh Construction - 
V n q d  ?me a n t o  

The m i n i m u m  allowable segment length i s  1 x lo-' 
(inches o r  radians according t o  segment sizing). 

3. Geometric Description Card 

A. Ellipsoid and sphere (Figure 2-4) Column - 
1. Semi-axis perpendicular t o  Z-direction (a)  1-14 
2. Ratio of semi-axis i n  the Z-direction (b) 15-28 

3. C = of f se t  distance (*) (C = 0.0 i f  no o f f s e t )  29-42 

B. Modified e l l i p s e  shape (Figure 2-5) 

1. .Axis r a t i o  coefficient  (n) 1-14 
2. Semi-axis perpendicular t o  Z-direction (a)  15-28 

C. Ogive (Figure 2-6) 

1. r = radius 
1 1-14 

2. C = of f se t  distance (*) 

D. General Geometry ( ~ i ~ u r e  2-7) 

1. Number of p a i r s  of Z versus ro points  ( ~ 1 4 )  1-2 

2. Z versus r points,  i n  pairs ,  s ' tarting o 3-72 
with Z value (7 values per  card, including 1-70 o r  
f i r s t  card, f o r  up t o  4 cards t o t a l ) .  

In the  input table  the f i r s t  Z value i s  

Format 
~ 1 4 . 1  
~ 1 4 . 1  

taken as ZL = 0, and furthermore Zi > 0 

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



E, Cone (Figure 2-8) 
!&&.B2 Format 

lo Angle 4 i n  radians ( fo r  f l a t  p l a t e ,  $I = 0 ) .  1-14 E14.1 
Keep i n  mind t h a t  t h i s  4 i s  a  constant f o r  
a given cone m d  should not be confused 
with the  4 on card s e t  5 ,  

F. Cylinder (Figure 2-9) 

1. Radius 

4. Master Clue Card 

This card contains a  s e r i e s  of c lues  which de- 
termine the program and t a b l e  loca t ions  t o  be 
used f o r  t h e  segment being described. For a  
master flow char t  of c lues  and opt ions i n  t he  
program see Figure 2-1. 

A. Mater ial  Table Type Clue 1 - 4  

This c lue defines  the  type of mater ia l  property 
t a b l e  t o  be expected f o r  tbe segment. This, a s  
we l l  as  t he  following clue determines the  mate- 
rial proper t ies  t h a t  w i l l  be used i n  the  s t ruc-  
t u r a l  analysis  f o r  the segment. Thus these two 
c lues  should match the two clues used on the  
iden t i f i ca t ion  card of t he  corresponding mate- 
rial property tab le .  As mentioned before on 
page 2-21 , the three  p o s s i b i l i t i e s  are: 

ISOT 
ORTH 
STIF 

B. Mater ial  T i t l e  11-14 

This name should be the  same as  the  name which 
appears on the mater ia l  property t a b l e  which 
contains the  proper t ies  t o  be u t i l i z e d  f o r  
t h i s  segment. 

C. Sheet Clue 

This c lue informs the program as  t o  what kind 
of s h e l l  w a l l  crossect ion t o  expect. If the  
s h e l l  i s  of s ing le  sheet construction, the  clue 
t o  be used ' i s :  SING. I f  the  s h e l l  w a l l  i s  an 
equal-size face  sheet sandwich, t he  clue t o  be 
used is:  EQUA. I f  t he  s h e l l  w a l l  i s  a  sand- - 
with but t he  face  sheets  a re  not equal, t he  
clue t o  be used i s :  UKEQ. F i n a l l f i  i f  the  
s h e l l  segment is  reinforced by r ings ,  s t r i nge r s ,  a 
waffle,  o r  an i sogr id ,  t he  clue t o  be used 
is:: 



Column 
P 

Fopmat 

D. Reinforcement Clue 31-34 A& 

This c lue  descr ibes  t he  type of reinforcement 
t h a t  i s  present  on t h e  she l l .  I f  t he  s h e l l  i s  
purely of s ing le  sheet o r  equal  o r  unequal-size 
face sheet honeycomb construct ion (no reinforcing) ,  
t h e  clue t o  be used is: THIC. I f  t h e  reinforce-  
ment cons i s t s  of r ings  o r  s t r i n g e r s  o r  both, 
loca ted  along the  coordinate axes ( 8  and (p or  s), 
th ree  clues a r e  poss ib le  depending upon t h e  
bas ic  s h e l l  w a l l  construction. I f  t he  bas ic  
w a l l  construction i s  a s ing le  sheet, the clue t o  
be used i s  B. I f  the  bas i c  s h e l l  w a l l  i s  an 
equal-size face  sheet sandwich, t he  clue t o  be 
used i s  a. I f  t he  basic  s h e l l  w a l l  i s  a sand- 
wich but  t h e  f ace  sheets  a re  unequal, the  clue t o  
be used i s  m. I f  the  reinforcement cons is t s  
of a waff le  which i s  ro t a t ed  a t  an a r b i t r a r y  angle 
p from t h e  meridional axis  t h e  following three  
clues a re  poss ib le  depending uppn the  bas ic  s h e l l  
w a l l  construction. I f  the bas ic  w a l l  construction 
i s  a s ing le  sheet,  the  clue t o  be used i s  RWA.1. 
If the  bas ic  s h e l l  w a l l  i s  ctn equal-size face  
sheet sandwich, the clue t o  be used i s  E. I f  
t he  bas ic  s h e l l  w a l l  i s  a sandwich but  the  face 
sheets  m e  unequal, t he  clue t o  be used i s  w. 
If the reinforcement cons is t s  of rn i sog r id  con- 
s t ruc t ion  of general angle f3 from the meridional 
ax is  (normally f3 = 3 0 ~ )  the  following three  clues 
a re  possible  depending upon the  bas ic  s h e l l  w a l l  
construction. I f  t he  bas ic  w a l l  construction i s  
a s ing le  sheet,  t he  clue t o  be used i s  B. I f  
the bas ic  s h e l l  w a l l  i s  an equal-size face  sheet 
sandwich, t h e  clue t o  be used i s  m. I f  the  
bas ic  s h e l l  w a l l  i s  a sandwich but the  face  sheets  
a re  unequal, t he  clue t o  be used i s  m. Two 
other  c lues  a re  available,  namely and RWAF, 
i f  the  user wishes t o  input h i s  own s t i f f n e s s  
constants.  These constants may represent  any 
w a l l  construct ion as  long a s  t h e  bas ic  Hooke's 
Laws used with the  clues a r e  appropriate t o  
descr ibe the  construction t o  be considered. The 
Hooke's Laws used wi th  these clues a re  given 
under the  descr ip t ion  of segment card s e t  6 .  No 
p l a s t j c  ana lys is  i s  allowed wi th  t h e  last two 
clues s ince  a geometric descr ip t ion  of  t h e  crosseet ion 
i s  not input.  



Column Fom - 
Note: The reinforcement described i n  the  seg- - 
ment cards i s  c lose ly  spaced reinforcement which - - 
w i l l  be smeared over the  segment. Discrete r ings  
a t  segment ends i n  a region are  described at the  
end of all segment data-for t h a t  region. 

E. Thermd Clue 

This clue descr ibes  the  type of  thermal problem 
which e x i s t s  i n  t he  segment. The user is reminded 
t h a t  i n  a cycl ing run t h i s  c lue i s  constant fo r  a l l  
cycles ,  requi r ing  zero thermal loads t o  be input  
i f  necessary. If the re  i s  no thermal load on t h e  
segment, t he  c lue  t o  be used i s  NOTH. If t h e  - 
thermal loading on t h e  segment i s  of general,  
standard type, t h a t  i s  i f  t he re  i s  varia-tion 
of temperature through the  thickness as we l l  as  
i n  the  coordinate d i rec t ions ,  the  clue t o  be 
used i s  me I f  the  thermal load i s  such t h a t  
the  var ia t ion  i s  all i n  the  coordinate d i rec t ions ,  
and there  i s  no thermal var ia t ion  through the  
thickness,  the  clue t o  be used i s  =. The l a s t  
c lue concerns a s h e l l  which i s  inhomogeneous i n  
t he  meridional d i rec t ion .  This i s  not r e a l l y  a 
thermal problem a t  a l l ,  but merely a manipulation 
of  the mater ia l  property tab les .  I f  a s t ruc tu re  
has a wide var ia t ion  i n  mater ia l  p roper t ies  i n  the 
meridional d i rec t ion ,  without t h i s  l a s t  option one 
must take short  segments of constant proper t ies  
f o r  analysis .  With t h i s  option, however, t he  
property var ia t ion  i s  placed i n  the  ma te r i a l  
property tab le ,  and expressed on the  segment as  
a function of temperature. No thermal loads a re  
calculated,  however, and the  temperatures a r e  
only used t o  i n t e rpo la t e  f o r  mater ia l  p roper t ies  
a s  in tegra t ion  i s  progressing along the  segment. 
Thus cont inual  va r i a t i on  of proper t ies  i n  t he  
meridional d i rec t ion  i s  accommodated. The clue 
f o r  t h i s  option i s  THIN. 

F. Hardening Law Clue 51-54 A4 

This clue determines t h e  hardening l a w  t o  be used f o r  
t h e  segment. If i so t rop ic  hardening i s  t o  be used 
t h e  clue i s  ISOT. If kinematic hardening i s  t o  be - 
used t h e  clue i s  K S .  I f  per fec t  p l a s t i c i t y  i s  
t o  be used t h e  c lue  i s  PERF. - 
Note: ISOT hardening l a w  i s  not  allowed with ORTH - 
mate r i a l  (i tem A on t h i s  c a r , d r  



Column - 

G. Table cont ro l  - Number of po in t s  i n  each of the  71-72 
following tab les .  

This can vary from 2 t o  30 depending upon the 
s h e l l  geometry and loading. For a  l i n e a r l y  
varying geometry and/or loading only 2 input  
po in ts  would be required. These two po in t s  
would be the  end points .  For more general  
loading and/or geometry a  l a r g e r  number of 
po in ts  a r e  required. Ih  pa r t i cu l a r ,  each 
abrupt change i s  spec i f ied  by two points .  
One should use as  many po in t s  as  necessary 
(up t o  30) i n  order  t o  completely descr ibe 
the problem, r a the r  than using very short  
segments. 

3. Table of 4 o r  s Values 

A. I n i t i a l ,  intermediate and f i n a l  values of 
4 or  s. Each point  requi res  14 columns on a 
card and thus there  can-be 5 values pe r  card 
and up t o  6 cards t o  make a t o t a l  of up t o  
30 poin ts .  The poin ts  t o  be sp'ecified a re  
t he  beginning point  of t he  segment, any poin t  
of discont inui ty,  and the  end po in t  of t h e  
segment. The input must be consis tent  with 
item G of the  previous card. 

6 .  Table of W a l l  Crossection Geometry 

The contents of these cards (up t o  6 cards p e r  
i tem below) a re  dependent upon the  clues reg- 
i s t e r e d  on t h e  Master Clue Card. I f  t he  s h e l l  
t o  be described contains no reinforcing,  t he  
pe r t i nen t  c lue i s  item kc, the Sheet Clue. The 
geometry i s  input  and the  s t i f f n e s s e s  a re  ca l -  
culated by the  program (see Figure 2-10). The 
input  i s  presented below as  a  funct ion of t he  
Sheet Clue. 

If the  Sheet Clue i s  SING (s ingle  sheet  con- 
s t ruc t ion )  : 

A. I n i t i a l ,  intermediate and f i n a l  v d u e s  of w a l l  
thickness (hi) a t  po in t s  defined by t a b l e  of $ 
o r  s  values. 
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If t h e  Sheet Clue i s  EQUA (equal-size f ace  sheet  
sandwich) : 

A. I n i t i a l ,  intermediate and f i n a l  values of face  
sheet thickness  (hi) a t  po in t s  defined by t a b l e  
of  4 o r  s values. 

B. I n i t i a l ,  intermediate and f i n a l  values of core 
thickness  ( t )  at poin ts  def ined by t a b l e  of 4 
o r  s values. 

I f  t he  Sheet Clue i s  UNEQ (unequal-size face  sheet 
sandwich) : 

A. I n i t i a l ,  intermediate and f i n a l  values of inner  
face  sheet thickness (hi) a t  po in t s  defined by 
t a b l e  of 4 o r  s values. 

B. I n i t i a l ,  intermediate and f i n a l  values of core 
thickness  ( t )  at po in t s  defined by t a b l e  of  4 
o r  s values. 

C. I n i t i a l ,  intermediate and f i n a l  values of  ou te r  
face  sheet  thickness  (ho) a t  po in t s  defined by 
t a b l e  of $ o r  s values. 

I f  t he  s h e l l  i s  reinforced, t he  Sheet Clue w i l l  be 
BLAN. I n  t h i s  case it  i s  t h e  following, o r  Reinforce- 
ment Clue (item 4 ~ )  which w i l l  determine the  contents 
of  card s e r i e s  6. For t h e  reinforcement cases the  
geometry can be complex and varied, s ince all types 
of  re inforc ing  a re  t o  be included. The reinforced 
s h e l l  input  i s  presented below as  a funct ion of  t he  
Reinforcement Clue. 

I f  t h e  Reinforcement Clue i s  ST11 (s ingle  sheet  
reinforced by r ings  and/or s t r i nge r s )  : 

A. I n i t i a l ,  intermediate and f i n a l  values of t he  
t o r s i o n a l  s t i f f n e s s  i n  t he  ( d i r ec t ion  (GJ ) a t  
po in t s  defined by t a b l e  of 4 o r  s values. 4 

B. I n i t i a l ,  intermediate and f i n a l  values of t h e  
t o r s i o n a l  s t i f f n e s s  i n  t he  f3 d i r ec t ion  ( G J ~ )  at 
po in t s  defined by t a b l e  of 4 o r  s values. 

C. I n i t i a l ,  intermediate and f i n a l  values of 
s t r i n g e r  a r ea  (A ) a t  po in t s  defined by t a b l e  of 
$ o r  s values. 4 

D. I n i t i a l ,  intermediate  and f i n a l  values of r i n g  
afea ( A ~ )  at po in t s  defined by t a b l e  of ( o r  s 
values. 

E. I n i t i a l ,  intermediate and f i n a l  values of 
s t r i n g e r  e c c e n t r i c i t y  (measured inwards from 
base s h e l l  centroid a s  pos i t i ve )  a t  po in t s  
defined by t a b l e  of 4 o r  s values. 

Column Format 

5 ~ 1 4 . 7  

5314.7 



Column Format 

F. I n i t i a l ,  intermediate and f i n a l  values of r i n g  5314.7 
e c c e n t r i c i t y  (measured inwards from base s h e l l  
cen t ro id  as pos i t i ve )  at po in t s  defined by 
t a b l e  of 4 o r  s values. 

G. I n i t i a l ,  intermediate and f i n a l  values of 
s t r i n g e r  moment of  i n e r t i a  (about base s h e l l  
cen t ro ida l  ax i s )  a t  po in ts  defined by t a b l e  
of 4 o r  s values. 

H. I n i t i a l ,  intermediate and f i n a l  values of r i n g  
moment of  i n e r t i a  (about base s h e l l  cen t ro ida l  
ax i s )  a t  po in t s  defined by t a b l e  of 4 o r  s 
values . 

I. I n i t i a l ,  intermediate and f i n a l  values of 3314.7 
s t r i n g e r  spacing a t  po in ts  defined by t a b l e  
of  4 or  s values. (Do not s e t  t o  zero if no s t r i n g e r s . )  

J. I n i t i a l ,  intermediate and f i n a l  values of r i n g  5314.7 
spacing a t  po in t s  defined by t a b l e  of 4 o r  s 
values. (Do not s e t  t o  zero. i f  no r ings )  

K. I n i t i a l ,  intermediate and f i n a l  values of base 5314.7 
s h e l l  w a l l  th ickness  (hi) a t  po in t s  defined by 
t a b l e  o f  4 or  s values. 

I f  t h e  Reinforcement Clue i s  ST12 (equal face sheet  
sandwich reinforced by r ings  and/or s t r i nge r s ) :  

A. through J. The items contained on these  cards a re  10  s e t s  of 5314.7 
those described f o r  t he  ST11 clue above. 

K. I n i t i a l ,  intermediate and f i n a l  values of base 
s h e l l  face  sheet thickness  (hi) a t  po in ts  de- 
f i ned  by t a b l e  of 4 or  s values. 

L. I n i t i a l ,  intermediate and f i n a l  values of base 
s h e l l  core thickness  (t) a t  p o i n t s  defined by 
t a b l e  of 4 o r  s values. 

I f  t h e  Reinforcement Clue i s  ST13 (unequal face  
sheet  sandwicl? re inforced  by r ings  and/or s t r i nge r s )  : 

A. through J. The items contained on these  cards are  10 s e t s  of 5314.7 
those described f o r  the  ST11 clue above. 

K. I n i t i a l ,  intermediate and f i n a l  values of base 
s h e l l  inner  face  sheet thickness  (hi) a t  po in ts  
defined by t a b l e  of 9 o r  s values. 

L. I n i t i a l ,  intermediate and f i n a l  values of base 
s h e l l  core thickness ( t )  a t  p o i n t s  defined by 
t a b l e  of 4 o r  s values. 



M. I n i t i a l ,  intermediate and f i n a l  values of base 
s h e l l  ou ter  face sheet thickness  (ho) at poin ts  
defined by t ab l e  of 41 or  s values. 

I f  t he  Reinforcement Clue i s  RWAl ( s ing le  sheet 
reinforced by a waff le  ro t a t ed  a t  an a r b i t r a r y  angle 
from the  meridional d i r ec t ion )  : 

A. I n i t i a l ,  intermediate and f i n a l  values of waff le  
g r i d  a rea  a t  po in ts  defined by t a b l e  of 4 o r  s 
values . 

B. I n i t i a l ,  intermediate and f i n a l  values of waff le  
g r i d  eccen t r i c i t y  (measured inwards from base 
s h e l l  centroid as pos i t i ve )  a t  po in t s  defined 
by t a b l e  of 9 or s 'va lues .  

C. I n i t i a l ,  intermediate and f i n a l  values of waff le  
g r i d  moment of i n e r t i a  (about base s h e l l  cen t ro ida l  
ax is )  st poin ts  defined by t ab l e  of $I o r  s values. 

D. I n i t i a l ,  intermediate and f i n a l  values of waffle 
g r i d  spacing a t  po in ts  defined by t a b l e  of 4 or  
s values. 

E. I n i t i a l ,  intermediate and f i n a l  values of waffle 
g r id  ro t a t ion  angle, B, ( i n  radians from the  
meridionj l  d i r ec t ion )  a t  po in ts  defined by t ab l e  
of 41 o r  s values. 

F. I n i t i a l ,  intermediate and f i n a l  values of extreme 
d is tance  from base s h e l l  centroid t o  waff le  ou ter  
edge (+  value,  pos i t i ve  inwards), a t  poin ts  
def ined by t a b l e  of o r  s values. 

G. I n i t i a l ,  intermediate and f i n a l  values of base 
s h e l l  w a l l  thickness (hi) a t  po in ts  defined by 
t a b l e  of 4 o r  s values. 

Column Format 

5334.7 

I f  the  Reinforcing Clue i s  RWA2 (equal face  sheet 
sandwich reinforced by a waff le  ro t a t ed  a t  an 
a r b i t r a r y  angle from the  meridional d i r ec t ion )  : 

A. through I?. The items contained on these cards a re  6 s e t s  of 5 ~ 1 4 . 7  
those described f o r  the  RWAl c lue above. 

G. and H. The items contained on these cards a re  2 s e t s  of 5314.7 
those described f o r  the ST12 clue above as  items 
K. and L. 

I f  the  Reinforcing Clue i s  RWA3 (unequal face  sheet 
sandwich reinforced by a waff le  r o t a t e d  a t  an 
a r b i t r a r y  angle from the  meridional d i rec t ion) :  

A. through F . The items contained on these cards are  6 s e t s  of 51314.7 
those described f o r  t he  RWAl clue above. 

G. through I. The items contained on these  cards are 3 s e t s  of 5314.7 
those described f o r  the ST13 clue above a s  items 
K. through M. 



Column Format 

I f  t h e  Reinforcing Clue i s  ISGl ( s ingle  shee t  
reinforced hv a general  angle i s o g r i  d construct ion)  : 

A. through D. The items contained on these cards. 4 s e t s  of 5~14.7 
are  i d e n t i c a l  t o  those described f o r  the RWAl 
c lue above, but  with reference t o  the isogrid.  

E. I n i t i a l ,  intermediate and f i n a l  values of the 
i sog r id  angle, f3, ( i n  radians from the  
meridional d i rec t ion ,  see Reference 4 
Appendix A).  For the  normal i sogr id ,  the  
angle i s  30" ( input  i n  radians) .  

F. I n i t i a l ,  intermediate and f i n a l  values of base 
s h e l l  w a l l  thickness (h. ) a t  po in ts  defined by 
t a b l e  of 4 o r  s values. 1 

I f  the Reinforcing Clue i s  ISG2 (equal face sheet 
sandwich reinforced by a general angle i sog r id  
construct ion)  : 

A. through E. The items contained on these cards 
are  those described f o r  the ISGl clue above. 

F. and G. The items contained on these  cards are  
those described f o r  the ST12 clue above as 
items K. and L. 

I f  the  Reinforcing Clue i s  ISG3 (unequal face sheet 
sandwich reinforced by a general  angle i sog r id  
construction)': 

A. through E. The items contained on these cards 
are  those described f o r  the ISGl clue above. 

F. through H. The items contained on these cards 
a r e  those described. f o r  the ST13 clue above 
a s  items K. through M. 

I f  the  Reinforcing Clue i s  ST10 the following Hooke s 
Laws w i l l  be used.by the program f o r  the descr ip t ion  
of the  s h e l l  w a l l :  

5 s e t s  of 5 ~ 1 4 . 7  

2 s e t s  of 5 ~ 4 . 7  

5 s e t s  of  \5314.7 

3 s e t s  of 5314.7 



Column Format - 
Me = Dllke + D 1 2 4  k + C l l e O - % 0  E 

Therefore t he  input i s  ( s ee  Ref. 4 Appendix A): 

A. I n i t i a l ,  intermediate and f i n a l  values of K 
11 a t  po in ts  defined by t ab l e  of  4 o r  s values. 

B. I n i t i a l ,  intermediate and f i n a l  values of  K 
12 a t  po in t s  defined by t ab l e  of 4 o r  s values. 

C. I n i t i a l ,  intermediate and f i n a l  values-of  K22 
a t  po in ts  defined by t ab l e  of C$I o r  s values. 

D. I n i t i a l ,  intermediate and f i n a l  values of K 
33 a t  po in ts  defined by t ab l e  of 4 o r  s values.  

E. I n i t i a l ,  intermediate and f i n a l  values of Dll 
a t  po in ts  defined by t a b l e  of @ o r  s values. 
(should be input  a s  negative f o r  s ign convention.) 

F. I n i t i a l ,  intermediate and f i n a l  values of  DE 
a t  po in ts  defined by t ab l e  of + o r  s values. 
(should be input a s  negative f o r  s ign convention. ) 

G. I n i t i a l ,  intermediate and f i n a l  values of  D22 
a t  po in ts  defined by t ab l e  of  C$I o r  s values. 
(should be input  a s  negative f o r  s ign convention.) 

H. I n i t i a l ,  intermediate and f i n a l  values of D 
33 a t  po in t s  defined by t a b l e  of $ o r  s values. 

I. I n i t i a l ,  intermediate and f i n a l  values o f  C 
11 a t  poin ts  defined by t ab l e  of C$I o r  s values. 

J. I n i t i a l ,  intermediate and f i n a l  values of C22 
a t  po in ts  defined by t ab l e  of  41 o r  s values. 

H A :  No p l a s t i c i t y  i s  allowed f o r  t h i s  option. 

If the Reinforcing Clue i s  RWAF the  following Hooke's 
Laws w i l l  be used by the program f o r  the descr ip t ion  
of the  s h e l l  w a l l :  



Column Format 

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

A. through J. The items contained on these cards are 10 sets  of '3314.7 
those described for the ST10 clue above. 

K. I n i t i a l ,  intermediate and f ina l  values of C at 
points defined by table of 4 or s values. 15 

L. I n i t i d ,  intermediate and f ina l  values of C16 at 
points defined by table of 4 or s values. 

Note: No plast ic i ty  i s  allowed for  th i s  option. - 
7. Table of Reinforcement Temperatures 

This card set  is  included only i f  the Reinforcement 
Clue (1tem D page 2-39) is  ST11, ST12, ST13, RWA1, 
RWA2, RWA3, ISG1, ISG2, or ISG3 and the Thermal Clue 
(1tem E page 2-40) is  THST or  THCN, The input i s  
presented below as a function of the Reinforcement 
Clue. 

I f  the Reinforcement Clue i s  ST11, ST12, or STl3: 

A. In i t i a l ,  intermediate and f i n a l  values of the 
stringer temperature, a t  points defined by 
table of p or s values. 

B. I n i t i a l ,  intermediate and f ina l  values of the 
ring ( smeared) temperature, a t  points defined 
by table of CP or s values. 

I f  the Reinforcement Clue i s  HWA1, RWA2, RWA3, ISG1, 
ISG2, or  ISG3 : 

A. In i t i a l ,  intermediate and f ina l  values of the 
reinforcement (waffle or isogrid) temperature, 
a t  points defined by table of c~ or s values. 

8. Table of Mass Densities (Dimensions = weight/volume/ 
acceleration due t o  gravity.) 



This card  s e t  i s  included only i f  t h e  S h e l l  Rotation 
Clue ( ~ t e m  K page 2-18 ) i s  s e t  t o  uni ty ,  i .e .  i f  
t h e  s h e l l  undergoes ro t a t ion .  I n  such a case,  t h e  
contents  of these  cards (vp t o  6 cards per  item below) 
a r e  dependent upon t h e  c lues  r eg i s t e r ed  on t h e  Master 
Clue Card. If t h e  s h e l l  t o  be described contains  no 
re inforc ing ,  t h e  per t inent  c lue  i s  item 4 ~ ,  the  sheet  
clue. The input  i s  presented below as a funct ion 
of  t h e  Sheet Clue. 

If the  Sheet Clue is SING ( s ing le  shee t  construction):  

A. I n i t i a l ,  intermediate and f i n a l  values of t he  w a l l  
mass dens i ty  a t  poin ts  defined by t a b l e  of cp o r  s 
values. 

If the  Sheet Clue is EQUA o r  UNEQ (sandwich 
construct ion)  : 

A. I n i t i a l ,  intermediate and f i n a l  values of t he  
core mass dens i ty  a t  poin ts  defined by t a b l e  of 
cp o r  s values. 

B. I n i t i a l ,  intermediate and f i n a l  values of the  face  
shee t  mass dens i ty  a t  poin ts  defined by t a b l e  of 
w o r  s values.  

If the  s h e l l  is reinforced, the  Sheet Clue w i l l  be 
BLAN. I n  t h i s  case it is  the  following, o r  
Reinforcement Clue ( i tem 4 ~ )  which w i l l  determine 
the  contents of card s e r i e s  8. The reinforced s h e l l  
input  is  presented below as a funct ion of t he  
Reinforcement Clue . 
If the Reinforcement Clue is ST11 ( s ing le  shee t  
reinforced by r ings  and/or s t r i n g e r s  ) : 

A. I n i t i a l ,  intermediate and f i n a l  values of t he  
base s h e l l  mass dens i ty  a t  poin ts  defined by 
t a b l e  of cq o r  s values. 

B. I n i t i a l ,  intermediate and f i n a l  values of t he  
s t r i n g e r  mass dens i ty  a t  poin ts  defined by 
t a b l e  of cp o r  s values. 

Column ForIJiat . 

C .  I n i t i a l ,  intermediate and f i n a l  values of t he  
r i n g  mass dens i ty  a t  poin ts  defined by t a b l e  
of Cp o r  s values. 

If the  Reinforcement Clue is ST12 o r  ST13 &sandwich 
reinforced by r ings  and/or s t r i n g e r s )  : 

A. I n i t i a l ,  intermediate and f i n a l  values of the  
base s h e l l  core mass dens i ty  a t  poin ts  defined by 
t a b l e  of cq o r  s values.  



B. ~ n i t i a l ,  intermediate and f i n a l  values of the  
base s h e l l  face sheet  mass densi ty a t  points  
defined by t ab le  of cp o r  s values. 

Column - - Format 

C. and D. The items contained on these cards are 2 sets of 5314.7 
those described f o r  the ST11 clue as items 
B. and C. 

If the  Reinforcement Clue is RWAl o r  ISGl (s ingle  
sheet reinforced by a ro ta ted  waffle  o r  isogrid):  

A. I n i t i a l ,  intermediate and f i n a l  values of the  base 
s h e l l  mss densi ty a t  points  d e f i ~ d  by t a b l e  of 
cp o r  s values. 

B. I n i t i a l ,  intermediate and f i n a l  values of the  
reinforcement mss densi ty a t  points  defined by 
t ab le  of CP or  s values. 

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

A. I n i t i a l ,  intermediate and f i n a l  values of the  base 
s h e l l  core rnzss densi ty a t  points  defined by t ab le  
of cp or  s values. 

B. I n i t i a l ,  intermediate and f i n a l  values of the base 
s h e l l  face sheet mass density a t  points  defined by 
t ab le  of cp or  s values. 

C.  I n i t i a l ,  intermediate and f i n a l  values of the  
reinforcement mass density a t  points  defined by 
t ab le  of cp o r  s values. 

If the  Reinforcing Clue is ST10 o r  RWAF the  program 
does not have any crossection descript ion avai lable  
t o  it f o r  calculat ions.  Thus no p l a s t i c i t y  analysis  
i s  allowed, and t h e  required input i n  card s e t  8 f o r  
these clues i s  (see Refs. 1, 4 and 5 : 

A. The meridional d is t r ibuted  load on the crossection 
due t o  ro ta t ion  a t  points  defined by t a b l e  of cp o r  
s values. For example f o r  a layered sect ion t h i s  
can be expressed as: 

f1 CP = PiY;Titi CO" 

i=l 

B. The norm1 dis t r ibuted  load on the  crossection due 
t o  ro ta t ion  at  points  defined by t ab le  of o r  s 
values. For example f o r  a layered sect ion t h i s  
can be expressed as: 



Column 

C. The circumferent ial  d i s t r i b u t e d  moment load on 
the  crossect ion due t o  r o t a t i o n  a t  poin ts  
defined by t a b l e  of cp o r  s values. For example 
f o r  a layered sec t ion  t h i s  can be expressed as: 

Note: The s ign  convention f o r  t he  above loads is  - 
as shown i n  Figures 2-11. 

9. Loading Clue Card 

The contents  of t h i s  card a r e  numerical c lues  which 
a l e r t  t h e  program t o  t h e ' t y p e s  of loads t h a t  e x i s t  
on t h e  segment. I n  addi t ion,  i f  t h e  c lue  ind ica t e s  
t h a t  some load does - not e x i s t ,  t h e  appropriate  
cards i n  s e r i e s  1 0  which would o rd ina r i l y  contain 
t h e  numerical values of t h i s  load  a r e  omitted from 
t h e  sequence. I n  t h e  case of a r o t a t i n g  s h e l l  t he  
i n e r t i a  loads a r e  ca lcu la ted  i n t e r n a l l y  by t h e  program. 

The appropriate clues a re  as  follows: 

A .  Thermal Clue 1 

If there  a r e  no thermal loads (Item 4~ i s  
NOTH) the clue number i s  .zero (0 ) .  

I f  there  is  a standard thermal var ia t ion  through 
the  thickness (item 4E i s  THST) the  clue number 
i s  four ( 4 ) .  

I f  the  temperature i s  constant through the  
thickness (Item 4E i s  THCN) or  i f  the  in- 
homogeneous option is  used (Item 4E is  T H I N )  
the clue number i s  one (1). 

B. Circumferential Load Clue ( f  ) 
8 

If t h e r e  a r e  no circumferent ial  loads,  then t h e  
c lue  number i r z e r o  (0). 

Format - 
5314.7 

If t h e r e  a r e  circumferent ial  loads,  then t h e  c lue  
number i s  one (1) .  



C. Meridional Load Clue ( f ) 
4 

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 ) 
C 

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 (mg) 

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 Cltze (m ) 
U, 

Column Format, 

3 I1 

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

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

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

10. Table of Applied Loads (see Figures 2-lla, 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 4 or s values. (These values will be 
used either for a thermal problem where there 
is no thermal variation through the thickness 
{Clue = THCN), or to calculate varying material 
properties along the shell for an inhomogeneous 
problem {Clue = THIN). ) 



If the Thermal Clue is four (4): 

A. Initial, intermediate and final values of the 
temperature Tii at points 'defined by table of 
@ or s values. (The subscripts "nm" indicate 
temperature location - see below.) 

Column Format 

5314.7 

Too Outside t 

B. Initial, intermediate and final values of the 
temperature Tic at points defined by table of 
@ or s values. 

C. Initial, intermediate and final values of the 
temperature Toe at points defined by table of 
@ or s values. 

D. Initial, intermediate and final values of the 
temperature T at points defined by table of 

00 41 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): 

E. Initial, intermediate and final values 
of the circumferential loads f at points 

8 
defined'by table of Q or svalues. 

If the Circumferential Load Clue is zero (0), cards 
E are omitted. 



Figure 2 - l l a .  Forces on She l l  Element 
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.Figure 2-1112. Shell Element Geometry and Displacements 
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I f  the  Meridional Load Clue i s  one (1): 

F. I n i t i a l ,  intermediate and f i n a l  values of the 
meridional loads f a t  points  defined by t ab l e  
of (8 or s values. (8 

If the Meridional Load Clue i s  zero (o), cards F a re  
omitted. 

I f  the  Normal Load Clue i s  one (1): 

G . I n i t i a l ,  intermediate and f i n a l  values of the 
normal loads f a t  points defined by tab le  of 
(8 or s values.  6 

I f  the Normal Load Clue i s  zero (0) , cards G are  omitted. 

I f  the Circumfereptial Moment Load Clue i s  one (1) : 

H. I n i t i a l ,  intermediate and f i n a l  values of the  
circumferential  moment loads m a t  points e 
defined by t ab l e  of (8 or  s values. 

If the  Circumferential  Moment Load Clue is  zero (o), 
cards H a r e  omitted. 

If t h e  Meridional Moment Load Clue i s  one (1) :  

I. I n i t i a l ,  intermediate and f i n a l  values of 
t h e  meridional moment load m a t  po in ts  

(D 

defined by t a b l e  of (D or  s values.  

If t h e  Meridional Moment Load Clue i s  zero (0 ) ,  
cards I a r e  omitted, 

ll. Segment Topology Cards 

A. Segment number 1-5 

Number of the  segment under consideration. 

B. J o i n t  ( i )  6 -10 

J o i n t  associated with ith end of the segment 
(TIC ) . 

C. J o i n t  ( j )  

J o i n t  associated with the  th end of .the 
segment (STOP). 

Since within a region the  segments a re  aJ-1 
s ingly  connected, the segment j o i n t ,  numbers 
should be i n  adjacent numerical pa i r s .  That 
is, i f  j o i n t  ( j )  i s  6, j o i n t  ( i )  could only 
be 5 o r  7.  This i s  t rue  only within a region. 



Column Format 

I n  addition, t he  i n i t i a l  j o i n t  o f  each 
region must be 1 i n  segment topology 
numbering, and, the  f i n a l  j o i n t  of each 
region must be the  l a s t  (highest)  number 
i n  t h e  segment topology numbering (see 
Figure 2-12). The coordinate 4 o r  s 
increases  from TIC t o  STOP, i t o  j . 
The user  i s  again advised t o  see 
Figures 2-3 t o  2-9. 

D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D 
(see General Nates - Data ~ebugging)  

- .  

minus i n  1-80 

INTRA-REGION DISCRETE RING CARDS 

These cards, i f  any e x i s t  (region introductory card, 
i tem lC),  a r e  placed at the  end of  a l l  t he  segment 
da t a  f o r  the  region. They contain the  following 
information f o r  each r ing  ( i n  groups o f  5 cards):  

1. Ring Property Card 

A. Segment j o i n t  number t o  which the  r i n g  i s  1-2 I 2  
attached. I f  there  i s  a l so  a. r a d i a l  
d i scont inui ty  a t  t h i s  loca t ion  necess i ta t ing  
a kinematic l ink ,  t h e  j o i n t  number of t h e  

j o i n t  number of the  

B. Ring extensional s t i f f n e s s  (EA) 3-16 E14.7 

C. Ring bending s t i f f n e s s  about cent ro ida l  y 17-30 ~ 1 4 . 7  
ax is  (EI ). See Figure 2-14. 

Y 
D. Ring cross-bending s t i f f n e s s  about cent ro ida l  31-44 ~ 1 4 . 7  

axes (EI ). 
XY 

E. Ring bending s t i f fnes s  about cen t ro ida l  59-73 ~ 1 4 . 7  
x a x i s  ( ~ 1 ~ ) .  

F. Ring Young's Modulus 45-58 ~ 1 4 . 7  

2. Ring P l a s t i c i t y  Card 

A. Ring Geometry Description Clue 1-4 A4 

A spec i f i c  c lue  word i s  necessary t o  descr ibe 
t h e  r i n g  shape, The poss ib le  clue words and 
t h e  assoc ia ted  shapes a r e  presented i n  
Figure 2-15. 



Region Numbering 

Numbering of Segments Within Regions 

Figure 2-12. Topology Schemes 
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I No Links Necessary 

Independent j o i n t  
of kinematic l i n k  
and therefore  Ring j o i n t  
number. 

Kinematic Link Necessary 

(a) Segment o r  Simple Region Rings 

z kinematic l i n k  1 
I 

Independent j o i n t  f o r  a l l  
kinematic l i n k s  and 
therefore  Ring jo in t  
number. 

kinematic l i n k  2 \\ 
( b )  Possible Region ~u l t i - connec ted  Rings 

Figure 2-13. Discrete  Ring Topology 
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shear cen te r  

v 
cen t ro ida l  y  a x i s  

shear  

r i n g  

cen te r  

Figure 2-14. Discrete  Ring Geometry 
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'SREC' 
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'H R EC' 

'CHSC' 

'ZSEC' 

tl 

t-b-d 

'CRRC' 

'TSEC' 

'ISEC' 

Figure 2 -15. DISCRETE RING CONFIGURATIONS 
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'RASC' 



B, Ring Orientat ion Angle 

Column Format 

7-20 ~ 1 4  ;7 

Angle ( i n  rad ians)  a t  which r i n g  i s  oriented,  
Normally t h i s  en t ry  i s  t h e  same as t h e  "phi 
input"  f o r  a curved s h e l l ;  or is  equal  t o  
t h e  angle input  f o r  a cone (see Figure 2-8, but  

range - here  i s  between 0 and 3~ radians [no 
negative angles i n  inver ted  cone]); o r  i s  equal 
t o  n/2 f o r  a cyl inder ,  

Notes: - 1. I n  order  t o  " invert"  t h e  r ing ,  i . e . ,  
t u r n  it upside down from t h e  pos i t ion  shown i n  
Figure 2-15, as it r o t a t e s  clockwise, and a t t a c h  
it t o  t h e  i n s i d e  p a r t  of t h e  s h e l l ,  add rr t o  t h e  
angle above. 

2. If t h e  r i n g  i s  or ien ted  a t  another 
angle r a t h e r  than tangent t o  t h e  s h e l l  w a l l ,  
t h e  angle should be entered accordingly above. 

C. Ring Yield S t r e s s  21-34 

D. Ramberg - Osgood constant "sf' f o r  t h e  d i s c r e t e  35 -48 
r i n g  ( see  Ref. 1 ) .  

E, Ramberg - Osgood constant "nl' f o r  t h e  d i s c r e t e  49-62 
r i n g  (see Ref. 1 ) .  

3. Ring Location Card (see Figure 2-14) 

A. Ring thermal coef f ic ien t  of expansion (%). 1-12 

Be Ring cent ro ida l  radius  ( r e ) *  13-24 

C .  Distance (*) between r ing  centroid and shear  25-36 
center  i n  t h e  x d i r ec t ion  (xc) .  

D. Distance ( f )  between r ing  centroid an6 shear  37-48 
center  i n  t he  y d i r ec t ion  

E. Offset  ( f )  of r i ng  shear  center  from at tached 49-60 
s h e l l  j o i n t  ( s ee  item 1 ~ )  i n  the  x d i r ec t ion  (x). 

F. Offse t  (*) of r i n g  shear  center  from at tached 61-72 
s h e l l  j o i n t  ( s ee  i tem 1 ~ )  i n  the  y d i r ec t ion  (7). 

The shear  center  (S ) is the  o r ig in  of the  
x, y axes shown i n  Figure 2-14. 

4. Ring Thermal Description Card ( see  Figure 2-14) 



Column Format - 
A. Innermost point temperature (T ) I 1-14 E14.7 

B. Outermost point temperature (To) 15 -28 ~14.7 

C. Radius of revolution at the segment joint which 29-42 E14.7 
is used to identify the ring (Item IA). 

D. Ring mass density (P ) 43-56 ~14.7 

E. Hardening Law Clue 61-64 A4 

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. - 

5. 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 2.A). 

If the clue word is ZSEC, ISEC, or CHSC: 

A. Length dimension, a 1-12 E12.5 

B. Length dimension, b 13-24 E12.5 

C. Length dimension, c 25-36 E12,5 

D. Thickness dimension, tl 

E. Thickness dimension, t2 

F. Thickness dimension, t3 

If the clue word is HTRI, CRRC , TSEC , or RASC : 
A,, B. These items are the same as those identified 1-24 2E12.5 

above for the ZSEC clue, 

C,, D. These items are those identified above for 25-48 2312.5 
the ZSEC clue as items D and E. 



Column Format 

If t h e  c lue  word i s  HREC: 

A-D. These items are t h e  same as those i d e n t i f i e d  above 1-48 4 ~ 1 2 . 5  
f o r  t h e  IiTRI c lue  

E. Thickness dimension, t 
3 49-60 E12.5 

If t h e  c lue  word i s  SREC: 

.A. Length dimension, b 1-12 E12.5 

B. Length dimension, a 13-24 E12.5 

D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D 
(see  General Notes - Data ~ e b u g g i n g )  

INTRA-REGION KINEMATIC LINK CARDS 

These cards, i f  any e x i s t  (region introductory card, 
item l ~ ) ,  a r e  placed a t  t he  end o f  all the  d i sc re t e  
r i n g  d a t a  f o r  t he  region. They contain the  following 
information : 

A. J o i n t  ( j )  dependent j o i n t  

B. J o i n t  ( i )  independent j o i n t  

For intra-region kinematic l i n k s  these j o i n t s  
must be i n  consecutive decending order.  That 
is, j o i n t  ( j )  should always be g rea t e r  than 
j o i n t  ( i )  by one. 

C. Angle y i n  radians (see Figure 2-16) 

y cannot equal 0 o r  IT. 

The angle y descr ibes  t he  o r i en t a t ion  of t he  
l i n k ;  it i s  the  inc l ina t ion  angle of  the  l i n k  
from the  v e r t i c a l  (Z ax is ) .  

The number of kinematic l i n k  cards must 
equal t h e  number spec i f ied  i n  i tem l B ,  
of t h e  region introductory card. 

D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D 
(see General Notes - Data &bugging) 

REGION JOINT CONTROL DATA 

These cards a re  placed a t  t he  end of all the  d a t a  f o r  
all regions. 

minum i n  1-80 

minus i n  1-80 

1. J o i n t  Control Data Card 



Express jo int  j 
i n  terms o f .  jo int  i 

0 

-(rj-ri)  

(rj-r ) cot y i 

+1 

Figure 2-1 6. Kinematic Link 
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Column Format 

A.  umber of region j o i n t s  

Tota l  number of region j o i n t s   ax. = 20). 

B. Number of d i s c r e t e  r ings  

Tota l  number of  d i sc re t e  r i ngs  between 
regions. 

C. Number of kinematic l i n k s  

Tota l  number of kinematic l i n k s  between 
regions. 

2. Discrete  Ring Cards (inter-region, i f  any e x i s t )  

A. Ring Property Card 

a. Region j o i n t  number t o  which the  r ing  i s  
attached. I f  t he re  a re  a l so  r a d i a l  
d i scon t inu i t i e s  a t  t h i s  l oca t ion  neces- 
s i t a t i n g  kinem,atic l inks ,  o r  m u l t i -  
connections, t he  j o i n t  number of  the r i n g  
i s  t h e  independent j o i n t  number of  all 
the  l i n k s  (see Figure 2-13b). 

b. Ring extensional  s t i f f n e s s  (EA) 

c. Ring bendin s t i f f a e s s  about cent ro ida l  
y ax is  (EI 7. See Figure 2-14. 

Y 
d. Ring cross-bending s t i f f n e s s  about 

cent ro ida l  axes (EI ). 
XY 

e .  Ring bending s t i f f n e s s  about cen t ro ida l  x 
ax i s  ( ~ 1 ~ ) .  

f .  R ing  Young's Modulus 

B e  Ring P l a s t i c i t y  Card 

a. Ring Geometry Description Clue 

A spec i f i c  c lue  word i s  necessary t o  descr ibe 
t h e  r i n g  shape, The poss ib le  clue words and 
t h e  assoc ia ted  shapes a r e  presented i n  Figure 
2-15. 



b,  Ring Orientat ion Angle 

Angle ( i n  rad ians)  at which r i n g  i s  oriented. 
Normally t h i s  en t ry  i s  t h e  same as t h e  "phi 
input"  f o r  a curved s h e l l ;  o r  i s  equal t o  

' t he  angle input  f o r  a cone (see Figure 2-8, 
but rp range here i s  between 0 and 31-r radians 
[no negative angles i n  inver ted  cone]) ; o r  
i s  equal  t o  n/2 f o r  a cyl inder .  

Notes: 1. Ln order  t o  "invert" t h e  r ing ,  
i . e . ,  t u r n  it upside down from t h e  pos i t ion  
shown i n  Figure 2-15, as it r o t a t e s  clockwise, 
and a t t a c h  it t o  t h e  in s ide  p a r t  of t h e  s h e l l ,  
add rr t o  t h e  angle above, 

2. I f  t h e  r i n g  i s  or ien ted  at another 
angle r a t h e r  than tangent t o  t h e  s h e l l  wal l ,  
t he  angle should be entered accordingly above. 

Column Format 

7-20 ~14.7 

c.  Ring Yield S t r e s s  21-34 

d ,  Ramberg - Osgood constant  "s" f o r  t h e  d i s c r e t e  35 ?48 
r i n g  (see Ref. 1 ) .  

e ,  Ramberg - Osgood constant "n" f o r  t he  d i s c r e t e  49-62 
r i n g  ( see  Ref, l), 

C. Ring Location Card ( see  Figure 2-14) 

a. Ring thermal coef f ic ien t  of  expansion 
(aR 1 

b e  Ring centroid& radius (re ) . 
c. Distance (5) between r ing  centroid and 

shear center  i n  the x d i r ec t ion  (xc). 

d. Distance (5) between r ing  centroid and 
shear center  i n  t he  y d i r ec t ion  

e.  Offset (5) of r i ng  shear center  from 
at tached s h e l l  J o i n t  (see item Aa) i n  t h e  
x d i rec t ion  (77). 

f .  Offset ( f )  of r i n g  she.ar center  from 
s h e l l  j o i n t  (see sitem ~ a )  i n  the y 
d i rec t ion  (7). 
Note: The shear center  (s) i s  the  o r ig in  - 
of t he  x,y axes shown i n  Figure 2-14. 



Column Format 
P 

D. Ring Thermal Description Card (See Figure 2-14) 

a. Innermost point temperature ( T ~ ) .  1-14 
b. Outermost point temperature ( T  ). 

0 15 -28 

c, Radius of revolution a t  the region joint 24-42 
which i s  used t c  identify the ring (1tem 
Aa) . 

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). I f  
isotropic hardening i s  t o  be used the clue 
i s  ISOT. I f  kinematic hardening i s  t o  be - 
used the clue i s  KINE. - I f  perfect plast ic i ty  
i s  t o  be used the clue i s  PERF. For th i s  
l a s t  clue word items Bd, e G g v e )  are set t o  zero. - - 

E. Ring Geometry Card (see Figure 2-15) 

The ring geometry i s  specified on th i s  card 
(as many items as necessary) as a function 
of the Ring Geometry Description Clue (item 
Aa) . 
I f  the clue word is  ZSEC, ISEC, or CHSC: 

a. Length dimension, a 1-12 

b. Length dimensiofi, b 13-24 

c. Length dimension, c 25-36 

d. Thickness dimension, tl 37-48 

e, Thickness dimension, t2 49-60 

f ,  Thickness dimension, t 3 61-72 

I f  the clue word i s  HTRI, CRRC, TSEC, or RASC: 

a., b. These items are the same as those 1-24 
identified above fo r  the ZSEC clue. 

c., d. These items are those identified above 25A8 
for  the ZSEC clue as items d and e. 



Column Format 

If t h e  c lue  word i s  JZREC: 

a-d. These items a r e  t he  same a s  those i d e n t i f i e d  1-48 4 ~ 1 2 . 5  
above f o r  t h e  HTRI c lue  

c. Thickness dimension, t 3 
If t h e  clue word i s  SREC: 

a. Length dimensfon, b 1-12 E12.5 

b. Length dimension, a 13 -24 E12.5 

D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D minus i n  1-80 
( see  General Notes - Data ~ebugg ing )  

3. Kinematic Link Cards ( in te r - reg ion ,  if any e x i s t )  

A. J o i n t  ( j )  dependent j o i n t  

B. J o i n t  ( i )  independent j o i n t  

For kinematic l i n k s  between regions the re  
a r e  no r e s t r i c t i o n s  upon j o i n t  numbering. 

The only r e s t r i c t i o n  i s  t h a t  between successive 
kinematic l i n k  d a t a  c a d s  the  ( j )  j o i n t  en t ry  
should be i n  increasing order  (not necessar i ly  
consecutive). For example : 

Must be 
i n  
increasing 
order.  

C. .Angle y i n  radians (see Figure 2-16) 

y cannot e4-u& 0 o r  n. 
," ' 

- - .- M i l e  y descr ibes  the o r i en t a t ion  of  t he  
l i n k ;  i t  i s  the  inc l ina t ion  angle of t he  
l i n k  from the  v e r t i c a l  (Z axis) .  The number 
of kinematic l i n k  cards must equal t he  number 
spec i f ied  i n  item 1 C  of t he  j o i n t  Control 
Data Cad .  



D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D 
(See General Notes - Data l 3 e b ~ ~ ~ i . n ~ )  

4, Boundary Condition Cards ( ~ o i n t  Data - one card 
per  region j o i n t )  

A. J o i n t  Number 

B. J o i n t  component conditions on: 

l )  4 
2)  % o r  $ (see Figure 2-17) 

3) + 0' $ 
4 )  a, 

C.  Angle a i n  radians 

To be used only i n  conjunction with a 2 o r  
3 code, 

Note: There must be as many boundary con- - 
d i t i o n  cards a s  t he re  a re  j o i n t s  as  ind ica ted  
i n  item JA of t h e  J o i n t  Control Data Card. 

There a r e  4 d i f f e ren t  codes t h a t  are used 
t o  prescr ibe  j o i n t  component conditions. 
They are  : 

a. 0 = no displacement allowed. 

be  1 = displacement allowed i n  t he  
ind ica ted  direct ion.  

Calm Format 

minus i n  1-80 

c, 2 = and are  ro t a t ed  through an 
g e  ( 2  - a )  and become % 

respect ively,  while a 
i s  allowed i n  the  $ 

di rec t ion ,  



Figure 2-17a. Description of Generd  Coordinate Rotation (a # 4 )  
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Rotation Code 

I 0 
I 

o I s i n a  
Matrix {i} = ['l o I I -cos a i I s i n  a 

I I I 
0 1  0 1 0  I + 1  

Rotation Code 1 2 0 1 

Matrix 

- I 0 I +1 
I I O 

I 
0 I s i n a  I 0 I 

Rotation Code 1 0 3 1 

0 

0 
Matrix 

s i n  a 

0 

Figure 2-17b. Provision for  Local Rotations 



are rotated through an angle 
a )  and become 

respectively, while a 
i s  allowed i n  the direction. 

4.2 
See Figure 2-17 f o r  a geometric 
explanation of codes 2 and 3. 

When using rotation codes: 

Code 2 can exis t  only as % coding. 

Code 3 can exis t  only as % coding. 

Codes 0 and 1 can appear i n  e i ther  
column 4 or  column 6, i n  addition 
to  columns 8 and 10. !thus, there 
are twelve possible boundary con- 
dit ions when rotat ion codes are 
used. (a  = 4 fo r  table below.) - 

* 

AN = 0, membrane 
support (possible t o  
apply shear load) 

190,371 

090,390 

0909 391 

110, 370 

nQ = 0, normal 
support (possible 
t o  apply membrane 
l o  ad) 

192,091 

0,2,0,0 

092,071 

1,2,0,0 

+, $2 f ree  
8 

+, fie fixed 

@,r fixed 

fie free 

+ f ree  

$2 fixed e 

Free edge (possible 
t o  apply shear and/ 
o r  membrane loads) 

1929371 

0,27370 

0,29371 

1,2,3,0 



Column - Format 

Apex boundary conditions: 

Since the  closed apex ( 4  = 0) angle 
i s  not acceptable input,  the  apex 
boundary conditions must be simulated 
a t  a small 4 angle. These boundary 
conditions vary per Fourier harmonic, 
and are a s  follows: 

General Notes : 

1 )  To es tab l i sh  a datum f o r  measuring 
displacement, f r ee  body motion must be 
eliminated from the  structure.  This should 
be accomplished by sui tably  applied boundary 
conditions. 

2 )  The a b i l i t y  of a dependent jo in t  i n  a 
kinematic l i n k  t o  prescribe mot ion independ- 
ent ly  should be removed by se t t ing  a l l  
boundary conditions of t h a t  jo in t  t o  zero. 
See pages 2-65 ma 2- 84 

D-A-S-H S-E-P-A-R-A-T-0-R C-A-R-D 
(see General Notes - Data ~ e b u ~ ~ i n g )  minus i n  1-80 

JOINT LOAD DATA 

1. Load Control Data Card 

A. Number of Jo in t  Ioads 

Total number of jo in t  loads i n  analysis. 
(Line loads can only be applied t o  region 
jo in ts .  ) 

B. Any alphameric information (load description) 5-68 l6A4 

N*: I f  there are no Jo in t  Loads f o r  the 
s t ruc ture ,  card 1 of the J O I N T  ILIAD DATA 
is blank and card s e t  2 is omitted. 



Column Format 

2.  Jo in t  Load Cards (as many as  i n  item LA above) 

A. Enter unity i n  column 5 1-5 I5 

B. Row Ident i f ica t ion  6-10 

The iden t i f i ca t ion  i s  the  locat ion of the  
degree of freedom a t  which the  load i s  
applied. This i s  o b t a i n e d ) ~  counting the  
non-zero codes entered i n  the  Boundary 
Conditions Cards, s t a r t i n g  with Jo in t  1; 
T, 2, R, no, Jo in t  2; T, Z ,...... etc.,  
and stopping a t  the jo in t  and degree of 
freedom where the  l i n e  load i s  t o  be 
applied. The locat ion number of t h i s  
degree of freedom i s  the  information 
necessary. 

C. Applied Jo in t  b a d  33. -24 

The input i s  2ar times the  running load 
i n  lb./in. I n  tRe pa r t i cu la r  case of the  
ax ia l  axisymmetric load, t h i s  i s  simply - 
the  net  force. For sign convention see 
Figures 2-U, 2-1 7 and 2-1 8 

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

minus i n  1-80 

LOAD CYCLING CARDS 

If only a s ingle  loading i s  being invest igated these  cards a re  
omitted. For changes of load d is t r ibut ion ,  magnitude, o r  m a t -  
e r i a l  property t ab les  with time, the  appropriate cards below 
a re  included. (see a l so  item 2H i n  t h e  General Introductory 
Cards p 2-18 ) These cards a r e  repeated t o  amount described 
i n  Item 2E on p 2-16 

1. Load Cycling Program Control Card 

A. Intermediate p r in t  clue 

(see item 2D General Introductory Cards p 2- 16). 



Axial Load (z) 

Q Program Input Load = 2nr x ( F ~  ) 
0 

(negative i n  

- Z p ic tured  d i r ec t ion )  FZ - - l b / i n  2rr0 

Program Input Load = 2711- x 
0 

FR = l b / i n  

'=-/-J 

Program Input Load 

Program Input Load = 2nro x (M) . 

Ma = M in- lb/ in  

Figure 2-18 Line Loading f o r  Harmonic n = 0.0 
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B. Number of load steps 

Column Format 

Number of loading increments t o  be made for  the  
next loading cycle, If the loading reverses 
i n  direction, t h i s  number i s  input as  being of 

t o  the same entry for  the previous 
loading cycle. 

C. Load step pr int  increment for  next loading cycle. 18-21 ~ 4 , 0  
( See I t e m  2G General Introductory Cards p 2-16 a ) 

D. Load amplitude change clue 24-25 I2 

I f  the previous loading cycle load amplitudes are 
t o  be -mewed, and the only changes involved are  
load directions or step sizes (controlled by item 
C above) or material property tables,  the clue i s  
zero. I f  the load amplitudes are also changed, the 
P 

clue i s  Five, and new load cards w i l l  be expected 
t o  be read. It should be noted tha t  load amplitudes 
a re  sequential. For further c la r i f i ca t ion  see 
Figures below, 

No. Load Steps oad Cycle No. Load Steps 

1 Ex: 5 

2 5 

3 -5 



E, Material Table Change Clue 

I f  the previous loading cycle material property 
tables  are  t o  be reused the clue i s  zero. If 
new material property tables a re  supplied the  
clue i s  s e e .  

Notea A t  the  f i r s t  load reversal  i n  direction -* 
the material property tables must be re-read 
with a l l  the Ramberg - Dsgood "s" constants 
being doubled i n  value. This i s  done only 

7 

a t  the f i r s t  load reversal,  and the new tables  - 
can be reused thereaf ter ,  If the  constants 
above are  a l l  zero t h i s  can be disregarded. 
This i s  t rue  fo r  a l l  reinforcement as  well a s  
the  shell .  

F. Angluar velocity i n  rad./sec, for  next loading 
cycle. 

Since the she l l  rotat ion clue (item 2K i n  the 
General Introductory Cards p 2-18 ) i s  constant 
f o r  the t o t a l  run, the above i t e m  i s  significant  
only i f  tha t  clue was i n i t i a l l y  se t  t o  one, In - 
order t o  apply or delete an anghlar velocity i n  
the  middle of a loading history, the velocity 
values fo r  other load cycles may be s e t  t o  zero, 

2. Material Property Tables for Next Loading Cycle 

I f  the  preceeding Material Table change clue was se t  
t o  one a complete new se t  of material property tables - 
must be provided. Note the special item above fo r  the 
Ramberg - Osgood "s" parameter, The names of the  
material tables may= be changed. The necessary 
formats and card sequences are  provided on p 2-21 

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

Column 
p__. 

Format 

26-27 I2  

minus i n  1-80 



Column Format 

I f  the preceeding Material Table Change Clue was s e t  t o  zero, 
i t e m 2  above and t he  separator card are  omitted. 

3. Shell  loading data fo r  next loading cycle 

I f  the  preceeding - Load Amplitude Change Clue was se t  
t o  f a ,  the following card sequence must follow. 

A ,  Segment Loading Clue Card for  next loading cycle 

a. Load clues fo r  temperature, circumferential, 1-6 611 
meridional, normal, circumferential moment, 
and meridional moment load, for  next loading, 
cycle. 

Note: Variations i n  types of loadings a s  - 
well as  magnitudes are  allowed per cycle. 
The thermal clue, however, i s  fixed and 
must remain constant. Thus AT = 0 may have 
t o  be input as  appropriate. 

B. Table .of Applied Loads for next load cycle (see 
segment card s e t  10).  These cards contain the 
next s e t  of loads as  described previously i n  the 
se-ent data according t o  the Load Clues above. 

Note: The above data s e t s  (3A and 3 ~ )  are  re-  - 
peated u n t i l  a l l  the segments i n  the f i r s t  
region a re  completed for  the next load cycle. 

C. Region Ring Load Cards fo r  next loading cycle. 

a. Ring Yield Stress 1-14 ~ 1 4 . 7  

b . Ring Ramberg - Osgood "s" value (see note 15-28 ~ 1 4 . 7  
about doubling t h i s  value fo r  f i r s t  load 
reversal  , above. ) 

c. Ring Ramberg - Osgood "in'" value. 29-42 ~ 1 4 . 7  

d. Innermost point temperature (T~). 

e. Outermost point temperature ( T ~ ) .  

Note: The above data se t  ( 3 ~ )  i s  repeated 
CI 

u n t i l  a l l  the r ings i n  region one are  completed 
for  the next load cycle. 

The above data s e t s  (3A through 3C)  are then 
repeated u n t i l  all the  segments and rings i n  
all the  regions are  completed fo r  the  next 
load cycle. 



Column - Format 

The above data s e t  ( 3 ~  ) i s  then repeated u n t i l  
a l l  the  structure r ings are  comp2eted fo r  the  
next load cycle, 

D. Joint  Load Control Data Card for  next loading cycle. 

a. Number of Joint  Loads 1-4 14 

b . Any alphameric informat ion 5 -68 1 6 ~ 4  

Note: If no joint load changes exis t  i n  t h i s  load - 
cycle, the  above card i s m a n d  card s e t  3E (below) 
i s  omitted. 

E ,  Joint  Load Cards for  next loading cycle 

a. Enter unity i s  column 5 1-5 I5 

b. Row identif ication (see previous Joint  Load 6-10 I5 
Card description) 

Note: Locations of l i n e  loads may change from 
load cycle t o  cycle. 

c. Applied Joint  Load 11-24 ~ 1 4 . 7  

The input i s  2riro times the running load i n  

l b  ./in. for  t h i s  load cycle (see Figure '2-18). 

D-A-S-H S-E-P-A-R-A-T-O-R C-A-R-D 
(see General Notes - Data ~ebugging) 

minus i n  1-80 

I f  the preceeding Load Amplitude change clue was s e t  t o  zero_, 
item 3 above and the separator card are  omitted. 

The above cycling cards (items 1-3) a re  repeated u n t i l  a l l  the  
load cycles input i n  item 2E on p 2-16 a re  completed. 



Figure 2-1 9. Y-Joint ( ~ i s t o r t e d  Geometry) 
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Loading - Membrane Support 

Figure  2- 20. I d e a l i z e d  Y-Joint 
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It i s  hoped that  the user i s  now able t o  use the STARS-2P program t o  good 

advantage. It i s  a powerful tool which w i l l  increase in value to  the user as 

he uses it. One of the more complex areas of usage i s  the description of 

topology, especially when involved with rotation codes and joint loads. An 

i l lus t ra t ive  example of a Y joint representation is  therefore presented below. 

(see Figures 2-19 and 2-20 for  the structure and idealization.) The idealized 

structure contains four regions and two kinematic links. The joints are nmbered 

from 1 t o  7. Membrane loading is  applied t o  joints 1 and 5 and the structure 

i s  supported by membrane action a t  joint 7. A l l  regions must be coupled. 

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

Region 

1 

2 

3 
4 

Joint ( i )  Joint (j 1 
1 2 
2 3 
4 5 
6 7 

The Joint Control Data card would contain a 7 in column 5 and a 2 i n  column 15. 

In t h i s  example, the restraints at joints 1, 5 and 7 must be rotated from the 

fixed (global system) t o  a local system such tha t  membrane action may be 

applied. In addition, joints 3 and 4, and 6 and 3 are t o  be coupled with 

kinematic links. Thus, the motions of joints 4 and 6 are dependent upon the 

motion of joint 3. This dependence w i l l  be insured by using 2 kinematic l ink  

cards and sett ing the independent degrees of freedom of joints 4 and 6 equal t o  

zero. It should be noted in th i s  particular case that the motion of joints 4 
a;nd 6 i s  not being equated t o  zero, but rather, the ab i l i ty  t o  prescribe 

motion independently i s  being removed. The required data has the following 

appearance. 

A. Kinematic Link Cards (2 cards) 

Joint (a Joint ( i )  :;: &&: In  a double l ink of the type 
4 3 shown in  Figure 2-20, one joint 

6 3 Y must be consistently independent 
( joint 3 i n  example ) . 



B. Bountary Condition Cards fo r  a coupled to r s iona l  case (7  cards)  

Jo in t  T - z - R - e - Angle 

1 2 3 1 al 
1 1 1 1 

1 1 1 1 

0 0 0 0 

1 2 3 l a ; !  
0 0 0 0 

0 0 3 1 a3 

The Load Control Data card would contain a 2 i n  column 4. 

The ex te rna l  membrane loads a r e  appl ied t o  t h e  s t ruc tu re  through t h e  

J o i n t  Load Cards which, i n  t h i s  example, would appear as (2 cards) :  

Problem No. Row - Lo ad 

1 2 2ar x Membrane Load ' ( lb .  /in. ) 
0 

1 14 2 ~ r  x Membrane h a d  (lb./ in.  ) 
0 



SECTION 3 

OUTPUT INFOWT I O N  

The output of t he  STARS-2P program i s  straightforward, however a 

descr ip t ion  is  i n  order s ince the  user should learn the s ignif icance 

of the  various checks t h a t  a r e  provided. It i s  important t o  point  

out t h a t  the output of the  program w i l l  include a pr in t -out  of the 

input  data .  This gives the  user the opportunity t o  check whether 

o r  not the input data  was correct .  I n  the  de t a i l ed  descr ip t ion  of 

the complete output which follows, the user should r e f e r  t o  the output 

of t h e  problem i n  Section 4 a s  an example. 

The t i t l e  page of the  output contains a l l  the da ta  from the  General 

Introductory Cards, prominently placed, and needs no comment. The 

next page of the output contains the f i r s t  region Iden t i f i ca t ion  

Card in  the  center .  The following output is then presented f o r  each 

segment i n  t h i s  region ( i n  order of appearance): 

Contents of segment Iden t i f i ca t ion  Car.d. 

Contents of MAGIC Control Card 

Contents of Geometric Description Card (cards)  

Contents of Master Clue Card 

The mater ial  property t ab l e  used f o r  the segment 

Crossection descr ip t ion  k b l e  

Temperature load t ab l e  ( i f  any) 

Dis t r ibu ted  load t a b l e s  

Segment influence coef f i c i e n t s  (MAGIC output ) 

Segment s t i f f n e s s  matrix 

S t i f f n e s s  matrix symmetry check 

Segment load matrices 

Radius of revolution a t  ith and jth ends of segment 



I tem 11, the  stiff 'ness rnatrix symmetry check, is  a check upon the  

v a l i d i t y  of segment s i z ing  and the  accumulation of round-off e r ro r .  

For per fec t  symmetry t o  e x i s t ,  it is  necessary t o  have zeros above 

the  main diagonal, and zeros o r  ones below the  diagonal. The amount 

of e r r o r  induced by improper s i z ing  o r  round-off i s  r e l a t ed  t o  t he  

amount t h a t  the  of f  -diagonal terms i n  t h e ,  lower t r i ang le  d i f f e r  

from uni ty.  An attempt should be made t o  keep the  upper limit on 

t h i s  d i f fe rence  a t  one percent (maximum number i n  lower t r i a n g l e  

should be 0.1010. . . E 01). 

A s  mentioned previously, items 1-13 a r e  repeated f o r  a l l  the  segments 

within region one. The rad ius  of revolut ion a t  every j o i n t  should be 

checked a t  corresponding j o i n t s  of adjacent  segments t o  make sure 

t h a t  proper coupling has been specif ied.  A t  t h i s  s tage  i n  t he  output,  

t he  topology of t he  segments wi th in  the  region, and the  descr ip t ion  

of t he  intra-region r ings  and kinematic l i n k s  is  presented. 

Next the region matrices a r e  presented. Given i n  order  a r e :  the  

region s t i f f n e s s  matrix, t h e  s t i f f n e s s  matrix symmetry check, and 

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

i n  t h e  symmetry check, should be kept  t o  a rnaximum of one percent 

(0.1010.. . E 0 1  i n  lower t r i a n g l e ) .  The output t o  t h i s  point ,  t h a t  

is, s e t s  of items 1-13, segment topology and l inks ,  and the  region 

matrices, a r e  now repeated as a group f o r  each region within the  

s t ruc tu re .  When t h i s  is  completed, the  region topology is  presented. 

The next  items t o  be provided by the  output a r e  the descr ip t ions  of 

t he  inter-region r ings  and kinematic l i n k s  and the boundary conditions.  

A t  ex t e rna l  po in ts  of the  s t r u c t u r e  these a r e  physical  boundary 

conditions.  A t  i n t e r n a l  po in ts  they merely s t a t e  the f a c t  t h a t  no 

r e s t r a i n t  e x i s t s  and the  j o i n t  i n  question is  f r e e  t o  move. The last 

column i n  t h i s  s e t ,  gives t he  angle a, which i s  zero unless a r o t a t i o n  

code i s  indicated.  It is important t o  r e f e r  t o  Figure 2-17once more and 

poin t  out t h a t  CY represents  a ro t a t ion  of the  coordinate system. 



There a r e  a v a r i e t y  of e r r o r s  t h a t  can be made i n  submitting input data.  

The STARS-2P program is  s e t  so t h a t  as an e r r o r  i s  detected,  ( input  o r  

i n  t h e  matr ix ca lcu la t ions)  t h e  program i s  stopped. Therefore, t o  avoid 

delays i n  g e t t i n g  an answer, t h e  SATELLITE-1P program was created t o  

debug input  data ,  and t o  check f o r  other  possbi le  inconsis tencies .  The use 

of  t h i s  program i s  described i n  Reference 3, and a l l  t h e  STARS e r r o r  messages 

a r e  contained i n  t h e  l i s t i n g s  there in .  

Af te r  having corrected any e r r o r s ,  so t h a t  it i s  now possible  f o r  t h e  pro- 

gram t o  run t o  completion, t he  problem so lu t ion  can be discussed. From 

t h e  above poin t  i n  t h e  output,  f u r t h e r  output w i l l  depend upon the  i n t e r -  

mediate p r i n t  c lue ,  If t h i s  c lue i s  s e t  f o r  f u l l  output,  a l l  s t i f f n e s s  

matr ices  w i l l  be p r in t ed  f o r  a l l  segments, regions, and s t ruc tu re s  i n  a l l  

p r i n t  cycles  spec i f ied .  I f  t h e  p r i n t  c lue i s  s e t  f o r  abbreviated p r i n t ,  

only t h a t  noted below w i l l  be pr in ted :  

1. The appl ied l i n e  loads. 

2. The region end def lec t ions  s t a r t i n g  from region j o i n t  1. 

3. Tabulation of f i n a l  p r i n t  (per p r i n t  i n t e r v a l )  a s  shown i n  Table 3-1. 
Below t h i s  tabula t ion  w i l l  appear t h e  numerical r e s u l t s .  I n  addi t ion,  

i f  t h e  crossect ion has gone p l a s t i c  t h e  following r e s u l t s  w i l l  be 

ava i lab le  : 

a ,  NPLA: i f  t h i s  ind ica tor  i s  zero the  l a y e r  i s  e l a s t i c .  

i f  t h i s  ind ica tor  i s  + t he  l aye r  i s  p l a s t i c .  

i f  t h i s  ind ica tor  f s  - t h e  l aye r  i s  e l a s t i c  

but  has previously been p l a s t i c .  

b. Tota l  s t r e s s e s  'through t h e  crossect ion.  

c ,  P l a s t i c  s t r a i n s  through t h e  crossect ion.  

I n  i tem 3 above the  following spec i a l  cases  may a r i s e :  

1. The 1,2 element w i l l  be zero f o r  cyl inders  o r  cones, 

2. No s t r e s s e s  w i l l  be ca lcu la ted  f o r  t he  ST10 o r  RWAF options,  

4. A r e s t a r t e d  run w i l l  provide t h e  i n i t i a l  p r i n t  and s t a r t  item 3 at 

t h e  next p r i n t  i n t e rva l .  

This completes t h e  program output,  The user  i s  reminded t o  check cont inui ty  

of  stress r e s u l t a n t s  across  segment boundaries where appl icable .  



co or s at which calculations are made 

EPSILON TKETA 

meridional displacement 

normal displacement 

OMEGA THMlA 

EPSILON PHI 

K P H I  THETA 

stress resultant 

T P H I  THETA effective in-plane shear stress 

resultant 

y shear strain 

MQ, circumferential bending moment resultant 

SIGMA THETA I N  circumferential stress on inside fiber 

SIGMA THETA OUT circumferential stress on outside 

fiber 

SIGMA P H I  I N  a in' meridional stress on inside fiber 

SIGMA P H I  OUT 
cP 
O U ~ )  

meridional stress on outside fiber 



circumferential curvature 

N PHI THETA 

M PHI THETA 

TAU PHI THETA IN in-plane shear s t ress  on inside 

'TAU PHI THExA OUT in-plane shear skress on outside 

EPSILON THETA OUT 

EPSILON PHI IN Extreme edge s t r a in  for base she l l  (inner) 

EPSILON PHI OUT Extreme edge s t ra in ,  for base she l l  (outer)  

GAMMA PHI: THETA IN Extreme edge s t ra in  for base she l l  ( inner) '  



SECTION 4 

EXAMPLE3 OF IXPIST AND SOLUTIONS 

-. 

This sect ion contains the  f u l l  input f o r  two example t e s t  problems, and 

t h e  f u l l  output of the  second t e s t  problem f o r  t h e  STARS-2P progmm. The first 

input problem w a s  chosen simply t o  i l l u s t r a t e  a load cycling run data set-up. 

The t e s t  problem is presented i n  Figure 4-1. The loading involves both 

d i s t r ibu ted  and l i n e  loads. The intermediate p r in t  clue has been s e t  f o r  

abbreviated output and graphic displays of some output variables have been 

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



(a) STRUCTURE 

f = -7,000 psi 

(b) LOADING PATTERN 

Figure 4-1 TEST PROBUM 1 

4-2 



NLPL 1 
ALUM % SQf 

~ L * - ~ - - O I ~ - - ~ ~ ~ + ~ ) - - - ~ - ~ - - - - - - ~ ~ ( L ( L ( L ( L ( L ( L - - ~ ~ ~ ~ * - ~ ~ - ~ - - - ~ ~ ~ - ~ - ~ ~ - ~ - ~ ~ ~ ~ ~ - - - ~ ~ ~ * ~ - ~ -  

1 0 0 PLATE 
1 1  2 

2 1  20 
.002 1.0 E-04 a0006 0.  

om0 
1 SOT ALUl SING THIC MOTH KINE 2 

moo20 - 0 2  
,2615 -2615 

000100 
120000 E 03 12-000 E 0 3  

1 1 2  
- - - ~ m - r c r e r s ~ s - & r o r - - - ~ - - ~ ~ - ~ - d d d d d d d d d d I ~ P ~ ~ ~ ~ ~ ~ P ~ P P P P P - - - ~ ~ - ~ e ~ ~ e ~ ~ ~ ~ - - - ~ - e ~ ~  

1 0 0 PLATE 
2 2 3  

. 2 1  20 
e02780 1.8 E-04 e005933 0 .  

0.0 
I SOT ALUM SING THIC NOTH KINE 

,0200 e 1875 

1 0 0 PLATE 
3 3 @ 



e21138 % -0 E-04 ,042250 
000 

ISOT ALUM SING THIC MOTH 
a 1875 e 61 
a2615 ,2615 

1 1 2  
-*-----.)------11--PO-------------------------------------------*--*------------ 

1 0 0 PLATE 
4 4 5  

21 20 
1.0 1 .O E-04 -2 0- 

0.0 
ISOT ALUM SING VHIC BOTH 2 
061 2.61 
a2615 -2615 

KINE 

1 1 2  
---irrr-rr--"--rr--------------------------------me---------*--e--e------&------ 

5 0 0 
1 0 1 0 0  
2 0 1 1 1  
3 0 1 1 1  
* 0 1 1 1  
5 0 0 1 1  

----------------------------------*-----*------*----------&-----------------"-- 

1 
1 1 --150797 

-------.CI-----*----*-------------------------------------------------*--------- 

4 4 2 3 -190 20 5 1 
ALUM I SOT 

1.6834 E 04 

30967 

4-0 E 03 

ALUl I SOT 





The second t e s t  problem i nvol  ves monotonic 1 oad i ng o f  a s t r u c t u r e  

s i m i l a r  t o  t h a t  shown i n  F igure 4-1. The thickness o f  the p l a t e  f o r  

t h i s  problem i s  0.1286" and the loaded area radius i s  0.18675". The 

appl ied load increases monotonical l y  t o  5,000 ps i .  The input  and out -  

pu t  f o r  the problem i s  presented on the f o l l o w i n g  pages. The apex 

segment was t r ea ted  as an e l a s t i c  p l ug  i n  t h i s  problem because o f  a 

l oca l  s t ress  s i n g u l a r i t y  a t  the apex which i s  dependent upon computer 

accuracy. Fur ther  discuss ions of t h i s  and other  problem r e s u l t s  a r e  

a v a i l h b l e  i n  Ref. 1.  



CIRCULAR PLATE VP1 
4 4 2  1 5 0 5 0  

NLPL 1 B 1 2 5 
ALUM I SOT 

ALUL I SOT 

s---e-------ose----olo----sr-rl----e----e--------4-------*------------------*----------- 

1 0 0 PLATE 
1 1 2  

21 20 
-002 1.0 E-04 ,0006 0- 

0-0 
P SOT ALUl SING THIC NQTH KINE 2 
.0020 * 02 
a 1283 e 1283 

000100 
0e5000 E 04 0,5000 E 04 

1 1 2  
-*-----UI--pe..PL-e-m-----------*-----"--*------*----"---&-----------*---*----- 

4. 0 0 PLATE 
2 2 3  

21 20 
,01780 1.0 En04 o005933 0- 

0-0 
ISOT ALun SING THIC NOTH KINE 2 

0 0200 e 1875 
a 1283 e 1283 

000100 
0,5000 E 04 OeSOBO E 04 

1 1 2  
- - - - - - - - - - - 

1 0 0 PLATE 
3 3 4  



21 20 
-21130 1.0 Em04 ,042250 

8.0 
ISOT WLUH SING THB C MOTH 
, 1875 * B l  
e 1283 e 1283 

KINE 

1 1 2  
---*-----~e~ee-~--~~a----~----~-*~--e-~---*---------~-*-*-*--m-*-----------*---- 

1 0 0 PLATE 
4 4 5  

21 20 
1-0 B e 0  E-Ol - 2  0. 

oeo 
l SOT ALUM S I NG BHlIC NOVH KIM% 2 

e 6 1 2e6% 
e 1283 a 1283 
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- --- - -- - - 
C Y C L E  22s 22 AS C O M P L E T E *  

C Y C L E -  -238 13 IS C O M P L E T E *  
*- --- - - - - -- - - - - - - 

- C Y C L S  Z ~ D  29 IS c O M P L E T C ~  -- -- - -. - - - -- - - 
CYCLE 25, 26 .- 81 C O M P L E T C ~  

C Y C L E  2 t t  2 1  I5 C O M P L E T E *  - - - - - - -- - - - - - -- 

C Y C L E  27, 27 I S  COMPLETE* 

C Y C L E  21, 29 IS C O M P L E T E *  - - -- - --- -- - - - -- - - - - - 
C Y C L E  304 3Q I S  C o n P L E T E e  -- - - 

C Y C L E  31e 31 I S  COMPLETE. -- -- - -- - - + - - - - - - 
- 32 IS COMPLETE* CYCLE --......---- 

C Y C L E  3 3  33 I S  C O M P L E T E *  - - - -- - - - - -- - - -- 
C Y C L E  3Ue 39 I S  C O M P L E T B o  - --- - - ------- - -- - - . 

35 I S  C Q M P L E T E ~  CYCLE 3% 

< 36 I S  COMPLLVEw 
fG* C Y C L E  2% 
lu" 
"a- 37 1s  COMPLETE^- C Y C L F  a_?(_ --- - - 

C V C L F  38. 18 19 COMPLETE. -- - - - - - - . - - -- 
c Y C L ~  3Ve 39 13 C O N P L E T E e  - - -- - -- - - 
C I C L S  4 0 0  90 IS C D R P L L T g e  ----- ---- 
C Y C L E  41 .  91 I S  G O M P L E T E e  - - ---- - -- -- - - -- - - 
C Y C L E  42o Y 2  IS CO@iPLETEo  

C Y C L . ~  * a o  % a  6s COMPLETE. -- * - - - -- -- - - . --- - 

C Y C L E  3 6  4-ID CO#PLEJ!e -- - - - - - - -- - 
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APPENDIX A 

CONVERSION OF U. S. CUSTOMARY UNITS TO S I  UNITS 

The In t e rna t iona l  System of Units  (SI) was adopted by t h e  Eleventh 

General Conference on Weights and Measures i n  1960. Conversion f a c t o r s  f o r  

t h e  u n i t s  used i n  t h i s  repor t  a r e  given i n  t h e  following t ab l e :  

Physical  Quantity 

S t r e s s  modulus 

S t r e s s  r e s u l t a n t  

Temperature change OF 5/9 Kelvin (K)  
A 

* Multiply value given i n  U.S. Customary Unit by conversion f a c t o r  t o  
obta in  equivalent value i n  S I  Units.  

** Pref ixes  t o  i nd ica t e  mult iple  of u n i t s  a r e  as follows: 




