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USER DOCUMENT FOR COMPUTER PROGRAMS 

FOR RING-STIFFENED SHELLS OF REVOLUTION 

By Gerald A. Cohen 
Structures  Research Associates, Laguna Beach, Cal i forn ia  

SUMMARY 

This report  presents  u se r  manuals and re la ted  program documentation 
f o r  s i x  compatible computer programs f o r  s t r u c t u r a l  ana lys i s  of axisym- 
metric s h e l l  s t ruc tu res .  The theory and method upon which these  programs 
are based are presented i n  a separa te  companion repor t .  The programs are 
designated simply as the  SRA programs. They apply t o  a common s t r u c t u r a l  
model but analyze d i f f e r e n t  modes of s t r u c t u r a l  response. They may be 
c l a s s i f i e d  according t o  t h e i r  function i n t o  three  groups, designated here 
as the  100, 200, and 300-series. I n  pa r t i cu la r ,  they are 

SRA 100 - Linear s t a t i c  response under asymmetric loads 
SRA 101 - Buckling of l i n e a r  states under asymmetric loads 
SRA 200 - Nonlinear s t a t i c  response under axisymmetric loads 
SRA 201 - Buckling of nonlinear states under a x i s y m e t r i c  loads 
SRA 202 - Imperfection s e n s i t i v i t y  of buckling modes under axisym- 

SRA 300 - vibrations about nonlinear states under axisymmetric loads 
metr ic  loads 

These programs treat branched s h e l l s  of revolut ion with an a r b i t r a r y  
arrangement of a l a r g e  number of open branches but  with a t  most one closed 
branch. Current dimensioning allows f o r  seven branch points ,  each of 
which may have as many as f i v e  branches emanating from it. Branches which 
close a t  the  ax i s  of revolution, i .e. dome closures ,  are not considered t o  
be closed branches. A maximum of 23 dome closures  o r  other  s h e l l  edges i s  
allowed. A t  each meridional s t a t i o n  the  s h e l l  w a l l  may consis t  of as many 
as f i v e  or thot ropic  l aye r s ,  i n  each of which e las t ic  proper t ies  may vary 
only i n  the  meridional d i rec t ion .  
assumed t o  possess or thot ropic  p r inc ipa l  axes i n  meridional and circumfer- 
e n t i a l  d i rec t ions .  A l l  geometric and mechanical proper t ies  of the s t r u c t u r e  
are assumed t o  be axisymmetric, bu t  may have a r b i t r a r y  meridional var ia t ion .  
A continuous reference surface,  a r b i t r a r i l y  located within o r  near t he  
s h e l l  w a l l  is  t rea ted .  The s h e l l  may be s t i f f ened  by: 

A t  each material point  t h e  s h e l l  i s  

(1) up t o  34 d i s c r e t e  i so t rop ic  r ings I 



(2) 
(3) 

s t r i n g e r s ,  whose s t i f f n e s s  i s  circumferent ia l ly  d i s t r ibu ted ,  and 
an elastic foundation attached t o  the  s h e l l  w a l l .  

The e f f e c t s  of thermal loads and l ive pressure f i e l d s  are included. 

The programs have been wr i t t en  i n  CDC FORTRAN 2.0 language t o  run on 
CDC 6000 series computers under the  SCOPE 3.0 operat ing system. 
programs, SRA 101 and SRA 202, u t i l i z e  t h e  OVERLAY capabi l i ty  of t he  SCOPE 
3.0 loader.  Approximate core f i e l d  length (oc ta l )  requirements are given 
i n  t h e  t ab le  below. 

Two of the 

Program - Lo ad Execute 

SRA 100 75 aoo 75 030 
SRA 101 113 000 103 000 
SRA 200 67 000 67 000 
SRA 201 101 000 101 000 
SRA 202 75 000 62 000 
SRA 300 101 000 101 000 

INTRODUCTION 

There are a t  least four  major commonly ava i lab le  systems of computer 
programs f o r  t h e  analysis  of s h e l l s  of revolut ion ( r e f .  1). In  addi t ion 
t o  the  SRA programs presented here ,  these include two f in i te -d i f fe rence  
programs - BOSOR (developed by Bushnell at Lockheed) and SALORS (developed 
a t  the  NASA Langley Research Center) - and Kalnins' programs (developed 
f o r  t he  A i r  Force F l igh t  Dynamics Laboratory). 
t h e  SRA programs are based on t h e  technique of forward in tegra t ion ;  
however, the present system employs the Zarghamee method, which f o r  open 
branch problems reduces the  number of complementary so lu t ions  required by 
a f ac to r  of 2 ( re f .  2). A l l  of these  systems treat the  standard problems 
of stress, buckling, and v ibra t ions  under axisymmetric loading. The main 
fea tures  of t he  SRA system which have not been general ly  ava i lab le  i n  the  
other  systems are: 

A s  are Kalnins' programs, 

(1) 
(2) imperfection s e n s i t i v i t y  ana lys i s  
(3) branched s h e l l  capabi l i ty  ( f ig .  1 )  

The main body of t h i s  report  cons is t s  of user manuals f o r  each of 

buckling ana lys i s  under general asymmetric loads 

the  s i x  SRA programs. 
response t o  asymmetric loads,  is described f i r s t  and i n  complete d e t a i l .  
Only those operat ional  aspects of the  remaining programs which change 
from t h a t  given f o r  SRA 100 are presented. 
cons is t ing  of ove ra l l  l og ica l  flow charts ,subrout ine descr ip t ions ,  

The bas i c  program SRA 100, giving the  l i n e a r  s t a t i c  

Additional program information, 

2 



d e f i n i t i o n  of major FORTRAN variables ,  and descr ip t ion  of nonstandard 
f i les,  is presented i n  Appendix A. 

The ass i s tance  of Raphael T. Haftka, who organized and did most of 
t he  programming f o r  SRA 101, is g ra t e fu l ly  acknowledged. 

SYMBOLS 

r ing  o r  s t r i n g e r  cross-sectional area 

r ing  cent ro ida l  radius  

second postbuckling coef f ic ien t  

r ing  o r  s t r i n g e r  elastic modulus 

or thot ropic  elastic moduli 

a x i a l  and r a d i a l  e c c e n t r i c i t i e s  of r i ng  centroid 
relative t o  corresponding point of subdivision 
on s h e l l  reference sur face  

- s h e l l  l i nea r i zed  s t r a i n s  

ex terna l ly  applied r ing  forces  

equivalent s h e l l  forces  

equivalent dome forces  ( f i r s t  and t h i r d  
component of {Ll f o r  n = 0) 

equivalent dome forces  ( t h i r d  and fourth 
component of 0,) f o r  n = 1) 

components of {Ll 

r ing  o r  s t r i n g e r  shear  modulus 

w a l l  l aye r  half-thickness 

s t r i n g e r  sec t ion  moment of i n e r t i a  about 
c i rcumferent ia l  cen t ro ida l  ax i s  

r ing  sec t ion  moments of i n e r t i a  about centroidal  
axes 

3 



J 

K s t ruc t ural stiffness 

K* initial postbuckling stiffness 

torsion constant of ring or stringer section 

kl ~ k 2  ~ k 3  foundation moduli 

L1 Y L2 surf ace moments 

M1 YM2 meridional and circumferential stress couples 

M ring out-of-plane bending moment 

N number of stringers; also convergence index 

Nx Y Ny ,N$ externally applied ring moments 

n circumferential harmonic number 

Y 

effective shell forces per unit circumferential 
length in axial, radial, and circumferential 
directions, respectively 

circumferential radius of curvature 

r small circle radius 

s , $ , z  meridional, Circumferential, and normal 
coordinates of shell reference surface 

- 
S meridional eccentricity of ring centroid from 

corresponding subdivision point 

T1 YT2 YT12 shell stress resultants 

ring hoop force 

meridional,circumferential, and normal shell 
displacements 

UX Y UY Y U$ ring displacements 

ring rotations xywy w 

x1 p X 2  y X 3  surface loads 

axial and radial derivatives of the unit load 
pressure field (aX3/ax and aX3/ay) 

4 



e 

z 

'r 

est 

K 

K 
Y 

A 

1-11 

1-12 

axial and r a d i a l  coordinates,  respect ively 

r ing  o r  s t r i n g e r  normal cent ro ida l  eccen t r i c i ty  
from s h e l l  inner  sur face  

normal dis tance of reference sur face  from s h e l l  
inner  surface 

f i r s t  and second imperfection funct ionals  

differences through w a l l  l aye r  of or thot ropic  
f r e e  thermal s t r a i n  amplitudes 

s h e l l  s t r e t ch ing  s t r a i n s  

r ing  hoop s t r a i n  

or thot ropic  w a l l  l aye r  mean f r e e  thermal s t r a i n  
amplitudes 

r ing  f r e e  thermal s t r a i n  

s t r i n g e r  f r e e  thermal s t r a i n  amplitude 

sca l ing  f ac to r  f o r  axisymmetric bending 
prebuckling component (SRA 101) 

s h e l l  bending s t r a i n s  

r ing  out-of-plane bending s t r a i n  

load f a c t o r  

load f ac to r  fo r  nonlinear prebuckling s ta te  

eigenvalue obtained by SRA 101; a l so  c r i t i ca l  
load estimate (10 9 us + 1-11> obtained by SRA 201 

c r i t i ca l  load 

eigenvalue s h i f t  f o r  SRA 101; a l s o  buckling 
load of imperfect s t r u c t u r e  

eigenvalue obtained by SRA 201 o r  SRA 300 

eigenvalue which cont ro ls  convergence t o  
u1 by SRA 201 o r  SRA 300 

5 



w 

sequence of eigenvalue estimates obtained by 
SRA 201 o r  SRA 300 

eigenvalue s h i f t  f o r  SRA 201 o r  SEA 300 

Poisson contract ion r a t i o s  with meridional or 
c i rcumferent ia l  stress ac t ing ,  respec t ive ly  

s h e l l  displacements i n  ax ia l ,  r a d i a l ,  and 
circumferent ia l  d i r ec t ions ,  respec t ive ly  

root-mean-square angular imperfection amplitude 

r ing  mass densi ty  

mass d e n s i t i e s  of w a l l  l aye r s  (subscr ipt  
ind ica tes  layer  number, 1 5 i 2 5) 
s h e l l  in-surface stresses 

s h e l l  t ransverse shear stresses 

s t r inge r  cen t ro ida l  stress 

s h e l l  ro t a t ions  about c i rcumferent ia l ,  
meridional, and normal d i r ec t ions ,  respec t ive ly  

v ib ra t ion  frequency 

4x4 boundary condition matrices 

4x1 matrices of superposi t ion constants 

4x1 submatrices of p a r t i c u l a r  so lu t ion  vector 

{:I 
4x1 boundary force  matrix 

matrices r e l a t i n g  IC)  and {dl  of last  sub- 
i n t e r v a l  on a closed branch t o  t h a t  of t he  
f i r s t  subinterval ;  [p] and [$I are 4x4 
matrices, and {q)  is a 4x1 matrix 

4x4 submatrices of complementary so lu t ion  
vectors  b] 
4x4 submatrices of addi t iona l  complementary 
so lu t ion  vec tors  , used only on a closed 
branch El 

6 



4x1 s h e l l  force matr ix  IP,Q,S,M13 {Yl 

{z )  

Generalized f i e l d  var iab les  : 

E s t r a i n  

c7 stress 

4x1 s h e l l  displacement matrix ISyq,v,xl  

Subscr ipts  : 

0 

1,293 

o (  

1( 

2( 

Superscr ipts  : 

( 1' 

( 1- 

prebuckling state va r i ab le  (a t  the  load 
level 10, unless otherwise spec i f ied)  

meridional,  c i rcumferent ia l ,  and normal 
components, respec t ive ly  ( s a m e  as s, 4 z )  

var i ab le  of the  axisymmetric component of 
second-order postbuckling s ta te  

buckling mode va r i ab le  

va r i ab le  of t he  nonsymmetric component of 
second-order postbuckling state 

Matrix superscr ip ts  : 

T transpose 

Generalized f i e l d  va r i ab le  subscr ipts :  

0 prebuckling stat e va r i ab le  (evaluated a t  X 0 
i f  not  otherwise indicated)  

1 

2 

buckling mode va r i ab le  

second-order postbuckling state var iab le  
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Generalized f i e l d  var iab le  superscr ipts :  

( )* evaluated a t  the  cr i t ical  load A, 

SRA 100 

SRA 100 computes the  l i n e a r  stress and displacement response under 
asymmetric loads. Mechanical loads and f r e e  thermal s t r a i n s  (thermal 
loads) are assumed t o  have harmonic circumferent ia l  va r i a t ion  so t h a t  
only t h e i r  amplitudes are input.  
asymmetric loads,  which may be  wr i t t en  as a Fourier series i n  the  circum- 
f e r e n t i a l  coordinate. Each of t he  two components (symmetric and 
antisymmetric) of load harmonics of any order* are t r ea t ed  ind iv idua l ly  
by SRA 100. 
harmonic, only the  amplitudes o f the  response var iab les  are output. 

This i s  s u f f i c i e n t  t o  treat  general  

Since t h e  circumferent ia l  va r i a t ion  of t he  response is  a l so  

Input Data 

The input da ta  cons is t s  e s sen t i a l ly  of :  (1) a case t i t l e  card and a 
case option card,  (2) input t ab le s  giving bas i c  s t r u c t u r a l  da t a  as a 
fuc t ion  of meridional dis tance,  (3) d i s c r e t e  r ing  da ta ,  and ( 4 )  general  
boundary condition matrices. 
fu r the r  below. 

Each of these  types of input  are described 

Case t i t l e  and option cards.- The f i r s t  card of each case is a t i t l e  
card,  on which any shor t  descr ip t ion  of t h e  problems may be punched i n  
standard alphanumeric symbols i n  t h e  f i r s t  72 columns. The second card of 

is a case option card ( f ig .  2). 
t he  computer program the  following information: 

The purpose of t h i s  card is  t o  

i f  s h e l l  contains a closed branch, 
which t ab le s  of da t a  are t o  be input f o r  t he  present  case, and 
which, i n  a sequence of problems, are t o  be taken from the  
preceding case, 
i f  a l l  boundary da ta  is t o  be taken from preceding case 
harmonic number 
t h e  exis tence of r i g i d  body degrees of freedom, 
sur face  on which the  ex terna l ly  applied tangent ia l  sur face  loads 
act, 

*Current format of the case opt ion card l i m i t s  symmetric components t o  
harmonics n < 999, and antisymmetric components t o  harmonics n < 99. 
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(7) 
(8) i f  punched card output is  desired,  and 
(9) 

r e l a t i v e  e r r o r  to le rance  f o r  forward in t eg ra t ion  rout ine ,  

whether o r  not  t o  abor t  run i f  programmed subin terva l  length 
c r i t e r i o n  is  exceeded. 

The format f o r  t he  case opt ion card is as follows: 

Column 4 

Column 6 

Column 8 

Column 10 

Column 1 2  

Column 14 

Column 16 

Column 18  

Column 20 

ColUmns 21-23 

blank: 
1 :  

blank : 

1 :  

blank : 

1 :  

blank : 

1 :  

blank: 

1 :  

blank: 

1 :  

blank : 

1 :  

blank: 

1 :  

blank : 

1 :  

2 :  

open branched s h e l l  
closed branched s h e l l  

geometry ( t ab le  1 )  taken from preceding 
case 
new geometry t o  be input  

w a l l  p roper t ies  ( t ab le  2) taken from pre- 
ceding case 
new w a l l  p roper t ies  t o  be input  

foundation moduli ( t a b l e  3) taken from 
preceding case 
new foundation moduli t o  be input  

s t r i n g e r  proper t ies  ( t a b l e  4) taken from 
preceding case 
new s t r i n g e r  proper t ies  t o  be input  

m a s s  dens i t i e s  ( t ab le  5) taken from pre- 
ceding case 
new m a s s  dens i t i e s  t o  be input  

mechanical loads ( t ab le  
ceding case 
new mechanical loads t o  

thermal loads ( t a b l e  7) 
case 
new thermal loads t o  be 

a l l  boundary da ta  taken 
(co l .  5 of t a b l e  1 does 

6) taken from pre- 

be input  

taken from preceding 

input  

from preceding case 
not  apply) 

col .  5 of t a b l e  1 cont ro ls  input o r  genera- 
t i o n  of boundary conditions 
s a m e  as 1, except t h a t  only load vectors  
change from previous case 

harmonic number, r i g h t  adjusted in t ege r  
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Column 30 This column and t a b l e  5 are used only when n = 0 
o r  1. 
blank: no r i g i d  body degrees of freedom 

exists (axial t r ans l a t ion  f o r  n = 0, and 
lateral t r ans l a t ion  f o r  n = 1) 

2 : r o t a t i o n a l  r i g i d  body degree of freedom 
exists ( ro l l i ng  r o t a t i o n  f o r  n = 0, and 
pi tching r o t a t i o n  f o r  n = 1) 

3 : t r ans l a t iona l  and r o t a t i o n a l  r i g i d  body 
degrees of freedom exist 

1 : t r ans l a t iona l  r i g i d  body degree of freedom 

blank: tangent ia l  sur face  loads X and X2 ( t ab le  6 )  1 Column 34 
act a t  reference surface 

1 : X and X2 act a t  outer surface* 1 
Columns 48-59 r e l a t i v e  e r ro r  tolerance (E12.4) f o r  var iab le  s t e p  

Runge-Kutta forward in tegra t ion  subroutine 

Column 73 blank: no e f f e c t  
1 : prebuckling da ta  (T+,T1,T2,T12,X3) put 

on punch f i l e  

Column 74 blank: no e f f e c t  
) put on punch f i l e  s’ a + s  O s $  

1 : stresses (a 

Column 78 blank: abor t  run i f  subinterval  length c r i t e r i o n  
is exceeded 

subinterval  length c r i t e r i o n  i s  exceeded 
1 : p r i n t  diagnost ic  but continue execution i f  

Columns 6 through 20: I f  one (or more) of t h e  t ab le s  3 through 7 
does not apply i n  a pa r t i cu la r  case,  t he  ind ica tor  1 is used f o r  t h a t  
t a b l e  and no da ta  f o r  t ha t  t a b l e  is included i n  the  corresponding 
case da ta  deck. Data f o r  t h a t  t a b l e  w i l l  then automatically be set t o  
zero. Tables 1 and 2 are always input f o r  a s i n g l e  case or  f o r  the  
f i r s t  case of a sequence of problems. A 2 i n  column 20 ind ica tes  t ha t  
although the  boundary loads may change from t h e  preceding case,  t he  
attached s t ruc tu re  (e.g., a r ing)  is unchanged. It is  thus analogous 
t o  blanks i n  columns 6, 8, 10,and 12, which ind ica t e  t h a t  t he  other 
components of t he  s t ruc tu re  are unchanged. 
t he  harmonic number are unchanged from the  preceding case, i.e., only 
the  loading changed, the  program w i l l  use the  complementary so lu t ions  from 
the  preceding case, thereby reducing execution time. 
individual  boundary conditions from the  previous case is  provided by 
column 5 of t he  geometry t a b l e  cards  (see p. 19). 

I f  t he  t o t a l  s t ruc tu re  and 

A means f o r  taking 

*The s h e l l  outer surface is  defined as the  s h e l l  face a t  which the  posi- 
t i v e  z-direction points  out  of t he  s h e l l  w a l l  (see discussion of 
geometry, page 12). 
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Columns 21-23: Each harmonic loading and response contains  a '  
symmetric and antisymmetric component with respect  t o  a reference a x i a l  
plane, say (3, c: 0. Here, a response (or loading) is defined as being 
"symmetric" o r  "antisymmetric" according t o  whether t h e  associated normal 
de f l ec t ion  (or pressure) i s  an even o r  odd funct ion of 4 ( t ab le  I).* 
Usually t h e  loading and response are assumed t o  be symmetric with 
respect  t o  t h e  reference plane (3, = 0. 
input as a negat ive in teger ,  instead of a pos i t i ve  one, t h e  load 
components w i l l  be taken t o  be antisymmetric, and consequently the  an t i -  
symmetric response w i l l  be output. 
(bending) and antisymmetric ( tors ion)  components are uncoupled and are 
obtained simultaneously. 

However, i f  t h e  harmonic number is 

For t h e  case n = 0, t h e  symmetric 

Columns 48-59: A r e l a t i v e  e r r o r  tolerance of 0.01 is usua l ly  
adequate (and i n  some cases 0.1 is  adequate), although i f  columns 48-59 
are l e f t  blank, t h e  value 0.001 w i l l  be  used. It is, of course, waste- 
f u l  t o  use an e r r o r  tolerance smaller than necessary s ince  computer 
execution time w i l l  be increased with no important gain i n  accuracy. 

Input tables.- Seven d i f f e r e n t  t ab le s  may be  input.  These tab les  are 
l i s t e d  below with the  input parameters i n  parenthesis .  
var iab les  is input  i n  E12.4 format ( f ig .  3). Each card of each of these  
t ab le s  prescr ibes  d a t a  a t  one point  of t h e  s h e l l  meridian. 

Each of these  

TABLE 

1 
2 
3 
4 
5 
6 Mechanical Loads (XI,  X2? X3) 
7 Thermal Loads (81, 82, ,461, A82, 

Geometry ( s ,  r ,  r' , r /R2,  2) 
Wall Proper t ies  (El ,  E2,  E12, V I ,  h)  
Foundation Moduli (kl, k2, k3) 
St r inge r  Proper t ies  (E, NEA, NEI, NGJ, Z) 
Mass Densi t ies  ( P I ,  ~ 2 ,  133, 134, 135) 

@st) 
Tables 1 and 2 are required (i.e.? input  o r  taken from the  preceding case) 
f o r  each problem. 
degrees of freedom. Tables 3, 4, 6, and 7 are input  only i f  applicable.  

Table 5 i s  required f o r  s t r u c t u r e s  having r i g i d  body 

Immediately following the  input t ab le s ,  which are discussed more be- 
low, there should be a card with a 9 punched i n  column l bu t  otherwise 
blank. This "ninet1 card separa tes  t h e  input t a b l e s  from t h e  boundary 

* 
This symmetry with respect  t o  an a x i a l  plane (i.e., one containing the 
axis of revolution) should not  be confused wi th  symmetry with respect  t o  
the  axis of revolut ion i t s e l f ,  or with respect  to  a plane normal t o  t he  
a x i s .  
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data ,  which immediately follow t h e  "nine" card. 
case-even though i n  a sequence of cases the re  may be  no t ab le s  o r  boundary 
da ta  input. 

It is  required f o r  each 

Geometry: I n  order  t o  descr ibe t h e  s h e l l  geometry, a continuous 
reference sur face  i s  used. Ordinarily,  t he  reference surface is  taken as 
the s h e l l  w a l l  middle surface.  However, i n  some cases t h i s  may be  incon- 
venient o r  impossible. 
discont inui ty ,  the  middle sur face  may not  be continuous. In  general ,  the  
reference sur face  may be any convenient sur face  wi th in  o r  near t h e  physi- 
cal s h e l l  w a l l  ( f i g .  1, also see f u r t h e r  discussion below). 

For example, i f  t h e  s h e l l  w a l l  has a thickness 

In  order  t o  def ine the geometry of t h e  reference surface,  a coordi- 
na t e  system must be establ ished.  A right-handed ( s ,  4, z )  coordinate 
system is used, where s measures meridional arc dis tance from an a r b i t r a r y  
reference point  (e.g., a s h e l l  edge), 0 measures c i rcumferent ia l  angle from 
an a rb i t r a ry  reference meridian, and z measures normal d is tance  from the 
reference surface.  The sense of coordinate d i rec t ions  i s  immaterial as 
long as they form a right-handed t r i ad .  I n  the  following discussion t h e  
s h e l l  inner sur face  w i l l  mean the  s h e l l  sur face  where the  pos i t ive  
z-direction poin ts  i n t o  the  i n t e r i o r  of t he  s h e l l  w a l l .  

Each card of t h i s  t a b l e  gives the  values of s (columns 1 3 ~ 2 4 ) ~  r 
(columns 25-36), r' (columns 37-48), r/R2 (columns 49-60), and z (columns 
61-72) at one point  of the  reference surface meridian. 
diagram, r is  the (minimum) d is tance  t o  t h e  ax i s  of revolution, and R2 is 
numerically equal  t o  the  d is tance  along a sur face  normal measured t o  the  
ax i s  of revolution; furthermore, r' = s i n  y and r /R2 = cos y. By conven- 
t i on ,  r is always pos i t ive ,  bu t  R2 is pos i t i ve  only i f  the  pos i t i ve_  
z-direction points  away from the  a x i s  of revolution. 

As  shown i n  the  

I n  addi t ion,  z is  the  

REFERENCE SURFACE 

Z 

AXIS O F  REVOLUTION 

normal d is tance  of t he  reference sur face  measure from the  s h e l l  inner  sur- 
face.  It is pos i t i ve  if the  reference sur face  is displaced from the  s h e l l  
w a l l  inner sur face  i n  the  pos i t i ve  z-direction. I f ,  f o r  example, columns 
61-72 of t a b l e  1 are l e f t  blank, t he  inner  surface w i l l  be  used as t h e  
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reference surface.  
can be shown t h a t  changing the postion of the reference sur face  by a 
uniform amount without changing its o ther  geometrical d a t a  w i l l  have no 
e f f e c t  on the  numerical values of stress and rotat ion.  
o f ,  and t h e  bending moment about, t h e  reference sur face  change however, 
and i t  is necessary t o  account f o r  t h i s  when s e t t i n g  up boundary conditions.. 
For more general s h e l l s ,  harmonic loading, o r  nonuniform reference surface 
t r ans l a t ion ,  changing t h e  reference sur face  w i l l  produce small changes of 
the order  A;/R i n  t h e  so lu t ion ,  where & is t$e reference sur face  s h i f t  
and R i s  a radius  of curvature. 
thickness o r  less, t h i s  change i n  the  so lu t ion  is l i k e  t h e  e r r o r  i n  t h i n  
s h e l l  theory i t s e l f ,  and therefore  in s ign i f i can t .  The e s s e n t i a l  point t o  
remember i n  s e t t i n g  up t h e  reference sur face  is t h a t  it should be a con- 
tinuous sur face  wi th in  o r  near t h e  s h e l l  w a l l .  

For axisymmetric loading of cyl inders  and cones it 

The displacements 

As long as Az is of t h e  order  of the s h e l l  

Two consecutive cards i n  t a b l e  1 with the  same value of s define a 
point of subdivision of t h e  s h e l l  meridian. The f i r s t  card prescr ibes  
data immediately before  the  subdivision point and the  second card pre- 
s c r ibes  da t a  immediately a f t e r  the  subdivision point.  Thirty-two such 
points are allowed. A subdivision point is required a t  the  loca t ion  of: 

(1) a branch point ,  
(2) 
(3) a circumferential  l i n e  load, 
(4) 

an i n t e r i o r  r i n g  o r  o ther  e l a s t i c  attachment, 

a meridional d i scont inui ty  i n  input da ta  (e.g., t h e  juncture of 
a cone and a cylinder o r  a change i n  t h e  number of w a l l  layers), 
and 
a f i c t i t i o u s  boundary in se r t ed  t o  l i m i t  sub in te rva l  length. (5) 

F i c t i t i o u s  boundaries should be in se r t ed  according t o  the rule-of-thumb 

A i  < 3(;t)1’2 

where AR is the a x i a l  subin te rva l  length,  and 2 and E are average values 
of the radius  and thickness over t h e  subin terva l  considered.* This re- 
quirement is  necessary t o  control  numerical round-off e r ror .  I f  a sub- 
i n t e r v a l  is  too long, the  problem w i l l  be aborted ( i f  col. 78 of the  case 
option card is  blank) and an appropriate diagnostic pr inted.  

I n  addi t ion  t o  the  bas ic  geometrical data ,  supplemental data  is 
input on t h e  geometry cards i n  columns 1, 3, 5, 6, and 10-12. Columns 1 
and 10-12 have a similar function f o r  each of t h e  tables .  Column 1 is 

* 
It..is o f t e n  easier t o  use the alternate Cri ter ionAs < 3(&E)1/2. 
o r thot ropic  layered s h e l l s  these criteria may be applied with t replaced 
by (12Ds/C )1/2, where D is the meridional bending s t i f f n e s s  and C 

For 

is 
t h e  hoop s t r e t ch ing  s t i f f n e s s .  4 
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is used pr imari ly  f o r  t a b l e  iden t i f i ca t ion .  
should have the  t a b l e  number i n  column 1. 
geometry t a b l e  should have a 1 i n  column 1. 
the  o ther  tables)  must have an entry number (2100) r i g h t  adjusted i n  
columns 10-12. 
and increases  by whole number amounts on each succeeding card. 
consecutive cards of t a b l e  1, the  en t ry  number increases  by more than 
uni ty ,  s ,  r, r ' ,  'r/R2, and are automatically generated f o r  t he  in t e r -  
vening en t ry  numbers by l i n e a r  in te rpola t ion  with respect  t o  the  en t ry  
number. 
t a b l e  number i n  column 1 on the  second card,  thus allowing i s o l a t e d  entries 
t o  be made on succeeding problems. 
da t a  between d i f f e ren t  t ab le s  t o  the  same meridional point.  

The f i r s t  card of each t a b l e  
Thus, t he  f i r s t  card of t he  

Each card of t a b l e  1 (and of 

The en t ry  number starts a t  1 at  the  i n i t i a l  s h e l l  boundary 
If f o r  two 

This process of in te rpola t ion  may be suppressed by repeat ing the  

The en t ry  number a l s o  serves t o  relate 

Each subin terva l  should have a t  least one i n t e r i o r  point ,  i.e., the 
en t ry  numbers of t he  i n i t i a l  and f i n a l  point  of each subin terva l  should 
d i f f e r  by at least 2. 
have equal s-spacing, although the spacing may be d i f f e r e n t  f o r  d i f f e r e n t  
subintervals .  Note t h a t  i n  t a b l e  1 only i n t e r i o r  po in ts  of each subinter-  
val can be in te rpola ted  poin ts ,  s ince  a point  of subdivision is defined by 
input t ing  two cards f o r  it.' The a c t u a l  number of cards  input  f o r  t a b l e  1 
is therefore  determined by the  number of subdfvision poin ts  and t h e  degree 
of va r i a t ion  of t he  fumtions r, r ' ,  r/R2 and z i n  each subinterval .  For 
example, f o r  a cone only two geometry cards  are required i f  no poin ts  of 
subdivision are necessary. However, i n  order  t o  descr ibe the  response 
funt ions (and possibly input  functions of o ther  tab les )  accurately,  many 
more than two poin ts  are required. This is e a s i l y  accomplished by using 
an appropriate  en t ry  number f o r  the  second card. 

Also, i n t e r i o r  po in ts  within each subin terva l  should 

Columns 3 and 5 of t he  geomet-ry ca rds -pe r t a in  t o  boundary conditions 
Column 6 is used only f o r  branched and are discussed under t h a t  heading. 

s h e l l s ,  which are discussed below. 

I n  s e t t i n g  up the  geometry t a b l e  f o r  branched s h e l l s ,  i t  is usual ly  
convenient t o  think of a main branch o r  trunk of the s h e l l  meridian. This 
is defined as a continuous l i n e  cons is t ing  of segments of t he  s h e l l  
reference meridian containing both the  i n i t i a l  point  (entry number 1) and 
t h e  terminal point  (having the maximum ent ry  number). 
s h e l l  with no closed branch, t h e  t r u n k t i l l  begin a t  some a r b i t r a r y  s h e l l  
edge and terminate  a t  some o ther  a r b i t r a r y  edge. 
meridian contains a closed branch (i.e., a loop),  it is  necessary t h a t  t he  
trunk cons is t  so l e ly  of t h e  loop. 
some a r b i t r a r y  non-branching point  on t h e  loop, and w i l l  terminate a t  the  
same point.  

I n  the  case of a 

However, i f  t he  

I n  t h i s  case, the  trunk w i l l  begin a t  

It is necessary t h a t  each branch point  be a point  of subdivision. 
Only one branch can e x i t  a branch poin t ,  i.e., have increasing s-values 
and en t ry  numbers away from the  branch point .  
sec t ing  a t  a branch point (of which the re  can be a t  most four) must en ter  

A l l  o ther  brmches inter- 

14 



the  branch point ,  i .e.,  on these  branches s-values and en t ry  numbers 
should increase  towards t h e  branch point.  
meridian, when a branch point  is  encountered, it is  necessary t o  descr ibe 
a l l  branches en ter ing  t h e  branch point  before continuing with the  branch 
ex i t i ng  the  branch point.  
a subin terva l  terminating at a branch point  and the re  remain undescribed 
as y e t  more branches en ter ing  the  branch point ,  the  next en t ry  w i l l  be  an 
edge of one of these  branches. 
en t ry  numbers and the  same value of s, j u s t  as an ordinary poin t  of 
subdivision, even though they represent  d i f f e r e n t  points  on t h e  meridian. 
On the  o ther  hand, i f  an en t ry  represents  t h e  f i n a l  point  of a subin terva l  
terminating at  a branch point ,  and a l l  other  branches en ter ing  the  branch 
point  have been described, t he  next en t ry  is  t h e  i n i t i a l  point  of the 
branch ex i t i ng  the  branch point.  Again, these  two cards should have 
consecutive en t ry  numbers and t h e  same values of s and r, as, i n  f a c t ,  i n  
t h i s  case an ordinary point  of subdivision i s  being described. I n  e i t h e r  
case, i f  an entry represents t h e  f i n a l  point of a subin terva l  terminat ing 
a t  a branch point ,  it i s  necessary t o  punch i n  column 6 of t h a t  card the  
corresponding branch point  number (r7), which should be preassigned by the  
mer i n  any convenient way. 

I n  s e t t i n g  up the  s h e l l  

Thus, i f  an en t ry  represents  t he  f i n a l  point of 

These two cards should have consecutive 

W a l l  propert ies :  This t a b l e  is composed of separa te  subtables ,  one 
f o r  each layer.  Each card corresponds t o  one value of s f o r  one layer  and 
gives t h e  value of 

E1 (columns 13-24) meridional modulus of e l a s t i c i t y  
E2 (columns 25-36) c i rcumferent ia l  modulus of e l a s t i c i t y  
E12 (columns 37-48) shear  modulus 
ul (columns 49-60) Poisson's contract ion r a t i o  with meridional 

stress ac t ing  
h (Columns 61-72) l aye r  half-thickness 

I n  addi t ion  t o  the  t a b l e  number 2 i n  column 1 f o r  the  very f i r s t  card 
of t he  w a l l  l aye r  t ab le s ,  t he  f i r s t  card of each subtable  should have the 
l aye r  number i n  column 7. If the  l aye r  number is  inadvertent ly  omitted 
from the  f i r s t  l aye r  subtable  input  f o r  t ab le s  2 and 7 ,  t h e  de fau l t  l aye r  
number 1 w i l l  be  used. However, addi t iona l  l aye r  subtables  must have a 
l aye r  number. Wall l aye r s  are numbered i n  t h e  d i r ec t ion  of increasing z 
s t a r t i n g  with uni ty  f o r  t h e  l aye r  a t  the  s h e l l  inner  surface.  It should 
be noted t h a t  t he  l aye r  numbering is done loca l ly ,  s o  t h a t  a given 
continuous physical l a y e r  may have a d i f f e r e n t  l a y e r  number a t  d i f f e ren t  
loca t ions  on the  meridian. However, s ince  the  number of l aye r s  can only 
change a t  a subin terva l  boundary, l ayer  numbering is unique i n  each 
subinterval .  

I n  t h e  case of l a y e r  subtables  of t a b l e  2, and a l so  t a b l e s  3 - 7, i f  
f o r  two consecutive cards' t he  en t ry  number increases  by more than uni ty ,  
da t a  f o r  t he  intervening en t ry  numbers are automatically generated by 
linear in t e rpo la t ion  with respect  t o  the  s-values corresponding t o  the  
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intervening en t ry  numbers. For t h i s  purpose, i t  is necessary t h a t  t a b l e  
1, which contains t h e  s-values, be input f i r s t .  As with t a b l e  1, the  
in t e rpo la t ion  may be suppressed by repeating on the  second card the  t a b l e  
number i n  column 1 or ,  i n  t he  case of t ab le s  2 and 7, t he  w a l l  l aye r  number 
i n  column 7. This would be done, f o r  example, a t  the  f i r s t  en t ry  of the  
second por t ion  of a d i s jo in t ed  layer .  Note t h a t  i n  cont ras t  t o  t a b l e  1, 
da ta  cards f o r  t ab le s  2 - 7 corresponding t o  i n t e r i o r  points  of sub- 
d iv is ion  may not  be necessary. 

Foundation moduli: It is  assumed t h a t  an elastic foundation produces 
force  components pe r  u n i t  area on the  s h e l l  i n  s,  4 ,  and z d i rec t ions  
which are proport ional  and opposite t o  t h e  l o c a l  displacement components 
i n  s,  +, and z d i rec t ions ,  respectively.  The constants of propor t iona l i ty  
(foundation moduli) f o r  s ,  4 ,  and z di rec t ions ,  denoted by k l  (columns 
13-24), k2 (columns 25-36), and k3 (columns 37-48) , respect ively,  are input 
on one card f o r  each value of s .  The tangent ia l  forces  associated with 
ky and k2 a l s o  produce s m a l l  surface moments by v i r t u e  of t he  assumption 
t h a t  they act at the  s h e l l  inner  surface.  

S t r inger  propert ies :  S t r ingers  are t r ea t ed  by circumferent ia l ly  
smearing-out'' t h e i r  s t i f f n e s s .  I n  so doing, i t  is assumed t h a t  a t  each 

For t h i s  approximation t o  be accurate  it i s  necessary t o  

I 1  

meridional s t a t i o n  the  s t r i n g e r s  are equal ly  spaced around the  s h e l l  
circumference. 
have several (more than 2) s t r i n g e r s  f o r  each circumferent ia l  wave of 
the  response. 
s ec t ion  proper t ies  a t  one point  of the  s h e l l  meridion: 

Each card of this t a b l e  contains t h e  following s t r i n g e r  

E (columns 13-24) elastic modulus 
NEA (columns 25-36) t o t a l  extensional  s t i f f n e s s  of a l l  s t r i n g e r s  
NE1 (columns 37-48) t o t a l  normal bending s t i f f n e s s  of a l l  s t r i n g e r s  

(I taken about c i rcumferent ia l  cen t ro ida l  ax is )  
N G J  (columns 49-60) t o t a l  t o r s iona l  s t i f f n e s s  of a l l  s t r i n g e r s  
z (columns 61-72) normal eccen t r i c i ty  of the  s t r i n g e r  centroid 

measured from the  s h e l l  inner  surface,  pos i t i ve  
i n  the  d i r ec t ion  of t he  pos i t i ve  z-axis. 

Mass dens i t ies :  Although SRA 100 is e s s e n t i a l l y  a s h e l l  s tatics 
program, the  quas i - s ta t ic  problem of a s h e l l  s t r u c t u r e  acce lera t ing  i n  a 
r i g i d  body mode can be t r ea t ed  automatically.* 
specifying t h e  type of r i g i d  body freedom i n  column 30 of the  case option 
card and input t ing  mass dens i t i e s  f o r  t he  s h e l l  and r ings.  
w i l l  then automatically generate the  d i s t r ibu ted  i n e r t i a l  forces  which 
equ i l ib ra t e  t h e  applied loads. 
se l f -equi l ibra t ing  system of forces  is  then obtained. Even though t h e  
s t r u c t u r e  lacks  i n  t h i s  case r i g i d  body cons t ra in t ,  i t  is st i l l  
necessary t o  specify a r t i f i c a l l y  the  missing cons t ra in t  (see page 23). 

This is  accomplished by 

The program 

The static response of the  r e su l t i ng  

*Note t h a t  r i s i d  body degrees of freedom e x i s t  only f o r  n = 0 o r  1. 
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This w i l l  not  affect t h e  so lu t ion ,  however, s ince  t h e  r e su l t i ng  reac t ion  
w i l l  be  e s s e n t i a l l y  zero. 

Each card of t h i s  t ab le  represents  t he  s h e l l  w a l l  l a y e r  mass 
dens i t i e s  (pi, i I 5) i n  t h e  order  of increasing l a y e r  number i f o r  a 
point  of t he  s h e l l  meridian ( f ig .  2). 

The mass of s t r i n g e r s  can be accounted f o r  by t h e  use of a f i c t i t i o u s  
layer  with zero s t i f f n e s s  but with the  s a m e  m a s s  (generally,  a d i f f e r e n t  
mass densi ty)  and a half-thickness equal t o  t h e  cent ro ida l  eccen t r i c i ty  of 
the  s t r i n g e r  c ross  sec t ion  r e l a t i v e  t o  the  neares t  s h e l l  face.  The mass 
dens i ty  of r ings  are input with other  r ing  da ta  (see p.  21). 

Mechanical loads: Harmonic amplitudes X I ,  X 2 ,  Xg of applied sur face  
force components per u n i t  area i n  s ,  0, and z-directions,  respect ively,  
are input  i n  t a b l e  6 .  The corresponding symmetric force  components are 
Xlcos n4, X2sin n4, and Xgcos n+, whereas the  corresponding antisymmetric 
force components are Xlsin n$, X ~ C O S  n4, and X ~ s i n  n+. The tangent ia l  
components X1 and X 2  may be spec i f ied  t o  act e i t h e r  at the  s h e l l  reference 
sur face  o r  the  s h e l l  outer  sur face  by use of column 34 of the  case opt ion 
card. When applied at the s h e l l  ou ter  surface,  t he  small moments they 
produce about t he  reference sur face  are automatically accounted for .  

Mechanical loads ac t ing  on r ings  and o ther  l i n e  loads are input  with 
other boundary data  (see p. 21). 

Thermal loads ( f r e e  thermal s t r a i n s ) :  For each layer ,  t he  averages 
81, 82 and differences A81,  A02 of f r e e  thermal s t r a i n  harmonic amplitudes 
i n  s ,  +direc t ions ,  respect ively,  are required.  Thus, if t h e  superscr ip t  
(+) means evaluated a t  the l aye r  face with pos i t i ve  z-direction point ing 
out of t h a t  l aye r  and t h e  superscr ip t  (-) means evaluated at the  l aye r  
face  with pos i t i ve  z-direction point ing i n t o  t h a t  l ayer ,  then 

e l  = (es + + es-)/2 

t The f r e e  thermal s t r a i n s  B s  and are defined as ,f ci d t  and It c1 d t  

respec t ive ly ,  where t is  the  l o c a l  temperature, t 
and cis and ci t he  thermal coe f f i c i en t s  of expansign i n  s and (p di rec t ions .  

p roper t ies  of t a b l e  2,  and the  use of column 7 of t h e  input cards  f o r  t h i s  
t a b l e  is the  same as €or  t ab le  2. 

harmonic amplitude 8 

t o  9 t o  4 
a reference temperature, 

4 
81, 8 2 ,  A81, and A82 are input f o r  each l aye r  j u s t  as t h e  w a l l  layer  

Also input along with the  f i r s t  l ayer  f r e e  thermal s t r a i n s  is the  
of t he  s t r inge r s .  The s t r i n g e r  f r e e  thermal s t r a i n  st 
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is assumed t o  be uniform over a cross sec t ion  of each s t r i n g e r  bu t  may 
vary from s t r i n g e r  t o  s t r inge r .  
t i o n  f o r  t h e  d i s c r e t e  s t r i n g e r s  can then be formed by assuming t h a t  the 
value of the  free thermal s t ra in  f o r  each s t r i n g e r  appl ies  over t h e  
circumferent ia l  arc centered a t  the  s t r i n g e r  and extending on e i t h e r  s i d e  
t o  t h e  midpoint of the  interval formed by t h a t  s t r i n g e r  and t h e  adjacent 
s t r inge r .  
following da ta  f o r  a point  of t h e  s h e l l  meridian: 
(columns 25-36), A01 (columns 37-48), A02 (columns 49-60), and est 
(columns 61-72). 
t h a t  columns 61-72 are le f t  blank. 

-The equivalent c i rcumferent ia l  d i s t r ibu-  

Thus, each card corresponding t o  w a l l  l aye r  1 contains the  
81 (columns 13-24), 82 

The remaining layers  are t r ea t ed  the  s a m e  way except 

A l l  symmetrical f r e e  thermal s t r a i n  components vary circumferent ia l ly  
as cos n$, whereas antisymmetrical components vary as s i n  n$. 
thermal s t r a i n  amplitudes of r ings  are input  along with o ther  r ing  da ta  
(see p. 21). 

Free 

Boundary conditions.- The boundaries of the s h e l l  are defined as a l l  
s h e l l  edges plus  a l l  i n t e r i o r  subdivision points .  
discussion, the  closure point  of a closed branch although not  spec i f ied  
i n  t h e  same manner as other  i n t e r i o r  boundaries is c l a s s i f i e d  here  as 
an i n t e r i o r  boundary. A s  i t iscussed previously,  t he  boundaries o ther  than 
t h e  i n i t i a l  and f i n a l  en t ry  are spec i f ied  i n  t h e  geometry t a b l e  by 
repeating t h e  same value of s on two consecutive cards. 
conditions must be determined f o r  each boundary. 
boundary conditions is  expressed by four  equations r e l a t i n g  four  bas i c  
force  var iab les  t o  four  corresponding displacement var iab les .  I n  matrix 
notat ion,  these  four  equations may be wr i t t en  as [B]A{y) 4- [Dliz) = {L), 
where {y)  i s  the  column force  vector  (P, Q, S ,  MI), and {z) is  t h e  column 
displacement vector  ( E ,  n, v, x). A t  an i n t e r i o r  boundary, ACy) repre- 
sents the  change i n  {y l  across  t h e  boundary,* i-e. ,  ACyl i s the  value of 
{y) on the  ex i t i ng  branch minus the  sum of the  values of {y} on a l l  
en ter ing  branches. A t  a l l  edges other  than a terminal edge (i.e,,  t h e  
f i n a l  en t ry) ,  A(y) denotes simply cy}, whereas a t  a terminal. edge A{y} 
denotes -{y}. 
these (force-free,  r ings,  and dome c losures) ,  t he  4x4 matrices [B] and 
[D], and the  vector  ( L l  are automatically generated by the  program. 
The fourth type of boundary is  a more general  type, f o r  which the  [B],  
[D], and {L) matrices themselves may be input.  

For the  purpose of 

A set of boundary 
I n  general, each set of 

Four types of boundaries are t r ea t ed ,  and for t h ree  of 

For the  purpose of def ining the s ign  convention of t he  above forces  
and displacements, i t  is convenient t o  def ine  pos i t i ve  a x i a l  (x) and 
r a d i a l  (y) d i r ec t ions  as follows (see diagram). 

*The cont inui ty  of t he  displacement vector  Izl at  an i n t e r i o r  boundary 
is automatically enforced by the  program. 
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$9 FAXIS OF REVOLUTION 

The pos i t i ve  x-direction is  acute  t o  ‘ the  pos i t ive  (negative) s-direct ion 
i f  t he  pos i t i ve  z-direction points  away from (towards) t he  ax i s  of 
revolution. The pos i t i ve  y-direction always poin ts  r a d i a l l y  away from 
the  a x i s  of revolution. Then, 5 ,  0 ,  v a r e  pos i t i ve  if i n  t h e  pos i t i ve  
x,  y, + di rec t ions ;  and x is  pos i t i ve  i f  its vector  points  i n  t h e  pos i t i ve  
+-direction. 
with outward normal point ing i n  the  pos i t i ve  s-direction.have t h e  same 
pos i t i ve  d i r ec t ions  as the corresponding displackhents.  

The fo rces  p, Q, S-and moment I41 ac t ing  on a normal sec t ion  

The boundary type is spec i f ied  by an ind ica tor  i n  column 5 of t he  
geometry t a b l e  cards.  
each subin terva l  and the  f i n a l  point  of the  meridian. Thus, f o r  example, 
t he  boundary type of a branch point is spec i f ied  i n  column 5 of t he  f i r s t  
entry of t h e  subin terva l  ex i t i ng  the  branch point ,  and t h e  boundary type 
of t h e  edge of a branch en ter ing  a branch point  is spec i f ied  i n  column 5 
of t he  first en t ry  of the  f i r s t  subin te rva l  of t he  branch. In  the  case 
of a closed loop, t he  boundary type of the  closure point  (corresponding t o  
the  first and last  point  of t he  meridian) is  spec i f ied  i n  column 5 of t he  
f i n a l  en t ry  card of t h e  geometry tab le .  
f i r s t  entry,  although read, i s  not  used. The code f o r  column 5 is  given 
below. 

This column appl ies  only a t  the  i n i t i a l  en t ry  of 

In  t h i s  case, column 5 of t he  

Column 5 ( t ab le  1) Type of boundary Input d a t a  -requfred 

blank 
1 
2 
3 

4 

force-free (Acyl = 0) none 
r i n g  r ing  da ta  
prescribed [E], [D], and {L} [ B l ,  [Dl, {L} 
bo’mdary da ta  taken none 

dome closure none 
from previous case 
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Although the  column 5 indica tor  is  input on cards  of t a b l e  1, it should 
be thought of as a separa te  t a b l e  within t h e  computer. 
cases, i n  order t o  change t h e  type of a boundary, it is necessary t o  
re-input t h e  complete geometry card corresponding t o  t h a t  boundary, 
repeat ing a l l  t he  geometrical data.  
t h ree  d i f f e r e n t  loadings of t h e  same r ing-st i f fened s t r u c t u r e  are t o  be 
run i n  succession, i t  would be  des i r ab le  not t o  have t o  re-input the  r ing  
da ta  f o r  the  second and t h i r d  cases. This can be accomplished simply by 
leaving column 20 of t h e  case option card blank. But i f ,  ins tead,  t h e  
proper t ies  of one (or more) r i n g  varies from case t o  case, a 1 would be 
required i n  column 20. The da ta  f o r  t he  unchanged r ings  s t i l l  does no t  
have t o  be re-input i f  f o r  t h e  second case the  geometry cards corresponding 
t o  those r ing  boundaries are re-input,  each with a 3 i n  column 5.* 
of these  cards  should a l so  have a 1 i n  column 1 t o  suppress in te rpola t ion  
a t  the  intervening entries (which would cause erroneous geometrical 
da t a  t o  be generated). For Succeeding cases a f t e r  the  second, it is not 
necessary t o  input a 3 i n  column 5 f o r  unchanged r ings  and hence f o r  these  
cases no geometry cards  should be input.  In  general ,  the  code 3 i n  
column 5 should only be used i f  t h e  previous case contains  a 1 or 2 i n  
column 5 f o r  t he  corresponding boundary. 

In  a sequence of 

A s  an example, i f  t h ree  cases of 

Each 

I f  the  s h e l l  has a dome closure,  t h e  geometrical da t a  is input  only 
up t o  an ar t i f ic ia l  edge of s m a l l  radius .  
5 of t he  geometry t a b l e  card corresponding t o  t h i s  boundary. 
boundary condi t ions t o  be generated which represent  t he  e f f e c t  of t h e  
small deleted cap. 
f i r s t -order  i n  the  rad ius  of t he  a r t i f i c i a l  edge, it is necessary t h a t  
t h i s  edge be su i t ab ly  small. 
i f  at t h i s  edge r / R p  5 0.05. 
replaced by r / r g  s 0.05, where r g  is  the  outer  rad ius  of t he  p l a t e .  
should be noted t h a t  t h e  edge rad ius  r cannot be decreased a r b i t r a r i l y  
since execution time increases  without bound as r + 0. 

A 4 is then inser ted  i n  column 
This causes 

Since these  boundary condi t ions are co r rec t  only t o  

It is found that good accuracy i s  obtained 
For a p l a t e ,  t h i s  conditon may be 

It 

For SRA 100 t h e  only u s e  of column 3 of t h e  geometry t a b l e  pe r t a ins  t o  
s h e l l  s t ruc tu res  which have a plane (normal t o  the  axis of revolution) 
of symmetry about which t h e  loading is a l s o  symmetrical or  antisymmetrical. 

*Since i n  t h i s  case t h e  geometrical da t a  is not  being changed, column 6 
of the  case option card should be l e f t  blank. A 3 i n  column 5 simply 
changes t h e  s ign  of corresponding value i n  t h e  s tored column 5 t ab le ,  and 
t h e  so-formed negative va lue  causes t h e  boundary da ta  t o  be taken from 
t h e  previous case. 
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I n  t h i s  context,  a symmetrical loading is  one f o r  w h i c h  X2, X3, and the 
f r e e  thermal s t r a i n s  are even functions of s and X i  is an odd function of 
s when s i s  measured from the  plane of symmetry. The reverse is t r u e  f o r  
a n  antisymmetrical loading. In  e i t h e r  case i t  i s  only F e s s a r y  t o  model 
one ha l f  of t h e  s h e l l ,  thereby reducing the computer execution t i m e  and 
allowing more cmputef  s torage f o r  t he  remaining half .* Note t h a t  the  plane 
of symmetry:can correspond t o  one o r  more s h e l l  edges. I f ,  i n  addi t ion,  a 
r ing  ‘(of symmetrical cross  sec t ion)  is attached a t  the  plane of symmetry, 
the  problem can be run simply by input t ing  the  actual r ing  da ta  (see below) 
and i n s e r t i n g  an 8 i n  column 3 (along with the required 1 i n  column 5) fo r  
the  corresponding card of the  geometry t a b l e  i n  t h e  case of symmetrical 
loading, o r  a 9 i n  column 3 i n  the  case o f  antisymmetrical loading. 
the  purposes of s a t i s f y i n g  c e r t a i n  boundary condition r e s t r i c t i o n s  i n  
the  cases n = 0 o r  1 (see p. 23) ,  i t  should be noted t h a t  kinematic 
cons t ra in ts  are imposed a t  a symmetry edge, viz.  5 = x = 0 i n  the  case of 
a symmetrical loading, and ri = v = 0 i n  the  case of an antisymmetrical 
loading. 

For 

Immediately following the input  t ab le s  the re  should be a card with a 
9 punched i n  column 1. 
t h i s  card. This cons is t s  of r ing da ta  and [B], [D], (L) cards,  which are 
input f o r  each boundary i n  t h e  order  i n  which the  boundary type is 
spec i f ied  i n  column 5 of t h e  geometry tab le .  
t o  input  boundary data  f o r  a branch poin t ,  t h i s  da t a  w i l l  be read a f t e r  t he  
boundary da ta  f o r  boundaries on a l l  branches en ter ing  the  branch point.  

Boundary data  f o r  boundary types 1 and 2 follows 

Note t h a t  i f  it is necessary 

Ring data:  Ring react ions are assumed t o  e n t e r  t h e  s h e l l  a t  the  
corresponding point of subdivision. For each r ing,  t he  r ing  data  is input 
on th ree  cards i n  t h e  format 6312.4 ( f ig .  4). 
t he  following sec t ion  propert ies :  EA, E Ix ,  E 1  E 1  GJ, E. The second 

card contains the  harmonic amplitudes of t h e  mechanical l i n e  forces  F F 

F6, and moments Nx, Ny, N 4 ,  a l l  pe r  u n i t  length,  applied a t  the  r ing  

centroid.  
r i ng  mass densi ty  p ,  elastic modulus E,  and the  harmonic amplitude of t he  
r ing  f r e e  thermal s t r a i n  0 Here E and G are normal and shear  elastic 
moduli of the  r ing  (assume5 homogeneous and i so t rop ic ) ,  A is  t h e  r ing  
cross-sectional area, Ix, Iy, and I 

i n e r t f a  abdut the  axial and r a d i a l  cen t ro ida l  axes (see p .  19 ), J is the  
tors ion  constant ,  and S and B are the  coordinates of the  r ing  centroid with 
respect t o  l o c a l  s, z axes with o r ig in  a t  the  in t e r sec t ion  of a normal 
s h e l l  element thzough the  point  of subdivision and t h e  s h e l l  inner  surface 
(see diagram). 

*If t he  purpose of the  run is  t o  prepare prebuckling da ta  f o r  SRA 101, then 

The f i r s t  card cons is t s  of 

Y’ X y ’  

x’ y’ 

The t h i r d  card contains the  meridional- r i n g  eccen t r i c i ty  5, t h e  

are the  moments and product of 
XY 

t he  f u l l  s h e l l  should be modeled i n  the case of a n t y s i m e t r i c a l  loading. 
I n  t h i s  case, t h e  buckling mode is  ne i the r  symmetrical nor antisymmetrical. 
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POINT REFERENCE SURFACE OF SUBDIVISI 

INNER SURFACE 

POSITIVE AS SHOWN 

- 
z NEGATIVE 

/=IS OF 

The proper t ies  p and E are required only f o r  t h e  i n t e r n a l  generation of 
i n e r t i a l  loads i n  t h e  case of an acce lera t ing  s t r u c t u r e  ( i .e . ,  when 
column 30 of the  case opt ion card i s  not  blank).  
is  assumed t o  be uniform over each cross  sec t ion  of t h e  ring. The 
circumferent ia l  var ia t ion  of the  symmetrical (antisymmerrical) r i ng  load 

The f r e e  thermal s t r a i n  Or 

components is cos n4 ( s i n  n$) f o r  Fx, F N 0 and-s in  n$ (cos n$) f o r  
Y’ 4 ’  r F4, Nx, N Y 

Prescribed [B], [D] ,  and {L) matrices: I f  it i s  desired t o  input t he  
boundary condition [B]A{y) + [D]{z) = {L), corresponding t o  a 2 i n  column 
5 of t he  appropriate  geometry card, t h i s  can be accomplished by input t ing  
the  [B],  [D],  and {L) matrices. For example, a clamped edge corresponds 
t o  [B] = [O], [D] = [I], and {L) = EO}. Each set of t h i s  type of boundary 
da ta  cons is t s  of e ight  cards,  each of t h e  f i r s t  four  cards giving the  
elements of t he  corresponding row of t h e  [B] matrix i n  the  format 4312.4, 
and each of t h e  second four  cards giving the  elements of the  corresponding 
rows of t he  [D] matrix and {L) vector  i n  the  format 5E12.4 ( f ig .  5). 

Boundary da ta  r e s t r i c t ions :  Although the re  are no r e s t r i c t i o n s  on t h e  
number of boundaries with kinematic ( i -e . ,  displacement) cons t ra in t  on 
open branches, on a closed loop at most one boundary with kinematic 
cons t ra in t  can be t reated.  Furthermore, i f  kinematic cons t ra in t  does 
exist a t  some point  on a closed loop, i t  is necessary t h a t  t h i s  point  be 
chosen as the  closure point.  

For the  spec ia l  cases of zero’th (n  = 0) and f i r s t  (n = 1) harmonics 
c e r t a i n  force  boundary conditions a re&ys ica l ly  incompatible. For n = 0, 
2~rrAP and 2nr AS represent r e su l t an t  axial force  and moment, respect ively,  
ex te rna l ly  applied a t  a s h e l l  cross  sect ion.  
i f i e d  at a l l  boundaries-since given AP o r  AS at a l l  boundarfes but one,overalf 

2 

Hence AP o r  AS cannot be spec- 
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a x i a l  force  and moment equilibrium of the  s h e l l  determines the  correspond- 
ing values a t  the  remaining boundary. I n  addi t ion,  t h e  e f f e c t  of 
a r b i t r a r y  r i g i d  body a x i a l  displacement and ro t a t ion  should be eliminated 
by specifying 5 and v each a t  some boundary.* I n  general ,  AP o r  AS is  
l e f t  unspecified at the  boundary where 5 or  v, respect ively,  is specif ied.  

For n = 1, -ar(AQ - AS) and -sr(rAP + AMI) represent  resultant 

Hence AQ - AS cannot be spec i f ied  at a l l  boundaries 
t ransverse force  and moment, respect ively,  ex te rna l ly  applied a t  a s h e l l  
cross  sec t ion .  
s ince  these values are re l a t ed  by r e su l t an t  t ransverse force equilibrium. 
Furthermore, i f  A Q  - AS is  spec i f ied  a t  a l l  boundaries bu t  one, then 
rAP + AM1 may at  most be spec i f ied  a t  a l l  boundaries bu t  one, s ince  
r e su l t an t  t ransverse force  and moment equilibrium would then determine 
AQ - 1ys and rAP + AM1 at the remaining boundary (or  boundaries). On t h e  
other  hand, rAP + AM1 may be spec i f ied  a t  a l l  boundaries, but  then 
AQ - AS may at most be  spec i f ied  a t  a l l  boundaries but two. 
the  e f f e c t  of a r b i t r a r y  r i g i d  body t ransverse  displacement and ro t a t ion  
should be eliminated by specifying e i t h e r :  (1) 11 o r  v and 5 o r  x each a t  
some boundary o r  (2) rl o r  v at two boundaries.* I n  general, AQ - AS is 
l e f t  unspecified a t  the  boundary (or  boundaries) where 0 o r  v is spec i f ied ,  
and rAP + AM1 is l e f t  unspecified a t  the  boundary where 5 or  x is specif ied.  

I n  addi t ion,  

A s  noted previously,  even i n  the  case of a s h e l l  wi th  r i g i d  body 
freedom, i t  is s t i l l  necessary t h a t  r i g i d  body cons t r a in t s  be provided. 
These w i l l  not a f f e c t  t he  so lu t ion ,  however, s i n c e  the  corresponding 
r e su l t an t  force (and/or moment) w i l l  tu rn  out t o  be  e s s e n t i a l l y  zero. 
Also, it  should be noted t h a t  symmetry conditions generated i n t e r n a l l y  
when only ha l f  of a symmetrical s t r u c t u r e  is modeled provide p a r t i a l  r i g i d  
body cons t ra in t  depending on whether t h e  loading is  symmetrical o r  an t i -  
symmetrical (see p. 21).This is the  only case i n  SRA 100 of i n t e r n a l l y  
generated boundary conditions providing r i g i d  body cons t ra in ts .  

Input Deck Set-Up 

A s  a convenience t o  the  user ,  four  types of input  shee ts  are supplied 
( f igs .  2-5), which may be used as an a i d  i n  s e t t i n g  up the  input  deck. 
These shee ts  are e s s e n t i a l l y  self-explanatory and represent  a condensation 

~ 

*As noted above, boundaries on closed branches o ther  than t h e  c losure  
point ,  are excluded from t h i s  use. It has been observed f o r  n = 0 t h a t  
spec i f i ca t ion  of t h e  r i g i d  body cons t ra in t  5 = 0 at  the  closure point  of 
a loop r e s u l t s  i n  an undetermined r i g i d  body displacement superimposed on 
t h e  axial displacement f i e l d  5 .  It may be noted that f o r  n = 1 specifying 
the  combinations 11 + v o r  5 - rx does not  provide any cons t ra in t  against  
r i g i d  body motions s ince  they are unaffected by r i g i d  body motion. 
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of t h e  preceding discussion. 

It o f t en  happens t h a t  t he  so lu t ion  of a problem requires  several 
cases t o  be  run on SRA 100. Parametric s tud ie s ,  f o r  example, may requi re  
many cases which, i n  general, reflect modifications i n  s h e l l  geometry. 
Even a s i n g l e  geometry problem, however, may requi re  several harmonics, 
o r  several cases r e f l e c t i n g  an envelope of applied loading and/or boundary 
conditions. 

Whenever possible,  mult iple  cases should be stacked f o r  a s i n g l e  pass 
solut ion,  r a t h e r  than run individual ly .  Not only is turn-around t i m e  
shortened., but  ac tua l  execution t i m e  is lessened as w e l l .  I n  pa r t i cu la r ,  
execution t i m e  is grea t ly  reduced when t h e  stacked cases r e f l e c t  d i f f e r e n t  
loadings with the  same harmonic number applied t o  t h e  same s h e l l  geometry. 

For each case of a s tack,  a minimum of th ree  cards i s  always required. 
These th ree  cards are (1) a t i t l e  card, 
a "nine" card. 
card of t h e  previous case. 
end-of-file card is reached. 

(2) a case opt ion card, Wd (3) 
The t i t l e  card of t h e ' w x f  case need only follow t h e  last  

The program handles each case i n  t u r n  u n t i l  an 

Case opt ion card.- For t h e  f i r s t  case of a stack, columns 6 ,  8, ... 18 
m u s t  each contain a 1. For t h e  cases which follow, t h e  1 is omitted from 
those columns corresponding t o  tab les  thich are unchanged from the previous 
case. I n  o ther  words, a 1 is inser ted  i n  a column only when the  
corresponding t a b l e  of t h e  previous case is t o  be modified f o r  t he  present 
case. For a sequence of closed branch cases, i t  is necessary t h a t  the  
case option card of each case contain a 1 i n  Column 4- 

For t h e  f i r s t  case of a s tack,  column 20 m u s t  a l s o  contain a 1. For 

Leaving column 
t h e  cases which follow, t h e  1 is omitted from t h i s  column only when 
of the  boundary da ta  is unchanged from t h e  previous case. 
20 blank is  equivalent t o  re-inputting the geometry t a b l e  cards correspond- 
ing  t o  a l l  r i n g 4  prescribed boundaries with a 3 i n  column 5. 
succeeding case, i t  is necessary t o  change only boundary loads (i.e., r ing  
forces  o r  {Lbvectors  a t  prescribed boundaries),  then a 2 should be  punched 
i n  column 20. 

I f  i n  a 

Changing t a b l e  data.- I n  a sequence of problems it  is possible  t o  use 
p a r t  of a t a b l e  from the  previous case. 
enter ing a 1 i n  the  corresponding column of t h e  case opt ion card,  and then 
input t ing  only those cards  with the  new da ta  f o r  t h a t  table .  
card of t he  revised t a b l e  requires  t h e  appropriate  i n t ege r  i n  column 1 t o  
specify t h e  p a r t i c u l a r  t a b l e  geing changed. 

p a r t i a l l y  input:  

This is accomplished by f i r s t  

The f i r s t  

The following ru les  m u s t  be  observed i f  e i t h e r  t a b l e  1 o r  t a b l e  2 i s  

(1) I f  t a b l e  1 is p a r t i a l l y  input ,  it is necessary t o  re-input t he  

24 



t he  geometrical d a t a  cards f o r  t he  f i n a l  point  of subintervals  
terminating a t  branch points  and the  f i n a l  point  of t he  meridian. 

(2) If t a b l e  2 is p a r t i a l l y  input,  it is necessary t o  re-input the 
l aye r  proper t ies  f o r  the w a l l  l ayer  wi th  maximum l a y e r  number 
(22) f o r  t he  i n i t i a l  point  of each subinterval .  
necessary i f  t h e  s h e l l  w a l l  cons is t s  of a s i n g l e  layer .  

This is not  

A t a b l e  no t  input is taken from the  preceding case i f  the  corresponding 
column on t h e  case decis ion card is l e f t  blank, o r  is in t e rp re t ed  as not 
applying (i.e., a l l  zeros) i f  1 is entered i n  t h a t  column. Even when no 
t ab le  da ta  is input ,  a "nine" card is required. 

Because boundary codes (col.  5) are input  v i a  t a b l e  1, i t  i s  o f t en  
required t o  suppress in t e rpo la t ion  of geometry data  when running a s tack  
of cases. This requirement can b e s t  be  i l l u s t r a t e d  by an example. Con- 
s i d e r  a s h e l l ,  which f o r  the  i n i t i a l  case, contains several force-free 
i n t e r i o r  boundaries. Suppose now f o r  a second case, t h e  e f f e c t  of two in- 
t e r i o r  r ings  i s  sought a t  two of t h e  previous force-free boundaries. 
revised t a b l e  1 cards are required t o  change the  s tored  column 5 table.  
(The geometry da t a  are merely duplicated from before.) 
is not suppressed, t he  intervening geometry between t h e  r ing  boundaries 
w i l l  be  erroneously generated. Hence a means must be  ava i l ab le  t o  suppress 
in te rpola t ion .  This is ef fec ted  by in se r t ing  a 1 i n  column 1 of the  second 
of two cards  defining a span over which l i n e a r  i n t e rpo la t ion  is t o  be 
suppressed. The geometry of t h a t  span w i l l  then be as defined by t he  
previous case. I n  t h i s  case column 6 of t h e  case opt ion card should be 
l e f t  blank, s ince  the  geometry t a b l e  i t s e l f  is not  being changed. 

Two 

I f  in te rpola t ion  

One o the r  circumstance may occur which requires  suppression of t he  
automatic in te rpola t ion  process. 
p a r t i a l l y  modified, i t  may be  necessary t o  re-input several dupl icate  
i so l a t ed  da t a  cards f o r  t hese  tab les .  Suppose, f o r  example, t h a t  the 
modified port ion of the  s h e l l  geometry is  separated from the  terminal 
s h e l l  point  by previously defined geometry. 
column 1 of the  re-input card f o r  t h i s  point ,  erroneous in te rpola t ion  of 
t h e  intervening geometry w i l l  occur. 

A s  mentioned above, when t a b l e  1 or 2 is 

Unless a 1 is inse r t ed  i n  

Boundary conditions.- A s  pointed out  earlier, column 5 of t a b l e  l i s  

Therefore, i f  a p a r t i c u l a r  boundary card i s  omitted i n  
s tored  i n  t h e  computer as a separa te  t a b l e  r e l a t i n g  boundary codes with 
boundary numbers. 
t h e  present  case, t h e  code f o r  t he  previous case controls .  

F ina l  check list.- It is suggested t h a t  t h e  following items be checked 
before submitt ing t h e  job. 

(1) T i t l e  card must be included f o r  every case. 
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(2) Case opt ion card: 

ranch. Column 4 m u s t  contain a 1 if  s h e l l  contains a c l o  
Columns 6, 8,. ..20 must contain 1 f o r  f i r s t  case. 
Columns 21-23 def ine  t h e  harmonic. 
Column 30 not l e f t  blank when densi ty  da ta  is input: 

(3) F i r s t  card of each t a b l e  must have t a b l e  number inser ted  i n  
column 1. 

(4) Check co lum 5 of t a b l e  1 a t  each boundary. 

( 5 )  

( 6 )  

Check column 6 of t a b l e  1 at each branch point.  

Tables 2 and 7 requi re  a l aye r  number i n  column 7 f o r  the  f i r s t  
card of each layer .  

i i 

c 

(7) Every card of t a b l e  data  must have an en t ry  number i n  columns 
10 through 12. 

Note t h a t  h of t a b l e  2 is t h e  l aye r  half-thickness.  
and 2 must always be input f o r  f irst  case. 

( 8 )  Tables 1 

(9) Check r i n g  cards...must be th ree  per  r ing ;  one set f o r  each 1 i n  
column 5 of t a b l e  1. 

(10) Check [B],  [D],  and {L} boundary cards...must be e ight  per  
boundary; one set f o r  each 2 i n  column 5 of t a b l e  1. 

(11) Check order  of r i ng  and [B], [D] ,  {L} cards t o  agree with order  
of boundary spec i f ica t ion  i n  geometry t a b l e  cards. 

(12) I f  n = 0 o r  1, [B],  [D] ,  {L} matrices must be input  i n  order  t o  
provide necessary r i g i d  body constraint .*  

(13) The f i n a l  da t a  deck should be i n  the  order  shown i n  the  diagram 
below. 

*This is not necessary f o r  n = 1 i n  t h e  case of two symmetry r ings with 
antisymmetrical loading, s i n c e  the  symmetry conditions would automatically 
provide complete r i g i d  body cons t ra in t  (see pages 21 and 23 ). 
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end of f i l e  c a r d ,  

modified boundary data  

modified t a b l e  d a t a  

case opt ion card 

case t i t l e  card (2nd case) 

boundary da ta  cards 

t a b l e  da t a  

case option card 

case t i t l e  card 

Output Data 

Printed output.- The output d a t a d  the  program cons i s t s  of a print-out 
of t he  input  d a t a  and computed r e su l t s .  Since the  print-out of the  input 
da t a  is self-explanatory,  a discussion of it is unnecessary. 

When m a s s  densi ty  data  is input and column 30 of t h e  case opt ion card 
appropriately marked(n = 0 o r  1 only),  t he  following dynamic proper t ies  
of t h e  s t r u c t u r e  are pr in ted  immediately a f t e r  t he  input  boundary data: 

n = 0, column 30 = 1: t o t a l  mass and a x i a l  acce le ra t ion  

n = 0, column 30 = 2: r o l l i n g  m a s s  moment of i n e r t i a  and angular 
acce lera t ion  

n = 0, column 30 = 3: t o t a l  m a s s  and a x i a l  acce le ra t ion ,  r o l l i n g  mass 
moment of i n e r t i a  and angular acce lera t ion  

n = 1, column 30 = 1: t o t a l  mass and lateral acce lera t ion  

n = 1, column 30 = 2: p i tch ing  mass moment of i n e r t i a  and angular 
acce lera t ion  

n = 1, column 30 = 3: t o t a l  m a s s  and lateral acce lera t ion ,  pi tching 
mass moment of i n e r t i a  and angular accelerat ion,  
and center  of m a s s  loca t ion  relative t o  the  
i n i t i a l  en t ry  s t a t ion .  
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Following these r e s u l t s  (or  t he  boundary da ta  i f  t h i s  option i s  not 
employed) is  a t a b l e  of harmonic amplitudes of t h e  four  bas i c  s h e l l  forces  
P ,  Q, S, and MI and displacements 5, q, v, and x as funct ions of meridional 
d i s tance  (i.e.$ f o r  each value of s corresponding t o  i n t e g r a l  values of t he  
en t ry  number). For symmetric response, P, Q, MI, 5, q, and x vary circum- 
f e r e n t i a l l y  as cos n+ and S and v vary as s i n  n+,  whereas f o r  antisymmetric 
response the  reverse is  t rue.  

Following t h i s  t a b l e  is a t ab le  of t he  harmonic amplitudes of normal 

usz,  and s t r i n g e r  cent ro ida l  stress ost 
def lec t ion  w, primary s h e l l  stresses os, o+, os+, t ransverse shear  stresses 

as functions of meridional 
distance.  I n  t h i s  t a b l e  x represents  t h e  normal d is tance  through t h e  s h e l l  
w a l l  measured from t h e  s h e l l  inner  surface.  Since the  normal def lec t ion  
is  e s s e n t i a l l y  constant through the w a l l  thickness,  i t  is  pr inted only once 
f o r  each value of s.  The primary s h e l l  stresses, which vary l i n e a r l y  
through the thickness of each w a l l  l ayer ,  are pr inted a t  the  outer  face  of 
each layer  f o r  each value of s. The t ransverse shear  stresses, which vary 
parabol ica l ly  through the  thickness of each w a l l  l ayer ,  are pr in ted  a t  the 
middle sur face  of each layer ,  a t  each l a y e r  interface*,  and a t  the inner 
and outer  w a l l  faces  f o r  each value of s.  
o s z ,  ast vary circumferent ia l ly  as cos n+ and os$ and ‘ s + ~  vary as s i n  n+, 
whereas f o r  antisymmetric response the reverse is true.  

s$’ U 

“4’ For symmetric response w,ys,  

Optional output.- The program w i l l  punch ( i . e . ,  w r i t e  on f i l e  PUNCH) 
two types of response da t a  depending on columns 73 and 74 of t he  case option 
card. I f  column 73 contains a 1, a (component of the) prebuckling da ta  deck 
required by SRA 101 is created.  
i n  the  order given below: 

This deck cons i s t s  of four  groups of cards 

(1) r ing  stress re su l t an t  cards: [no. of r ings/6]  cards punched.+ 
Each card,  except possibly the  last card,  contains  s i x  consecutive 
r ing  boundary numbers and the  corresponding hoop force  amplitudes 
T i n  the  format 6(12,1PE11.4). 
d i r ec t ion  of increasing entry number.§ 

punched. Each card,  except possibly f o r  the  last card, contains  
th ree  consecutive en t ry  numbers and t h e  corresponding p a i r s  
(Tt ,T2)  of amplitudes i n  the  f o m t  3(12,1P2E11.4) , 

The r ings  are ordered i n  t h e  

(2) s h e l l  normal stress re su l t an t  cards:  [max. en t ry  no./3] cards  

$ 

(3) s h e l l  shear stress re su l t an t  cards:  [max. en t ry  no./6] cards  
punched. 
s i x  amplitudes T12 a t  s i x  consecutive en t ry  poin ts  i n  the  format 
1P6E12.4, and 

Each card,  except possibly the  last card,  contains  

*Note t h a t  these stresses are continuous a t  layer  in te r faces .  

+Here and i n  the  following, [x] denotes the  smallest in teger  2 x. 

§Note t h a t  a r ing  a t  a branch point  i s  associated with t h e  i n i t i a l  en t ry  
of the  ex i t i ng  branch. 
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(4) normal pressure cards:  This group of cards  is  i n  the  s a m e  format 
as type 3 above with T12 replaced by t h e  normal pressure 
amplitude X3. 

If column 74 contains a 1, t h e  primary s h e l l  stress amplitudes os, 
u,+,, and os+ w i l l  be  punched. 
each s h e l l  w a l l  l ayer  f o r  each en t ry  point.  
number, a layer  f ace  ind ica tor  (1 f o r  t h e  inner face  o r  3 f o r  the  outer  
face), the  value of s ,  t h e  normal d is tance  of t h e  layer  face  from the  inner 
w a l l  surface,  and as, 04, and us+, i n  that order in  the  format 212, 8X, 
lP5E12.4. For each en t ry  number t h e  cards  are punched i n  the  same order 
as t h e  layer  faces  are encountered i n  t ravers ing  the  w a l l  thickness from 
the  inner sur face  t o  the  outer  surface.  

I f  both column 73 and 74 of t h e  case opt ion card contain a 1, the  
cards  of t h e  two punched decks w i l l  be intermixed with one another. 
can be separated by s o r t i n g  on column 80, which i s  blank f o r  t he  pre- 
buckling da ta  cards  but contains a 1 f o r  the  stress cards.  

These values are given a t  each f ace  of 
Each card contains  the  layer  

They 

Sample Problem 

I n  order t o  i l l u s t r a t e  t h e  appl ica t ion  of SRA 100 t o  a p r a c t i c a l  
problem, l i s t i n g s  of t he  input deck and output da t a  are presented i n  
Appendix B (p. 134) f o r  symmetric n = 0 and n = 1 load components run 
consecutively of t he  140 sandwich cone of reference 3 (see diagram). 
row of t he  input deck l i s t i n g  is the  image of s punched card,  t e n  columns 
of which correspond t o  one inch on the  l i s t i n g .  I n  order t o  c l a r i f y  the  
input deck, explanatory comment cards ,  each separated from t h e  a c t u a l  
da ta  by a blank card on each s i d e  of i t ,  have been inser ted  a t  the  
beginning of each group of cards.  

Each 

Note: 0.944 t o t a l  w a l l  

thickness cons i s t s  of BASE 
RING 0.912 core and 0.016 

f ace  shee ts  

SANDWICH WALL 

114 0.944 

29 



Only two geometry t a b l e  cards  (for t h e  i n i t i a l  and f i n a l  edges) are 
i n  p r inc ip l e  required t o  descr ibe the  conical  geometry. However, several 
i n t e r i o r  boundaries have been inser ted  t o  l i m i t  sub in te rva l  length. 
Su f f i c i en t ly  many intervening poin ts  t o  descr ibe  adequately the  va r i ab le  
pressure f i e l d  and the  calculated response are prescribed by t h e  use of 
nonconsecutive en t ry  numbers on successive cards  represent ing the  i n i t i a l  
and f i n a l  points  of each subinterval .  
noted t h a t  linear in te rpola t ion  is used f o r  bas i c  s h e l l  da t a  ( t ab le s  2-7), 
whereas quadratic in te rpola t ion  of response da t a  is  used when required by 
a subsequent program (e.g., SRA 101). 

For t h i s  purpose, it should be 

Since t h e  s h e l l  has r i g i d  body freedom, it  is  necessary t o  provide 
a r t i f i c i a l  r i g i d  body cons t r a in t s  (E = v = 0) ,  which is done a t  the  
second boundary. 
card contains a 1, which causes t h e  proper s h e l l  and r i n g  i n e r t i a l  loads 
t o  be calculated.* 
r i n g  loads,  thereby producing negl ig ib le  r i g i d  body cons t r a in t  react ions.  

Corresponding t o  t h i s ,  column 30 of t h e  case opt ion 

These loads se l f - equ i l ib ra t e  t he  applied s h e l l  and 

In  order t o  generate a punch f i l e  of prebuckling da ta  required by 
SRA 101, column 73 of the  case option cards contains  a 1. 

The input t a b l e s  f o r  t h e  second case corresponding t o  n = 1 cons is t  
pr imari ly  of new normal pressure data ,  i.e., a new mechanical loads tab le .  
Also a s ing le  geometry card w a s  input t o  changethe code 2 i n  column 5 
at the  second boundary t o  a 3, signifying that t h e  corresponding boundary 
da ta  w i l l  remain unchanged from t h e  preceding case and w i l l  not be -Input. 
Since the  r i n g  loads a t  the  f i r s t  boundary f o r  n = 1 are d i f f e r e n t  from 
those f o r  n = 0, it is necessary t o  input  new r i n g  cards  f o r  t h i s  
boundary even though t h e  remaining r ing  d a t a  is unchanged. 
t he  column 5 code 1 is not changed a t  t h i s  boundary. Since the  column 5 
code 1 w a s  l e f t  unchanged a t  t h e  f i n a l  boundary, it w a s  necessary t o  re- 
input  t h e  r i n g  da ta  f o r  t h i s  boundary. 
change, one could have a l t e r n a t e l y  changed t h i s  column 5 code t o  3 by 
re- input t ing t h e  f i n a l  geometry card,  and omitt ing these  r i n g  d a t a  cards 
from the  deck. 

Consequently, 

Since t h i s  r i n g  da ta  d id  not  

I n  the  output da t a  l i s t i n g  f o r  each case, a l l  da ta  preceding the  mass 
and t r a n s l a t i o n a l  acce lera t ion  values  represents  input da ta .  
da t a  represents  calculated r e s u l t s ,  v iz .  a t a b l e  of s h e l l  fo rce  and 
displacement amplitudes, and a t a b l e  of normal displacement and s h e l l  
stress amplitudes, as described i n  the preceding section. 
cases) took 25 seconds of Central  Processor time ( s t a r t i ng  from a 
re loca tab le  binary form of SRA 100) on the  CDC 6400 computer. 

The remaining 

This job  (both 

*Although ( ro l l ing)  ro t a t iona l  freedom is a l s o  poss ib le  i n  the  n = 0 
response, only t r a n s l a t i o n a l  freedom need be indicated i n  column 30 
s ince  the r o l l i n g  acce lera t ion  is zero by v i r t u e  of t he  absence of 
t o r s iona l  loads. 
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SRA 101 

SRA 101 i s  used t o  determine the  buckling mode of l i n e a r  asymmetric 
prebuckling states. 
prebuckling harmonics and twenty-five buckling harmonics, t h e  harmonic 
numbers of which need not be consecutive. The prebuckling state (i .e.  t he  
loading) need not have an a x i a l  plane of symmetry, and the prebuckling 
harmonics may contain symmetric and/or antisymmetric components. 
case of symmetric loading, t he  decoupled symmetric and antisymmetric 
buckling modes are computed simultaneously, The component prebuckling 
states may be computed by SRA 100 and form p a r t  of t h e  da ta  deck f o r  
SRA 101. 
analysis .  

It is dimensioned t o  treat a maximum of seven 

I n  the  

Both dead aiid l ive pressure f i e l d s  are t r ea t ed  i n  the  buckling 

SRA 101 is e s s e n t i a l l y  an eigenvalue program, solving by i t e r a t i o n  
f o r  t h e  numerically minimum eigenvalue, corresponding t o  the smallest 
buckling load f ac to r  applied t o  the(uni t )  load d i s t r ibu t ion  used i n  
obtaining the  prebuckling state. 
eigenvalue, corresponding t o  buckling under the  reversed loading, t he  
program allows the input  of an eigenvalue s h i f t  of t he  axisymmetric 
to rs ionless  (i.e., bending) component of the prebuckling state. Further 
aspects  of eigenvalue s h i f t i n g  are discussed below. 

I n  order  t o  avoid an unwanted negative 

Input Data 

The SRA 101 input  deck is  normally constructed from the  SRA 100 
input deck and the  u n i t  load prebuckling data  deck created by SRA 100 . 
when column 73 of the  case opt ion card of t he  SRA 100 da ta  deck contains 
a l.* 
da ta  deck: 

The following s t eps  should be taken t o  construct  the SRA 101 

(1) I n s e r t  t he  prebuckling d a t a  deck followed by a card with the  
characters  STOP i n  columns 1-4, a f t e r  t he  boundary da ta  cards. 
(This is i n  cont ras t  t o  SRA 201, f o r  which the  prebuckling 
da ta  deck is inse r t ed  between the  "nine" card and the  boundary 
data.)  These in se r t ed  cards thus form the  t a i l  end of t he  
input  da ta ,  and are followed e i t h e r  by a second case o r  an 
end-of-file card. 
deck is given below. 

Further descr ip t ion  of t h e  prebuckling data  

*Of course, f o r  idea l ized  problems'such as t h e  use of membrane 
prebuckling states when only the  zero and f i r s t  prebuckling harmonics 
are present ,  t he  prebuckling da ta  deck may be prepared manually. 
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(2) Since t ab le s  5,  6 ,  and 7 are no t  used by SRA 101, they may be 
removed from the  deck. 
these t ab le s  are not removed, they w i l l  be ignored by the  program. 

However, t h i s  s t e p  is opt ional ,  and i f  

(3) Modify the  case opt ion card and i n s e r t  severa l  new cards giving 

(a) 
(b) 
(c)  
(d) prebuckling harmonic numbers, and 
(e) buckling harmonic numbers. 

s h e l l  output points  f o r  prebuckling and buckling mode data ,  
r i n g  output points  f o r  prebuckling da ta ,  
i n i t i a l  and maximum i t e r a t i o n  numbers, 

( 4 )  Remove any a r t i f i c i a l  r i g i d  body cons t ra in ts  which may have 
been imposed i n  the  SRA 100 run. 
blanking column 5 of t he  appropriate card i n  t a b l e  1 and 
removing the corresponding set  of e ight  boundary da ta  cards 
from the  deck. I f  t he  zeroth o r  f i r s t  harmonics are included 
i n  t h e  buckling mode, they may requi re  spec ia l  treatment with 
respect  t o  r i g i d  body cons t ra in ts  (see P. 37). 

Generally, t h i s  i s  done by 

( 5 )  For a s t r u c t u r e  with a plane of symmetry normal t o  the  ax is  of 
revolut ion and symmetrical loading, both symmetric and antisym- 
m e t r i c  buckling modes e x i s t .  For an e f f i c i e n t  so lu t ion ,  only 
one ha l f  of such a s t ruc tu re  should have been modeled i n  s e t t i n g  
up the  SRA 100 run, with symmetry conditions imposed a t  the  
a r t i f i c i a l  edge(s). I f  an antisymmetric mode i s  desired,  i t  i s  
necessary to :  (a) change the  8 t o  a 9 i n  column 3 of t he  geom- 
e t r y  t a b l e  card a t  a symmetrical r ing  boundary, and/or (b) change 
prescribed boundary conditions a t  a symmetry edge from 5 = AQ = 
AS = x = 0 t o  AP = q = v = AM1 0. 

Case option card.- This card is similar t o  the  case option card f o r  
SRA 100 and i s  required f o r  each case ( f i g .  6 ). Columns 4 ,  6, 8, 10, and 
1 2  have the  same meaning as f o r  SRA 100 except f o r  one minor change. 
i n  columns 5 and 6 may be used i n  place of a 1 i n  column 6 i n  order t h a t  
the converged buckling mode da ta  be properly arranged on f i l e s  TAPE8 and 
TAPE11 fo r  use as the  in i t . i a1  approximation i n  a succeeding case. 
arrangement w i l l  occur automatically ( i . e . ,  without t he  minus sign i n  
column 5) i f  the  case terminates a t  the maximum i t e r a t i o n  number without 
s a t i s fy ing  the  convergence index. The -1 i n  columns 5-6 should,be used, 
f o r  example, i f  one expects t o  a sce r t a in  the  e f f e c t  of more (or l e s s )  
buckling harmonics o r  study a similar s h e l l  i n  a succeeding case o r  later 
run. In  order t o  have t h i s  da ta  ava i lab le  i n  a later run, i t  is necessary, 
of course, t o  r e t a i n  TAPE8 and TAPE11 as permanent f i l e s .  

A -1 

This 

Column 16  now contains the  ind ica to r  f o r  t h e  prebuckling s ta te  data .  
Column 20 has the  same meaning as f o r  SRA 100, except t h a t  here  a 2 does 
not apply s ince  boundary load vectors  are not  input .  
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Columns 21-22 contain an ind ica tor  specifying the s y p e t r y  (o r  lack  of 
A s  an example, i f  the  same) about an a x i a l  plane of t h e  prebuckling state. 

prebuckling state contained both axisymmetric bending and axisymmetric 
to rs ion ,  columns 21-22 would be l e f t  blank (cf .  de f in i t i on  of symmetric 
and .antisymmetric responses p. 11).  

I f  t he  user recognizes t h a t  equal and opposite eigenvalues are 
present ,  column 26 should be set t o  1. 
and opposite eigenvalues t o  occur are: 

The most common ways f o r  equal 

(1) the re  is only one prebuckling harmcmic and i i  is nonaxisymmetric, 

( 2 )  a l l  nonaxisymmetric prebuckling hannonics are odd and the  
axisymmetric prebuckling harmonic, i f  present ,  represents  pure 
tors ion ,  or 

( 3 )  t he  prebuckling state other  than the  axisymmetric bending 
component i s  described by (1) o r  ( 2 )  and one is  searching f o r  a 
c r i t i ca l  state with a given amount of axisymmetric bending [i .e. ,  
with a nonzero eigenvalue s h i f t  (columns 36-47)  but  a zero 
sca l ing  f ac to r  f o r  axisymmetric bending (columns 6 0 - 7 1 ) ] .  

I f  column 26 i s  mistakenly l e f t  blank, and one of these three  conditions 
i s  s a t i s f i e d ,  the program w i l l  recognize the e’rror and cor rec t  i t .  
However, i f  equal and opposite eigenvalues occur f o r  some other  reason 
and column 26 i s  l e f t  blank, the  program w i l l  not  converge. 

Column 28 contains an ind ica tor  t o  be set t o  1 i f  the  prebuckling state 
has an axisymmetric component cons is t ing  of pure tors ion.  
the  program only i f  column 26 is l e f t  blank t o  determine i f  equal and 
opposite eigenvalues i n  f a c t  e x i s t .  

It is used by 

Column 32 gives the  approximate number of s ign i f i can t  d i g i t s  desired 
i n  t h e  eigenvalue. In  t h e  case of a symmetric prebuckling s ta te , two 
eigenvalue sequences, one f o r  symmetric buckling and one f o r  antisymmetric 
buckling, are computed simultaneously. I n  t h i s  case, convergence is 
assumed i f  the  numerically smaller of t h e  two eigenvalue estimates 
s a t i s f i e s  t he  convergence test. I f  column 32 i s  l e f t  blank, four  s i g n i f i -  
cant d i g i t s  w i l l  be  assumed. 

Column 34 contains an indica tor  f o r  a l ive pressure f i e l d .  Only a 
uniform l ive pressure f i e l d  is  t r ea t ed  prec ise ly ,  s ince  the  e f f e c t  of 
pressure gradients  associated with the  pressure f i e l d  are not  included i n  
t h i s  program. _ _  
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Columns 36-47 contain an eigezz~alue s h i f t  & f o r  t he  axisymmetric 
to rs ionless  prebuckling c a m p a a e n t .  
an unwanted negative eigenvalue, corresponding t o  buckling under the 
reversed load. 
columns (60-71) f o r  t h i s  prebuckling component. To explain the  usage of 
& and K le t  A denote the  axisymmetric t o r s ion le s s  component of the  uni t  
load prebuckling s ta te  and B denote the  remaining components of t h e  u n i t  
load prebuckling s ta te .  I f  A 1  denotes the eigenvalue obtained by SRA 101, 
then the  corresponding c r i t i c a l  s ta te  has the components (h, + K X ~ ) A  and 
h l B .  Geometrically, SRA 101 searches f o r  t he  c r i t i c a l  point .on a s t r a i g h t  
l i n e  i n  the  A, B plane which in te rcepts  the  A-axis (abscissa)  a t  and 
has the s lope 1 / ~  (f ig .  7). 
one c loses t  t o  t he  A-axis. 
make K = 1 as w e l l  as As = 0, whereas leaving columns 60-71 blank when 
input t ing  a nonzero AS w i l l  cause a c r i t i c a l  state t o  be found with a 
given f ixed amount of axisymmetric bending. 

Th is  s h i f t  may be necessary t o  avoid 

It is  used i n  conjunction with a sca l ing  f ac to r  K ( input  i n  

In general; t h e  cr i t ical  point  obtained w i l l  be the  
Leavins columns 36-47 blank w i l l  automatically 

Columns 59-71 are used f o r  input t ing the  value of K discussed above. 

Column 76 may be used when some complementary so lu t ions  saved on a 
permanent f i l e  from e i t h e r  f i l e  TAPE2 o r  TAPE12 of a previous run apply t o  
the  current  case. Normally i n  a sequence of cases run consecutively, t o  
minimize execution t i m e ,  the  program computes only those complementary 
so lu t ions  which cannot be taken from the preceding case. 
case of a run, the complementary solut ions are placed on f i l e  TAPE:!. I n  
a succeeding case of the  same run, the complementary so lu t iors  w i l l  be 
placed on the same f i l e  as f o r  the  last preceding case i f  a l l  complementary 
so lu t ions  taken from t h a t  case correspond t o  harmonics which have the  same 
pos i t ion  i n  the  l i s t  of harmonics (ordered according t o  magnitude) f o r  both 
cases. Otherwise, a new complementary so lu t ion  f i l e  i s  constructed. I f  
t h i s  f i l e  f o r  t he  last preceding case w a s  TAPE2, then i t  w i l l  be  TAPE12 f o r  
the cur ren t  case, or  vice  versa. Column 76 allows the  same advantage t o  
be taken of precalculated complementary so lu t ions  f o r  two cases of two 
d i f f e ren t  runs as f o r  two consecutive cases of t he  same run. For example, 
one may want t o  repeat a run with more buckling harmonics considered. In  
t h a t  case, t h e  complementary so lu t ion  f i l e  of t h e  previous case should be 
at tached t o  f i l e  TAPE2 and purged so t h a t  w r i t e  access t o  t h i s  f i l e  i s  
made avai lable .  I n  addi t ion,  a 1 should be placed i n  column 76 and an 
ex t r a  card of buckling wave numbers of t h e  previous case should be inser ted  
i n  the  da t a  deck t o  follow the  buckling wave numbers card of t he  cur ren t  
case (SW p.  36). 

For the  f i r s t  

Column 78 performs the  same function as f o r  SRA100, viz .  t o  overr ide 
the  abort  command i f  t he  subin terva l  length c r i t e r i o n  is  exceeded. 
however, i s  used f o r  SRA 101 i n  an addi t iona l  way, somewhat analogous t o  
the  use of column 76. Normally, i n  a sequence of cases run consecutively, 
i f  the  geometry is  unchanged from the f i r s t  case, columns 5-6 w i l l  be  l e f t  
blank f o r  each succeeding case, whereas it w i l l  contain -1 f o r  the  f i r s t  

It, 
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case. In  t h a t  event,  even though a new complementary so lu t ion  f i l e  may 
have t o  be constructed f o r  each case, t h e  i n i t i a l  approximation w i l l  be  
taken from the  last buckling mode estimate of t h e  last  preceding case. 
general ,  t h i s  w i l l  reduce the  number of i t e r a t i o m f o r  convergence from t h a t  
required i f  the  program generated i n i t i a l  approximation i s  used. Column 78  
allows i n  t h e  s a m e  way the  buckling mode da ta  savdas permanent f i l e s  from 
f i l e s  TAPE8 and TAPEl l  of a previous run t o  be used as the  i n i t i a l  
approximation f o r  t he  cur ren t  case. 
sen t ing  TAPE8 and TAPEll from the  previous run should be reat tached t o  
f i l e s  TAPE8 and TAPEll  and purged s o  t h a t  w r i t e  access t o  these f i l e s  is 
made avai lable .  
f o r  each harmonic t o  be the  last  buckling mode estimate of t he  corresponding 
harmonic of t he  previous case, according t o  t h e i r  pos i t ion  i n  a list of 
harmonics ordered by magnitude. Thus, f o r  example, t he  i n i t i a l  estimate 
f o r  t he  t h i r d  harmonic w i l l  be the  t h i r d  harmonic component of t he  buckling 
mode estimate of t h e  previous case, regardless  of wave number. 
current  case contains more harmonics than the  pervious case from which TAPE8 
and TAPEll were saved, t he  i n i t i a l  approximation f o r  the  excess harmonics 
w i l l  be  t h e  buckling mode estimate f o r  the  l a s t  harmonic of t he  previous 
case. 

I n  

To do so,  t h e  permanent f i l e s  repre- 

Then a 3 i n  column 78 w i l l  cause the  i n i t i a l  approximation 

I f  t he  

Because of t he  capabi l i ty  afforded by columns 76 and 78, most of the  
advantages of running cases consecutively i n  the  same run do not  e x i s t  
f o r  SRA 101. 
around t i m e  on h i s  computer-system. 

One would do so  only if forced t o  by an unduly l a r g e  turn- 

Additional cards following the case option card.- Four ( f i v e  i f  column 
76 of t he  case opt ion card contains a 1) addi t iona l  (groups of )  cards are 
required between t h e  case opt ion card and t h e  input  tables .  
cards has the  format 1415. 

Each of these 
They prescr ibe  the  following data .  

(1) The s h e l l  output po in ts  fo r  both t h e  u n i t  load prebuckling da ta  
and buckling mode estimates: On t h i s  card(s)  t h e  f i r s t  f i e l d  gives the  
number of output points  and succeeding f i e l d s  spec i fy  the en t ry  numbers of 
t h e  output po in ts  i n  increasing order. 
a l l  en t ry  points  w i l l  be  output po in ts  by defaul t .  

I f  t he  f i r s t  f i e l d  is l e f t  blank, 

(2) The r ings  f o r  which the  u n i t  load prebuckling hoop forces  are t o  
be output: 
output and the  succeeding f i e l d s  spec i fy  t h e  corresponding r ing  numbers i n  
the  order i n  which they are encountered when t h e  s h e l l  meridian is  
t raversed i n  the  order  of increasing en t ry  number.* I f  the  first f i e l d  is 
l e f t  blank, the  prebuckling hoop forces  w i l l  be  output f o r  a l l  r ings.  

On t h i s  card(s )  t he  f i r s t  f i e l d  gives t h e  number of r ings  f o r  

*Rings a t  branch poin ts  are associated with the  i n i t i a l  en t ry  o f - t h e  
ex i t i ng  branch. 
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( 3 )  The i n i t i a l  and maximum i t e r a t i o n  numbers: Only the  f i r s t  two 
f i e l d s  of t h i s  card are used, t h e  f i r s t  f o r  the i n i t i a l  i t e r a t i o n  number 
and the  second f o r  t he  maximum allowable i t e r a t i o n  number. The run w i l l  
terminate a f t e r  t h e  maximum number of i t e ra t ions  i f  convergence has not  
already been obtained p r i o r  t o  t h a t  point.  The i n i t i a l  i t e r a t i o n  number 
should be spec i f ied  as .1  i f  a new complementary so lu t ion  f i l e  is  t o  be 
constructed o r  a new program generation i n i t i a l  approximation* is t o  be 
used. 
option card contains a 1 and/or column 78 of t h a t c a r d  contains a 3. 

In  pa r t i cu la r ,  note  t h a t  t h i s  is the  case i f  column 76 of the  case ________~- 

I f  both the  complementary so lu t ion  f i l e  and the  i n i t i a l  approxima- 
t i o n  are t o  be taken from t h a t  saved from a previous run, then the  i n i t i a l  
i t e r a t i o n  number should be spec i f ied  as 2 o r  greater .  I n  t h i s  case i t s  
ac tua l  value i s  immaterial, the d i f fe rence  of t h e  maximam and i n i t i a l  
i t e r a t i o n  numbers determining the allowable number of i t e r a t i o n s .  
i t  i s  of course necessary t o  a t t ach  the  appropriate  permanent f i l e s  t o  
TAPE2, TAPE8, and TAPEll, but w r i t e  access is  required f o r  only TAPE8 and 
TAPE11. 
i n  t h e  current  run of a nonconverged i t e r a t i o n  process of a previous run. 

If the previous run has converged t o  a c r i t i c a l  s ta te  through use of a 
nonzero eigenvalue s h i f t  A s ,  i t  can a l so  be continued i n  the current  run t o  
search f o r  a new c r i t i c a l  state with a new value of IC. I n  order t h a t  the  
complementary so lu t ions  are unchanged, however, i t  i s  necessary tha t  As be 
unchanged. Geometrically, w e  are searching f o r  the  c r i t i c a l  state on a new 
l i n e  i n  the  A,B plane with the same A-intercept bu t  with a new slope. (cf .  
discussion Gf eigenvalue s h i f t i n g ,  p .  3 4 ) .  

( 4 )  Prebuckling wave numbers: The f i r s t  f i e l d  of t h i s  card contains 
t h e  number (57) of prebuckling harmonics considered. The succeeding 
f i e l d s  give the  wave numbers of these  harmonics i n  the  order of increasing 
magnitude 

Also, 

The most common use of t h i s  capabi l i ty  i s  simply the  continuation 

(5) Buckling wave numbers: The f i r s t  f i e l d  of t h i s  card(s)  contains 
the  number (525) of buckling harmonics considered. 
give t h e  wave numbers of these  harmonics i n  the  order of increasing magnitude. 

The succeeding f i e l d s  

(6) Buckling wave numbers of a previous case: This card i s  opt ional  
and it  should be included i n  the  deck only i f  column 76 of the  case option 
card contains a 1. It is  described by paragraph (5) above. 

*If the  program generated i n i t i a l  approximation is used, t he  f i r s t  t r u e  
mathematical i t e r a t i o n  is  labeled as the  "second" i t e r a t i o n ,  i .e.,  the 
number of i t e r a t i o n s  a l l w e d  is r e a l l y  one less than t h e  maximum i t e r a t i o n  
number . 
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Prebuckling data.- For SRA 101, the  u n i t  load prebuckling da ta  deck 
follows the  boundary da ta  cards.  The prebuckling d a t a  deck cons i s t s  of 
subdecks f o r  each component (symmetric or antisymmetric) of each harmonic 
of t he  prebuckling state. These subdecks are arranged i n  the  order of 
increasing wave number. In  the case of loading with no axial plane of 
symmetry, the  antisymmetric component subdeck f o r  each harmonic should 
follow the corresponding symmetric component subdeck. They w i l l  auto- 
mat ical ly  be i n  the  proper order i f  t he  corresponding prebuckling cases 
are set up as a sequence of consecutive cases i n  t h i s  order f o r  a s ing le  
run of SRA 100. 

In  the  spec ia l  case of n = 0, the  symmetric (bending) component and 
the antisymmetric ( tors ion)  component of the  prebuckling state may be 
obtained simultaneously by SRA 100 (see t a b l e  I). This occurs i f  nonzero 
symmetric loads (e.g., X 3 )  and nonzero antisymmetric loads (e.g., X p )  are 
included i n  the  same n = 0 da ta  deck f o r  a s i n g l e  case. 
only one subdeck (see below) w i l l  be produced by SRA 100 f o r  both the  
symmetric and antisymmetric n = 0 states. 
t h i s  subdeck must be separated i n t o  two separate  subdecks (as f o r  any 
other  harmonic). 
(described as type 3 on page 28) by an  equivalent number of blank cards 
t o  form t h e  symmetric component subdeck, and replacing the  TO,  (Tl,T2) and 
X 3  cards (described as types 1 ,2 ,  and 4 on pages 28-29) by equivalent 
numbers of blank cards  t o  form the  antisymmetric component subdeck. This 
manipulation of the  n = 0 prebuckling da ta  deck can be avoided by 
running on S U  100 the  symmetric and antisymmetric component f o r  t h i s  
harmonic as two separa te  cases,  as is done f o r  higher harmonics. This 
i s  done simply by replacing nonzero antisymmetric loads by zero f o r  the  
symmetric component case, and replacing nonzero symmetric loads by zero 
fo r  t he  antisymmetric component case. The penalty f o r  so  doing is  t h a t  
s ince  two cases are being run i n  place of one, t he  SRA 100 execution 
t i m e  is increased. 

In  t h i s  event 

Before input t ing  t o  SRA 101, 

This is accomplished by replacing the  T12 cards 

The subdeck f o r  each component state ( f ig .  8) has been described 
as the  prebuckling da ta  deck created by SRA 100 (p. 28). It is s u f f i c i e n t  
t o  note  here  tha t :  
stress r e s u l t a n t  cards  are ignored by SRA 101, and (b) although t h e  normal 
pressure cards  are used only f o r  l ive  pressure loading (column 34 of the  
case option card set t o  l), they must be included i n  each prebuckling 
subdeck i n  a l l  cases. 

(a) t he  en t ry  numbers on the  r i n g  and normal s h e l l  

Rigid body cons t r a in t s  i f  buckling harmonics inciude n = 0 o r  1.- If 
the  buckling wave numbers considered include 0 o r  1, it is necessary t h a t  
r i g i d  body cons t r a in t s  be provided f o r  these harmonics, i f  t he  ex i s t ing  
kinematic cons t ra in ts  do not a l ready imply these  cons t r a in t s  (see discussion 
of r i g i d  body cons t r a in t s  i n  SRA 100 manual, p .  231, This cannot be done 
by means of input [B] and [D] matrices s ince  t h i s  would produce erroneous 
boundary conditions f o r  higher harmonics. Instead,  column 3 of geometry 
t a b l e  cards  can be used f o r  t h i s  purpose. A 4 i n  column 3 a t  an entry 
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corresponding t o  a f orce-f ree boundary w i l l  automatically provide trans- 
l a t i o n a l  r i g i d  body constraint .  A 6 i n  column 3 at  an ent ry  corresponding 
t o  a r ing  boundary w i l l  automatically provide both t r a n s l a t i o n a l  and ro ta -  
t i o n a l  r i g i d  body cons t ra in t .  Furthermore, a 4 o r  5 i n  column 3 at a r ing  
boundary w i l l  provide the  cons t ra in t  5 = 0 o r  v = 0, respect ively,  f o r  
n = 0 and n = 1. This i s  summaried i n  t h e  t a b l e  below. 

Column 3 Column 5 Rigid body cons t ra in t  

4 blank t r a n s l a t i o n a l  
4 1 5 = 0  
5 1 v = O  
6 1 trans l a t iona l  and ro t a t iona l  

t r ans l a t iona l  cons t ra in t  f o r  a s h e l l  which has none, has no e f f e c t  on the  
buckling mode obtained. 
are associated with t h i s  cons t ra in t .  The same is not t r u e  f o r  ro t a t iona l  
constraint .  Consequently, t he  imposition of a r t i f i c i a l  r o t a t i o n a l  r i g i d  
body cons t ra in t  MY have some small e f f e c t  on the  buckling mode insofar  as 
the  to r s iona l  axisymmetric o r  t h e  f i r s t  harmonic are important components 
i n  the buckling mode. Since t h i s  i s  r a r e l y ,  i f  ever,  t he  case f o r  ro ta -  
t i ona l ly  f r e e  s h e l l s ,  one may assume t h a t  t he  spec i f ica t ion  of a r t i f i c i a l  
ro t a t iona l  r i g i d  body cons t ra in t  has negl ig ib le  e f f e c t  on the  buckling 
mode obtained.* 

It may be noted t h a t  spec i f ica t ion  of a r t i f i c i a l  r i g i d  .body 

This follows from t h e  f a c t  t h a t  no reac t ion  forces  

Output Data 

The output da t a  of t he  program cons i s t s  of a print-out of the  input 
da t a  and computed r e s u l t s .  
however, a few c l a r i fy ing  remarks are given below. 

This print-out i s  e s s e n t i a l l y  self-explanatory; 

For each specif ied s h e l l  and r ing  output point ,  prebuckling and 

The pr inted r e s u l t s  cons is t  of t he  
buckling da ta  f o r  each harmonic is  pr inted on consecutive lines i n  t h e  
order of increasing wave number. 
sequence of computed buckling mode and eigenvalue estimates. Only the  
s h e l l  displacements C,o,v, and x of each mode estimate are shown. The 
le t ter  C or  S which appears i n  the  heading f o r  each of these  va r i ab le s  
(and a l so  t h e  prebuckling var iab les  T I ,  Tp, T12, X3, and T ) r e f e r s  t o  
cosine o r  sine amplitudes, respect ively.  Note t h a t  t h e  s&etric components 
of the buckling mode are cosine amplitudes f o r  5,nY and x and s i n e  
amplitudes f o r  v. 
I f  the  prebuckling is symmetric, these represent  two independent buckling 
modes computed simultaneously. Otherwise, they are coupled components of 
a s ing le  buckling mode. 
meaningless s ince  the  buckling mode i s  determined only t o  within an 
a r b i t r a r y  mul t ip l i ca t ive  f ac to r .  
f o r  symmetric prebuckling, two eigenvalue estimates LAMDA A and LAMDA S, 

The reverse is  t r u e  f o r  the  antisymmetric components. 

The absolute  magnitude of the values  shown is 

Corresponding t o  the  two buckling modes 

*For some unknown reason, an eigenvalue s h i f t  does not eliminate the  need 
f o r  a r t i f i c i a l  ro t a t iona l  r i g i d  body cons t r a in t ,  as it does f o r  SRA 201. 
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standing f o r  antisymmetric and symmetric buckling respect ively,  are pr inted.  
The value labeled RE pr inted alongside t h e  eigenvalue estimate is t h e  
r e l a t i v e  defference between the  last two successive estimates. The i t e r a t i o n  
sequence is terminated i f  e i t he r :  
eigenvalue estimate becomes less than 10-N where N is  the  convergence index, 
or  (2) t h e  maximum i t e r a t i o n  number is reached. 

(1) RE of t he  numerically smaller 

It may be emphasized here that i f  a nonzero eigenvalue s h i f t  As is 
used, a converged value of LAMDA, say X I ,  corresponds t o  a c r i t i ca l  state 
with the  components (As + A~K)A and AlB, where A represents  t h e  u n i t  load 
axisymmetric to rs ionless  prebuckling component, B represents  t h e  remaining 
components of the  u n i t  load prebuckling state, and K i s  the  input scal ing 
f ac to r  f o r  A. 
plane has been found. 

Thus a s ing le  point  of an in t e rac t ion  curve i n  the A,B 

Sample Problem 

In  order t o  i l l u s t r a t e  t he  appl ica t ion  of SRA 101 t o  a p r a c t i c a l  
problem, l i s t i n g s  of t h e  input deck and output da ta  are presented i n  
Appendix B (p. 168) f o r  buckling of t h e  140' sandwich cone of reference 
3. The prebuckling state cons is t s  of symmetric n = 0 and n = 1 com- 
ponents, t he  ca lcu la t ion  of which has been used as the  i l l u s t r a t i v e  
problem f o r  SRA 100 (see p. 29). Preliminary runs of SRA 201 using only 
t h e  axisymmetric p a r t  of t he  prebuckling data  indicated cr i t ical  load 
f ac to r s  of 5.22 f o r  n = 6  and -2.77 f o r  n = 2. These suggest t h a t  under 
the  combined loading a negative eigenvalue exists (corresponding t o  
buckling under t h e  reversed loading) which is  smaller i n  absolute  value 
than the  smallest p o s i t i v e  eigenvalue. In  order t o  avoid t h i s  negative 
eigenvalue, it is necessary t o  employ the  eigenvalue s h i f t  capabi l i ty  
of SRA 101. 
of As and K ,  the  c r i t i ca l  state obtained by SRA 101 w i l l  not have the  
desired r a t i o  A s  discussed previously, 
i f  A represents  t h e  u n i t  load n = 0 component and ( i n  t h i s  example) B 
represents  t he  u n i t  load n = 1 component, and A 1  represents  t h e  eigen- 
value obtained by SRA 101, then the  cr i t ical  state found w i l l  contain 
(As + KA~)A and XlB. Only i f  As f K X ~  = A 1  w i l l  t he  buckling mode f o r  
t he  loading of i n t e r e s t  be obtained. It is therefore  clear t h a t  when 
using an eigenvalue s h i f t ,  severa l  SRA 101 runs have t o  be made i n  order 
t o  "zero in" on t h e  proper value of K f o r  and given value of A,. I n  so 
doing, use can be made of t h e  f a c t  t h a t  f o r  a given A,, as K decreases,  
As ?- K A ~  decreases whereas 
f a c t  t h a t  t h e  i n t e r a c t i o n  curve i n  the  f i r s t  quadrant of t h e  A,B plane 
has a negative s lope ( f ig .  7) .  
t h i s  case something less than 5.2.2, say 5.0, one chooses As t o  be greater  
than o$e-half of t h i s  value , to avoid t h e  Eegative eigenvalue, but a l so  
less than t h i s  value t o  avoid slow convergence associated with approx- 
imately equal and opposite eigenvalues. 
chosen t o  be 3.75. Then i s  estimated from t h e  desired r e l a t i o n  As + 
K A 1  = Ai, 5.e. K = 1 - Xs/A1 = 0.25. 

However, unless  one happens t o  choose the  proper combination 

of n = 0 t o  n = 1 components. 

increases.  This follows from t h e  known 

I f  an estimate of i1 is avai lable ,  i n  

For t h e  i l l u s t r a t e d  run A, w a s  

I n  the i l l u s t r a t e d  run K = 0.2534. 
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The input d a t a  deck is  formed from t h e  deck used f o r  SRA 100. F i r s t ,  
t he  da ta  cards  f o r  harmonics a f t e r  the  f i r s t  one ( in  t h i s  example, t h e  
cards  f o r  t he  n = 1 harmonic) are discarded. Second, t h e  case option card 
is modified (see f ig .  6 )  and f i v e  addi t iona l  da t a  cards  are inser ted  as 
shown i n  the  l i s t j n g  (p. 168). Only four  s h e l l  output po in ts  are specif ied 
on the  f irst  add i t iona l  card,  as t h i s  w i l l  give s u f f i c i e n t  information f o r  
the specif ied nine buckling harmonics t o  a sce r t a in  the degree of mode 
convergence obtained. The second addi t iona l  card is a blank card,  .meaning 
t h a t  prebuckling r ing  hoop forces  are t o  be output f o r  a l l  r ings .  On 
the th i rd  addi t iona l  card,  t he  number of i t e r a t i o n s  is l imited t o  s i x ,  s ince  
by saving f i l e s  TAPE2, TAPE8, and TAPE11 as permanent f i l e s ,  t h e  i t e r a t i o n  
process can be continued i n  a subsequent run. 
add i t iona l  cards are given the  number of prebuckling and buckling harmonics, 
respect ively,  and the  corresponding wave numbers. Third, the  2 is removed 
from column 5 of the geometry t a b l e  card a t  t h e  second boundary, and the  
e ight  r i g i d  body cons t ra in t  [B],  [D] ,  {L) cards are removed. However, 
s ince  n = 1 is included as a buckling mode harmonic, it i s  necessary t o  
spec i fy  r i g i d  body cons t ra in ts  f o r  t h i s  harmonic. This is done by means 
of a 6 i n  column 3 of the  geometry t ab le  card corresponding t o  the  first 
r i n g  boundary.* 
been removed from t h e  deck, although t h i s  s t e p  is  opt iona l ,  F i f th ,  t he  SRA 100 
generated prebuckling da ta  deck f o r  the  harmonic n = 0 followed by t h a t  f o r  
t he  harmonic n = 1 is inser ted  after the  boundary da ta  cards. F ina l ly ,  t h e  
"STOP" card is inser ted  a f t e r  t he  prebuckling da ta  cards t o  complete the  deck. 

On the  fou r th  and f i f t h  

Fourth, t h e  mass densi ty  and mechanical loads t a b l e s  have 

In  the output da t a  l i s t i n g ,  a l l  d a t a  preceding the  heading BUCKLING 
MODE ESTIMATE represents  input  da ta .  Note t h a t  only t h e  f i r s t  en t ry  of 
the  w a l l  propert ies  t a b l e  is printed.  This occurs f o r  t ab le s  2,  3,  and 4 
f o r  SRA 101 when the  da t a  f o r  a l l  of these t ab le s  is constant  over t h e  
s h e l l  meridian. 
program generated quadrat ic  d i s t r ibu t ions  f o r  v and x .  
symmetric (LAMDA A) and symmetric (LAMDA S) buckling modes sequences are 
calculated and shown simultaneously. Although ne i the r  one of them has 
achieved the  spec i f ied  degree of Convergence, t he  run terminates after 
s i x  i t e r a t i o n s  as specif ied.  It may be continued i n  a subsequent run 
by r e - a t t a c h i n g f i l e s  TAPEZ, TAPE8, and TAPE11, saved as permanent f i l e s  
from t h i s  run, (with write access t o  TAPE8 and TAPE11) and changing the  
i n i t i a l  i t e r a t i o n  number i n  the  da ta  deck t o  2. This job  took 148 sec- 
onds of Central  Processor time ( s t a r t i ng  from a re loca tab le  binary form 
SRA 101) on t h e  CDC 6400 computer. 

The f i r s t  buckling mode estimate shown are t h e  crude 
Uncoupled an t i -  

*The f i r s t  r i ng  w a s  favored over the  second r ing  f o r  t h i s  purpose s ince  
i n  the  physFcal problem considered, there  is a heavy payload mass 
attached t o  it which i n  e f f e c t  acts as a r i g i d  body cons t ra in t .  
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SRA 200 

SRA 200 computes the nonLinear l a r g e  d e f l e c t i a n  (or l i n e a r )  stress 
and displacement response t o  axismetric to r s ion le s s  loads. 
and/or thermal loads are t r ea t ed ,  as i n  SRA 100. 
SRA 200 treats both l ive and dead pressure loading. 
is computed by an iterative process based on Newton's method. 

Mechanical 
In  cont ras t  t o  SRA 100, 

The nonlinear response 

I n  SRA 200 t h e  load level is control led by an input  load f ac to r  A0 

which mul t ip l ies  a u n i t  load system. 
t ab le s  6 and 7 ,  t he  mechanical and thermal loads included i n  the  r ing  data ,  
and the  {L} vector  i n  t h e  prescribed boundary condition matrices. 
SRA 100, t h i s  da t a  represents  the  t o t a l  loading; i n  SRA 200 it  represents  
only the  u n i t  loading of a proport ional  load system. 
program can b e s t  be described by a p lo t  of load f ac to r  A and any response 
va r i ab le  y as shown i n  the  diagram below. 

The u n i t  load system is defined by 

I n  

The na ture  of t he  

I /  I 
I 
I 
I - - 

YO Y 

I n  t h i s  sketch, yo represents  t he  nonlinear response state which is  
determined f o r  t h e  load l e v e l  Ao. The l i n e a r  per turbat ion state Ay is 
the  incremental response due t o  a u n i t  incremental load A A  a t  the load 
l e v e l  h o e  The program computes both the  yo and Ay states. When A0 i s  
se t  equal t o  zero (and the  loading is dead), t he  l i n e a r  per turbat ion state 
is  prec ise ly  the  SRA 100 solut ion.  I n  addi t ion,  f o r  pure mechanical 
loading the program computes and 
s t i f f n e s s  %and i t s  der iva t ive  K0F1) = (dK/dA)O a t  the  specif ied level Xo. 
Here, K is simply the s lope  dX/dy where y now represents  the  spec ia l  
def lec t ion  which has the property tha t  the area under the A-y curve equals 
t h e  work of the  ex terna l  loads (or equivalent ly  the  s t r a i n  energy s tored) .  

r i n t s  out the generalized s t r u c t u r a l  
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It may be  noted t h a t  as the  load Xo approaches a l i m i t  l aad  Xc, f o r  

An extrapolat ion f o r  the lhmi t  
which dX/dy = 0, t h e  rate of convergence of Newton's method decreases, 
and when X = kc the  method diverges. 
load may be obtained from the  results of SRA 200 through use of t he  approx- 

i m a t e  formula 

f o r  which the e r r o r  diminishes as X O  approaches A,. 

Input Data 

The input  da t a  i s  p rac t i ca l ly  i d e n t i c a l  t o  t h a t  f o r  axisymmetric 
to rs ionless  loading i n  SRA 100, with the following exceptions: 
case option card is modified, (2) i f  ava i lab le ,  an i n i t i a l  approximation 
state is  input ,  (3) t h e  use of column 3 of t ab le  1 is s l i g h t l y  d i f f e ren t .  

(1) the 

It should be noted t h a t  input  da t a  which is not  required i n  the  

0'  axisymwtric  bending so lu t ion ,  v i z .  E12, k2, N G J ,  X2, EI,, EIxy, G J ,  F 
Nx, and Ny, i s  ignored by the program. 
normally give t h i s  d a t a  is, however, unchanged so t h a t  these cards can be 
used interchangeably with the  o ther  programs. 

The format of t h e  cards  which 

Corresponding t o  the  reduced order of t h e  equations f o r  axisymmetric 
bending, boundary conditions f o r  SRA 200 are spec i f ied  i n  terms of t h e  
reduced force vector {y)  = {P ,  Q, MI) and t h e  reduced displacement vector  
{ z )  = ( 5 ,  n, XI. Thus, i n  r e a l i t y ,  input [B] and [D] matrices are only 
3x3 matrices and CL} is  a 3x1 matrix. 
giving prescribed [B], [D] ,  and {L) matrices f o r  the  o ther  programs may be 
used without modification, t h e  t h i r d  and seventh card as w e l l  as columns 
25-36 of t he  remaining cards are ignored by SRA 200. 
25-36 give f o r  the  o ther  p,rograms the coe f f i c i en t s  of AS and v i n  the  
boundary equations. I n  order  t h a t  the  desired interchangeabi l i ty  of 
prescribed [B] ,  [D] ,  {L) cards ( for  the  case n = 0) be e f fec ted ,  the  
re la t ionship  between AS and v should be set up f o r  t he  o ther  programs 
as t h e  t h i r d  boundary equation.* 

I n  order  t h a t  t h e  e ight  cards 

Note t h a t  columns 

Case option card.- This card d i f f e r s  from the  case opt ion card of 
SRA 100 only as follows ( f ig .  9): 

(1) a 2 is  not  used i n  column 20 s i n c e  new complementary so lu t ions  are 
always required f o r  each Newton i t e r a t i o n .  

(2) No harmonic number is input ,  i.e., columns 21-23 are l e f t  blank. 

*Note t h a t  t h e  only r i g i d  body cons t ra in t  required f o r  SRA 200 is 5 = 0. 
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(3) Column 28 is  used t o  ind ica t e  the  i n i t i a l  approximation t o  be 
used i n  t h e  Newton i t e r a t i o n  f o r  the nonl inear  solut ion.  

Since only axisymmetric t o r s ion le s s  response is t rea ted ,  
ro t a t iona l  r i g i d  body modes are excluded. 
should be blank o r  contain a 1. 

A convergence index N f o r  t h e  Newton i t e r a t i o n  is input  i n  
column 32. 
f o r  t h e  converged i t e r a t i o n  s t e p  and t h e  preceding one w i l l  be  
uniformly less than lO'N, i.e., they w i l l  agree e s s e n t i a l l y  t o  
N s i g n i f i c a n t  d i g i t s .  
automatically taken t o  be 4. 

The ex t r a  opt ion of a l ive pressure f i e l d  is  included i n  t h e  
ind ica to r  spec i f ied  i n  column 34. 
SRA 202, and SRA 300 the  e f f e c t  of pressure gradients  associated 
with t h e  pressure f i e l d  have not  been included i n  t h i s  program. 

(4) 
Thus column 30 

(5) 
The relative d i f fe rence  between t h e  ro t a t ion  f i e l d  x 

I f  t h i s  column is  l e f t  blank, N is 

(6) 
I n  cont ras t  t o  SRA 201, 

(7) The load f a c t o r  ho at  which t h e  nonlinear state is computed is 
input  i n  columns 36-47. I f  l e f t  blank, only the  l i n e a r  so lu t ion  
w i l l  be  calculated.  I n  t h i s  case, column 28 should contain a 2. 

(8) Column 76 is used-as  a f l a g  t o  create the  addi t iona l  prebuckling 
da ta  deck (see p. 46). This da ta  is used only by the  postbuckling 
program SRA 202. 

I n i t i a l  approximation state.- I f  column 28 of t h e  case opt ion card 
contains a 1, a group of cards representing an i n i t i a l  state f o r  t h e  
Newton i t e r a t i o n  is input  between t h e  "nine" card (which terminates the  
t a b l e  data) and t h e  boundary data.  
prebuckling data  deck obtained from a previous SRA 200 run (see p. 4 5 ) .  

This set of cards is merely t h e  standard 

I f  SRA 200 has been run at one load level, and the  response is 
desired at a neighboring load level, then the  prebuckling state da ta  from 
the  f i r s t  load level should be used t o  obtain the  i n i t i a l  approximation 
f o r  t h e  second load level. Thus, i n  a sequence of problems, i n  which only 
t h e  load level changes, f o r  each case a f t e r  t h e  f i r s t ,  column 28 of the 
case opt ion card should be  l e f t  blank, as should a l s o  columns 6, 8, ..., 20. 

I n  general ,  when no i n i t i a l  approximation state is ava i lab le ,  a 2 is 
punched i n  column 28 of t h e  case opt ion card. 
i t e r a t i o n  w i l l  be  simply t h e  so lu t ion  of the  l i nea r i zed  equations. 

I n  t h i s  case, the  first 

U s e  of column 3 of t a b l e  1.- I n  SRA 200, t h i s  column has two purposes: 
(1) t o  specify a symmetrical r ing  a t  a plane of symmetrywhen analyzing 
only one-half of a symmetrical s t ruc tu re ,  and (2) t o  spec i fy  real axial 
t r a n s l a t i o n a l  f i x i t y  at a ring. 
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Symmetrical r iqg  a t  a plane of symmetry: 
s h e l l  equations antisymmetrical loading about a symmetry plane leads t o  
antisymmetrical response. I n  t h i s  case, a 9 is punched i n  column 3 of 
t a b l e  1 a t  the  symmetry edge i n  the  da ta  deck f o r  SRA 100 (see p. 21). 
t h e  nonlinear case, however, t he  response t o  an antisymmetric loading 
contains both antisymmetric and symmetric components. Therefore, i n  t h i s  
case, the complete s h e l l ,  ins tead of t he  ha l f  s h e l l ,  m u s t  be  modeled, and, 
consequently, t he  ind ica tor  9 i n  column 3 of t a b l e  1 is  not used f o r  SRA 200 
unless Xg = 0. 
symmetrical response is t h e  same as f o r  SRA 100. 

I n  the  case of l inear ized  

I n  

The use of an 8 i n  column 3 of t ab le  1 t o  specify 

Axial f i x i t y  a t  a ring: I f  real a x i a l  f i x i t y  (6 = 0) exists a t  a ring, 
t h i s  may be  spec i f ied  simply by put t ing  a 1 i n  column 3 of the  corresponding 
geometry t ab le  card. This option should not  be used t o  specify a r t i f i c i a l  
r i g i d  body cons t ra in t  i n  the  case of a f r e e  s t ruc tu re ,  s i n c e  the  r ing  
i n e r t i a l  loads would then be improperly t rea ted .  

Output D a t a  

Pr inted output.- The output da t a  format i s  e s s e n t i a l l y  the  same as 
tha t  f o r  SRA 100 with t h e  following exceptions: 

Input da t a  not  required i n  the  axisymmetric bending so lu t ion  i s  
not  output. 

For nonuniform l i v e  pressure f i e l d s ,  the  axial and r a d i a l  
pressure der ivat ives  Y3x and X j Y  are required by SRA 201, SRA 202, 
and SRA 300. 
i n  columns 49-60 and 61-72, respect ively,  of t a b l e  6 cards. 
Although t h e i r  e f f e c t  is neglected by SRA 200, XgX and X j Y  are 
included i n  i ts  output of t he  mechanical loads table .  

For these  programs they are input i n  E12.4 format 

A sequence of maximum r e l a t i v e  differences i n  t h e  calculated 
meridional ro t a t ion  f i e l d s  of t he  l a s t  two i t e r a t i o n s  is  pr inted.  

Tables of s h e l l  forces  (P, Q, M I ) ,  displacements (E ,  ?I, x) and 
normal displacement (w), stresses (us, u , 5sz ,  O s t )  are pr inted 

f o r  both the  nonlinear state, yo, arid the  l i n e a r  per turbat ion 
state Ay. 

4 

I n  t h e  nonlinear s ta te  force-displacement t ab le ,  both the  
meridional ro t a t ion  x of the  f i n a l  i t e r a t i o n  and the  meridional 
ro t a t ion  x1 of the  previous i t e r a t i o n  are pr inted,  s ince  the  
convergence test is made OR these values. 

The column labeled x1 i n  t he  correaponding l i n e a r  per turbat ion 
state t a b l e  should be ignored. 
of t he  nonlinear state),  

(It contains simply the X-values 
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(7) I f  thermal loads a r e m t  mput o r  column 76 of t he  case opt ion 
card contains a 1, then t h e  prebuckling s t i f f n e s s  KO and its 
der iva t ive  (dK/dX)O a t  t h e  input  load level ho are printed.  
These are pr in ted  a f t e r  t h e  stress t a b l e  f o r  the  l i n e a r  perturba- 
t i o n  state and complete the  pr in ted  output. 

Optional output.- As f o r  SRA 100, SRA 200 creates opt iona l  output 
f i l e s  of prebuckling da ta  and stresses, depending on columns 73, 74, and 
76 of t h e  case opt ion card. The primary s h e l l  stresses os and o 

wri t fen  on the  PUNCH f i l e  i n  t h e  same format as f o r  SRA 100 (p. 29). 
However, f o r  t he  sake of convenience, t he  prebuckling data ,  which here  
cons i s t s  of a standard p a r t  required by SRA 201 and S U  202 and an addi- 
t i o n a l  p a r t  which is opt iona l  input f o r  SRA 202 only, is wr i t t en  on 
log ica l  u n i t  7. This f i l e  may then be manipulated as f i l e  TAPE7 by user 
cont ro l  cards. 

are 
(9 

Standard prebuckling data:  Normally, when ho # 0,  t h i s  da ta  cons is t s  
of two bas i c  pa r t s :  
followed b y @ )  l i n e a r  per turbat ion state data  a t  A o .  
d a t a  cons is t s  of four  groups of cards i n  the order  given below: 

(1) nonlinear state da ta  a t  the load level XO, 
The nonl inear  state 

(1) a s ing le  card containing the  load l e v e l  Xo and a l ive load 
ind ica to r  (given i n  column 34 of t he  case option card) i n  the  
format 1PE12.4, 1 2 ,  

(2) r ing  stress re su l t an t  cards: [no. of r ings/6]  cards wr i t ten .  
Each card,  except possibly the  last, contains s i x  consecutive 
r ing  boundary numbers and the  corresponding hoop forces  T i n  

d i r ec t ion  of increasing en t ry  number. 
t he  format 6 (12, 1PE11.4). The r ings  are ordered i n  t h e  (9 

(3) s h e l l  stress re su l t an t  cards: [max. en t ry  no./3] cards wr i t ten .  
Each card, except possibly the  last, contain th ree  consecutive 
entry numbers and the  corresponding p a i r s  of stress re su l t an t s  
(31, T2) i n  t h e  format 3 (12, lP2E11.4). 

(4) meridional ro t a t ion  cards: [max. en t ry  no./6] cards wr i t ten .  
Each card,  except possibly the  last, contains s i x  values of x 
a t  s i x  consecutive en t ry  points  i n  t h e  format 1P6E12.4. 

The l i n e a r  per turbat ion s ta te  da ta  is represented by cards of types (2) ,  
(3) ,  and (4) above i n  t h e  same order  and format but  with the  state varia- 
b l e s  a t  X o  being replaced by t h e i r  der iva t ives  with respect t o  A a t  10. 
I f  X O  = 0,  only the  l i n e a r  per turbat ion s ta te  cards are produced. 
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Additional prebuckling data: 
follows the  standard prebuckling data ,  is composed of four  pa r t s ,  a l l  of 
whose var iab les  are evaluated a t  10, i n  t h e  order  given: (1) nonlinear 
and per turba t ion  out-of-plane r ing  bending moments (M aMy/aX), (2) non- 

l i n e a r  and per turba t ion  s h e l l  bending moments (MI, aMl /ah ,  M2, aM2/aX),  

(3) the  second-order per turbat ion state ( a2T /ah2 ,  a 2T 1 / a  h2, a2T2/ a h 2 ,  a 2X/ah2), 

and (4) t he  prebuckling s t i f f n e s s  and its de r iva t ive  (K, aK/ah) .  
number and format of these cards are summarized below. 

Normally, when, A0 # 0 ,  t h i s  data, which 

Y' 

cp 
The 

(1) Ring bending moments: [no. of r ings/4] cards wri t ten.  Each card,  
except possibly the last card,  contains 4 p a i r s  (M 
f o r  four  consecutive r ings  i n  the  format 1P8E10.3. 

aM /ah) of r i ng  moments 
Y' Y 

(2) She l l  bending moments: [max. en t ry  no./2] cards  wr i t ten .  Each 
card,  except possibly the  last card,  contains 2 quadruples (MI,aMl/aX,MZ, 
aM2/ah) of s h e l l  bending moments at two consecutive en t ry  poin ts  i n  t h e  
format 1P8E10.3. 

(3) Second-order per turbat ion state: This set of cards is completely 
analogous t o  the  linear per turbat ion state deck discussed above with second 
der iva t ives  with respect  t o  X replacing t h e  corresponding f i r s t  der ivat ives .  

(4) S t ruc tu ra l  s t i f f n e s s  card: This is  a s i n g l e  card with K and 
aK/ah  i n  t he  format 1P2E12.4. 

If A0 = 0, t h e  second order  per turbat ion state is  n u l l  and i s  omitted 
from t h i s  output. 

Sample Problem 

I n  order  t o  i l l u s t r a t e  t he  s h e l l  branching capabi l i ty  of the SRA 
programs, a s t r u c t u r e  w a s  contrived f o r  use as a sample problem f o r  SRA 200 
(and the  remaining programs). 
open branches o f f  of i t ,  set up so t h a t  t h e  s t r u c t u r e  has a plane of 
symmetry normal t o  t h e  ax i s  of revolution. 
corresponding en t ry  numbers is shown below. 

This s h e l l  cons is t s  of a closed branch with 

A diagram of its meridian with 
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10 

i AXIS OF REVOLUTION 

/ 

A l l  s i x  edges are assumed t o  be force-free.  
entries 30 and 68 have i d e n t i c a l  a t tached r ings,  whereas a l l  o thers  are 
force-free. 
closed branch. 

I n t e r i o r  boundaries a t  

The loading cons is t s  of uniform dead ex terna l  pressure on the  

In a c t u a l  prac t ice ,  only one-half of t h i s  s t r u c t u r e ,  from ent ry  1 t o  
38, would be modeled with symmetry conditions (6 = x = AQ = 0)* spec i f ied  
a t  the ar t i f ic ia l  edges a t  e n t r i e s  1 and 38. The complete s h e l l  is 
modeled here  f o r  i l l u s t r a t i v e  purposes only, and w a s  chosen so tha t -  
so lu t ion  of t h e  ha l f - she l l  would provide an absolute  check of t he  r e su l t s .  

Input and output da t a  l i s t i n g s  f o r  t h i s  s t r u c t u r e  are shown i n  
Appendix B (p. 180). Note the  1 i n  column 4 of t h e  case option card s ignifying 
a closed branched s h e l l .  A nonlinear load l e v e l  of un i ty  (i.e., a pressure 
load of 100 p s i ,  assuming poundinch u n i t s ,  as given by t a b l e  @ w a s  a r b i t r a r i l y  
chosen (col. 38). The 1 i n  column 73 w i l l  cause t h e  standard prebuckling 
data  t o  be wr i t t en  on f i l e  TAPE7. 
run, it is  necessary t o  e i t h e r  copy t h i s  f i l e  t o  PUNCH o r  save i t  as a 
permanent f i le  . 

I n  order  t o  use t h i s  da t a  i n  abuckl ing  

The l inear segments of the  meridian between boundaries required by 
branch points  and d i scon t inu i t i e s  i n  s lope  w e r e  chosen shor t  enough so 
t h a t  no addi t iona l  boundaries are required.  
cards a t  the  f i n a l  e n t r i e s  of subin terva ls  terminating a t  branch points  
contain the  corresponding branch point  numbers. 

*These conditions may be input  d i r e c t l y  as prescribed [B] ,  [D] ,  and {L) 

Note t h a t  column 6 of geometry 

Branch point  numbers have 

matrices o r  i n d i r e c t l y  through use of a symmetrical n u l l  r i n g  (i.e., with 
zero s t i f f n e s s ,  e c c e n t r i c i t y x e l a t i v e  t o  the  reference surface,  and load).  
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been assigned (at t h e  user ' s  option) i n  t h e  order  they are f i r s t  encountered 
when the  meridian is t raversed i n  the  d i r ec t ion  of increasing en t ry  number. 

Although t h i s  s t r u c t u r e  has r i g i d  body freedom, i t  is obvious t h a t  the  
applied loading is  self-equi l ibrat ing.  Therefore, i t  is unnecessary t o  
specify r i g i d  body freedom i n  column 30 of the  case opt ion card. However, 
i t  is  s t i l l  necessary t o  provide a r t i f i c i a l  r i g i d  body cons t ra in t  ( e  = 0), 
which is  done a t  t h e  f i n a l  boundary, i.e., the  closure point.  Note t h a t  
t he  th i rd  and seventh cards of t h i s  boundary data ,  which specify v = 0, 
are ignored by SRA 200. 

I n  the  output d a t a  l i s t i n g ,  a l l  da t a  preceding the statement ITER = 2 
represents  lnput  data. I n  t h i s  and the  next row ITER is  the  Newton iter- 
a t ion  number, and PIAX. REL. ERR. i s  the  maximum relative d i f fe rence  i n  the  
last two calculated meridional ro t a t ion  f i e lds .  Thus, t h i s  so lu t ion  
converged t o  t h e  required four  d i g i t s  ( spec i f ied  by defaul t ,  column 32 of 
t h e  case opt ion card) i n  three  i t e r a t ions .  Following are t ab le s  of s h e l l  
forces  and displacements, and s h e l l  normal displacement and stresses f o r  
both nonlinear and l i n e a r  per turbat ion states, as described previously. 
Note t h a t  f o r  both t h e  nonlinear and l i n e a r  states, the  elastic p a r t  of 
t h e  a x i a l  displacement f i e l d  ( the  d i f fe rence  of 5 a t  two d i f f e r e n t  points)  
has been masked by the  superposi t ion of a r e l a t i v e l y  l a r g e  r i g i d  body 
displacement. 
r i g i d  body cons t ra in t  i s  spec i f ied  at  the  c losure  point  of a closed branch. 
There i s  no l o s s  of numerical s ign i f icance  i n  the  remaining p a r t  of the  
solut ion.  Also, t he  appearance of t h i s  undesirable r i g i d  body displacement 
can be suppressed by specifying the  r i g i d  body cons t ra in t  on an open branch. 
The s t r u c t u r a l  s t i f f n e s s  KO and its der iva t ive  Ko(1) are the  f i n a l  p r in ted  
output. It may be noted t h a t  KO and K o ( l )  do not  have unique values f o r  the  
nonlinear equilibrium state obtained. 
of t he  u n i t  load system. 
were used with a load f ac to r  of 100 t o  obta in  the  same equilibrium state, 
KO would be l a r g e r  by a f a c t o r  of loo2 and K o ( l )  would be l a r g e r  by a 
f ac to r  of 100. I n  general ,  i f  t he  un i t  load system is changed by a f ac to r  
C y  then f o r  a given nonlinear state KO changes by the  f a c t o r  1 / C 2  and KO(') 
by t h e  f ac to r  1 / C .  
( s t a r t i n g  from a re loca tab le  binary form of SRA 200) on the  CDC 6600 computer. 

A s  noted i n  the  footnote on page 23, t h i s  occurs when the  

Their  scale depends on the  choice 
For example, i f  a u n i t  pressure f i e l d  of 1 p s i  

This job  took 10 seconds of Central  Processor time 
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SRA 201 

This program is  used t o  determine asymmetric (harmonic) buckling modes 
of axisymmetric to rs ionless  prebuckling states. 
may be computed by SRA 200 and saved as a permanent f i l e .  This da t a  f i l e  
is denoted as the  s tandard prebuckling data  i n  t h e  SRA 200 user 's  manual. 
It is inse r t ed  i n  the SRA 200 da ta  deck, which then, with some minor 
modifications,  becomes the  data  deck f o r  SRA 201. 

The prebuckling states 

Geometrically speaking, the  method used cons is t s  of seeking bifurca- 
t i o n  of f i c t i t i o u s  equilibrium states on the  -gent t o  the  nonlinear load- 
deformation curve at  a load level A0 (used i n  t h e  prebuckling SRA 200 run). 
A sequence of eigenvalue estimates U(k) is obtained by a Stodola-type 
i t e r a t i o n  whose l imi t ing  value 1-11 (plus the eigenvalue s h i f t ,  ps, i f  used) 
represents  the d i f fe rence  between the critical load e s t i m a t e  A 1  and A o .  
I f  t h i s  d i f fe rence  is not too la rge ,  s o  t h a t  the  l i nea r i za t ion  of t h e  
prebuckling response between A0 and A 1  is a good approximation, then A 1  
w i l l  be a good approximation t o  the desired c r i t i c a l  load. To test  t h i s  
assumption, i n  general  one has t o  recompute the  prebuckling state,  using 
SRA 200, a t  a new value of A0 c lo se r  t o  A I ,  and then compute a new value of 
A 1 .  I f  t he  change i n  A 1  is in s ign i f i can t ,  A 1  is accepted as the  t rue  
c r i t i c a l  load f o r  buckling i n  the  harmonic considered. 

For a given A o ,  SRA 201 may be run with a sequence of cases i n  search 
of t he  harmonic which y i e lds  the  minimum eigenvalue, each case correspond- 
ing t o  buckling i n  a d i f f e ren t  harmonic. 
estimates of c r i t i ca l  values of the  load f ac to r  A i n  the  v i c i n i t y  of the  
value A o .  

The values of A 1  obtained are 

For each harmonic, as many as four  modes may be requested. The 
eigenvalues, us + ~ 1 ,  obtained by the  program w i l l  be the  ones nearest  

t o  t h e  input  eigenvalue s h i f t s ,  p 
S' 

of eigenvalues requested. I n  general, t he  eigenvalues, 1-11, w i l l  
be the  smallest eigenvalues i n  absolute  magnztude f o r  t he  spec i f i ed  
harmonic, obtained i n  the  order of increasing magnitude. 
eigenvalue may be required,  f o r  example, i f  t he  s m a l l e s t  one is opposite 
i n  s ign  t o  t h a t  being sought. 
are discussed below. 

which may be  input  separa te ly  f o r  each 

More than one 

Further aspects of eigenvalue s h i f t i n g  
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Input Data 

The SRA 201 input ueck is normally construceed from the  SRA 200 input  
deck and t h e  standard prebuckling da ta  deck created by SRA 200 when 
column 73 of t h e  case opt ion card of t he  SRA 200 da ta  deck contains a l.* 
The following s t eps  should be taken i n  construct ing the SRA 201 da ta  deck: 

I n s e r t  t h e  standard prebuckling da ta  deck (fig.10) as a u n i t  
between t h e  "nine" card (following the  input tab les )  and 
boundary da ta  cards. 

Since t ab le s  5 and 7 are not used by SRA 201, they may be 
removed from the SRA 200 deck. However, t h i s  s t e p  is opt ional ,  
and i f  present,  these  t ab le s  w i l l  be  ignored by the  program. 

I n  t h e  case of a nonuniform l ive pressure f i e l d ,  t ab l e  6 should 
contain t h e  pressure der iva t ives  Xax and Xg i n  E12.4 format i n  

columns 49-60 and 61-72, respect ively.  I n  order  t o  avoid 
overlooking t h i s  s t ep ,  i t  is suggested t h a t  t h i s  da ta  be 
included i n  t a b l e  6 cards a t  the t i m e  of o r ig ina l  preparation. 

Y 

Modify t h e  case option card (see below). 

Remove any a r t i f i c i a l  r i g i d  body cons t ra in t  which may have been 
imposed i n  t h e  SRA 200 run. Generally, t h i s  is done by 
blanking column 5 of t he  appropriate  card i n  t a b l e  1 and 
removing the  corresponding set of e ight  boundary da ta  cards from 
the  deck. The cases of n = 0 o r  1 requi re  spec ia l  consideration 
with respect  t o  r i g i d  body cons t ra in ts  and they are discussed 
f u r t h e r  below. 

For a s t r u c t u r e  with a plane of symmetry normal t o  the  ax i s  of 
revolution, both symmetric and antisymmetric buckling modes 
ex i s t .  For an e f f i c i e n t  so lu t ion ,  only one-half of such a 
s t r u c t u r e  should have been modeled i n  s e t t i n g  up t h e  SRA 200 
run, with symmetry conditions imposed at  the  a r t i f i c i a l  edge(s). 
I f  an antisymmetric mode is  desired,  i t  is necessary to: (a) 
change t h e  8 i n  column 3 of the  geometry t a b l e  card a t  a 
symmetrical r ing  boundary t o  a 9,  and/or (b) change prescribed 
boundary conditions at a symmetry edge from 5 +I A Q  = x +I 0 t o  
AP = 0 = v = AM1 = 0. 

*For ideal ized problems using a membrane prebuckling state, i t  may be 
convenient t o  construct  t he  standard prebuckling da ta  deck by hand. 
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Case opt ion card.- This is  s i m i l a r  t o  t he  case opt ion card f o r  SRA 200 
and i s  required f o r  each case (fig.11).  
meanings from those of SRA 200 are discussed below. 

Columns which have d i f f e r e n t  

Column 16 contains the  ind ica to r  f o r  the u n i t  load pressure f i e l d  
t ab le ,  i .e.,  t ab le  6 from the SRA 200 run with the  pressure der iva t ives  

and X included i n  columns 49-60 and 61-72, respectively.  SRA 201 

uses the pressure gradient only i n  the  case of a nonuniform l ive pressure 
f i e l d ,  and uses the  pressure X30nly i n  the  case of a l ive pressure f i e l d  
or  sur face  loading applied of f  of t he  reference surface.  
these cases is being considered (as determined by column 34 of the  SRA 200 
case opt ion card) ,  removal o r  re ten t ion  of t a b l e  6 i n  the  SRA 201 da ta  
deck i s  optional.  Also, i n  t h i s  case the  value of column 16 w i l l  no t  
a f f e c t  t he  run. 

x3x 3Y 

I f  ne i the r  of 

Columns 17-18 contain the  ind ica to r  f o r  t h e  prebuckling state data.  
I f  these  columns contain -1, SRA 201 w i l l  expect only the  l i n e a r  
per turbat ion state p a r t  of t he  standard prebuckling data  deck, i.e., t he  
deck produced by SRA 200 when the  nonlinear load level X o  is input  as 
zero. I n  t h i s  case, the  nonlinear prebuckling state w i l l  be set t o  zero, 
and dead loading appl ied a t  the  reference sur face  w i l l  be  assumed. Thus, 
t h i s  option is f o r  studying buckling of l i n e a r  states calculated by SRA 200 
when columns 34 through 47 of its case option card are l e f t  blank. 

Columns 21-23 contain the  harmonic number (i.e., c i rcumferent ia l  
wave number) of the  buckling mode t o  be obtained. 

Column 26 contains the  number of modes (54) t o  be obtained, I f  more 
than one mode i s  spec i f ied ,  an ex t r a  card should be  inser ted  i n  t h e  deck 
immediately following the  case option card, giving the  eigenvalue s h i f t s  
f o r  t h e  modes a f t e r  t he  f i r s t .  The format of t h i s  card is 3(E12.4) so  
t h a t  the eigenvalue s h i f t  f o r  the  second mode is punched i n  columns 1-12, 
f o r  t h e  t h i r d  mode i n  columns 13-24, and f o r  t he  four th  mode i n  columns 
25-36. I f  t h e  s h i f t  f o r  a higher  mode i n  input  as zero (i.e., t h e  
corresponding columns l e f t  blank),  t he  s h i f t  l e f t  over from the  previous 
mode w i l l  be used. 

I n  the  case of axisyrmmetric buckling (n = 0) ,  t h e  bending and 
Which of these modes is desired is to r s iona l  modes are uncoupled. 

spec i f ied  i n  column 28. 

Column 30 is similar t o  column 30 of the  case option card of SRA 100. 
It appl ies  on13 i n  the  cases n = 0 o r  1, and then only i f  t h e  eigenvalue 
s h i f t  and the  nonl inear  load f ac to r  A. are zero (see p. 53). 

Column 32 gives the  number of s ign i f i can t  d i g i t s  desired i n  t h e  
eigenvalue l.11. Thus, i f  t he  cr i t ical  load is  A I ,  the  eigenvalue s h i f t  is  
us, and t h e  nonl inear  load level i s  Ao. then column 32 spec i f i e s  the  
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number of s i g n i f i c a n t  d i g i t s  i n  the  d i f fe rence  1-11 = hi - (A0 + Us), t o  

which the  computed sequence of eigenvalue estimates converges. 
32 is  l e f t  blank, four  s ign i f i can t  d i g i t s  w i l l  be assumed. 

I f  column 

Columns 36-47 contain t h e  input eigenvalue s h i f t  f o r  t he  f i r s t  mode 
t o  be obtained. 
of t h e  result t o  avoid a negative eigenvalue ( s ince  convergence is  always 
t o  the  eigenvalue c loses t  t o  t he  sh i f t ed  o r ig in )  o r  t o  speed up convergence 
( s ince  the  rate of convergence depends on t h e  r a t i o  of t he  two c l o s e s t  
eigenvalues measured from the  sh i f t ed  o r ig in ) .  I f  a value grea te r  than 1038 is 
used i n  columns 36-47, the  eigenvalue s h i f t  l e f t  over from the  previous 
case w i l l  be used. In  a sequence of cases, t h i s  value may be unknown a t  
t h e  t i m e  of input  s ince  the program may make automatic s h i f t s  i n  order  t o  
speed up convergence. 

A s h i f t  may be input when one has some p r i o r  knowledge 

Column 73 is  used f o r  punching the  buckling mode da ta  f o r  the  
imperfection s e n s i t i v i t y  program SRA 202. 

Column 74 is used t o  punch the modal displacements uI v, and w. 

As mentioned previously,  the  program has the capabi l i ty  during the  
This w i l l  occur i f :  ca lcu la t ion  t o  make an automatic eigenvalue s h i f t .  

(1) t he  convergence rate is too slow, (2) 1-12 + 1-1 (1-12 being the eigenvalue 

which is  cont ro l l ing  the  rate of convergence t o  1-11) has the  same s ign  as 
1-11 + 1-1 but  i s  ana l le r  i n  absolute  value,  o r  (3) if 1-12 + 1-1, has the 

opposite s ign  as ~1 + 1-1 but  has the same s ign  as 1-1 . In  the  f i r s t  case, 

a s h i f t  is made t o  the v i c i n i t y  of 1-11 + 1-1 
S’  

a s h i f t  is  made t o  the  v i c i n i t y  of 1-12 + 1-1 . 
may be suppressed by in se r t ing  a 1 i n  column 75. 

S 

S 

S S 

whereas i n  the  l a s t  two cases 

Automatic eigenvalue s h i f t i n g  
S 

In  a sequence of cases i n  which the  s h e l l  geometry is unchanged, the  
i n i t i a l  approximation i n  the  i t e r a t i o n  f o r  t he  first mode of each case 
a f t e r  the  f i r s t  w i l l  be taken as the last  mode converged t o  i n  the  pre- 
ceding case i f  column 77 is l e f t  blank. 
t h i s  i s  suppressed and the  same crude approximation (quadrat ic  va r i a t ion  
of v and x) as used f o r  the first case is used. I n  the  cases n = 0 o r  1 
when column 30 is  not  blank, t he  r i g i d  body modes are computed d i r e c t l y ,  
and the  i n i t i a l  approximation f o r  f i r s t  elastic mode .is never taken from 
the  preceding case. 

I f  a 1 is inser ted  i n  column 77, 
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A common use of SRA 201 i s  t o  compute the  buckling modes f o r  several 
d i f f e r e n t  harmonic numbersd a given s t r u c t u r e  and prebuckling s ta te  i n  
a s i n g l e  pass through the computer. 
several cases i n  sequence. 
data  cards are required. These are the t i t l e  card,  case opt ion card,  and 
t h e  "nine" card t o  s ign i fy  t h a t  no more input t ab le s  are t o  be read. 

This is accomplished by s tacking 
For each case a f t e r  t h e  f i r s t ,  only three  

Buckling i n  the  harmonics n = 0 and 1,- I f  the  s t r u c t u r e  possesses 
r i g i d  body degrees of freedom, i t  may be  necessary, i n  the  cases n = 0 
and 1, f o r  t he  use r  t o  spec i fy  a r t i f i c i a l  r i g i d  body cons t ra in ts ,  as w e l l  
as observe o the r  spec ia l  rules .  
analysis  by SRA 100 o r  SRA 200, s h e l l s  with r i g i d  body degrees of freedom 
are t r ea t ed  by t h e  use of a r t i f i c i a l  r i g i d  body cons t ra in ts  and the  in t e rna l  
generation of equ i l ib ra t ing  ine r t i a l  forces .  
v ibra t ions)  program, the  s i t u a t i o n  i s  analogous t o  the  prebuckling programs 
only i f  t he  eigenvalue s h i f t  1.1 

zero.* The prec ise  treatment of r i g i d  body degrees of freedom depends on 
whether o r  no t  the  following loading condition i s  s a t i s f i e d :  

I n  t h e  case of s ta t ic  prebuckling 

For the  buckling (and 

and the  nonlinear load level Xo are both 
S 

(A) The s h e l l  i s  loaded by a l ive nonuniform pressure f i e l d  AX, such 
t h a t  : 

(a)  i f  n = 0, r ' X 3 x  is not i den t i ca l ly  zero, or 

(b) i f  n = 1, (r /R2)X3 is not i den t i ca l ly  zero. 
Y 

Condition (A) s a t i s f i e d :  I f  condition (A) is s a t i s f i e d  and e i t h e r  
ho o r  1 . 1 ~  is  nonzero, then the  harmonics n = 0 and 1 are t r ea t ed  no 

d i f f e ren t ly  than o ther  harmonics, i .e.,  a r t i f i c i a l  r i g i d  body cons t ra in ts  
and column 30 of the  case option card are not used. 

On the  o ther  hand, i f  both X o  = 1.1, = 0, s u f f i c i e n t  a r t i f i c i a l  r i g id  

body cons t ra in t  (s) must be spec i f ied  t o  e l iminate  the  r i g i d  body freedom 
and the  appropriate  value placed i n  column 30 of t he  case opt ion card. 
These a r t i f i c i a l  displacement conditions should be prescribed a t  a force- 
f r e e  boundary? instead of specifying t h a t  the ex te rna l  force  o r  moment 
r e su l t an t  is  zero (see p.23). For example, t h e  boundary conditions 
5 = A Q  = v = AM1 = 0 would provide both t r a n s l a t i o n a l  and r o t a t i o n a l  

*Mathematically, nonzero XO o r  vS eliminates r i g i d  body degrees of freedom 

+As discusses  previously,  boundaries on a closed branch o the r  than the  

f o r  SRA 201 much as an elastic foundation would f o r  SRA 100. 

c losure poin t ,  are excluded from t h i s  use (see p. 22). 
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cons t ra in ts  a t  a force-free boundary f o r  both n = 0 and n = 1. 
resu l t an t  force  and moment react ions which are l e f t  unspecified w i l l  tu rn  
out  t o  be negl ig ib ly  saall. 

The 

I n  order  t h a t  the  program recognize a r t i f i c i a l  r i g i d  body cons t ra in ts ,  
which must be removed i f  an automatic eigenvalue s h i f t  is made during 
execution, i t  is  necessary t o  specify i n  column 3 of t h e  corresponding 
card i n  the  geometry t ab le  the  type of a r t i f i c i a l  cons t ra in t  prescribed. 
Also, only c e r t a i n  rows of the  [D] matrix should be used f o r  these 
constraints .  I n  t h e  spec ia l  case of n = 1 buckling of a s h e l l  with only 
ro t a t iona l  r i g i d  body freedom, i n  order t h a t  the  proper r i g i d  body mode 
be computed, it is a l s o  necessary t o  observe a s i m i l a r  r u l e  f o r  the real 
t r ans l a t iona l  cons t ra in t .  These ru les  are summarized i n  the  t a b l e  below. 

Applicable Rows of [D] 
Constraint  Col. 3 ‘n = 0 n = l  

R e a l  t r ans l a t iona l  I 1  any 2nd 

t r ans l a t iona l  4 
A r t i f i c i a l  r o t a t i o n a l  5 { both 6 

1st 2nd 
3rd 4th 
1st & 3rd 2nd & 4th 

Note t h a t  t he  1 is used i n  column 3 only i f  the  cons t ra in t  e l iminates  only 
one degree of r i g i d  body freedom and t h e  reaction i s  a pure force  r e su l t an t ,  
i n  which case the  cons t ra in t  equation involves only rl and/or v, o r  a mixed 
r e su l t an t ,  i n  which case the  cons t ra in t  equation involves 5 and/or x as 
w e l l  as rl and/or v. 

Condition (A) unsa t i s f ied :  I f  condition (A) i s  unsa t i s f ied  and e i t h e r  
XO o r  1-1 is nonzero (probably the  most common case), a r t i f i c i a l  ro t a t iona l  

body cons t ra in t  2nd column 30 d the  case option card are not  used. 
However, t r a n s l a t i o n a l  r i g i d  body cons t ra in t ,  whether a c t u a l  o r  a r t i f i c i a l ,  
m u s t  be  provided a t  some boundary. 
i n  t h i s  case has no e f f e c t  on t h e  so lu t ion  as no reac t ion  w i l l  be produced 
by i t .  

S 

Trans la t iona l  r i g i d  body cons t ra in t  

I f  both X o  = us = 0, a t r ans l a t iona l  r i g i d  body mode ( i . e . ,  a 1 o r  3 

i n  column 30 of t he  case opt ion card) should not be spec i f ied  even i f  the  
physical  s t r u c t u r e  has t r ans l a t iona l  r i g i d  body freedom. I n  a l l  o ther  
respec ts  t h i s  case should be t r ea t ed  the  same as when condition (A) is 
s a t i s f i e d .  

Output Data 

Printed output.- The output da t a  of t he  program cons i s t s  of a pr int-  
out  of t he  input  da t a  and computed r e s u l t s .  Since the  print-out of t he  
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input da t a  is self-explanatory, a discussion of it is unnecessary. 

For each e l a s t i c  mode obtained t h e  following r e s u l t s  are output i n  
the  order l i s t e d :  

the  convergent sequence of eigenvalue estimates, u (k), obtained 

i n  the  i t e r a t i o n  process, including eigenvalue s h i f t s  at the 
point they w e r e  made ( the  f i r s t  one, which precedes the  1.1- 
sequence, being the  input value and t h e  remaining ones being 
automatic s h i f t s )  , 
t h e  next t o  las t  and the  last estimates of normalized force 
{y}and displacement { z )  modal amplitudes as functions of s 
(corresponding t o  the last  two eigenvalue estimates),  

the  corresponding cri t ical  load XI, and 

a t a b l e  of meridional (u) ,  c i rcumferent ia l  (v),  and normal. 
(w) modal displacement as functions of s .  

Numerical convergence is obtained when t h e  relative d i f fe rence  
between two successive estimates is less than 1O-N, where N is the 
convergence index spec i f i ed  i n  column 32 of the  case option card. 
noted t h a t  not only is the -p-sequence convergent but a l s o  the r a t i o s  of 
successive d i f fe rences  of t h i s  sequence form a sequence which is con- 
vergent t o  the square of the  r a t i o  of t h e  next l a r g e r  eigenvalue vz(for 
the same value of n) t o  the  one being sought. This f a c t  allows, i n  many 
cases, a hand ca l cu la t ion  of a rough estimate of l p p )  from the  ca lcu la t ion  
of 1-11." This secondary convergence is used t o  co r rec t  t h e  las t  eigenvalue 
estimate obtained by the  amount - A / ( @  - 1) t o  give 1-11 before computing 
XI = X o  + 1 . 1 ~  + 1.11, where A is t h e  d i f fe rence  between t h e  last two estimates 

and p is the last r a t i o  of successive differences.  

It is 

The harmonic amplitudes of normalized modal forces  P ,  Q, S, Mi and 
displacements 5 ,  11 , v ,  x are pr in ted  out at each d i s c r e t e  input o r  
in te rpola ted  value of s. 
estimate of the  eigenmode is pr in ted  so t h a t  t h e  degree t o  which the  mode 
has converged may be checked. In  general ,  the  mode w i l l  have converged 
uniformly 

The next t o  last as w e l l  as the  last (best)  

t o  toughly ha l f  as many s i g n i f i c a n t  d i g i t s  as the  eigenvalue. 

*In general, f o r  SRA 201, the p-sequence does not  reveal t h e  s ign  of p2.  
I f  t h e  i n i t i a l  equi l ibr ium state is  s t a b l e  with respect t o  buckling i n  
the harmonic considered and ps = 0, then it can be shown t h a t  f o r  l a rge  

k a  ll.I(k)l ' lp(k+l)l* 
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The buckling mode is  normalized so t h a t  t h e  maximum value of its normal 
displacement w is unity.  
is derived from the  last eigenmode t a b l e  simply from the  r e l a t ions ,  
u = ( r /R2)S + r'n, v = v, and w = - r 'S  f ( r / R 2 ) n O  

The t a b l e  of u, v, w displacement amplitudes 

Rigid body modes, if spec i f ied  i n  column 30 of t h e  case option card,  
are considered t o  be the lowest modes of the  s t r u c t u r e  s ince  t h e i r  cri t ical  
load is zero. Thus, f o r  example, i f  f o r  n = 1 a 3 is used i n  column 30 
and th ree  modes are spec i f ied  i n  column 26 of t he  case opt ion card,  only 
one elastic mode w i l l  be computed along with two r i g i d  body modes. The 
pr in ted  output f o r  r i g i d  body modes i s  simply the  modal displacement 
amplitudes { z l  a t  each d i sc re t e  value of s ( the  corresponding force 
amplitudes Cy1 are iden t i ca l ly  zero),  followed by a statement t h a t  the  
corresponding cr i t ical  load is zero. 

Optional output.- The program w i l l  punch two types of buckling mode 
da ta  depending on columns 73 and 74 of t he  case opt ion card. 
contains a 1, the buckling mode da ta  deck required by SRA 202 is  created.  
The first card of t h i s  deck gives  the following three  quant i t ies :  

I f  column 73 

(1) the  harmonic number n of t he  buckling mode i n  the  f i r s t  s i x  
columns i n  the  format 16, 

(2) an ind ica tor ,  applying only i n  the  (unusual) case n = 0, i n  
column 12; i f  1, indica t ing  a bending buckling mode; i f  2, 
ind ica t ing  a to r s iona l  buckling mode, 

(3) t he  d i f fe rence  between the  b i fu rca t ion  load level and the non- 
l i n e a r  prebuckling state load level, A 1  - 10, i n  columns 13-24 i n  
t h e  format 1PE12.4. 

The remaining cards of t h i s  deck give the  values of the  fundamental 
var iab les  P, Q, S, MI, 5, n ,  v, x of the  buckling mode a t  each en t ry  point.  
The number of these cards equals thenaximum ent ry  number, and each card 
gives a l l  e igh t  values f o r  each point  i n  t h e  format 1P8E10.3. 

I n  co lum 74 contains a 1, a punched deck is produced which is a 
r ep l i ca  of t he  u,  v, w pr in ted  output table .  
number, s, u, v, and w i n  t h a t  order i n  t h e  format 15, 1PE13.4, 3318.4. I f  
both columns 73-and 74 contain 1, then t h i s  d a t a  deck w i l l  be  punched f i r s t .  

Each card contains the en t ry  
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Sample Problem 

The i l l u s t r a t i v e  problem f o r  SRA 201 is a n = 2 buckling ana lys i s  o f  
the  branched s h e l l  described as the  i l l u s t r a t i v e  problem f o r  SRA 200. 
the standard prebuckling da ta  deck obtained i n  t h a t  run 
input deck f o r  t h i s  case. 

Thus 
is p a r t  of t he  

Input and output da t a  l i s t i n g s  f o r  t h i s  problem are shown i n  Appendix B 
(p. 204). 
the  case option card is  modified i n  accordance with. f igure  11. Because of 
proximity of t he  eigenvalues corresponding t o  antisymmetric ( A 1  = 49.9) and 
symmetric (A2 = 54.2) modes, t he  deck w a s  set up with an eigenvalue s h i f t s  
which grea t ly  speeds up convergence. This value, 48.8, is shown i n  columns 
38-41 of t he  case opt ion card. In  ac tua l  prac t ice ,  when analyzing a s h e l l  
with a plane of symmetry, only one-half of the  s t r u c t u r e  would be modeled, 
thereby automatically decoupling antisymmetric and symmetric modes. The 1 
i s  placed i n  column 73 of the  case option card i n  order  t o  punch the 
buckling da ta  deck required by SRA 202. Second, the  a r t i f i c i a l  r i g i d  body 
cons t ra in t  i s  removed by blanking column 5 of the f i n a l  card of the  
geometry t a b l e  and removing the corresponding e i g h t  cards from the  boundary 
data.  
inser ted  as a u n i t  between the  "9" card and the  boundary data  cards. 

The input da ta  deck is formed from the  deck used f o r  SRA 200. F i r s t ,  

Final ly ,  t he  standard prebuckling data  deck from the  SRA 200 run is  

In the  output da t a  l i s t i n g ,  a l l  da ta  preceding the  statement NORMALIZED 
DETERMINANT OF TERMINAL POINT MATRIX = 1.4838E-06 represents  input data.  
This diagnosti,c i s  pr in ted  when t h i s  normalized determinant ( i . e . ,  t he  
determinant divided by the  product of i t s  diagonal elements) is less than 
10-5. The terminal point  matrix becomes s ingular  as 1-1 approaches A 1  - A o .  

This is i n  accordance with the  f a c t  khat Kf the  eigenvalue 1-11 is zero, then 
Ithe /system of buckling equations i t s e l f  (which the terminal point  matrix 
represents)  is  s ingular .  
Since a l o s s  of s ign i f icance  occurs i f  t h i s  determinant is too s m a l l ,  one 
lcannot set the  eigenvalue s h i f t  p as c lose  as one pleases t o  the  difference 

A 1  - A o .  A s  shown i n  the  l i s t i n g ,  the  so lu t ion  converged t o  the  required 
four d i g i t s  (specif ied by defaul t  i n  column 32 of the  case option card) 
i n  three  i t e r a t i o n s .  Following are the last two buckling mode estimates, 
the c r i t i ca l  load, and the  displacement amplitudes of t he  f i n a l  mode 
estimate i n  s h e l l  coordinates,  as described previously. This job  took 18 
seconds of Central  Processor t i m e  ( s t a r t i n g  from a re loca tab le  binary 
form of SRA 201) on the  CDC 6600 computer. 

S 

- 
In  the problem shown, vS = 48.8 and A 1  - X o  ='48.9. 

S 
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SRA 202 

This program is used t o  determine the  i n i t i a l  postbuckling behavior 
and imperfection s e n s i t i v i t y  of unique harmonic b i furca t ion  buckling modes 
of axisymmetric tors ionless  prebuckling states. 
may be computed and punched on cards by SRA 201. 
i n se r t ed  i n t o  the  SRA 201 da ta  deck, which then, with some minor modifica- 
t i ons ,  becomes t h e  d a t a  deck f o r  SRA 202. 

The buckling mode da ta  
This d a t a  deck is 

The program is based on Koiter 's  f i r s t -o rde r  imperfection theory, 
which predic t s  t he  buckling load knockdown hs/Xc due t o  a s m a l l  imperfection 
i n  terms of t h e  second postbuckling coe f f i c i en t  b and an imperfection 
funct ional  a. This re la t ionship  is shown i n  f i g u r e  12, which is  reproduced 
from reference 4. Figure 12 a l s o  includes the  e f f e c t  of a second imperfec- 
t i o n  funct ional  f3, although as noted i n  reference 4,  the  inclusion of f3 as 
calculated by SRA 202 i s  not  a complete second approximation. Essent ia l ly ,  
SRA 202 solves  t h e  d i f f e r e n t i a l  equations f o r  t h e  second-order contr ibut ion 
t o  the  buckled state, which cons is t s  of an axisymmetric component and a 
harmonic component with t w i c e  the number of c i rcumferent ia l  waves as t h e  
buckling mode. 
which ind ica tes  an imperfection-sensit ive s t ruc tu re ,  t o  whfch f igure 12 
appl ies .  
imperfection measure e 2, which . includes imperfections of both s h e l l  and 
rings.  Values of ci are computed by SRA 202 f o r  both the  imperfection shape 
which produces t h e  g rea t e s t  reduction i n  buckling load (i.e., maximum 
value of a) and t h e  imperfection shape proport ional  t o  the  buckling mode 
displacements. As an option, t he  values of f3 and the  i n i t i a l  postbuckling 
s t i f f n e s s  K* also are computed by the  program, Using the calculated values 
of b ,  a, and f3, one may estimate from f igure  12 the  e f f e c t  of small 
imperfections on the  buckling load. 

From t h i s  it computes t h e  value of b, a negative value of 

The imperfection analysis  i s  based on a mean square angular 

Input Data 

The SRA 202 input  deck is normally constructed from the  SRA 201 input  
deck and the  buckling mode da ta  produced by it  when column 73 of the  case 
opt ion card of t he  SRA 201 da ta  deck contains a 1. 
should be taken i n  construct ing the SRA 202 d a t a  deck: 

The following s t eps  

(1) I f  K* and f3 are not t o  be computed, t h e  case option card from 
the  SRA 201 run w i l l  s e m s w i t h o u t  modification, as the  case 
opt ion card f o r  SRA 202 ( f ig .  13), s ince  the  unnecessary da t a  
on it w i l l  simply be ignored. On t he  o ther  hand, i f  K* and fj 

are t o  be  computed, a 1 should be punched i n  column 76 of the  
case option card. I n  t h i s  case, the  addi t iona l  prebuckling da ta  
deck (fig.. 141,created by SRA 200 when its case opt ion card 
contains a 1 i n  column 76, should be inser ted  t o  follow 
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immediately a f t e r  t h e  standard prebuckling da ta  deck.* 

I n s e r t  the buckling .mode datadeck (fig- 15) between the  pre- 
buckling da ta  deck and the-boundary data cards.  

It may be necessary t o  specify n = 0 a r t i f i c i a l  r i g i d  body 
Constraint. Column 3 of geometry t a b l e  cards is used f o r  t h i s  
purpose. 
conditions:  

This use of column 3 depends on t h e  following two 

(A) The s h e l l  loading includes l ive normal pressure with 
r ' X 3 x  not  i den t i ca l ly  zero. 
(A) defined i n  the  SRA 201 manual f o r  the case n = 0. 

This i s  the  s a m e  as condition 

(B) The quant i ty  ( r ' ) 2 T 1  + T2 - (r2/R2)ACX3 is iden t i ca l ly  
zero. 
expression is  omitted. Here T1 and T2 are prebuckling 
stress re su l t an t s  a t  the  c t i t i ca l  load A,. Note t h a t  i n  
many cases ne i the r  condition i s  s a t i s f i e d  [condition (B),  
e.g., is  s a t i s f i e d  f o r  a membrane prebuckling state of a 
cyl inder  with l ive normal pressure loading]. 

For dead loading the last  term of the  above 

The ru l e s  concerning t h i s  use of column 3 are the  following: 

(i) I f  condition (A) is  not s a t i s f i e d ,  then axial r i g i d  body 
cons t ra in t  is required at some boundary.? This may already be 
supplied by t h e  real cons t ra in t  5 = 0, i f  it ex i s t s .  However, 
i f  not¶ (e.g., a l l  boundaries may be r ing ,  dome, or  force-free 
boundaries),  then f o r  some boundary f r e e  of a x i a l  force t h e  
corresponding geometry card should contain a 4 i n  column 3. 
Furthermore, i t  is e s s e n t i a l  t h a t  a t  t h a t  boundary the  f i r s t  
boundary condition (corresponding t o  the  f i r s t  row of [B] and 
[DD should be AP = 0, as i s  the  case f o r  an i n t e r n a l l y  generated 
force-free boundary. Note t h a t  a force-free boundary can always 

*In addi t ion  t o  being necessary f o r  the  ca lcu la t ion  of K* and B ,  t he  
addi t iona lprebuckl ing  da ta  a l s o  serves t o  cor rec t  t he  l i n e a r  prebuckling 
per turbat ion state at A0 t o  the  b i fu rca t ion  load A,, thereby improving the 
evaluat ion of b and a. 

boundaries on a closed branch with t h e  exception of t h e  closure point  
(i.e., the  f i n a l  en t ry) .  

t h e  i n t e r n a l l y  generated boundary conditions supply r i g i d  body constraint .  
For SRA 202, t h e  r i g i d  body cons t ra in t  provided by a symmetrical r ing  
boundary is  always 5 = 0 ,  s ince  t h e  second-order component t o  the  buckled 
state is  symmetric even i f  the  buckling mode is antisymmetric (see p. 21). 
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be made ava i lab le  f o r  t h i s  purpose by in se r t ing  it  as a 
f i c t i t i o u s  boundary when s e t t i n g  up the  o r i g i n a l  deck f o r  the  
SRA 200 run. 

(ii) I f  condition (B) s a t i s f i e d  i n  the  first subinterval ,  then 
ro t a t iona l  r i g i d  body cons t ra in t  is required 
This may already be  supplied by the  real cons 
ex i s t s .  However, i f  no t ,  f o r  some boundary f r e e  of circum- 
f e r e n t i a l  force the  corresponding geometry card should contain 
a 5 i n  column 3. Furthermore, it is e s s e n t i a l  t h a t  a t  t h a t  
boundary the  t h i r d  boundary condition (corresponding t o  the  
t h i r d  row of [B] and [D] should be  AS = 0, as is  the  case f o r  
an i n t e r n a l l y  generated force-free boundary. 

I f  both a r t i f i c i a l  t r ans l a t iona l  and ro t a t iona l  cons t ra in t  are re- 
quired,column 3 of t h e  geometry card f o r  a force-free boundary should 
contain a 6. 

A common use of SRA 202 is  t o  examine t h e  imperfection s e n s i t i v i t y  of 
several buckling modes i n  one pass through t h e  computer. 
pl ished by s tacking several cases i n  sequence. For each case of a s tack ,  
a mimimum of t h ree  cards i n  addi t ion t o  the buckling mode da ta  deck is 
required. These are the  t i t l e  card, the case option card, and the  "nine" 
card s igni fy ing  t h a t  no more input  t ab le s  are t o  be read. 

buckling modes have been obtained using the  same prebuckling data,? and 
t h a t  we  wish t o  evaluate  them i n  one computer run. Figure 16 shows the  
deck set-up f o r  t h i s  type of problem. The set-up shown assumes t h a t  
column 76 of t h e  case option card contains a 1, s ince  the  addi t iona l  
prebuckling da ta  deck is  present.  
should have a 1 i n  each of columns 6, 8, 10, 12, 16, 18, and 20. The 
case option card f o r  the second and t h i r d  'cases should be l e f t  b l ank- in  
columns 6 ,  8, 10, 1 2 ,  16, 17-18, and 20, as t h e  corresponding da ta  w i l l  
automatically be taken from the previous case. However, i n  order  t h a t  K* 
and 8 be computed, column 76 of each of these  cards should contain a 1. 
Also, i f  the s h e l l  meridian contains a closed branch, column 4 of each 
case option card should contain a 1. 

This is accom- 

I n  order t o  i l l u s t r a t e  the  deck set-up, let  us assume t h a t  t h ree  

The case option card of t he  f i r s t  case 

I f ,  on the  o ther  hand, the buckling modes are based on d i f f e r e n t  
prebuckling decks, t he  case opt ion card should contain a 1 i n  column 18 
(assuming A0 # 0) and the  corresponding prebuckling decks should be input  
immediately after t h e  "nine" card f o r  each case. 

?Since the  prebuckling data  cons is t s  of a nonlinear state and a l i n e a r  
per turbat ion about it, i t  is not  necessary t h a t  a buckling load 
coincide with load level of the  nonlinear state. 
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Output Data 

The output da ta  of t h e  program cons is t s  of a print-out of t he  input 
da t a  and computed results. 
self-explanatory, a discussion of i t  here  is  unnecessary. 

Since t h e  print-out of t he  input daCa is 

The first computed result,, pr in ted  immediately a f t e r  t h e  input boundary 
data,  is the  value of t he  buckling mode inner  product. I f  t he  addi t iona l  
prebuckling d a t a  is input ,  t h i s  value is corrected f o r  t h e  d i f fe rence  
Xc - 10, and the  corrected value is pr inted next. 

The next  d a t a  pr in ted  are t h e  computed values of t he  f i r s t  and second 
imperfection parameters a and 8 f o r  both the  imperfection shape producing 
the  max imum value of a and a buckling mode imperfection shape.* These are 
used along with t h e  value of t he  postbuckling coe f f i c i en t  b ( i f  negat ive) ,  
t o  compute the  buckling load knockdown (see f ig .  12). I n  order  t o  show 
the  e f f e c t  of t h e  terms i n  t h e  8-formula which depend quadra t ica l ly  on 
prebuckling ro ta t ions ,  f o r  each imperfection shape the  value of B 
neglect ing these terms is  a l s o  given. These values are pr in ted  on t h e  same 
l i n e  and t o  the  r i g h t  of t he  cor rec t  8-values. I n  the  case of t h e  buckling 
mode imperfection, t he  f a c t o r  r e l a t ing  the  root-mean-square angular 
amplitude ( i n  radians) t o  the  normal displacement amplitude is a l s o  printed.  

This da ta  is  followed by t ab le s  of the  axisymmetric and unsymet r i c  
These components are components of t he  second-order postbuckling state.  

presented i n  terms of t h e  harmonic amplitudes of the  bas ic  force  and 
displacement var iab les  of t h e  {y l  and {zl vectors  as functions of meridional 
dis tance.  For t h e  user 's  convenience, immediately following these tab les  
t h e  displacement components re fer red  t o  meridional, c i rcumferent ia l ,  and 
normal d i r ec t ions  are tabulated as a function of meridional distance.  

A f t e r  t he  d a t a  f o r  t h e  unsymmetric component of the  second-order 
postbuckling state, the  associated value of t he  second pos tbuckling 
coe f f i c i en t  b is pr inted.  
contains a 1, the  values of the  prebuckling and postbuckling s t i f f n e s s  
a t  t h e  b i fu rca t ion  load are printed.  

Final ly ,  i f  column 76 of t h e  case opt ion card 

Sample Problem 

The i l l u s t r a t i v e  problem f o r  SRA 202 is an an lys i s  of the imperfection 
s e n s i t i v i t y  of t he  n = 2 buckling mode obtained i n  the  sample problem f o r  
SRA 201. Thus the  buckling mode da ta  deck obtained i n  t h a t  run is pa r t  of 
the input  da t a  deck f o r  t h i s  case. 

*As noted previously, t he  computation and p r in t ing  of g is  opt iona l  
depending on column 76 of the  case option card. 
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Input and output data  l i s t i n g s  f o r  t h i s  problem are shown i n  Appendix B 
$. 223). 
f o r  SRA 201. F i r s t ,  the  buckling mode da ta  deck is  inser ted  between the  
prebuckling da ta  deck and the  boundary da ta  cards. Second, s ince  ne i the r  
condition (A) nor (B) is s a t i s f i e d  (dead loading has been assumed), and 
t h e  s t r u c t u r e  has no real r i g i d  body cons t ra in t ,  i t  is necessary t o  punch 
a 4 i n  column 3 of a geometry t a b l e  card a t  a force-free boundary. This 
is done a t  the f i n a l  entry,  corresponding t o  the  closure point  of t h e  
closed branch. Since K* and f3 are not being computed, i t  is unnecessary 
t o  change the  case option card and there  is no addi t iona l  prebuckling 
da ta  deck. 

The input da t a  deck is formed in‘ two simple s t e p s  from t h e  deck used 

I n  the output data  l i s t i n g ,  a l l  da ta  preceding the  inner  product value 
represents  input  data .  Note t h a t  f o r  t he  imperfection shape proport ional  
t o  t h e  buckling mode displacements, the f ac to r  r e l a t ing  its maximum normal 
def lec t ion  t o  i t s  root-mean-square angular def lec t ion  i s  printed.-  Thus, 
i n  t h i s  example, i f  inches have been used as the  un i t  of length,  5 = 0.001 
rad corresponds t o  a maximum normal def lec t ion  of 0.0019 in .  

Af te r  the  print-out of the  axisymmetric component of the  buckled 
state, there  i s  the  diagnost ic  print-out “NORMALIZED DETERMINANT OF 
TERMINAL POINT MATRIX = 5.2192E-08.11 This s m a l l  determinant w a s  
encountered i n  computing the  unsymmetric (n = 4 )  component and ind ica tes  
t h a t  t he  corresponding system of equations i s  almost s ingular ,  i n  
consequence of t he  proximity of t h e  lowest cr i t ical  load f o r  n = 4 (48.6) 
t o  t h a t  f o r  n = 2 (49.9). 
va l id ,  as may be ve r i f i ed  by t r e a t i n g  the half-shel l  using s y m e t r y  con- 
d i t i ons  a t  the  a r t i f i c i a l  edges. (As noted on pages 47 and 57,  i n  
ac tua l  praGtice, only the  ha l f - she l l  would be modeled.) For t h e  ha l f -  
s h e l l ,  t h e  system of equations f o r  the n = 4 component is  well-conditioned, 
s ince  the n = 4 c r i t i c a l  load of 48.6 corresponds t o  an antisymmetric 
mode, which is suppressed by the symmetry edge conditions.* The symmetric 
n = 4 buckling mode has a c r i t i ca l  load of 138.8, which by v i r t u r e  of its 
remoteness from the n = 2 value of 49.9, causes no t rouble .  This j ob  took 
19 seconds of Central  Processor t i m e  ( s t a r t i n g  from a re loca tab le  binary 
form of SRA.202) on the  CDC 6600 computer. 

I n  s p i t e  of t h i s ,  t he  r e s u l t s  obtained are 

Since t h e  value of b (printed a f t e r  t he  unsymmetric second-order 
component) is negative,  t h e  buckling mode is imperfectiort-sensitive. The 
reduction i n  cr i t ical  load due t o  small imperfections may therefore  be 
estimated from f i g u r e  12 using the  computed values  of b and a. 
f i r s t  approximation, f3 should be taken as zero. 

For t h i s  

~ 

*As already noted, f o r  s t ruc tu res  which have a plane of symmetry about 
which the loading is a l so  symmetric , the  second-order buckling state 
is symmetric f o r  e i t h e r  symmetric o r  antisymmetric buckling modes. 
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SRA 300 

This program is used t o  determine the  asymmetric (harmonic) f r e e  
v ibra t ion  modes about nonlinear axisymmetric to rs ionless  equilibrium 
states. The i n i t i a l  equilibrium state may be computed by SRA 200 and 
saved as a permanent f i le .  This da ta  f i l e  i s  denoted as the  standard 
prebuckling da ta  i n  t h e  discussion of SRA 200 (p. 45). 
SRA 200 d a t a  deck, which the,  with some minor modifications,  becomes the  
da t a  deck f o r  SRA 300. 
data  is t h e  load l e v e l  of t h e  p re s t r e s s  about which t h e  s t r u c t u r e  vibrates .  

It is  inser ted  i n t o  the  

The load level A0 used i n  c rea t ing  the  prebuckling 

SRA 300 i s  an eigenvalue program and as such i s  analogous t o  the  
buckling program SRA 201. I n  t h i s  analogy, the  s t r u c t u r a l  mass da ta  
replaces t h e  l i n e a r  per turba t ion  prebuckling s ta te  da ta ,  which, although 
included i n  the  standard prebuckling da ta  deck, is not  used by SRA 300. 
As f o r  SRA 201, the  e f f e c t  of changes i n  magnitude and d i r ec t ion  of l i v e  
pressure loads are included. 

For each harmonic, i n  pr inc ipa l ,  any number of modes may be requested. 
There i s ,  however, a p r a c t i c a l  l i m i t  t o  t he  number of modes a t t a inab le ,  
usually of t he  order  of 10, and t h i s  is discussed fu r the r  below. I n  
general ,  t he  v ibra t ion  modes w i l l  be obtained i n  the  order  of increasing 
magnitude of t h e  corresponding eigenvalues (square frequencies) s t a r t i n g  
with the  smallest. Both mode orthogonalization and automatic eigenvalue 
s h i f t h g  are used i n  obtaining higher modes. 

Input Data 

The input  deck f o r  SRA 300, i f  run with p re s t r e s s ,  is normally 
constructed from the  SRA 200 input  deck and the  standard prebuckling da ta  
deck created by SRA 200 when column 73 of t he  case opt ion card of the  SRA 
200 da ta  deck contains a 1. I f  v ibra t ions  about t he  unstressed state are 
desired,  t he  prebuckling da ta  deck is  omitted and the  case option card 
changed accordingly. In  t h i s  case, of course, i t  is not  necessary t o  run 
SRA 200 f i r s t .  
SRA 300 daca deck: 

The following s teps  should be taken i n  construct ing the  

(1) I n s e r t  the standard prebuckling data  deck ( f ig .  10) as a u n i t  
between t h e  "nine" card (following the input  tab les )  and 
boundary da ta  cards.  

(2) Since t a b l e  7 i s  not used by SRA 300, i t  may be removed from the 
SRA 200 deck. However, t h i s  s t e p  i s  opt ional ,  and i f  present,  
t h i s  t a b l e  w i l l  be  ignored by t h e  program. 
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(3) I f  mass dens i t i e s  are not  included i n  the  SRA 200 da ta  deck, 
then a t a b l e  5 of mass dens i t i e s  ( see  SRA 100 user ' s  manual 
f o r  format) should be inser ted.  Also, the  mass densi ty  p and 
elastic modulus E of each r ing  must be input i n  columns 13-25 
and 26-38 respect ively,  on the  t h i r d  da t a  card f o r  each r i n g  
( f ig .  4).  

In  the  case of a nonuniform l ive pressure f i e l d ,  t a b l e  6 should 
contain the  pressure der iva t ives  X3x and X i n  E12.4 format i n  
columns 49-60 and 61-72, respect ively.  In  order  t o  avoid 
overlooking t h i s  s t ep ,  i t  is  suggested t h a t  t h i s  da ta  be 
included i n  t a b l e  6 cards a t  the  t i m e  of o r i g i n a l  preparation. 

(4) 

3Y 

(5) Modify t h e  case opt ion card (see below). 

(6) Remove any a r t i f i c i a l  r i g i d  body cons t ra in t  which may have been 
imposed i n  the  SRA 200 run. Generally, t h i s  is done by blanking 
column 5 of the  appropriate  card i n  t a b l e  1 and removing the  
corresponding set of e ight  boundary cards from the deck. The 
cases of n = 0 o r  1 may require  spec ia l  consideration with 
respect  t o  r i g i d  body cons t ra in ts  and are discussed fu r the r  below. 

(7) For a s t r u c t u r e  with a plane of symmetry normal t o  the  ax i s  of 
revolution, both symmetric and antisymmetric v ibra t ion  modes 
e x i s t .  For an e f f i c i e n t  so lu t ion ,  only one-half of such a 
s t ruc tu re  should have been (modeled i n  s e t t i n g  up the  SRA 290 run, 
with symmetry conditions imposed a t  the  a r t i f i c i a l  edge(s).  
an antisymmetric mode is  desired,  it i s  necessary t o :  (a) change 
the  8 i n  column 3 of the  geometry t a b l e  card a t  a symmetrical 
r i n g  boundary t o  a 9,  and/or (b) change prescribed boundary 
conditions a t  a symmetry edge from 5 = AQ = x = 0 t o  
AP = = v = AM1 = 0. 

I f  

Except f o r  s t e p  3 ,  these are the same s t eps  taken t o  construct  t he  SRA 201 
data  deck from the  SRA 200 deck. 

Case opt ion card.- This i s  s imilar  t o  the  case opt ion card f o r  SRA 201 
and is required f o r  each case ( f ig .  1 7 ) .  
SRA 300 relative t o  t h a t  f o r  SRA 201 are noted below. 

Differences i n  t h i s  card f o r  

Column 14 now contains the  ind ica tor  f o r  t he  m a s s  dens i t i e s  t a b l e  (as  
it does fo r  SRA 200). 

Column 18 contains the  ind ica tor  f o r  the  i n i t i a l  state data.  When set 
equal t o  2, no i n i t i a l  state da ta  i s  input ,  and v ibra t ion  modes about the 
na tu ra l  unloaded state w i l l  be calculated.  
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Columns 25-26 conta in  the  number of modes (199) desired.  I n  cont ras t  
t o  SRA 201, f o r  SRA 300 an ex t r a  card of eigenvalue s h i f t s  is not input 
when more than one mode is spec i f ied .  

Column 30 is used t o  specify rigid..body modes. A s  f o r  SRA 201, it 
is not used with a nonzero eigenvalue s h i f t .  
conditions (see below), i t  may be used t o  specify a t r ans l a t iona l  r i g i d  
body mode with a nonzero value of 10. 

However, under c e r t a i n  

Columns 36-47 contain t h e  input  eigenvalue s h i f t .  I n  cont ras t  t o  
SRA 201, t h i s  i s  the  only s h i f t  input ,  applying t o  higher modes as w e l l  as ' 
t he  f i r s t  u n t i l  an automatic s h i f t  i s  made. Note t h a t  f o r  SRA 300 the  
eigenvalue represents  the square of khe frequency. 

A s  previously mentioned, both eigenmode orthogonalization and auto- 

The f i r s t  s ix o r  fewer modes are obtained by s to r ing  

For modes higher than the  s i x t h ,  

matic eigenvalue s h i f t i n g  are used t o  obta in  higher modes (as  spec i f ied  
i n  columns 25-26). 
a l l  t h e  preceding modes and orthogonalizing with respect  t o  them a f t e r  
each s t e p  of a Stodola- type, i terat ion.  
orthogonalization is performed only with respect t o  the  l a s t  f i v e  modes 
obtained (ones previous t o  these are not  re ta ined)  ; however, p r i o r  t o  the  
i t e r a t i o n  f o r  these modes an eigenvalue s h i f t  i s  made e i t h e r  to: 
estimate of t he  next  eigenvalue t o  be computed, o r  (2) the  last eigenvalue 
obtained. The f i r s t  s h i f t  w i l l  be made i f  column 76 is l e f t  blank, 
whereas the  second s h i f t  w i l l  be made i f  a 1 is  inse r t ed  i n  column- 76. It 
may be noted t h a t  although the  f i r s t  s h i f t  i s  the most des i rab le  from the 
point of execution time and accuracy of t h e  mode t o  be  obtained, the  
estimate used is  not always r e l i a b l e ,  so  t h a t  the  second s h i f t  i s  a s a f e r  
approach. It should a l so  be noted t h a t  eigenvalue s h i f t s  change the  s h e l l  
c h a r a c t e r i s t i c  length,  which determines how long a subin terva l  can be 
without suf fe r ing  a ser ious  degradation of numerical s ignif icance.  Fdr 
any p a r t i c u l a r  choice of s h e l l  segmentation, t h i s  f a c t  w i l l  l i m i t  t he  
number of higher  modes obtainable,  theshorter  t he  s h e l l  segments, t he  more 
modes can be obtained. 

(1) an 

A common use of SRA 300 is  t o  compute the  v ib ra t ion  modes f o r  several 
d i f f e r e n t  harmonic numbers of a given s t r u c t u r e  with a given p res t r e s s  i n  
a s ing le  pass through the  computer. This i s  accomplished by s tacking 
severa l  cases i n  sequence. 
cards are required. These are the  t i t l e  card, case option card,  and the  
"nine" card t o  s ign i fy  t h a t  no more input tab les  are t o  be read. 

For each case a f t e r  t h e  f i r s t ,  only three  data  

Vibrations i n  the  harmonics n = 0 and 1.- Before discussing spec ia l  
aspects of n = 0 and 1, some general  remarks concerning boundary conditions 
may be he lpfu l .  

I n  general ,  f o r  n 2 2, t he  boundary conditions are t r ea t ed  automatically 
f o r  each of t he  four types (force-free,  r ing,  prescribed matrices, and 
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dome closure)  of boundaries used i n  the SRA 200 run when the  rules f o r  
s e t t i n g  up the  deck given earlier are followed. 
vectors  (Ll input  at  prescribed boundaries with [B] and [D] matrices are 
simply ignored by SRA 300 i n  accordance with t h e  f a c t  t h a t  the eigenvalue 
problem i s  homogeneous. Usually a t  these prescribed boundaries, t he  
per turbat ion 'force react ions AIy) are workless, although conservative 
react ions associated with the  idea l ized  case of a massless elast ic  
attachment are allowed. Workless react ions occur when the re  are th ree  
mutually perpendicular d i rec t ions  f o r  which e i t h e r  the  corresponding 
force  o r  displacement component i s  zero, and e i t h e r  the  meridional hending 
momentAM1 or  ro t a t ion  x i s  zero. 
occur when t h e  th ree  d i rec t ions  are ax ia l ,  r a d i a l ,  and circumferential;  
however, workless react ions using meridional. normal, and circumferent ia l  
d i rec t ions  are common. 

Nonhomogeneous load 

The s i m p l e s t  examples of workless react ions 

Rigid mass attachment: In  some cases, the  e f f e c t  of an axisymmetric 
r i g i d  mass attachment on the  v ibra t ions  is important. Since a r i g i d  m a s s  
cannot deform i n  the  harmonics n 2 2 ,  f o r  these  harmonics i t  produces the  
e f f e c t  of a clamped boundary and decouples t h e  p a r t s  of the  s t r u c t u r e  
which are not  connected except a t  the  r i g i d  m a s s  boundary. 
hand, s ince  the  harmonics n = 0 and 1 include r i g i d  body motions, i t  is 
important i n  these  cases t o  be ab le  t o  model a r i g i d  m a s s .  
can be used f o r  t h i s  purpose by the  a r t i f i c e  of input t ing  very l a rge  values 
f o r  c e r t a i n  r ing  r i g i d i t i e s .  
l a r  e values,  say 
EAa + EI, should be given very l a rge  values. 
r i g i d  m a s s  wi th  the  following dynamic propert ies :  

On the  o the r  

The r ing  log ic  

For n = 0, EA and E 1  should be given very 
whereas f o r  n = 1, t h e  comhnations E I y  + G J  and 5 Such a r ing simulates a 

M = 2.rrapA 

Io = 2aap(a2A + Ix) 

11 = Ma2/2 + n a p ( I x  + 21y) 

where M is mass, I o  i s  the  mass moment of i n e r t i a  about t h e  a x i s  of revolu- 
t i on ,  I1 is t h e  mass moment of i n e r t i a  about a la teral  axis through t h e  mass 
center ,  and a is t h e  radius  of the  r ing  cen t ro ida l  axis .  
cen ter  of mass of t h e  simulated r i g i d  m a s s  lies i n  the  plane of the  r i n g  
cent ro ida l  ax is ,  which, along with the radius  a, is determined by the  
input  normal and meridional e c c e n t r i c i t i e s  Z and .5. 
a r i g i d  mass the  r ing  cross-sectional i n e r t i a s  I, and Iy need not be 
pos i t i ve  as lang as the r i g i d i t y  conditions are s a t i s f i e d  and the dynamic 
proper t ies  are correct .  

Note t h a t  t h e  

Also, when simulating 

Rigid body degrees of freedom: I f  t he  s t r u c t u r e  possesses r i g i d  
body degrees of freedom, i t :  may be necessary, i n  t he  cases n = 0 and 1, 
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f o r  t he  user  t o  spec i fy  a r t i f i c i a l  r i g i d  body cons t ra in ts ,  as w e l l  as 
observe o ther  spec ia l  rules .  These ru l e s  have been discussed i n  the  
SRA 201 manual (p. 53). A s  presented there ,  they depended on he r  o r  not 
the  loading condition (A) is s a t i s f i e d  and whether o r  not t h e  nonlinear 
s ta te  load level X O  and t h e  eigenvalue s h i f t  are zero. For SRA 300, the  
s i t u a t i o n  is similar t o  t h a t  f o r  SRA 201, the main d i f fe rence  being t h a t  
nonzero 11 

for SRA 300, if ps # 0 then the  harmonics n = 0 and 1 are t r ea t ed  no 

d i f f e r e n t l y  than o ther  harmonics, regardless  of condition (A).  Thus, i n  
t h i s  case a r t i f i c i a l  r i g i d  body cons t ra in ts  and column 30 of the  case 
option card are not  used. 

considered.* The pe r t inen t  ru les  f o r  p = 0 are summarized i n  t h e  t ab le  
below. 

may have a d i f f e r e n t  e f f e c t  than nonzero X o .  Spec i f ica l ly  
S 

Only is  1-1 = 0, must condition (A) and X o  be 
S 

S 

Rigid body 
Condition (A) cons t ra in t  required Col. 30 

= o  not  considered t rans .  and ro t .  nonzero 
# O  sat is f i e d  none blank 
# O  unsa t i s f i ed  t r a n s l a t i o n a l  blank o r  1 

hl 

The only d i f fe rence  here  with t h e  corresponding ru l e s  f o r  SRA 201 concerns 
the  case of unsa t i s f ied  condition (A). For t h i s  case, a t r a n s l a t i o n a l  
r i g i d  body mode is never indicated i n  column 30 f o r  SRA 201. 
real t r a n s l a t i o n a l  freedom must be  indicated i n  column 30. 

For SRA 300 

Output Data 

Printed output.- The output da t a  of t he  program cons i s t s  of a pr int-  
out of t h e  input  da ta  and computed r e su l t s .  
input  da t a  is self-explanatory,  a discussion of i t  is unnecessary. 
remaining pr in ted  output is analogous t o  t h a t  of t h e  buckling program SRA 
201 and is b r i e f l y  described below. 

Since t h e  print-out of t he  
The 

*Since a s m a l l  eigenvalue s h i f t  can always be used, one can always avoid 
s p e c i a l  treatment of n = 0 and 1. However, when the  unstressed i n i t i a l  
state is used and r i g i d  body degrees of freedom e x i s t ,  too s m a l l  an 
eigenvalue s h i f t  may r e s u l t  i n  convergence t o  an unin te res t ing  r i g i d  body 
mode. 
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For each elastic buckling mode obtained, the  program p r i n t s  f i r s t  the 
sequence of eigenvalue estimates u(k) obtained i n  the  i t e r a t i o n  process.* 
The eigenvalue s h i f t s  used are shown a t  the  point  they w e r e  made, t h e  
f i r s t  one which precedes the  1-1-sequence being the  value input and the  
remaining ones interspersed i n  the  1-1-sequence being automatic s h i f t s .  
Numerical convergence (at which point  t he  ca lcu la t ion  procedure f 
mode i n  question is complete) is obtained when the  relative d i f fe rence  
between two successive estimates is less than where N is the con- 
vergence index spec i f ied  i n  column 32 of t h e  case option card. 

Following the converged 1-1-sequence are two tab les  of t he  harmonic 
amplitudes of t he  s h e l l  modal forces  P ,  Q, S ,  M1 and displacements S , n , v , ~  
as functions of the  meridional dis tance s. These t ab le s  are the  eigenmode 
estimates a f t e r  the  last two i t e r a t i o n s ,  the  second t a b l e  being the  l a s t  
(bes t )  estimate. I n  general ,  t h e  eigenmode w i l l  no t  have converged t o  as 
many s ign i f i can t  d i g i t s  as the  eigenvalue. The v ibra t ion  mode is  
normalized so  t h a t  its inner  product with i t s e l f  (i.e.,  the  work of i t s  
associated i n e r t i a l  forces  ac t ing  through i t s  own displacements) is unity.  

Following the  second eigenmode t a b l e  i s  the  corresponding na tu ra l  
frequency ( i n  radians p e r  u n i t  of time). This value is the square root  
of t he  sum of the  converged (corrected) value of the u-sequence plus  the  
l a s t  eigenvalue s h i f t ,  i.e., w = ( u l  3. ps)1/2. After  t he  frequency, is 
printed a t a b l e  of harmonic amplitudes of modal displacements (u, v, w) i n  
meridional,circumferential, and normal s h e l l  coordinates. 

Optional output.- I f  column 74 of the  case option card contains a 1, 
a punched deck is  produced which is a r e p l i c a  of t he  u ,  v, w pr in ted  output 
tab le .  Each card contains the  entry number, s ,  u, v, and w i n  t h a t  order  
i n  the  format 15, 1PE13.4, 3318.4. 

Sample Problem 

The i l l u s t r a t i v e  problem f o r  SRA 300 i s  a ca lcu la t ion  of t he  funda- 

Thus, t he  s tandard prebuckling data  deck 
mental n = 2 vibra t ion  mode about the  nonl inear  equilibrium state computed 
i n  t h e  SRA 200 sample problem. 
obtained i n  t h a t  run is p a r t  of the input deck f o r  t h i s  case. 

*If t h e  i n i t i a l  equilibrium s ta te  is  s t a b l e  with respect  t o  buckling i n  the  
harmonic considered ( i . e .  , X O  < A,) and no eigenvalue s h i f t  is  used, then 
the  sequence of eigenvalue estimates i s  theo re t i ca l ly  monotonically de- 
creasing. 
eigenvalue 1-12 w i l l  be t h e  same as the s ign  of successive difderences 
lI(k)'U(k+l) f o r  s u f f i c i e n t l y  l a rge  k. Since the  r a t i o  of successive 
differences converges t o  ( y 2 / ~ 1 ) ~ ,  i n  many cases 1-12 can be estimated from 
the  sequence f o r  1-11. 

With a nonzero eigenvalue s h i f t  t h e  s ign  of t h e  next  l a r g e r  
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Input and output da t a  l i s t i n g s  f o r  t h i s  problem are shown i n  Appendix B 
(p. 248). 
t he  d a t a  deck and some d i f fe rences  i n  t h e  case opt ion card, the  input  
deck is  i d e n t i c a l  t o  t h a t  used f o r  the  SRA 201 sample problem. 
s t eps  i n  forming t h i s  deck from the  SRA 200 data  deck are: (1) the  removal 
of t he  a r i t i f c i a l  r i g i d  body cons t ra in t  at the f i n a l  entry,  and (2) t he  
in se r t ion  of the  standard prebuckling da ta  deck from the  SRA 200 run 
between t h e  "9" card and the  boundary da ta  cards. 

Except f o r  t h e  requirement of adding a mass dens i ty  t a b l e  t o  

The common 

Because of t he  proximity of t h e  frequencies corresponding t o  symmetric 
( w l  = 132.1) and antisymmetric (w2 = 175.6) modes, it is  advisable t o  use 
an eigenvalue s h i f t  t o  speed up the  convergence t o  the  lowest mode. 
s h i f t  w2 = 1 . 7 ~ 1 0 ~  is used and is shown i n  columns 43-47 of the  case option 
card. 
be modeled, thereby decoupling the antisymmetric and symmetric modes. 

The 

I n  ac tua l  prac t ice ,  only one-half of t he  symmetric s t r u c t u r e  would 

I n  t h e  output da t a  l i s t i n g  computed r e s u l t s  follow the  p r in t ing  of the  
eigenvalue s h i f t .  A s  shown, the  so lu t ion  converged t o  the required four 
s ign i f i can t  d i g i t s  ( spec i f ied  by de fau l t  i n  column 32 of the  case option 
card) i n  th ree  i t e r a t i o n s .  Following are the last  two normalized v ibra t ion  
mode estimates, the  frequency, and the  displacement amplitudes of the  
f i n a l  mode estimate i n  s h e l l  coordinates,  as described previously. This 
job took 9 seconds of Central  Processor time ( s t a r t i n g  from a re loca tab le  
binary form of SRA 300) on the  CDC 6600 computer. 
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APPENDIX A 

ADDITIONAL PROGRAM DOCUMENTATION 

This appendix cons is t s  of program d e t a i l s  necessary t o  modify t h e  
programs but unnecessary f o r  their use. It is organized i n t o  s i x  main 
sec t ions ,  one f o r  each program. Each of these  sec t ions  contains: (1) a 
descr ip t ion  of external f i l e s  used, (2) an ove ra l l  l o g i c a l  flow cha r t ,  
(3) b r i e f  descr ip t ions  of contractor-supplied subprograms pecul ia r  t o  
each program, and ( 4 )  a glossary of major FORTRAN var iab les  pecul ia r  t o  
each program. This is  followed by two add i t iona l  s ec t ions  giving b r i e f  
descr ip t ions  of contractor-supplied subprograms and a glossary of major 
FORTRAN var iab les  common t o  a t  least two of the programs. 

SRA 100 

External f i l e s . -  SRA 100 uses th ree  external f i l e s :  TAPE2, TAPE3, 
and PUNCH. 
respectively.  
SRA 101, and s h e l l  primary stress amplitudes (crs,cr ,crS,+) may be  w r i t t e n  
onto PUNCH. 

TAPE2 and TAPE3 are the  standard input and optput f i l e s ,  
A t  t he  user ' s  option, prebuckling state d a t a  required f o r  

4J 

Overall l o g i c a l  flow of SRA 100.- Essen t i a l  fea tures  of t h e  ove ra l l  
flow of SRA 100 are l i s t e d  below. 

SRAlOO (MAIN PROGRAM) 

C a l l  INPUT 

INPUT 

Read 
Read 

F N =  
Read 

Call 

and w r i t e  case t i t l e  card. I f  end-of-file, s top  
case option card: LOOP, NSG, NWP, NFM, NST, NMD, NML, NTL, N I C ,  

I NASE I 
bas ic  i n p u t  t ab le s  
Geometry: NOUT2, NOUT1, NOUT3, TS, TRY TRP, TRR2, TXB 
W a l l  p roper t ies :  TE1, TE2, TE12, T N U l ,  TH 
Foundation moduli: TK1, TK2, TK3 
St r inger  proper t ies :  TEST, TEAST, TEIST, TGJST, TZBST 
Mass dens i t i e s  : TRHOM 
Mechanical loads: TX1, TX2, TX3 
Thermal loads: TTH1, TTH2, TDTHl, TDTH2, TTHST 
SETUP t o  construct geometric parameters: N D I S ,  TDIS, JENT, IBR, NBR, 

NASE, NDER, SFL, RTABL, ISS1, ISS2, ISS6 

IEND,  KEN1) 
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Write input  tab les  
I f  NASE < 0, change s ign  of TXZ(1) f o r  antisymmetric response opt ion 
I f  N I C  = 0, make NOUT1-table negative at a l l  boundaries except dome 

closures  ( t o  ind ica t e  boundary da ta  comes from previous case) 
C a l l  BC t o  read o r  generate boundary matrices BBP, BD, and SL f o r  each 

boundary 
I f  present case has r i g i d  body degrees of freedom (NDER # 0 and FN 5 I.), 

cal l  RBNODE t o  calculate r i g i d  body acce lera t ion  and cor rec t  r i ng  and 
dome boundary conditions f o r  i n e r t i a l  loads 

otherwise KASE = 3 
I f  complementary so lu t ions  of previous case apply, set KASE = 2 ;  

Calculate  i n i t i a l  scale f ac to r s  required f o r  START 
Return 

SRAlOO 

I f  KASE = 3, ca l cu la t e  and s t o r e  the  complementary and pa r t i cu la r  
so lu t ions .  Otherwise, ca l cu la t e  and s t o r e  only the  p a r t i c u l a r  
so lu t ion  ( i n  which case complementary so lu t ions  from previous case 
w i l l  be used) 

Combine complementary and p a r t i c u l a r  so lu t ions  t o  obtain s ta t ic  response 
vectors  Y, Z 

I f  NASE < 0, change s ign  of FN, TX2, and 3rd (shear) components of Y 
and Z f o r  antisymmetric response option. 

Write Y and Z f o r  each entry point  
If ISSl # 0, compute and punch hoop forces  f o r  each r ing  
Set  up DO-Loop over en t ry  poin ts  f o r  ca lcu la t ion  of the  stress re su l t an t s  

and stresses 
1. Compute p a r t i a l l y  inverted s h e l l  w a l l  r i g i d i t i e s ,  and m a s s  and 

thermal moments through s h e l l  w a l l  
2. Correct sur face  loads by the  i n e r t i a l  loads of r i g i d  body 

acce lera t ion  
3. Correct sur face  loads by elastic foundation loads 
4. Calculate  s t r e t ch ing  and bending s t r a i n s  and stress re su l t an t s  

and couples 
5. I f  ISSl # 0, punch normal s h e l l  stress re su l t an t s  
6 .  Calculate from d i f f e r e n t i a l  equations the  force  and displacement 

der iva t ives ,  and from these  t h e  der iva t ives  of the  s t r e t ch ing  
and bending s t r a i n s  

Se t  up DO-loop over s h e l l  w a l l  l aye r s  
7. Calculate  t he  stress (SIGST) a t  the  s t r i n g e r  centroid 
8.  

a. Calculate  from the  s t r e s s - s t r a in  r e l a t i o n  t h e  primary 
s h e l l  stresses (SIG1, SIG2, SIG12) a t  w a l l  l aye r  faces 

b. Calculate, by in t eg ra t ion  through the  s h e l l  thickness of 
t h e  appropriate  three-dimensional equilibrium equations,  
t h e  transverse shear  stresses (SIG13, SIG23) a t  w a l l  
l aye r  i n t e r f aces  and midpoints 

c. Write normal def lec t ion  and stresses 
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d. 
e. 

I f  ISS2 # 0, punch primary s h e l l  stresses at w a l l  l a y e r  faces 
End of DO-loop over w a l l  l aye r s  

9. 

points  

End of DO-loop over en t ry  points  
I f  ISSl # 0, punch shear  stress re su l t an t  and normal pressure at entry 

C a l l  INPUT f o r  next case 

Subprogram descr ip t ions  f o r  SRA 100.- SRA 100 cons i s t s  of twenty 
contractor-supplied subprograms (f ig .18 ). Those subprograms which have 
fea tures  spec ia l  t o  SRA 100 are described below. 
remaining subprograms of SRA 100, which are a l so  used by o ther  programs, 
see page 121. 

For descr ip t ions  of t he  

SRAlOO 

This is t h e  main subprogram of SRA 100. Its e s s e n t i a l  functions are 
t o  set up t h e  in t eg ra t ion  of the  d i f f e r e n t i a l  equations, combine the  
complementary and p a r t i c u l a r  so lu t ions  f o r  t h e  force  { y l  and displacement 
Czl responses, and ca l cu la t e  fromthem the stresses and stress resu l tan ts .  
It is  described i n  more d e t a i l  i n  the o v e r a l l  l o g i c a l  flow char t  of 
t h i s  program. 

INPUT 

This subprogram (and its subroutines) reads and w r i t e s  a l l  of t h e  
input  data ,  and prepares the  boundary conditions. It is  described i n  
more d e t a i l  i n  t he  ove ra l l  flow of t h i s  program. 

PRODl (Z Zl) 

This function, which is ca l led  by RBMODE, c a l cu la t e s  two s h e l l  
functionals:  (1) t h e  s h e l l  contr ibut ion t o  the  inner  (scalar) product. 
of two r i g i d  body modes Z and Z l  (when ME'LAG = 0), and (2) t he  work of 
t h e  ex terna l  sur face  loads with a r i g i d  body mode Z 1  (when MFLAG = 1). 

The parameter M U G ,  set i n  RBMODE, determines which use of PRODl is  
meant. 
sequence is  ignored by PRODl and the  sur face  loads are obtained from 
blank COMMON. 
Simpson's rule. The r i n g  contr ibut ion (PROD2) t o  each func t iona l  is 
ca lcu la ted  i n  =MODE and added t o  PROD1. 
t o  each funct ional  over t he  small deleted cap at dome closure boundaries 
is  fncluded i n  PRODl. 

In  t h e  second use, the  f i r s t  formal parameter Z i n  t h e  c a l l i n g  

The in tegra t ion  over the  s h e l l  meridian is  performed by 

An approximate contr ibut ion 

RBMODE 

I f  t h e  s t r u c t u r e  has r i g i d  body degrees of freedom, INPUT 
to:  (1) calculate the  r i g i d  body accelerat ion,  (2) ca l cu la t e  

call RBMODE 
t h e  
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per t inent  r i g i d  body dynamical proper t ies  of t h e  s t ruc tu re ,  and (3) 
correc t  t he  r ing  and dome loads f o r  t h e  e f f e c t  of i n e r t i a l  loads.  The 
displacement f i e l d  of t he  r i g i d  body acce lera t ion  is s tored  i n  the 
ar ray  ZM1, which is  used by DER t o  ca l cu la t e  t h e  i n e r t i a l  sur face  forces  
and moments. 

The ca lcu la t ion  of t h e  r i g i d  body dynamics is based on t h e  f a c t  t h a t  
t he  inner  product of two displacements f i e l d s  is proport ional  t o  the  work 
of the i n e r t i a l  loads of one f i e l d  ac t ing  through t h e  displacements of 
t h e  o ther .  
ro ta t ion) ,  t h e  inner  product gives e s s e n t i a l l y  t h e  force (or  moment) 
r e su l t an t  of the  i n e r t i a l  loads of the  other .  Since the  i n e r t i a l  loads 
of a u n i t  r i g i d  body t r a n s l a t i o n a l  accelerat ion have a r e su l t an t  force  
equal i n  magnitude t o  the  t o t a l  s t r u c t u r a l  m a s s  My t h e  inner  product of 
t h e  u n i t  t r ans l a t ion  with i t s e l f  gives M (within a f ac to r  of IT f o r  n = 1 
o r   IT f o r  n = 0). Similar ly ,  t h e  i n e r t i a l  loads of a u n i t  r i g i d  body 
ro t a t iona l  acce lera t ion  have a r e su l t an t  moment equal i n  magnitude t o  
the  t o t a l  mass moment of i n e r t i a  I about t he  axis of ro ta t ion ,  and s o  
the  inner  product OS a u n i t  ro t a t ion  with i t s e l f  gives I. Noting t h a t  t he  
r e su l t an t  i n e r t i a l  force  M of a u n i t  r i g i d  body t r ans l a t ion  acts through 
the  center  of m a s s ,  i t  follows tha t the  inner  product of t he  u n i t  la teral  
t r ans l a t ion  with a u n i t  lateral r o t a t i o n  gives the  f i r s t  mass moment about 
the  axis of ro t a t ion ,  which divided by the  m a s s  gives the  loca t ion  of 
t h e  cen te r  of m a s s .  

I f  one of the f i e l d s  i s  a u n i t  r i g i d  body t r ans l a t ion  (or 

On t h e  o ther  hand, i f  the  i n e r t i a l  loads of one argument of t he  inner 
product are replaced by t h e  external loads,  and the  o ther  argument is 
a u n i t  r i g i d  body t r ans l a t ion  ( o r  ro ta t ion)  , then one obtains  the  r e su l t an t  
force  (o r  moment) of t he  external loads.  The corresponding acce lera t ion  
magnitude is simply the  r e su l t an t  force  (or  moment) divided by the  mass 
(or  m a s s  moment of i n e r t i a ) .  

Major FORTRAN var iab les  of SRA 100.- Major var iab les  which have 
special 'meaning f o r  SRA 100 are defined below. For SRA100 var iab les  which 
are common t o  o ther  programs, see page 126. 

Variable 

ISSl 

NM, 

Defini t ion 

f l a g  t o  punch prebuckling 
d a t a  f o r  SRA 101 

f l a g  f o r  mechanical loads t a b l e  

Subprogram 
where generated 

INPUT 

INPUT 

NTL f l a g  f o r  thermal loads t a b l e  INPUT 

TX2 (100) c i rcumferent ia l  surface load (X,) INPUT 

SRAlOO T12 (100) shear  stress re su l t an t  (T12) 

ZMl(4 , 100) displacement mode (<,T),v,x) of r i g i d  RBMODE 
body acce lera t ion  

73 



SRA 101 

External f i l e s . -  SRA 101 uses twelve external f i l e s ,  nine of which 
are nonstandard files. I n  order  t o  understand t h e i r  s t ruc tu re ,  t he  
following discussion is  presented before  descr ibing their usage. 

The force and displacement var iables  used i n  the  program are expanded 

This means t h a t  i f  LSTAB en t ry  poin ts  and N2 harmonics 
i n t o  
meridional point.  
are used, t h e  s i z e  of a displacement o r  force  vector  is 2 x N2 x LSTAB. 

Fourier series having both cosine and s i n e  components at each 

Because of l imi t a t ions  on core s torage  it is impossible t o  have a l l  
t h e  force  and displacement vectors  t h a t  are needed f o r  a l l  t h e  ca lcu la t ions  
simultaneously i n  core. Consequently, most of these  vec tors  are s tored  
on ex terna l  f i l e s  and t ransfer red  i n t o  core when they are needed i n  the  
ca lcu la t ion  process. 

The f i l e s  which are ava i lab le  t o  the  program are assumed t o  be of t he  
sequent ia l  type (no random access). 
t o  be t ransfer red  from a f i l e  t o  core f o r  one ca lcu la t ion  i s  sca t t e red  i n  
d i f f e ren t  places on the  f i l e  then the  program has t o  t r ans fe r  i n t o  core 
not  only the  relevant da ta  but  a l s o  everything t h a t  happens t o  be located 
i n  between. From the  standpoint of e f f ic iency ,  i t  is, therefore ,  important 
t o  s t o r e  da t a  on t h e  f i les i n , t h e  same arrangement as i t  is needed f o r  
the  calculat ions.  
d i f f e ren t  ca lcu la t ions  i t  may be more e f f i c i e n t  t o  s t o r e  them more than 
once on d i f f e r e n t  f i l e s  i n  d i f f e r e n t  orderings.  

This means t h a t  i f  the  da t a  t h a t  is  

I f  some v a r i a b l e s s e  needed i n  d i f f e r e n t  groupings f o r  

For the  ca lcu la t ions  done by t h i s  program the re  are two bas i c  order- 
I n  the  in tegra t ion  of t he  d i f f e r e n t i a l  equations each ings of the  data .  

harmonic i s  in tegra ted  separately,  so the  program uses and produces a l l  
t he  relevant  forces  and displacements f o r  one harmonic a t  a t i m e .  I n  
the  ca lcu la t ion  of equivalent forces  and the scalar product t he  program 
ca lcu la tes  t he  product of one displacement vector  by one force  vector  
a t  a t i m e .  Only two var iab les  have t o  be i n  core simultaneously, bu t  
a l l  t he  harmonics of these two var iab les  are needed. 

The above two requirements result i n  two modes of s torage  €or almost 
a l l  var iables .  I n  the  f i r s t  madethe-var iables  are s tored  i n  "block" form. 
Each va r i ab le  is  s tored  by itself_. 
first ent ry  point  followed by a l l  the cosines f o r  the  second en t ry  point  
and s o  on u n t i l  t h e  last entry point.  
come a l l  t he  s i n e  amplitudes i n  the  same order.  For a va r i ab le  V s tored  
i n  a block form, V(JCZ) is the  loca t ion  of the  J t h  cosine component a t  
the  I t h  entry point and V(JSI) is  the  corresponding s i n e  component; J C I  
and J S I  are given by 

a l l  the cosine amplitudes f o r  t h e  

Following a l l  the  cosine amplitudes 

J C I  (I. - 1)*N2 + J 

JSI = J C I  + N2 * LSTAB 
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The second s torage  mode, the  "harmonic" form, is used when a group of 
var iables ,  e.g., X I ,  ETA, V, are needed, one harmonic at a t i m e .  I n  t h i s  
form, t h e  cosine amplitudes of one harmonic f o r  a l l  entry p 
f o r  X I  ( the  f i r s t  var iable)  followed by the s i n e  
cosine ampli tudgof  ETA ( the  second var iable)  and s 
amplitudes of V ( the f i n a l  var iable) .  
a similar group f o r  t h e  next harmonic. 
group of K var iables  are s tored i n  an array B, then B(1JLC) is t h e  
address of t h e  J t h  cosine component a t  the I t h  entry poin t  of t h e  Lth 
var iab le  and B(1JLS) is t h e  address of the  corresponding s ine ,  where 

s are stored 

un t i l  the s i n e  

Thus, i f  a l l  N2 harmonics of a 
This group is  then followed by 

I J L C  = 2 * (J-1) * K * LSTAB + 2 * (L-1) * LSTAB 4- 1 

IJLS = I JLC + LSTAB 

The usage of ex terna l  f i l e s  is  given by t h e  following tab le .  

Logical 
u n i t  no. 

1 

ICOMP 

3 

M4 

5 

6 

7 

8 

9 

Usage 

prebuckling da ta  

boundary condition 
and complementary 
so lu t ion  matrices 

response va r i ab le s  

equivalent forces 
( she l l ,  r ings ,  
and domes) 

standard input 
f i l e  

standard output 
f i l e  

standard 
overlay f i l e  

psuedo forces  o r  
equivalent forces  

response var iab les  

Subprogram 
where 
created 

MAIN6 

M A I N l  

M A I N l  
CALCUL 

EQIFoR 
EQIFOR 
EQIFOR 

FORCES 
MAIN3 

MAIN1 
MAIN4 
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Logical 
u n i t  no. 

10 

11 

ISCR 

Usage 

bas i c  s t r u c t u r a l  
data, axisymmetric 
bending prebuck- 
l i n g  components, 
harmonic in t e r -  
ac t ion  da ta  

response var iab les  
o r  equivalent 
forces  

scra tch  f i l e  

Sub program 
Storage 

Variables 

-- INPUT -- PREB 
-- MAIN6 

X I  el + e 2  block MAIN4 
block CALCUL 

% i x y ! y F D 3 1 y m ] l ,  -- MAIN3 
F3 YFL1 Y m2 Y FL3 harmonic MAIN3 

The nominal values f o r  ICOMP, M 4 ,  and ISCR are 2, 4, and 12. How- 
ever, as explained on page 34, f o r  a case (other  than t h e  f i r s t )  i n  a 
one-pass sequence of cases i t  is  possible  fo r  ICOW-to be 12, i n  which 
event ISCR is 2. For a case of equal and opposite eigenvalues, M4 
a l t e r n a t e s  on successive i t e r a t i o n s  between the  values 4 and ISCR, s ince  
i n  t h i s  case i t  is necessary t o  compute the  scalar product of t he  
displacements of each i t e r a t i o n  by the forces  of t he  i t e r a t i o n  before 
t h e  last. In a l l  o ther  cases M4 equals 4. 

The prebuckling da ta  on f i l e  1, the  response var iab les  on f i l e s  3, 9 ,  

That i s ,  blank words f o r  problems which do no t  requi re  the  
and 11, and the  forces  (except dome forces)  on f i l e s  M4, 8, and 11 are 
"packed" data. 
max imum allowable dimensions are not  t ransfer red  from core t o  ex terna l  
f i l e .  
Fourier harmonic. This is t h e  case f o r  t he  prebuckling da ta  on f i l e  1 if 
the  loading has an axial plane of symmetry. 
matrices on f i l e  2, s ince  t h i s  data  calculated f o r  t he  symmetric response 
components is a l s o  used f o r  t he  antisymmetric components. 
var iab les  shown are not  s tored  f o r  a l l  problems: (1) [ V I ,  [Z ]  are 
s tored  on f i l e  2 only f o r  closed branch problems, (2) r i ng  forces FLl, FL2, 
FL3 and dome forces  FDl, FD30, FD31, FD4 are s tored  on f i les M4 and 11 only 
if at least one r i n g  o r  one dome ex i s t s ,  and (3) the  axisymmetric bending 
prebuckling components are s tored  on f i l e  10 only i f  a nonzero eigenvalue 
s h i f t  is used. 

I n  some cases a va r i ab le  does not have two components f o r  each 

It is a l so  t r u e  f o r  t h e  

Some of t he  

.- This program cons i s t s  of a main 
The ove ra l l  flow of t he  overlay and seven primary overlays ( f i g . 1 9 ) .  

main overlay is l i s t e d  below with b r i e f  descr ip t ions  of t he  function of 
each primary overlay when cal led.  Following t h i s  are more de t a i l ed  flow 
cha r t s  of each primary overlay. 
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1. 

2. 

3. 

4 .  

5. 

I n i t i a l i z e  the  complementary so lu t ion  f t l e  ICOMP t o  u n i t  2, the  
sc ra t ch  f i l e  ISCR t o  u n i t  12. 
of a f i r s t  case) 
C a l l  OVERTAY 7 (INPUT) 

OVERLAY 7 

Read and w r i t e  input da t a  
Se t  up cont ro l  parameters and tab les  (geometry, w a l l  p roper t ies ,  e tc . )  
Transfer s t r u c t u r a l  d a t a  t o  f i l e  10 

I n i t i a l i z e  NSG t o  -10 ( ind ica t ion  

C a l l  OVERLAY 6 

OVERLAY 6 

If new prebuckling d a t a  is  needed, read and w r i t e  i t  and t r ans fe r  i t  

If GUESS (eigenvalue s h i f t )  is nonzero, t r ans fe r  axisymmetric 

Calculate  harmonic in t e rac t ion  da ta  €or Fourier  products and t r ans fe r  

t o  f i l e  1 

tors ionless  prebuckling state da ta  t o  f i l e  10 

t h i s  da t a  t o  f i l e  10 

I n i t i a l i z e  eigenvalue estimates t o  1. I n i t i a l i z e  the  equivalent 
forces  f i l e  M4 t o  u n i t  4 
Set  up i t e r a t i o n  DO-loop with index ( IT)  running from IT0 t o  ITF 
a. C a l l  OVERLAY 1 

OVERLAY 1 

If I T  is  1, ca lcu la t e  complementary so lu t ions  and boundary . 
conditions,  and generate an i n i t i a l  guess f o r  displacements. 
I f  I T  is  not  1, ca lcu la t e  a new approximation t o  the  
buckling mode based on the  forces  from the preirious i t e r a t i o n  

on f i l e  3 f o r  each harmonic 
The quan t i t i e s  5 ,  q, v are wr i t t en  out  on f i l e  9 and x, el + e2 

b. C a l l  OVERLAY 4 
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OVERLAY 4 

Rearrange 5 ,  n, v, x, el + e2 i n t o  block form and ca l cu la t e  
from them the  s h e l l  ro t a t ions  O Y  J, and r ing  displacements 
ux, y . 9  uql 

Write 5 ,  n, v on f i l e  9, xy el + e2, +, q,, u4 on f i l e  11, 
and 8, J, on f i l e  3, a l l  i n  block form ’ 

c. I f  t h i s  is not  the f i r s t  i t e r a t i o n  (or t h e  f i r s t  o r  second i n  
case of equal and opposite eigenvalues),  call OVERLAY 2. 
Otherwise, go t o  s t e p  e 

OVERLAY 2 

Calculate  t he  scalar product f o r  t he  numerator of t he  Rayleigh 
quot ient  

d. 

e. C a l l  OVERLAY 5 

Set  t he  numerator of the  Rayleigh quot ient  equal t o  t he  scalar 
product 

OVERLAY 5 

Calculate  t h e  equivalent s h e l l ,  r ing  and dome forces  based on 
t h e  displacements calculated a t  s t e p  a. Write these forces  
i n  block form on f i l e  M4 

f .  I f  t h i s  is not  t h e  f i r s t  i t e r a t i o n  (or  t h e  first o r  second i n  
case of equal and opposite eigenvalues),  cal l  OVERLAY 2.  
Otherwise, go t o  s t e p  h 

OVERLAY 2 

Calculate the scalar product f o r  t h e  denominator of t h e  Rayleigh 
quot ient  

g. Calculate  the  Rayleigh quotient (eigenvalue estimate) and its 
r e l a t i v e  d i f fe rence  with t h a t  from the  previous i t e r a t i o n .  
P r i n t  the  Rayleigh quot ient ,  relative d i f fe rence ,  and i t e r a t i o n  
number. 
quot ient  and i f  t he  r e l a t i v e  d i f fe rence  is wi th in  the  required 

If t h i s  is not the f i r s t  ca lcu la t ion  of the  Rayleigh 
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6 .  
7. 

8. 

1. 
2. 
3. 
4. 
5. 
6. 

accuracy,* go t o  s t e p  7. Otherwise cal l  OVERLAY 3 

OVERLAY 3 

Rearrange t h e  s h e l l  and r ing  forces  from block form i n t o  harmonic 
form, put t ing  F 1 ,  F2, F4 on f i l e  8 and F 3 ,  FL1, FL2, FL3 on 
f i l e  11 

h. I n  the  case of equal and opposite eigenvalues, change the  
equivalent force f i l e  M4. 
vice versa 

I f  M4 is 4, change i t  t o  ISCR and 

i. End of i t e r a t i o n  DO-loop 
Go t o  s t e p  2 
I f  NSGS < 0, a second run follows which w i l l  use the  forces  from 
t h i s  run as an  i n i t i a l  guess, so  cal l  OVERLAY 3 t o  rearrange the  
forces  i n t o  harmonic form 
G o  t o  s t e p  2 

Logical flow of OVERLAY 1: 

Read s t r u c t u r a l  da t a  from f i l e  10 
Calculate  scale f ac to r s  required by subroutine START 
I f  GUESS # 0, read axisymmetric bending prebuckling da ta  from f i l e  10 
I f  I T  is grea te r  than one, go t o  s t e p  10 
If ISS6 = 2, go t o  s t e p  8 
Se t  up DO-loop t o  create f i l e  ICOMP containing complementary so lu t ions  
and boundary condi t ions f o r  each harmonic, index N running from 1 t o  N2, 
I f  IKASE = 0, t h e  same f i l e  as w a s  used i n  the  previous case (or  f i l e  
2 i n  a f i r s t  case) w i l l  be used. 
mentary so lu t ions  t o  be used from the  previous case are properly 
posit ioned on the  f i l e  ( the  complementary so lu t ions  must be arranged 
i n  order  of increasing wave number). I f  IKASE = 1, the  sc ra t ch  f i l e  
(ISGR, i n i t i a l l y  12) w i l l  be used f o r  ICOMP and ICOMP of the  previous 
case w i l l  be made t h e  sc ra t ch  f i l e  
a. If KASE(N) = 0, go t o  s t e p  c 
b. If JCASE(N) = I, t h e  complementary so lu t ions  and boundary conditions 

This happens when a l l  t h e  comple- 

are read from place I on t h e  o ld  complementary so lu t ion  f i le.  
t o  s t e p  e 

Go 

*In the  case of a symmetric prebuckling state, f o r  which both symmetric 
and antisymmetric buckling modes are computed simultaneously, i t  is on- 
l y  
sequences has converged within the  required accuracy. 

necessary t h a t  the  numerically smaller of t he  two eigenvalue 
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c. Call BC1 to calculate boundary condition matrices [B] and [D] for 

d. 
e. 

f. End of DO-loop 

as the initial approximation, i.e., NSG = 0 and NSGS < 0 or ISS6 = 3,  
go to step 10 
Call INSHPE to calculate initial approximation for buckling mode 
shape 

Set up DO-loop over buckling wave numbers with index N going from 1 
to N2 

N-th wave number 
Calculate complementary solutions for the N-th wave number 
Write boundary condition matrices and complementary solutions 
on new complementary solution file, unless they are already there 

7. If mode shapes from previous case (files 8 and 11) are to be used 

8.  

9. Return 
10. 

a. 

b. 

C. 

d. 
e. 
f. 

g* 

h. 

i. 

For the N-th harmonic, read boundary condition and complementary 
solution matrices from file ICOMP and shell, ring and dome forces 
from files 11 and 8* 
Set IND = 0 to signal calculation of approximation to symmetric 
part of buckling mode 
Call PLCFOR to place symmetric or antisymmetric (for IND = 0 or 1, 
respectively) part of the shell, ring and dome forces in TF1, TF2, 
TF3, TF4, and SL 
Calculate particular solution using forces of step c 
Combine particular and complementary solutions 
Call PLCDIS to calculate el + e2 and place symmetric or anti- 
symmetric part of <, q, v, x, el + e2 in proper place in TDISP 
If IND = 0, set IND = 1 and go to step c to calculate approx- 
imation to antisymmetric part of buckling mode 
Write 5, q, v on file 9 and x, el + e2 on file 3 for the N-th 
harmonic 
End of DO-loop 

11. Return 

Logical flow of OVERLAY 2: 

Call PROD1 
Return 

*These forces are not read in for the first iteration when NSG = 0 and 
N > N2S, because in this case the forces from the previous case are 
used for an initial approximation and these are available only for N 
- < N2S. 
from the N2S-th harmonic. 

The initial forces for N > N2S will simply be those left over 
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Logical flow of OVERLAY 3: 

Read F1 from f i l e  M4 i n  block form and spread i t  

Read F2 from f i l e  M4 i n  block form and spread i t  i n t o  harmonic 

Repeat s t e p  2 f o r  F4 
Read F3 i n  block form from f i l e  M 4  
Write F1, F2, F4 f o r  each harmonic onto f i l e  8 
I f  NRING > 0, read th ree  blocks of r ing  forces  FLl, FL2, FL3 
Spread F3 i n t o  harmonic form 
I f  NRING > 0, spread FL1, FL2, FL3 i n t o  harmonic form 
I f  ND > 0, read dome forces  from f i l e  M4 and w r i t e  them onto f i l e  11 
Write F3, FLl, FL2, FL3 f o r  each harmonic onto f i l e  11 
Return 

harmonic form. 
Gaps are l e f t  f o r  F2 and F4 

each harmonic F2 follows F1 

Logical flow of OVERLAY 4 :  

Read 5, q, v i n  harmonfc form f o r  a l l  harmonics from f i l e  9 
Block 5 and w r i t e  i t  on f i l e  9 
Block q and w r i t e  i t  on f i l e  9 
Block v and w r i t e  i t  on f i l e  9 
Read x, and ( i f  LTYPE = 1) el + e2 i n  harmonic form f o r  a l l  harmonics from 

Block x and w r i t e  i t  on f i l e  11 
I f  LTYPE = 1, block el + e2 and w r i t e  i t  on f i l e  11 
Call subroutine CALCUL t o  ca l cu la t e  8, $J and the  r ing  displacements 

Return 

f i l e  3 

ux, uy’ u4 

Logical flow of OVERLAY 5: 

Read mode in t e rac t ion  d a t a  from f i l e  10 
Read prebuckling da ta  from f i l e  1 
Call FORCES t o  ca l cu la t e  s h e l l  pseudoforces 
Call EQIFOR t o  ca l cu la t e  s h e l l ,  r ing ,  and dome equivalent pseudoforces 
Return 

Logical flow of OVERLAY 6 :  

I n  NPS = 0, w r i t e  t h a t  the prebuckling stresses are taken from the  

C a l l  subroutine PREB t o  read and block the prebuckling state d a t a  
Write t h e  prebuckling state da ta  on f i l e  1 
P r i n t  t he  prebuckling s t a t e  da t a  at  se lec ted  output po in ts  
C a l l  subroutine MODINT t o  set up the harmonicinteraction da ta  f o r  Fourier 

Write the  harmonic in t e rac t ion  da ta  (COMMON/M/) on f i l e  10 
Return 

previous case and r e tu rn  

products 
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Logical flow of OVERLAY 7: 

I f  NSG # -10, read s t r u c t u r a l  da t a  from f i l e  10 
Read and w r i t e  case t i t l e  card 
Stop i f  f i r s t  four  characters  on case t i t l e  card are STOP 
Read and w r i t e  case opt ion card: 

LSYMM, NS, NT, SIGDIG, LTYPE, GUESS, RTABL, SKAP, ISS4, ISS6 
Read s h e l l  and r ing  output po in ts  and i n i t i a l  and f i n a l  i t e r a t i o n  

numbers 
Check i f  s h e l l  data ,  GUESS, and prebuckling state da ta  ( i f  GUESS # 0) are 

unchanged from previous case; i f  so,  set NW = 0; otherwise, NW = 1 
Read prebuckling wave numbers NWAVEl(I), 1 = 1 , N l .  I f  NSG = 0, save N 2  

of previous case as N2S. I f  NW = 0, save NWAVE2(I) of previous case 
as NWS (I) 

LOOP, NSG, NWP, NFM, NST, NPS, N I C ,  

Read buckling wave numbers NWAVE2(1), I = 1, N2 
I f  ISS4 # 0, read buckling wave numbers NWS(I), I = 1, N2S of previous 

C a l l  KASG f o r  ca lcu la t ion  of IKASE and USE 
Write prebuckling and buckling wave numbers 
I f  NWAVEZ(1) includes: n = 0, set ND = 1; n = 1, set ND 2; n = 0 and 1, 

set ND = 3 
I f  NS w a s  input  as 0, set NS = 1 through function NSYMM5f t h i s  case is 

recognized as one of equal and opposite eigenvalues 
Read basic input tab les :  

Geometry: NOUT2, NOUTl, NOUT3, TS, TR, TRP, TRR2, TXB 
Wall propert ies :  TE1, TE2, TE12, T N U l ,  TH 
Foundation moduli: TK1, TK2, TK3 
St r inger  propert ies :  TEAST, TEIST, TGJST, TZBST 

case 

C a l l  SETUP t o  ca l cu la t e  NDIS, TDIS, JENT, IBR, NBR, IEND, KEND 
Write input tab les  
I f  N I C  # 0, cal l  BC t o  read and w r i t e  boundary da ta  
I f  no domes e x i s t ,  set ND = 0 
Write bas ic  s t r u c t u r a l  da t a  on f i l e  10 
C a l l  ADDRES t o  set up equivalent addresses and vector  lengths  for 

operations with displacement and force  vectors  
C a l l  CONST t o  set up ICONST and ISUB, ind ica t ing  whether t he  ca lcu la t ion  

can be reduced because of constant w a l l  p roper t ies  
Return 

Subprogram descr ip t ions  f o r  SRA 101.- SRA 101 cons is t s  of 49 
contractor-supplied subprograms ( f ig .  19 ). Those subprograms which 
have fea tures  spec ia l  t o  SRA 101 are described below. 
of t he  remaining subprograms of SRA 101, which are a l s o  used by o the r  
programs, see page 121. 

For descr ipt ions 
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MAIN OVElU,AY 

This overlay always res ides  i n  core  and cons i s t s  of t h e  
and th ree  contractor-supplied subroutines,  NTRAN, OUTP, and 
by several primary overlays.  

MAIN - 
This program sets up and cont ro ls  t h e  Stodola-type i t e r a t i o n  process 

f o r  t he  buckling mode. It calls, a s  needed, each of the seven primary 
overlays.  

NTRAN (NU, IND, LN, A, L) 

This subroutine serves  f o r  reading from ( i f  IND = 2) o r  wr i t i ng  on 
(IND = 1 )  f i l e  NU a vector  of length IN s t a r t i n g  at address A. 
subroutine uses BUFFER I N  and BUFFER OUT reading and wr i t ing ,  respect ively.  
The formal parameter L i s  not  used i n  the  CDC version. 

The 

OUTP (B, LSTAB, N 2 ,  L,  KK, KN) 

This subrout ine is used f o r  p r in t ing  out  at spec i f i ed  output points  
displacement and force  vectors  which are i n  core  i n  block form. 
the  number of h a l f  blocks s t a r t i n g  a t  address B. 
harmonics and LSTAB 
of t h e  spec i f ied  output points .  

L is 
Each block has N2 

meridional points.* KK(K), K = 1, KN are the  indices  

TYMCHK TITLE, T ,  NU) 

This subrout ine checks whether u n i t  NU has completed reading o r  
wri t ing.  I f  t h e  u n i t  is  s t i l l  busy TYMCHK calls the  system rout ine 
RECALL which releases the  c e n t r a l  processor f o r  a few seconds and then 
checks again. mMCHK uses I F  UNIT t o  check whether NU is f r e g  and i n  case 
of an e r r o r  e x i t  i t  p r i n t s  out TITLE which is the  name of the  program 
t h a t  ca l l ed  TYMCHK. 
version. 

The parameters L and T are not  used i n  t h e  CDC 

PRIMARY OVERLAY 1 

This overlay cons i s t s  of the  main subprogram MAIN1 and f i f t e e n  
contractor-supplied subroutines ( f ig .  19). Its essential funct ion is  t o  
perform the  in t eg ra t ion  of the  d i f f e r e n t i a l  equations f o r  each i t e r a t i o n .  

*N2 and LSTAB do no t  have t o  be the  number of buckling harmonics and 
number of meridional s h e l l  points ,  respect ively.  
numbers which def ine the block s i z e  and s t ruc tu re .  For blocks of r ing  
forces ,  f o r  example, LSTAB is replaced by NRING. 

They are j u s t  the  two 
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M A I N 1  

This subprogram implements the in t eg ra t ion  of the  d i f f e r e n t i a l  equa- 
t ions.  
boundary condition matrices [B] and [D] and complementary so lu t ions  f o r  
each buckling harmonic. These do not vary from i t e r a t i o n  t o  i t e r a t i o n .  
I n  each succeeding pass through M A I N l ,  one f o r  each i t e r a t i o n ,  it 
combines the complementary and pa r t i cu la r  so lu t ions  f o r  each harmonic 
and s to re s  the  r e su l t i ng  so lu t ion  on f i l e s  9 and 3. 

I n  the  f i r s t  pass through MAINl  i t  sets up f i l e  ICOMP f o r  the  

=(FN, A, NDIS, BBP, BD) 

This subroutine generates the  boundary condition matrices [B] and [D] 
which are dependent on the  wave number F'N, v iz .  f o r  r i ng  and dome 
boundaries. 

INSHPE (NOUT1, TS, B) 

This subroutine generates an i n i t i a l  guess f o r  the  buckling mode 
amplitudes 5, n ,  v, x, and i n  case of a l i v e  pressure loading ( i .e . ,  
LTYPE = 1)  el + e2. For each buckling harmonic 5, TI, and el + e2 are 
set t o  zero,and v and x are set  t o  have parabol ic  var ia t ion.  
x d i s t r ibu t ions  f o r  d i f f e r e n t  buckling mode wave numbers NWAVE2(I) are 
proport ional  but  have a relative magnitude which var ies  as 0.91. 
i n i t i a l  guess i s  read out i n  harmonic form, 5, TI, v on f i l e  9 ,  and 
x, el + e2 on f i l e  3. 

The v and 

The 

INTRPL (TF1, TF2, TF3, TF4) 

This subroutine in t e rpo la t e s  f o r  the var iab les  needed by DER 
f o r  t h e  de r iva t ive  calculat ion.  I f  the  d is tance  between S and the  next 
TS-value is smaller than O.OOl*DS, no in t e rpo la t ion  i s  done. The 
in te rpola t ion  i s  l i n e a r  f o r  a l l  var iab les  except t he  forces  TF1, TF2, 
TF3, TF4 f o r  which it  i s  quadratic.  

PLCDIS (IND, Y, Z ,  FN, TXI ,  TETA, TV, TCHI,  TElE2) 

This subroutine ca lcu la tes  t he  d i l a t a t i o n  el + e2 and then places  i t ,  
t h e  displacements 5, 11, v and t h e  ro t a t ion  x a t  the  corresponding vectors  
TElE2, TXI,  TETA, TV, TCHI. These vectors  contain both the  cosine and 
the  s i n e  components of the  var iables .  I n  the  symmetric case (IND = 0) ,  
PLCDIS t r ans fe r s  t he  cosine components of 5, n ,  x, el + e2 and t h e  s i n e  
component of v. 
t he  s i n e  components of 5, 0 ,  x, el + e2 and reverses t h e  s ign  of the  
cosine components of v before  t r ans fe r r ing  it .  

I n  the  antisymmetric case (IND: = l ) ,  PLCDIS t r ans fe r s  
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PLCFOR (IND, JENT, NOUT1, NN, TSA, NOUT2) 

For each harmonic the  symmetric and antisymmetric components of t he  
s h e l l ,  r i ng  and dome forces  are read by MAIN1 i n t o  core from f i l e s  8 
and 11, t h e  s h e l l  and r ing  forces  i n t o  the  a r ray  TF and t h e  dome forces  
i n t o  DOMFOR. Subroutine PLCFOR picks e i t h e r  t h e  symmetric o r  antisymmetric 
components of these forces.  
antisymmetric.) 
the  previous i t e r a t i o n  and then placed i n t o  the  a r rays  TF1, TF2, TF3, 
TF4 ( s h e l l  forces)  and SL ( r ing  and dome forces) .  

(IND = 0 indica tes  symmetric forces;  I N D  = 1, 
The forces  are scaled up by the  eigenvalue estimate of 

In t he  antisymmetric case, the  s ign  of t he  F3 components of t he  s h e l l  
forces  and the  FL3 components of the  r ing forces  are reversed. 
corresponding s ign  changes i n  t h e  dome forces are made when they are 
generated i n  FORD. 

The 

Note t h a t  the  s h e l l  and r ing  forces  are packed i n  the a r ray  TF i n  
the  following order:  F1, F2, F4, F3, FLl, FLn,  FL3. 

PRIMARY OVERLAY 2 

This overlay cons i s t s  of the main subprogram WIN2 and five contractor- 
supplied subroutines ( f ig .  19). Its purpose is  t o  ca l cu la t e  t h e  scalar 
product of t he  forces of f i l e  M 4  with the  block displacements o f  f i l e s  
9 \and 11. 

MAIN 2 

This  subprogram c a l l s  PRODl and provides through the  c a l l i n g  sequences 
s torage  loca t ions  f o r  t he  block forces  and displacements. 

PRODl (PRODS, PRODA, TF1, TF2, TF3, TF4, TXI ,  TETA, TV, ElE2, TCHI, TFLl,  
TFL2, TFL3, UX, U Y ,  UPHI) 

This subroutine ca lcu la tes  t he  symmetric and antisymmetric components 
of t h e  scalar product given the  force  and displacement vectors  according 
t o  the  following formula 

,Because of t he  $-integration, only the  zeroth harmonic of t he  integrand 
contr ibutes  t o  the  in t eg ra l .  This zeroth harmonic i s  calculated by the  
subroutine ZERO which i s  ca l led  t w i c e  f o r  each term i n  the  integrand - 
once f o r  the  symmetric component and once f o r  t he  antisymmetric one. 
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I f  t he  prebuckling is symmetric (LSYMM = 1) so t h a t  t he  symmetric 
and antisymmetric modes are uncoupled, two scalar products PRODS and 
PRODA are calculated.  However, i n  t he  general  case (LSYMM # l), t h e  
symmetric and antisymmetric components are added together  t o  form the  
scalar product PRODS. 

PRODOM (FINT, NDIS, JENT, NOUT1, TR) 

This function calculates a correct ion t o  an i n t e g r a l  over a s h e l l  
meridion with dome closures.  
c losure an a r t i f i c i a l  edge is created i n  t h e  model by de le t ing  a s m a l l  
po la r  cap. PRODOM gives,  t o  f i r s t  order  i n  t h e  edge radius ,  t h e  i n t e g r a l  
over a l l  de le ted  caps of t h e  integrand FINT. 

I n  t r e a t i n g  such a shel l ,  f o r  each dome 

- SUM (A, N)  
N 

This function performs the summation SUM = 1 
1=1 

obta in  the  r ing  contr ibut ion t o  the  scalar product. 

A(1) and i s  used t o  

s m  (FINT, TS, NDIS, JENT) 

This function in t eg ra t e s  an integrand FINT over an i n t e r v a l  with the  
independent var iab le  TS. 
en t r i e s .  
po in ts  TS(1) where the  boundary indices  I are given by JENT(J) ,  J = 1, 
NDIS. 
point  and the  values of TS must be equally spaced. 
by Simpson's r u l e  i n  each subinterval .  
i n  t h e  subin terva l  is even, the  trapezoidal. r u l e  i s  used f o r  t h e  last 
TS-increment i n  the  subinterval .  

Both are given as vectors  with same number of 
FINT is assumed t o  be continuous except a t  subin terva l  boundary 

Between two boundary poin ts  t he re  has  t o  be a t  least one i n t e r i o r  
In tegra t ion  proceeds 

I f  t he  number of i n t e r i o r  po in ts  

ZERO (X, Y ,  Z ,  I Z ,  N2, LSTAB, IA,  NWAVE2) - 
This subroutine ca lcu la tes  t he  zeroth harmonic of a product of two 

sets of Fourier s i n e  o r  cosine series. Both sets cons is t  of LSTAB 
series and each series of both sets included N2 harmonics NWAVE2(1), 
I = 1, N2. 
and the  second set i n  Y(J,I) .  
densely [i.e., they are dimensioned (N2,LSTAB)], and ca lcu la tes  
equivalent addresses ins tead  of using double indices .  

The f i r s t  set i s  s tored i n  X ( J , I ) ,  I = 1, LSTAB, J = 1, N2, 
Zero assumes t h a t  X and Y are s tored  

The product is s tored  i n  the  vector Z ( I ) ,  I = 1, LSTAB according t o  
IA.  I f  I A  = 0 ,  Z is  equal t o  the  product; i f  I A  = 1, the  ptoduct is 
added t o  Z. 
s i n e  series. 
series. 

The parameter I Z  determines whether X and Y are cosine o r  
I Z  = 1 corresponds t o  cosine series and I Z  = 2 t o  s i n e  
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PRIMARY OVERLAY 3 

This overlay cons is t s  of the  main subprogram MAIN3 and one contractor- 
supplied subroutine,  ( f ig .  19).  Its only purpose t o  rearrange t h e  
equivalent forces  from block t o  harmonic s torage.  
i n t eg ra t ion  of t h e  d i f f e r e n t i a l  equations,  which is performed one 
harmonic at a t i m e .  

MAIN 3 

It is  ca l l ed  before  

This subprogram reads from f i l e  M4 the  block forces ,  rearranges them 
through subrout ine SPREAD, and w r i t e s  them i n  harmonic form onto ex terna l  
f i l e s  8 and 11. 

SPmAD (A, B ,  LS ,  N 2 ,  IGAP, LN) 

This subrout ine i s  t h e  reverse of subroutine of BLOCK, t r ans fe r r ing  
one va r i ab le  from block s torage t o  harmonic s torage.  
of t h e  formal parameters, see the  descr ip t ion  of subroutine BLOCK. 
working space of 20,000 words is  provided i n  MAIN3, t he  f i r s t  5,000 
f o r  a block var iab le ,  the  last  15,000 f o r  3 var iab les  i n  harmonic form. 

For t h e  de f in i t i on  
A 

PRIMARY OVERLAY 4 

This overlay cons i s t s  of t he  main subprogram MAIN4 and two 
contractor-supplied subroutines ( f ig .  19). Its purpose is t o  rearrange 
t o  block form the  harmonic displacements obtained from the  in t eg ra t ion  of 
the  d i f f e r e n t i a l  equations. These displacements are then used with the 
prebuckling s t r e s s  r e su l t an t s  by OVERLAY 5 t o  ca l cu la t e  t he  equivalent 
forces .  

MAIN4 

This subprogram reads from f i l e s  9 and 3 the  harmonic displacements, 
rearranges t h e m  through subrout ine BLOCK, and w r i t e s  them i n  block 
form onto f i les 9 and 11. 

This subrout ine t r ans fe r s  one var iab le  from harmonic t o  block storage.  
B is  t h e  address of the  f i r s t  element of t h a t  va r i ab le  i n  harmonic 
s torage.  A working space of 20,000 words is  provided i n  MAIN4, the  
f i r s t  15,000 f o r  3 var iab les  i n  harmonic form and the  last  5,000 f o r  
one of these  var iab les  i n  block form. The d e f i n i t i o n  of t h e  formal 
parameters is given below. 
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A = s torage  f o r  block type va r i ab le  
B = s torage  f o r  harmonic var iable .  It is assumed t h a t  t h e  

va r i ab le  which is t ransfer red  is the  f i r s t  i n  a sequence of 
var iab les  

LS = number of meridional points  
N2 = number of harmonics 

IGAP = length of one harmonic sequence; i f  t he re  are L var iab les  
then IGAP = 2 * L * LS 

LN = N2 * LS 

CALCUL (TXI, TETA, TV, TCHI, TPSI, TTHET, UX, UY, UPHI) 

This subroutine ca lcu la tes  and s to re s  on ex terna l  f i l e s  several 
subsidiary block displacements, viz. t h e  r i n g  displacements %, %, and 
UQ, and the s h e l l  ro t a t ions  J, and 9. I n  MAIN4 the  c a l l i n g  sequence f o r  
CALCUL is 

CALL CALCUL(A, A ( I 1 )  ,A(I2) ,A(I3) ,A(I3) , A ( I l )  ,A(I2) ,A(IR21) ,A(I3)) 

This means t h a t  TI and 8 share  t h e  same space i n  core,  v shares  space with 
ux and uy, and x, J, and UQ share  the  same space. 
core fromMAIN4, CALCUL reads 5 and q from f i l e  9 and ca lcu la tes  ux and 
9 according t o  the  formulae 

A s  x is  l e f t  over i n  

u = TI - exx 
Y 

which are then wr i t t en  on f i l e  11. Next v is read from f i l e  9 and t h e  
values of t h e  amplitudes of t he  s h e l l  displacements 5, TI, v and ro t a t ion  
x f o r  t he  current  i t e r a t i o n  are pr in ted  a t  the  spec i f ied  output points.  
Then 5 and TI are d i f f e ren t i a t ed  t o  form 5' and TI', and UQ is calculated 
from the  formula 

UQ = [a v - (e&.* + e p " ) l / r  

and wr i t t en  on f i l e  11. 
according t o  

With E * ,  TI* and v i n  core, 9 and J, are calculated 

e = ( r ' / r ) ( v  - TI') - E'-/Rz 

and wr i t t en  on f i l e  3. 
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PRIMARY OVERLAP 5 

This overlay cons i s t s  of t he  main subprogram MAIN5 and s ix  contractor- 
supplied subroutines ( f ig .  19). Its purpose is t o  generate the  
pseudoforces required f o r  t he  equivalent statics problem of each i t e r a t i o n .  

The ca lcu la t ion  of t h e  pseudoforces involves taking the  product of 
prebuckling stress re su l t an t s  vectors  by buckling displacements vectors.  
The main problem here  is  t o  execute these ca lcu la t ions  i n  a l imi ted  
core s torage.  
most two buckling displacement vectors  (with 100 meridional points  and 25 
harmonics t h i s  corresponds to  10,000 words). To accomplish the  calcula- 
t i ons  under t h i s  r e s t r i c t i o n ,  use is made of external. f i l e s  and the  ' 

var iab les  are equivalenced through the  c a l l i n g  sequences. 
t h e <  ca lcu la t ion  is  broken i n t o  two subroutines. Subroutine FORCES 
ca lcu la t e s  t he  s h e l l  pseudoforces X I ,  X2,  X 3 ,  L l ,  L 2 .  Subroutine EQIFOR 
ca lcu la t e s  from these forces  the equivalent s h e l l  forces  F1, F2, F3, F4. 
It a l so  ca l cu la t e s  the  r i n g  forces  FLl,  FL2, F L 3 ,  and dome forces  FD1, 
m 3 0 r  m 3 1 ~  m4= 

It i s  assumed t h a t  t he re  is  only space i n  core  f o r  a t  

For convenience, 

MAIN5 

This subprogram reads the  harmonic in t e rac t ion  da ta  from f i l e  10 and 
the  prebuckling da ta  from f i l e  1 and calls FORCES and then EQIFOR. 
Through the c a l l i n g  sequences t o  these subroutines i t  provides s torage  
f o r  block var iab les  used by them. This s torage,  B(17476), i n  MAIN5 i s  
divided up i n t o  two main par t s .  

I n  t h e  cal l  t o  FORCES, the f i r s t  pa r t  is reserved f o r  two var iab les ,  
each of t h e  length  of one buckling s h e l l  block (LN2). 
s t a r t i n g  at  B(JO), is reserved f o r  t he  f i v e  prebuckling var iab les  of f i l e  
1 - T I ,  T2,  T12, X 3 ,  and T,+ - plus the  derived va r i ab le  TI + T2. Each of 
these  var iab les  except T 

t o t a l  length of B; 17476, i s  based on a maximum of 7 prebuckling and 25 
buckling harmonics, as w e l l  as the  maximum of 100 meridional points  and 
34 r ings.  The ca l cu la t ion  of t he  s h e l l  pseudoforces cons is t s  of taking 
many products which are of the type of a prebuckling state var iab le  by a 
buckling response var iab le .  Because of the d e s i r e  t o  minimize t h e  f i e l d  
length used, each buckling response var iab le  i s  brought i n t o  core  only 
a t  t h e  t i m e  i t  is t o  be used. This is brought i n t o  e i t h e r  t he  f i r s t  
o r  second ha l f  of the  f i r s t  pa r t  of By the  remaining ha l f  then being 
used f o r  t he  product series to  be calculated.  

The second pa r t ,  

has t h e  length of one prebuckling block (Isal), 
whereas T+ has t h e  lengt  9: of one prebuckling r ing  block (LNR1). The 

I n  t h e  call  t o  EQIFOR, the  f i r s t  pa r t  of B is a l s o  used by s i x  varia- 
b l e s ,  each of t he  length of one buckling r ing  block (LNR2). 
t h a t  t h e  prebuckling r ing  stress re su l t an t ,  which is  the  f i f t h  var iab le  
on file.1, remain i n  core f o r  the  subsequent ca l cu la t ion  of t he  r ing  

I n  order  
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forces ,  i t  is necessary t h a t  J O  be  determined as t he  maximum of I 2  
(i.e., 2 * LN2 + 1) and 6 * LNR2 - 4 * LN1 + 1. 

EQIFOR (TF1, TF2, TF3, TF4, TX1, TX2, TL1, TL2, TX3, TMP, UX, UY, UPHI, 
WX, WY, TPHIO, TFLl,  TFL2, TFL3) 

This subroutine ca lcu la tes  'the equivalent '  s h e l l ,  r ing ,  and dome 
forces  and w r i t e s  them on f i l e  M4. 
share  t h e  same s torage  i n  MAIN5 in  accordance with the  c a l l i n g  sequence 
i n  MAINS. 

The nineteen arguments of EQIFOR 

The calcu1atio.n of the  equivalent s h e l l  forces  is based on the  formulae 

F1 = -(r/R2)X1 + r ' ( X 3  - L i / r )  

F2 = - r ' X l  - ( r /Rz ) (X3  - L i / r )  

F3 = -X2 + L1/R2 

F4 = -L2 

The equivalent r ing  forces  are calculated from 

n1 = (T+Owy)' 

FL2 = - (T+,wX) 

FL3 =I - T + o ~ x  

FL4 = 0 

where T+o are l i n e a r  ( A  = 1) prebuckling r ing  hoop forces, and the  r ing  
ro ta t ions  wx and w, are calculated from t h e  r i n g  displacements by 

is ca l l ed  by EQIFOR t o  ca l cu la t e  t he  dome forces  m > l ,  
FD4. 

These forces  are wr i t t en  on f i l e  M4 i n  t h e  order  F1, F2, F4, Fg, 
= l ,  FL2, n 3 r  m l ,  m30, m31, m4- 

FORCES (Tx1, TX2, TL1, TL2, TTHET, TCHI, TPSI, TPR, TT10, TT20, TT120, 
TX30, TlP2, ElE2, TX3) 

This subroutine ca lcu la tes  t h e  pseudoloads ac t ing  on t h e  s h e l l  sur- 
The f i f t e e n  face  f o r  the  equivalent statics problem of each i t e r a t i o n .  

arguments of FORCES share the  same storage i n  MAIN5 i n  accordance with 
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t h e  c a l l i n g  sequence i n  MAIN5. 

The ca lcu la t ion  is done according t o  the  following formulae’ 

X i  = -[(Tio + T 2 0 ) O l o / r  + X30x 

X2 = -*[(TIo I- T20)8]/r  + X30JI 

X3 = X 3 0 ( e l  3. e21 

L1 = T20JI + T120X 

L2 = -@‘lox -I- T120JI) 

where T1 
terms in0X30 appfy only f o r  a l i v e  pressure f i e l d  AX3 
FORCES, X1 X2, -L 
loca t ion  TX3 contains  X3 - L i / r  f o r  fu tu re  use by EQIFOR. 

- FORD (IND, SHLFOR, DOMFOR, NDIS, JENT, NOUT1, LN, N D O m ,  TR, U S E ,  N2)  

and T2 are l i n e a r  ( A  = 1) p r & m  stress re su l t an t s ,  and the  

?’ 
Upon e x i t  from 

L1 are s tored  i n  tha t  order  on f g e  8, and t h e  

This subrout ine ca l cu la t e s  t h e  dome forces  applying a t  the a r t i f i -  
c ia l  edge of the model near the  pole. 
pseudoforces at the  edge according t o  the  following formulae: 

These are computed from the  

For n = 1 

For t h e  terms with ambiguous s igns,  t he  upper s igns  apply a t  a l l  poles 
o ther  than one at t h e  terminal point  of t he  s h e l l  meridian, and the  
lower signs apply at a terminal  point  dome. For n 2 2 a l l  dome forces  
are zero. 

Subroutine FORD is ca l led  s i x  t i m e s  by subrout ine EQIFOR, each t i m e  
ca l cu la t ing  a part: of t h e  dome forces.  
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EPROD (X, IX,  Y, I Y ,  Z IA, LSTAB, N 1 ,  N2) 

This subroutine,  which is ca l led  by mMeR0, calculates t h e  product 
of two sets of FOURIER s i n e  o r  cosine series. Both sets cons is t  of 
LSTAB series; t h e  f i r s t  set has the  harmonics NWAVEl(1) , I = l , N l ,  the 
second set t h e  harmonics WAVE2(1) , I = 1, N2. The f i r s t  set is  s tored  
i n  X ( J , I ) ,  I = 1, LSTAB , J = 1 , N l .  The second set is  s tored  i n  Y ( J , I ) ,  
I = 1,LSTAB , J = l,N2. Only the  harmonics belonging t o  WAVE2 are 
re ta ined  i n  t h e  product which is s tored  i n  Z ( J , I ) ,  I = 1,LSTAB , J = 1,N2. 
FPROD assumes t h a t  X,Y,Z are densely s to red  [i.e., they are dimensioned 
(N1,LSTAB) and (N2,LSTAB), respect ively] ,  and calculates equivalent . 
addresses ins tead  of using double indices.  I X , I Y  determine whether X,Y 
are s i n e  o r  cosine series. 
respectively.  

I X , I Y  = 1 denote a cosine series f o r  X,Y 
I X , I Y  = -1 denote a s i n e  series. 

I A  determines how the  product i s  s tored  i n  Z: 

I f I A = O  Z is equal t o  t h e  product 
I f  I A  = -1 Z is equal t o  (-1) t i m e s  t he  product 
I f  I A  = 1 The product is  added t o  Z 
If I A  = -2 The product is  subtracted from Z 

KAPPA (A, B,  M) 

This subroutine is ca l l ed  by FORCES and EQIFOR t o  scale the  unit 
load axisymmetric to rs ionless  components of t h e  prebuckling stress 
re su l t an t s  T1 (TT10) , T2 (TT20), T+ (TPHIO) and, f o r  l ive  pressure, normal 
pressure X g  (TX30) by the  input  fac tor  K (SKAP). 
performed only i n  conjunction with an input  nonzero eigenvalue s h i f t .  
The var iab les  t o  be  sca led  on a given cal l  t o  KAPPA, A and possibly B, 
are assumed t o  be s tored  i n  block form. 
r e su l t an t s  A = TTlO and B = TT20 are scaled.  
scaled.  I f  M = 3, only the  r ing  stress re su l t an t  A = TPHIO is scaled.  

This s ca l ing  is  

I f  M = 1, both s h e l l  stress 
I f  M =  2, only A = TX30 is 

SYMPRO (A, NA, B, C ,  IA) 

This subroutine,  which is  ca l led  by FORCES and EQIFOR, supervises 
t h e  ca lcu la t ion  of t he  product C of a prebuckling va r i ab le  A by a 
buckling var iab le  B. While t h e  buckling va r i ab le  cons i s t s  of both cosine 
and s i n e  components, the  prebuckling va r i ab le  may cons is t  of only cosines,  
only s ines  o r  both. This is  determined by the symmetry (o r  lack  of 
same) of t h e  external loads and the  type of va r i ab le  being t reated.  The 
symmetry of the  load system is indicated by t h e  var iab le  LSPMM, which is 
transmitted t o  SYMPRO through blank COMMON. 
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LSYMM= 1 ind ica t e s  symmetric (about an axial 
plane) load system 

LSYMM = -1 ind ica t e s  antisymmetric load system 
LSYMM= 0 indica tes  a general  load system 

A prebuckling va r i ab le  may be composed of  cosines f o r  the  case of 
symmetric loading and of s ines  f o r  t he  case of antisymmetric loading o r  
v i ce  versa.  I n  t h e  first case it  is  refer red  t o  as a "normal" type and 
i n  t h e  second case as a "shear" type var iab le .  
prebuckling va r i ab le  being t reated.  

NA ind ica tes  the  type of  

NA = 1 ind ica t e s  normal type (T~0,T~0,T,+0,X30) 
NA = -1 ind ica t e s  shear  type  TI^^) 

The argument IA ind ica tes  whether t he  product is of s h e l l  var iab les  
o r  r ing  var iab les  and whether the  product should replace C o r  be  added 
t o  c. 

I A =  0 denotes t h a t  C is made equal t o  the  product 

I A =  1 denotes t h a t  t he  product is added t o  C 
I A  = -1 

I A  = -2 denotes t h a t  t he  product is subtracted 

I A  < 0 appl ies  only t o  r i n g  var iab les  
I A ?  0 appl ies  only t o  s h e l l  var iab les  

of A and B 

denotes t h a t  C is made equal t o  the  
negat ive of t h e  product 

from C 

PRIMARY OVERLAY 6 

This overlay cons is t s  of t h e  main subprogram MAIN6 and two 
contractor-supplied subroutines ( f ig .  19). Its purposes are t o  create 
t h e  prebuckling d a t a  f i l e  1 and a l so  t o  generate  t h e  harmonic in t e rac t ion  
d a t a  needed f o r  Fourier  mul t ip l ica t ion .  

MAIN6 

This subprogram w r i t e s  the  prebuckling data ,  read and blocked by 
subrout ine PREB, on f i l e  1, and w r i t e s  t he  harmonic in t e rac t ion  data ,  
generated by subrout ine MODINT, on f i l e  10. 

MODINT ( N l ,  N2, NWAVE1, NWAVE2) 

A r e p e t i t i v e  s t e p  performed by t h e  program is the  ca lcu la t ion  by 
FPROD of the  product of two incomplete Fourier  series. Although many 
d i f f e r e n t  series are mult ipl ied by FPROD , t h e  harmonic numbers included 
i n  each f a c t o r  and product series remain t h e  same (viz. t h e  prebuckling 
and buckling harmonic numbers). Therefore, it is e f f i c i e n t  t o  

93 



preca lcu la te  and s to re ,  once and f o r  a l l ,  t he  combinations of  harmonic 
numbers of t he  mul t ip l i e r  and multiplicand series which cont r ibu te  t o  
each harmonic of t he  product series. 

To be spec i f i c ,  l e t  us denote an incomplete Fourier series by the  
not  a t  ion  

where Nw is a set of non-negative in t ege r s  arranged in  t h e  order  of 
increasing magnitude. 
mult ipl ied,  t he  product may be reduced t o  a series of t h e  same type 
[c, Nw3] by t h e  use of the  formulae 

When two such series [a, Nw,] and [b, Nw,] are 

cos n+ cos m+ = (1/2)[cos(m - n)+ + cos(m + n)$] 

cos n+ s i n  m+ = (1/2) [sin(m - n)+ + sin(m + n)+]  

s i n  n+ s i n  m+ = (1/2)[cos(m - n)+ - cos(m + n ) + ]  

A s  may be  seen from these formulae, the only contr ibut ion t o  a 
coe f f i c i en t  c ( o r  ) of the  product series comes from terms of the  PA P type a,bn and a&, (or  &bn. and a&n) where* 

m + n = p  
m - n i p  

o r  n - m = p  

(m,n i s  denoted as a P-combination) 
(m,n is  denoted as an M1-combination) 
(m,n is denoted as an M2 combination, m # n) 

When many products of t h e  type [ e ,  Nw3] = [a, N 1] [b,  Nwg] are 
calculated f o r  d i f f e ren t  series [a, Nwl] and [b, Nw2T with the  s a m e  
Nwl and Nw2, it  is e f f i c i e n t  t o  preca lcu la te  and s t o r e  the  P, M l ,  and 
M2-combinations of the  elements of Nw3. This is done by subroutine 
MODINT. 
are those t h a t  appear a l so  i n  Nw The information generated by MODINT 
is u t i l i z e d  by t h e  subroutine PP&D f o r  the  ac tua l  mult ipl icat ion.  

It is  assumed t h a t  t h e  only elements i n  Nw3 t h a t  are of i n t e r e s t  

Subroutine FPROD computes products of the type [X,NWAVEl] [Y,NWAVEZ] 
with two d i f f e r e n t  ordered sets of non-negative in t ege r s  NWAVEl(I), 
I = 1 , N l  and NWAVE2(I), I = 1,N2. As ind ica ted ,  the  harmonics of 
i n t e r e s t  i n  t h e  product are assumed t o  be  those belonging t o  NWAVE2. 
P, MI-, and M2-combinationst f o r  the  harmonics of a product series are 

The 

*In t h i s  context,  m is always a harmonic of t h e  f i r s t  ( a )  series, and n 
is a harmonic o f  t he  second (b) series. 

tHenceforth, t he  term "combination" w i l l  not  denote a p a i r  of harmonic 
numbers NWAVEl(1) , NWAVE2(J), but  ins tead  t h e  corresponding p a i r  o f  
ind ices  I, J. 
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s tored  compactly as a vec tor  MATCOM(1500). 
needed t o  t e l l  the  loca t ion  i n  MATCOM of a p a r t i c u l a r  combination. 
This information is  given by the  vectors  NPLUS, N M I N l ,  NMIN2, and NCNTP, 
defined as follows: 

Additional information is  

NPLUS (I) is the  number of P-combinations f o r  t he  I-th 

N M I N l  ( I )  is  the  number of Ml-combinations f o r  the  I-th 

NMIN2(I) i s  t h e  number of M2-combinations f o r  t he  I-th 

NCNTP ( I )  

harmonic of WAVE2 

harmonic 

harmonic 
is the  address i n  MATCOM of the  f i r s t  P- 
combination of t he  I-th harmonic 

The combinations are s tored  i n  MATCOM s t a r t i n g  with the  P,  M l  and M2- 
combinations ( i n  t h i s  order)  of  the  f i r s t  harmonic of WAVE2 and 
ending with the  M2-combinations of the N2-th harmonic. A p a i r  (J,K) is 
s tored  with J f i r s t  such t h a t  J corresponds t o  W A V E l ( J )  and K t o  
NWAVE2(K). 

Subroutine MODINT generates the  vector  MATCOM and t h e  associated 
vectors  NPLUS, NMIN1,  NMIN2, and NCNTP. This information is passed 
back t o  MAIN6 through COMMON/M/. 
s teps .  F i r s t ,  t he  sums NWAVE2(1) + NWAVElO), I = 1,N2, J = 1 , N l  are 
checked f o r  equal i ty  t o  NWAVE2(K), K = 1,N2. 
( J , I )  is a P-combination f o r  K and (J,K) is an M2-combination f o r  I. 
Next, the  sums WAVEP(1) + NWAVE2(J), I = 1,N2, J = 1,N2 are checked f o r  
equal i ty  t o  NWAVEl(K), K = 1 , N l .  
( K , I )  is an M1-combination f o r  J and (K,J) is an M1-combination f o r  1. 
The search has t o  be done twice. The f i r s t  t i m e  (NPASS = 1 i n  t h e  
subroutine) t o  f i n d  the  number of combinations NPLUS ( I ) ,  NMINl(1) , 
NMIN2(1) and t o  construct  NCNTP(1); t h e  second t i m e  (NPASS = 2) t o  use 
t h i s  information t o  put the  combinations i n  t h e i r  proper places i n  MATCOM. 

The search f o r  combinations is  i n  two 

I f  equal i ty  holds,  then 

I f  equal i ty  holds f o r  some K then 

PREB (TT10, TT20, TT120, TX30, TPHIO, N) - 
This subroutine reads t h e  prebuckling stresses T4, T I ,  T2,  T12, X3 

f o r  N consecutive harmonics. 
i t  is  read i n  so t h a t  when reading is  complete i t  is  ready t o  be 
t ransfer red  t o  f i l e  1. 

This da t a  is rearranged i n t o  block form as 

Three cases are considered depending on t h e  symmetry of t he  pre- 
buckling state: 

(1) i f  LSYMM = 1, the  prebuckling state is  symmetric and PREB reads 
i n  t h e  cosine components of T4, T I ,  T2, X3 and t h e  s i n e  
components of T12; 
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(2) i f  LSYMM = -1, t h e  prebuckling state is  antisymmetric and PREB 
reads the  cosine components of  T12 and the  s i n e  components of 

i f  LSYMM = 0, t he  prebuckling state has no symmetry, and f o r  
each harmonic PREB reads f i r s t  the symmetric components as i n  
case 1 and then the  antisymmetric components as i n  case 2. 

T$' T1, T2, and x3; 
(3) 

Note t h a t  i n  accordance with the  ru les  of block s torage,  when each 
va r i ab le  contains both cosine and s i n e  components (LSYMM = O), t he  cosine 
components precede the  s i n e  components i n  core. This i s  t rue  even i n  the  
case of T12,for which the  s i n e  components are read i n  f i r s t .  

I n  the  case of a nonzero eigenvalue s h i f t ,  PREB a l so  t r ans fe r s  the  
a x i s y m e t r i c  to rs ionless  prebuckling components of T I ,  T2, X 3 ,  and T4 
onto f i l e  10, thus forming a second record on t h i s  f i l e  a f t e r  the  bas i c  
s t r u c t u r a l  data.  

PRIMARY OVERLAY 7 

This overlay cons is t s  of the main subprogram INPUT and seven 
contractor-supplied subroutines ( f ig .  19). Its e s s e n t i a l  functions are 
t o  input and w r i t e  out the  bas i c  s t r u c t u r a l  da ta ,  and t o  generate from 
i t  subsidiary data  required by other  overlays.  

INPUT 

This subprogram (with its subroutine BC) reads a l l  input  da ta  except 
the  prebuckling state da ta ,  w r i t e s  the  f i r s t  record ( s t r u c t u r a l  data) on 
f i l e  10, and generates, with the  a id  of i ts  subroutines,  aux i l i a ry  da t a  
f o r  use i n  o ther  overlays. 

ADDRES 

This subroutine ca l cu la t e s  most of t h e  blank common parameters and 
i n  p a r t i c u l a r  those t h a t  are used t o  con t ro l  operations with packed 
vectors  such as read 's ,  w r i t e ' s  and rearranging operations.  

CONST (NDIS , JENT) 

This subroutine generates control  parameters t o  eliminate redundant 

The parameters ICONST and ISUB(1) 
calculat ions of s h e l l  w a l l  r i g i d i t i e s  at each Runge-Kutta point  f o r  
s h e l l s  with constant w a l l  propert ies .  
are set according t o  the  following rules .  I f  a l l  s h e l l  w a l l  p roper t ies  
( i . e . ,  the  reference sur face  loca t ion  i ,  and t ab le s  2, 3 ,  and 4 )  are 
constant over t he  whole s h e l l ,  ICONST is  set t o  uni ty;  otherwise, i t  i s  
set t o  zero. I f  t h e  s h e l l  w a l l  p roper t ies  are constant i n  t h e  I ' t h  
subin terva l ,  ISUB(1) i s  set t o  unity;  otherwise,  it is set t o  zero. 
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ICI-IECK (I) 

This function is  ca l led  by CONST and re turns  the  value ICHECK(1) = 1 
i f  a l l  s h e l l  w a l l  p roper t ies  (i.e., t he  reference surface loca t ion  2, and 
tab les  2, 3, and 4) are unchanged from s t a t i o n  I t o  I + 1; otherwise, 
t he  value ICHECK(1) = 0 is returned. 

- KASG (NWS, N2S, NWAVE2, IKASE, USE, NW, N2) 

This subroutine generates t h e  vec tor  KASE(I), which cont ro ls  t he  
use of complementary so lu t ions  and boundary conditions* from the  
previous case. I f  KASE(1) = 0, the complementary so lu t ions  and boundary 
conditions f o r  t h e  I-th harmonic have t o  be calculated.  I f  KASE(1) = J, 
J # 0 ,  t he  I-th harmonic of the  current  case i s  the  J-th harmonic of t he  
previous case and t h e  corresponding complementary so lu t ions  and boundary 
conditions may be taken from f i l e  ICOMP. Additionally,  KASG decides 
whether t he re  i s  need t o  change t h e  mmplementary solution-boundary 
condition f i l e  from 2 t o  12 o r  vice versa. This is done through the  
parameter IKASE. 
boundary conditions are taken from the  previous case and i f  t h a t  harmonic 
is not  i n  t h e  same place i n  themw sequence of harmonics as i t  is  i n  the  
old sequence, then there  i s  a need t o  switch f i l e s  and IKASE = 1. 
Otherwise, t he  same f i l e  may be  used f o r  the  new complementary so lu t ions  
and boundary conditions,  and IKASE = 0. 
condition f o r  IKASE = 0 is  t h a t  KASE(1) = I o r  KAsE(1) = 0 f o r  every I 
i n  the  range [l, N2]. 

I f  f o r  any harmonic the  complementary so lu t ions  and 

A necessary and s u f f i c i e n t  

The decis ion whether any complementary so lu t ions  and boundary 
conditions may be  used from the previous case is based on the  s t r u c t u r a l  
da t a  and eigenvalue s h i f t .  
t ransmit ted t o  KASG through the  parameter NW. 
d i f f e r e n t i a l  operator  i n  the  cur ren t  case is d i f f e r e n t  from t h a t  of t he  
previous case and no complementary so lu t ions  o r  boundary conditions may 
be  used from the  previous case. Accordingly, IKASE = 0 and KASE(1) = 0 
f o r  a l l  I. 

This decis ion is made i n  program INPUT and 
I f  NW = 1, the  

I f  NW = 0 ,  t h e  input  da ta  permits the  use of complementary so lu t ions  
and boundary conditions from the previous case. KASG then searches the 
harmonics of t he  previous case - NWS(I), I = l ,N2S-to f ind  whether any 
of them are equal t o  any of t h e  harmonics of t he  current  case - NWAVE2(1), 
I = 1,N2. I f  f o r  some I and J, NWAVE2(I) = NWS(J), then KASE(1) = J. 
I f  the  I-th harmonic i n  t h e  cur ren t  case is  absent from the  previous 
case, then KASE(1) = 0. 

*In t h i s  context,  boundary conditions r e f e r  t o  t h e i r  homogeneous p a r t  
only,  viz .  t he  matrices [B] and [D]. 
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NSYMM (Nl, NWAVEl, NT) 

This function checks the three conditions given on page 33, any one 
of which indicates the existence of equal and opposite eigenvalues. 
any one of these conditions is satisfied, NSYMM = 1; otherwise, NSYMM = 0. 

Major FORTRAN variables of SRA 101.- Major variables which have 

If 

special meaning for SRA 101 are defined below.* 
which are common to other programs, see page 126. 

For SRA 101 variables 

Variable 

ANTINT (100) 

ANTRNG (34) 

BDS (544) 
BS (544) 
DENOMA 

DENOMS 

DFl(23) . 
DF30 (23) 
DF31(46) 
DF4(46) 
DIFA 

DIFS 

DOME'OR( 138) 
FDl(23) 
FD30 (23) 
FD31 (46) 
D 4  (46) 
FLAASS 

l?LAMA 

FLAMAS 

Definition 

antisymmetric part of shell contribution 
to scalar product integrand 
antisymmetric part of ring contribution 
to scalar product integrand 
BD (4,4,34) 
BBP (4,4,34) 
denominator of Raleigh quotient for 
antisymmetric buckling mode 
denominator of Raleigh quotient for 
(symmetric) buckling mode 
FL1 for dome boundaries for n = 0 
FL3 for dome boundaries for n = 0 
FL3 for dome boundaries for n = 1 
FL4 for dome boundaries for n = 1 
relative difference between two 
successive eigenvalue estimates for 
antisymmetric buckling mode 
relative difference between two 
successive eigenvalue estimates for 
(symmetric) buckling mode 
an array containing DF1, DF30, DF31, DF4 
same as DF1 
same as DF30 
same as DF31 
same as DF4 
eigenvalue estimate two iterations ago for 
antisymmetric buckling mode 
current eigenvalue estimate for 
antisymmetric buckling mode 
previous eigenvalue estimate for 
antisymmetric buckling mode 

Subprogram 
where 

generated 

PROD 1 

PROD1 

BC 
BC 
MAIN 

MAIN 

PLCFOR 
PLCFOR 
PLCFOR 
PLCFOR 
MAIN 

MAIN 

EQIFOR 
EQIFOR 
EQIFOR 
EQIFOR 
EQIFOR 
MAIN 

MAIN 

MAIN 

*If instead of the dimension, the letter I appears in parentheses after 
the variable name, the variable is a dummy variable of a subroutine 
using space provided by the calling program. 
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Variable 

FLAMS 

FLAMS s 
FLASSS 

FNUMA 

FNm 

GUESS 

ICOMP 
ICONST 

IGAPM 
IGAP2 
IGAP3 
IKASE 

IND 

I S  
IR2 
IR21 
IR3 
IR31 
IR4 
IR5 
ISCR 
ISFLAG 

ISS4 

ISS6 

Definition 

current eigenvalue estimate for 
(symmetric) buckling mode 
previous eigenvalue estimate for 
(symmetric) buckling mode 
eigenvalue estimate two iterations ago 
for (symmetric) buckling mode 
numerator of Raleigh quotient for 
antisymmetric buckling mode 
numerator of Raleigh quotient for 
(symmetric) buckling mode 
eigenvalue shift for axisymmetric 
torsionless prebuckling component 
complementary solution file number 
if 1, XB and data of tables 2, 3,  and 4 are 
constant over whole shell 
2*LSTAJ3 + 6*NRING 
2*LSTAB*(l + LTYPE) 
6*LSTAB 
if nonzero, the scratch file (2 or 12) 
of the previous case will be used as the 
complementary solution file 
if 0, indicates integration for symmetric 
components; if 1, indicates integration 
for antisymmetric components 
LNR2 + 1 
IRl + LNR2 
I2 + LNR2 
IR2 + LNR2 
I3 + LNR2 
IR3 + LNR2 
IR4 + LNR2 
scratch file number 
if ISFLAG = 1, do not compute wall 
properties in DER and INTRPL 
if nonzero, use some complementary 
solutions from file TAPE2(saved from file 2 
or 12 of a previous run) to construct new 
complementary solution file 
if nonzero, override abort if subinterval 
length criterion is exceeded; if 2, compute 
new initial approximation (IT0 = l), but 
complementary solutions are to be taken 

Subprogram 
where 

generated 

MAIN 

MAIN 

MAIN 

MAIN 

MAIN 

INPUT 

MAIN, MAINl 
CONST 

ADDRES 
ADDRES 
ADDRES 
KASG 

MAINl 

ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
WIN, MAINl 
MAIN, DER, CNT 

INPUT 

INPUT 

from file 2 of 12 (saved from a previous run) ; 
if 3, new complementary solutTon file is to 
be constructed (IT0 = l), but initial approxi- 
mation is to be taken from files 8 and 11 
(saved from a previous case) 
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Variable 

Ism (33) 

I T  
I T F  
I T 0  
I1 
I 2  
I3 
JRl 
JR2 
J O  
J1 
5 2  
53 
54 
J5 
KAS 

KASE (25) 

KK(100) 
KN 
KR( 34) 

K2 
LN 
LNR 
LNRl 

LNR2 

LNR2 2 
LNR23 
LN1 

LN12 

Defini t ion 

i f  ISUB(1) = 1, a l l  w a l l  p roper t ies  are 
constant over subin terva l  I 
i t e r a t i o n  number 
maximum i t e r a t i o n  number 
i n i t i a l  i t e r a t i o n  number 
LN2 + 1 
I1 + LN2 
I 2  + LN2 
I1 + LNR2 
JRl + LNR2 
maximum of I 2  and 6*LNR2 - 4*LN1+ 1 
J O  + LN1 
J1 + LN1 
J 2  + LN1 
53 + LN1 
54 + LNRl 
parameter t o  ind ica t e  ( t o  CNT and INTRPL) 
whether i n t eg ra t ion  is  f o r  complementary 
(KAS = 3)or  p a r t i c u l a r  so lu t ion  (KAS = 2) 
(denoted as KASE i n  CNT and INTRPL) 
a vectior ind ica t ing  the  a v a i l a b i l i t y  and 
pos i t ion  of complementary so lu t ions  from 
previous case. If KASE(1) = 0, the  
complementary so lu t ions  f o r  t he  I t h  
harmonic must be computed. Otherwise, 
KASE(1) gives t h e i r  pos i t ion  on the  
complementary so lu t ion  f i l e  from the  
previous case 
ent ry  numbers f o r  output d a t a  
number of output points  
r ing  numbers f o r  autput of prebuckling 
r ing  hoop forces  
max(139, I1 + LNR23) 
LSTAB*N2 
LNR23 + LN2 
length of one prebuckling r i n g  block, 
( N 1  + NlE)*NRING 
length of one buckling r i n g  block, 
2*NRING*N2 
2*LNR2 
3*LNR2 
length of one prebuckling s h e l l  block, 
( N 1  + NlE)*LSTAB 
2*LN1 

Subprogram 
where 

generated 

CONST 

MAIN 
INPUT 
INPUT 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
MAIN1 

KASG 

INPUT 
INPUT 
INPUT 

ADDRES 
ADDRES 
ADDRES 
ADDRES 

ADDRES 

ADDRES 
ADDRES 
ADDRES 

ADDRES 
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Variable 

LN2 

LN2P 
LSNl 
LSN2 
LSYMM 

LS2 
LS21 
LS4 
LS41 
LS6 
LS61 
LS 81 
LTAPEl 
MATCOM (1500) 

M4 
NCNTP (25) 
ND 

NDOME 
NMF 
N M I N l  
NMIN2 
NN 
NPLUS (25) 
NPS 
NR 

NRING 
NRNG2 
N R N l  
NRN2 
NS 

NS GS 
NT. 

Defini t ion 

length of one buckling s h e l l  block, 
2*LN 
LN2*(1 + LTYPE) 
LSTAB*NlE + 1 
LSTAB*N2 + 1 
f l a g  f o r  symmetry of prebuckling data:  
= 0, general  prebuckling; -1, 
antisymmetric prebuckling; 1, symmetric 
p rebuckling 
2*LSTAB 
2*LSTAB + 1 
4*LSTAB 
4*LSTAB + 1 
6*LSTAB 
6*LSTAB + 1 
8*LSTAB + 1 
length  of f i l e  1, 4*LN1 + LNRl  
a vec tor  containing harmonic in t e rac t ion  
data 
equivalent force  f i l e  number 
loca t ion  of P-combinations i n  MATCOM 
a f l a g  con t ro l l i ng  dome forces:  i f  domes 
e x i s t  and buckling wave numbers include 0 
b u t  not  1, ND = 1; 1 but not  0, ND = 2; 
both 0 and 1, ND = 3. I f  no domes e x i s t  o r  
all buckling waves numbers L 2, ND = 0 
number of domes 
equal t o  NFM 
number of M1-combinations 
number of M2-combinations 
wave number 
number of P-combinations 
f l a g  f o r  prebuckling state t a b l e  
number of r ings  f o r  prebuckling r i n g  hoop 
force  output 
number of r ings  
2*NRING 
NRING*NlE + 1 
NRING*N2 + 1 
i f  equal and opposi te  eigenvalues, NS = 1; 
otherwise NS = 0 
NSG from the  last  case f o r  which NSG # 0 
i f  the  axisymmetric prebuckling hamonic 
e x i s t s  and represents  pure tors ion ,  NT 
should be input as 1 

Subprogram 
where 

Benerat ed 

ADDRES 

ADDRES 
ADDRES 
ADDRES 
INPUT 

ADDReS 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
ADDRES 
MAIN6 
MODINT 

MAIN 
MOD INT 
INPUT 

BC 
M A I N 1  
MODINT 
MODINT 
MAIN 1 
MOD INT 
INPUT 
INPUT 

BC 
ADDRES 
ADDRE3 
ADDRES 
INPUT. NSYMM 

INPUT 
INPUT 
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Defini t ion 

i f  zero, some complementary so lu t ions  of 
previous case may be used 
wave numbers i n  prebuckling state 
wave numbers i n  buckling mode 
wave numbers i n  buckling mode of previous 
case 
number of prebuckling harmonics 
equal t o  N 1  i f  LSYMM = 0; otherwise, N1E = 0 
number of harmonics i n  buckling mode 
N2*NRING 
N2 of previous case 
antisymmetric p a r t  of scalar product 
sca l ing  f a c t o r  f o r  axisymmetric to rs ionless  
prebuckling component, K 

symmetric p a r t  of s h e l l  contr ibut ion t o  
scalar product integrand 
symmetric p a r t  of r ing contr ibut ion t o  
scalar product integrand 

Variable 

Nw 

WAVE1 (25) 
WAVE2 (25) 
NwS (25) 

N 1  
N1E 
N 2  
N2R 
N2S 
PRA 
S W  

SYHINT (100) 

SYMRNG( 34) 

TCHI ( I )  

TETA( I) 
TElE2(1) 
TF (1020) 
TFLl ( I )  
TFL2(I) 
TFL3 ( I )  
TF1 (I) 
TF2 ( I )  
TF3 (I) 
TF4 ( I )  

TL2 (I) 

TPSI(1) 
TTHET ( I )  
TTlO (I) 

TT20 (I) 

TXI (I) 
TX1 ( I )  
TX2 (I) 
TX3 (I) 

TDISP(1000) 

TLl(1)  

TPHIO (I) 

TT120(1) 

TV(I) 

., 
7i 
a buffer  space f o r  displacements 
11 
e1 + e2 
a buf fer  space f o r  forces  
a1 
n 2  
n 3  
F1 
F2 
F3 
F4 
L1 
-L2 

* 
T1 
T12 
T2 

T4J 
e 

V 

5 
X1 
x2 
x3 

Subprogram 
where 

generated 

INPUT 

INPUT 
INPUT 
INPUT 

INPUr 
ADDRES 
INPUT 
ADDRES 
INPUT 
PRODl 
INPUT 

PRODl 

PRODl 

PLCDIS 
M A I N l  
PLCDIS 
PLCDIS 
M A I N l  
EQIFOR 
EQIFOR 
EQIFOR 
EQIFOR 
EQIFOR 
EQIFOR 
EQIFOR 
FORCES 
FORCES 
PREB 
CALCUL 
CALCUL 
PREB 
PREB 
PREB 
PLCDIS 
PLCDIS 
FORCES 
FORCES 
FORCES 
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Subprogram 
where 

Defini t ion generated 

P'REB 
FORCES 
EQIFoR 
EOIFOR 
C L C U L  

U CALCUL 4 CALCUL 

SRA 200 

External f i l e s . -  SRA 200 u.ses four  ex terna l  f i l e s :  TAPE2, TAPE3, 
TAPE7, and PUNCH. 
respect ively.  
SRA 201 and SRA 202 may be wr i t t en  onto TAPE7, and s h e l l  primary stresses 
(as, c+) may be wr i t t en  onto PUNCH. 

TAPE2 and TAPE3 are the standard input and output f i l e s ,  
A t  the  use r ' s  option, prebuckling state da ta  required f o r  

Overal l logical  flow a f  SRA 200.- Essent ia l  fea tures  of the ove ra l l  
flow of SRA 200 are l i s t e d  below. 

SRA200 (MAIN PROG'RAM) 

C a l l  INPUT 

1. Read and w r i t e  case t i t l e  card. I f  end-of-file, s top  
2. Read case opt ion card: LOOP, NSG, NWP, NFM, NST, NMD, NML, NTL, 

N I C ,  NIS, NDER, SIGDIG, LTYPE, FLAM, RTABL, 
ISS1, ISS2, ISS4, ISS6 

If ISSl # 0 and FLAM # O . , w r i t e  on log ica l  u n i t  7, the  nonlinear load 
card ( the  f i r s t  card of t he  standard prebuckling data  deck) 
I f  FLAM = O.,set FLAM = 1. and t o  s igna l  t h i s ,  set LIN = 1 

3. 

4. 
5 .  Read bas i c  input  t ab le s  

Geometry: NOUT2, NOUTl. NOUT3, TS, TR, TRP, TRR2, TXB 
W a l l  p roper t ies  : TE1, TE2, TNUl. TH 
Foundation moduli: TKl,  TK3 
S t r inge r  proper t ies :  TEST, TEAST, TEIST, TZBST 
Mass dens i t i e s  : TRHOM 
Mechanical loads: TX1, TX3 
Thermal loads: TTHl ,  TTH2, TDTHl. TDTH2, TTHST 

6. C a l l  SETUP t o  construct  geometric parameters: NDIS, TDIS, JENT, 
IBR, NBR. IEND, KEND 
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7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 

15. 

16. 

17. 
18. 
19. 
20. 

W r i t e  input  t a b l e s  
Multiply mechanical and thermal loads by load f ac to r  (FLAM) 
I f  NIS = 2, go t o  s t e p  13 
If  NIS = 1, read s tandard prebuckling da ta  (at load DLAM), t o  
obtain nonlinear quan t i t i e s  a t  DLAM (TTlN, TCHIN) and der iva t ives  at 
DLAM (TT1M1, TCHIMl) 
Form i n i t i a l  approximation f o r  TI and x a t  load FLAM by l i n e a r  
extrapolat ion from DLAM t o  FLAM 
Go t o  s t e p  1 4  
S e t  i n i t i a l  approximation state t o  zero 
I f  N I C  = 0, make NOUT1-table negative a t  a l l  boundaries except dome 
closures  ( t o  ind ica t e  boundary data  comes from previous case) . 
C a l l  BC t o  read o r  generate boundary condi t ion matrices BBP, BD, and 
SL f o r  each boundary 
If present case has a r i g i d  body degree of freedom (NDER = 1) , call 
RBMODE t o  ca l cu la t e  r i g i d  body acce lera t ion  and cor rec t  r i ng  and dome 
boundary conditions f o r  i n e r t i a l  loads 
Set  KASE = 3 f o r  ca lcu la t ion  of new complementary so lu t ions  
If LIN # 0, reset FLAM = 0. 
Calculate  i n i t i a l  scale fac to r s  required f o r  START 
Return 

sBA200 

1. 

2. 
3. 

4. 

5 .  

6 .  

7. 

8. 
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Set  NLFLAG = 0 t o  ind ica t e  beginning of so lu t ion  f o r  nonlinear state 
at load level FLAM. 
beginning of so lu t ion  f o r  l i n e a r  per turba t ion  state 
Set up i t e r a t i o n  loop f o r  nonlinear state 
If W E  = 3, ca lcu la te  and s t o r e  complementary and p a r t i c u l a r  solu- 
t ions.  Otherwise, ca lcu la te  and s t o r e  only the  p a r t i c u l a r  so lu t ion  
( i n  t h i s  case w e  are ca lcu la t ing  a l i n e a r  so lu t ion  f o r  which the  
complementary so lu t ions  from the las t  i t e r a t i o n  f o r  t h e  nonlinear 
so lu t ion  w i l l  be  used) 
Combine complementary and pa r t i cu la r  so lu t ions  t o  obta in  new 
estimate f o r  nonlinear state (NLFLAG = 0) o r  a l i nea r i zed  state 

If NLFLAG = 1 (indicat ing first l i n e a r  per turba t ion  state is being 
ca lcu la ted) ,  go t o  s t e p  8. 
per turbat ion state is being calculated) ,  go t o  s t e p  9 
Compute and w r i t e  (with the  i t e r a t i o n  number) t he  m a x i m u m  relative 
change (R) i n  the meridional ro t a t ion  f i e l d  f o r  the last  two 
successive estimates of the  nonlinear state 
I f  R > IO- (SI~IG) ,  i.e., uniform convergence t o  SIGDIG s ign i f i can t  
d i g i t s  has not  been achieved, s t o r e  the  new estimate f o r  t he  
meridional stress re su l t an t  and ro t a t ion  i n  TTlMl and TCHIMl, and go 
t o  s t e p  3 
Write forces  (Y) and displacements (Z) of t he  last computed state 
along with meridional ro t a t ion  (TCHIM1) of previous state 

I f  FLAM = O., set NLFLAG = 1 t o  ind ica t e  

(NLFLAG # 0) 

I f  NLFLAG = -1 ( indica t ing  second l i n e a r  



Compute and s t o r e  f o r  each r ing  the  hoop force  and out-of-plane 
bending moment f o r  t he  nonlinear (TTPHIN, TMYN) o r  f i r s t  1 
(TTPHIL, TMYL) states, o r  t h e  hoop s t r e t ch ing  s t r a i n  (TEPS 
out-of-plane bending s t r a i n  (TCAPL) f o r  t h e  second l i n e a r  state 
I f  ISSl # 0, w r i t e  on l o g i c a l  u n i t  7 t he  r i n g  hoop f o  
nonl inear  o r  the first l i n e a r  states, o r  ( i f  addi t ion 
t h e  second l i n e a r  state 
Se t  up DO-loop over en t ry  points  f o r  ca lcu la t ion  of stress re su l t an t s ,  
s t r a i n s ,  and stresses 
A. 

B. Compute the  s t r e t ch ing  and bending s t r a i n s  and stress 

C. I f  NLFLAG = -1, go t o  s t e p  E 
D. Compute e f f e c t i v e  sur face  loads f o r  ca lcu la t ion  of force and 

E. 
F. 

G. I f  NLFLAG = -1, go t o  s t e p  L 
H. Calculate from d i f f e r e n t i a l  equations the  force  and displacement 

Compute p a r t i a l l y  inverted s h e l l  w a l l  r i g i d i t i e s ,  mass and thermal 
moments through s h e l l  w a l l  

r e su l t an t s  and couples 

displacement der iva t ives  from d i f f e r e n t i a l  equations 
I f  NLFLAG = -1 and ISS4 = 0, go t o  s t e p  L 
I f  ISSl # 0, w r i t e  normal s h e l l  stress resu l t an t s  on l o g i c a l  
u n i t  7 

der iva t ives ,  and from these  the der iva t ives  of the  s t r e t ch ing  
bending s t r a i n s  

S e t  up DO-loop over s h e l l  w a l l  l aye r s  
I. Calculate  t he  stress (SIGST) a t  s t r i n g e r  centroid 
J. 

i. Calculate  from the  s t r e s s - s t r a in  r e l a t i o n  t h e  primary s h e l l  
stresses (SIG1 and SIG2) a t  w a l l  l aye r  faces  

dimensional equilibrium equation through the  s h e l l  w a l l  
thickness,  t h e  t ransverse shear  stress SIG13 a t  w a l l  l ayer  
i n t e r f aces  and midpoints 

iii. Write normal def lect ions>and stresses 
I f  ISS2 # 0, punch primary s h e l l  stress at w a l l  l aye r  faces  
End of DO-loop over w a l l  l aye r s  

ii. Calculate, by in t eg ra t ion  of t he  appropriate  three- 

iv. 
v. 

K. If NLFLAG = 0, normalize thermal and mechanical loads and ( i f  

L. 
NDER # 0) acce lera t ion  t o  u n i t  load level 
End of DO-loop over en t ry  points  

I f  NLFLAG = 0, normalize boundary loads t o  u n i t  load level 
I f  NLFLAG = -1 and ISS4 = 0, go t o  s t e p  23 
I f  ISSl # 0, w r i t e  the  meridional ro t a t ion  f i e l d  on log ica l  u n i t  7 
I f  NLFLAG = 0, set NLFLAG = 1, RASE = 2, and go t o  s t e p  3 
I f  NLFLAG = -1, go t o  s t e p  23 
If ISSl*ISS4 # 0, w r i t e  on l o g i c a l  u n i t  7 t he  nonlinear and l i n e a r  
r ing  out-of-plane bending moments and s h e l l  normal stress couples 
(addi t ional  prebuckling data)  
I f  ISS4 = 0 and NTL = 2, cal l  INPUT f o r  next case 
C a l l  STREN t o  compute the s t i f f n e s s  funct ional  c r ~ ( ~ ) - c ~ ( ~ ~  (SELL) 

9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 
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20 

21. 
22. 

23. 
24. 
25. 
26. 

27. 

I f  FLAM = O., c a l cu la t e  t h e  (linear) st iffness a t  zero load, set its 
rate of  change with load f a c t o r  t o  zero, 
C a l l  STRFX t o  compute t h e  s t i f f n e s s  
Se t  NLFLAG = -1, correc t  dome bounda 
( i f  l ive  pressure loading), and go t o  s t e p  3 
C a l l  STREN t o  compute the  s t i f f n e s s  func t iona l  c r o * ~ o ( ~ )  (SENL2) 
Calculate  the  s t i f f n e s s  and i t s  rate of change w i t h  load f a c t o r  
Write the  s t i f f n e s s  and its rate of change with load f a c t o r  
I f  ISSl*ISS4 # 0, w r i t e  on log ica l  un i t  7 the  s t i f f n e s s  and its 
rate of change with load f a c t o r  
C a l l  INPUT f o r  next case 

Subprogram descr ipt ions f o r  SRA 200.- SRA 200 cons is t s  of 20 
contractor-supplied subprograms ( f ig .  20). Those subprograms which have 
fea tures  spec ia l  t o  SRA 200 are described below. For descr ipt ions of the 
remaining subprograms of SRA 200, which are a l s o  used by other  programs, 
see page 121. 

sRA200 

This is t h e  main subprogram of the  nonl inear  response program 
SRA 200. 
i t e r a t i o n  process f o r  the nonl inear  state, the  in t eg ra t ion  f o r  t he  f i r s t  
and second l i n e a r  per turbat ion states, and the  ca lcu la t ion  of the  stresses, 
displacements, stress re su l t an t s  and couples, and s t r u c t u r a l  s t i f f n e s s .  
It is  described i n  more d e t a i l  i n  t he  ove ra l l  l og ica l  flow char t  of t h i s  
program. 

Its e s s e n t i a l  funct ions are t o  set up and cont ro l  t he  Newton 

INPUT 

This subprogram (and its subroutines) reads and w r i t e s  a l l  of t he  
input  data ,  sets up the  i n i t i a l  approximation f o r  the  Newton i t e r a t i o n ,  
and prepares the boundary conditions. 
t h e  ove ra l l  flow chart  of t h i s  program. 

PROD1 (Z, Z1) and RBMODE 

It is described i n  more d e t a i l  i n  

PROD1 and RBMODE are e s s e n t i a l l y  t h e  same as the  corresponding 
rout ines  of SRA 100. I n  t h i s  case, they are s impl i f ied  by t h e  f a c t  t h a t  
the  only r i g i d  body mode of  i n t e r e s t  is a t r a n s l a t i o n a l  displacement 
along the  axis of revolution. 

STREN (TT1, TT2, TM1, TM2, TTPHI, TMY, ANS) 

This subroutine is ca l l ed  by SRA200 and ca lcu la tes  the  three  
funct ionals  U O * E O ( ~ ) ,  U O * E O ( ~ ) ,  and U O ( ~ ) * E O ( ~ )  required i n  the  calcula- 
t i o n  of the  s t r u c t u r a l  s t i f f n e s s  and its der iva t ive ,  given by 
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Each of these  funct ionals  may be written i n  the  form 

where the i n t e g r a l  is over the  s h e l l  meridian and the  summation over a l l  
rings.  
l i n e a r  state 00 o r  its de r iva t ive  state C J O ( ~ ) ,  and these  var iab les  are 
passed through the  c a l l i n g  sequence. The s t r e t c h i n  and bending s t r a i n s  
correspond t o  e i t h e r  t h e  f i r s t  der iva t ive  state  EO(^) o r  the  second 
der iva t ive  state E O  (21, and these var iab les  are passed through blank 
COMMON. 
r e s u l t  of the  ca lcu la t ion  is passed back to  SRA200 as the  last argument 
i n  the  c a l l i n g  sequence. 

The stress re su l t an t s  and couples correspond t o  e i t h e r  the non- 

The in t eg ra t ion  is performed by means of Simpson's rule. The 

Major FORTRAN var iab les  of SRA 200.- Major var iab les  which have 
spec ia l  meaning f o r  SRA 200 are defined below. For SRA 200 var iab les  
which are common t o  other  programs, see page 126. 

Variable Defini t ion 

ISSl 

ISS4 

LIN 

NLFLAG 

NML 
NTL 
NIS 

REL 

TCAPL (100) 

TEPSL (100) 

TCAPlL (100) 

TCAP 2L (100) 

TCHIMl(lO0) 

f l a g  t o  w r i t e  on log ica l  u n i t  7 
standard prebuckling da ta  f o r  SRA 201 
f l a g  t o  w r i t e  on log ica l  u n i t  7 
addi t iona l  prebuckling da ta  f o r  SRA 202 
f l a g  t o  ind ica t e  ca lcu la t ion  of l i n e a r  
so lu t ion  only (LIN # 0) 
f l a g  t o  ind ica t e  state being computed: 
= 0, nonlinear state; = +1, first 
l i n e a r  state; = -1, second l i n e a r  
state 
f l a g  f o r  mechanical loads t ab le  
f l a g  f o r  thermal loads t a b l e  
f l a g  f o r  i n i t i a l  approximation t o  
nonlinear state 
convergence tolerance f o r  
meridional ro t a t ion  f i e l d ,  lo-( SIGDIG) 
K (2) 
yo 

r o t a t i o n  f i e l d  (x) of previous 
iteration 

Subprogram 
where 

generated 

INPUT 

INPUT 

INPUT 

SRA200 

INPUT 
INPUT 
INPUT 

INPUT 
sRA200 

SRA200 

sRA200 

sRA200 

sRA200, INPUT 
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Variable 

TDIL( 100) 

TEPS~L (100) 

TEPS2L(100) 

TMYL (34) 

TMlL (100) 

TM2L (100) 

TTPHIL ( 3 4 )  

TTlMl(lO0) 

TT2L (100) 
ZMl(1,lOO) 

Definition 

linearized dilitation field 
(el + e2) of previous 
iteration 

meridional stress resultant (TI) 
of previous iteration 

displacement mode ( E  = constant) of 
rigid body acceleration 

T20 (1) 

Subprogram . 
where 

senerated 

SRA200, INPUT 

S W O O  

S W O O  

sRA200 

SRA200 

sRA200 

sRA200 

sRA200, INPUT 

sRA200 
RBMODE 

SRA 201 

External files.- SRA 201 uses three external files: TAPE2', TAPE3, 
and PUNCH. TAPE2 and TAPE3 are the standard input and output fiies, 
respectively. At the user's option, the buckling mode data required 
for SRA 202 may be written onto PUNCH. 

Overall logical flow of SRA 201.- Essential features of the overall 
flow of SRA 201 are listed below. 

SRA201 (MAIN PROGRAM) 

Call INPUT 

INPUT 

Read and write case title card. If end-of-file, stop 
Read case option card: LOOP, NSG, NWP, NFM, NST, NPG, NML, NIC, NASE, 

MAXMOD, NTL, NDER, SIGDIG, GUESS, RTABL, ISS1, ISS2, 
ISS3, ISSS, ISS6 
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If MAXMOD > 1, read card of  eigenvalue s h i f t s  f o r  higher  modes 
Read bas i c  input  t ab le s  

Geometry: NOUT2, NOUT1, NOUT3, TS, TR, TRJ?, TRB2, TXB 
Wall propert ies :  TE1, TE2, TE12, TNUl, TH 
Foundation moduli: TK1, TK2, TK3 
S t r inge r  propert ies :  TEAST, TEIST, TGJST , TZBST 
Pressure f i e ld :  TX30, TX3X, Tx3Y 

C a l l  SETUP t o  construct  geometric parameters: NDIS, TDIS, .TENT, IBR, 

Read standard prebuckling da ta  ( i f  NML # 0) cons is t ing  of t h e  var iab les  
NBR, IEND, KEND 

FLAM, LTYPE 
TTPHIN, TTlN, TT2N, TCHIN 
TTPHIO, TTIO, TT20, TCHIO 

Write input  tab les  
Set W E  = 2 i f  complementary so lu t ions  of previous case apply, otherwise 

W E  = 3 
I f  N I C  = 0, make NOUT1-table negative a t  a l l  boundaries except dome 

closures  ( t o  ind ica t e  boundary d a t a  comes from previous case) 
C a l l  BC t o  read o r  generate boundary matrices BBP and BD fo r  each boundary 
Calculate scale f a c t o r s  required f o r  START 
Return 

SRA201 

Compute and s t o r e  p a r t i a l l y  inverted s h e l l  w a l l  r i g i d i t i e s  a t  output 

I f  s h e l l  has r i g i d  body freedom (FN I 1. and NDER input  nonzero) compute, 
points  f o r  fu tu re  use by PROD1 

s t o r e  and w r i t e  t h e  appropriate  r i g i d  body modes. 
from 1 by the  number of r i g i d  body modes s tored  

I f  KASE = 3, ca l cu la t e  and s t o r e  t h e  complementary so lu t ions  
Se t  up DO-loop f o r  buckling modes, with index (MODE) running from MINMOD 

Increase MINMOD 

t o  MAXMOD 
1. Generate (quadratic) i n i t i a l  guess f o r  buckling mode displacements 
2. 

3. 
4. Calculate,  from current  mode estimate, boundary matrices SL 

5. 
6 .  

7. 

8. 

9. 

I f  MODE -1 > 0, orthogonalize current  mode estimate with respect 
t o  previous s tored  modes 
Write eigenvalue s h i f t  and set  up i t e r a t i o n  loop f o r  buckling mode 

f o r  dome and r ing  boundaries 
Compute p a r t i c u l a r  so lu t ion  f o r  new buckling mode estimate 
Superimpose p a r t i c u l a r  and complementary so lu t ions  t o  obta in  new 
buckling mode estimate (Y,Z) 
I f  MODE -1 > 0, orthogonalize new buckling mode estimate with 
respect  t o  previous s tored  modes 
Calculate the  Rayleigh quot ient ,  which i s  t h e  new eigenvalue 
estimate (OMEGAl) 
Write i t e r a t i o n  number and eigenvalue estimate 
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10. 

11. 

12. 

13. 
14. 
15. 
16. 
17. 

18. 
19. 

20. 

21. 
22. 

23. 

T e s t  f o r  convergence of successive eigenvalue estimates t o  SIGDIG 
s i g n i f i c a n t  d ig i t s .  I f  converged, go t o  s t e p  19 
T e s t  f o r  convergence of sequence of r a t i o s  of successive d i f f e r -  
ences of eigenvalue estimates t o  one s i g n i f i c a n t  d i g i t .  
converged, go t o  s t e p  16 
E s t i m a t e  the  number of i t e r a t i o n s  required t o  achieve eigenvalue 
convergence. I f  seven o r  less, go t o  s t e p  16 
Make an  eigenvalue s h i f t  t o  an estimate of desired eigenvalue 
I f  necessary, remove a r t i f i c i a l  r i g i d  body cons t ra in ts  
Correct BD matrices a t  r ing  and dome boundaries 
Normalize and s t o r e  buckling mode estimate i n  YMl, ZM1 a r rays  
I f  an eigenvalue s h i f t  has been made (GUESS # GUESSS), compute 
and s t o r e  new complementary so lu t ions ,  and go t o  s t e p  3 
Go t o  s t e p  4 
I f  a higher mode remains t o  be calculated,  s t o r e  new mode i n  
YMODE, ZMODE f o r  fu tu re  use i n  orthogonalization process 
Improve eigenvalue estimate by using r a t i o  of successive d i f f e r -  
ences of eigenvalue sequence 
Normalize and w r i t e  last two buckling modes and eigenvalue 
I f  a higher  mode remains t o  be ca lcu la ted  with a new eigenvalue 
s h i f t  (FLAG = 2.),  perform s t eps  14, 15, and compute and s t o r e  
new complementary so lu t ions  
End of MODE DO-loop 

I f  not  

C a l l  INPUT f o r  next case . 

Subprogram descr ipt ions f o r  SRA 201.- SRA 201 cons is t s  of 20 
contractor-supplied subprograms ( f ig .  21) .  Those subprograms which have 
fea tures  spec ia l  t o  SRA 20.1: are described below. 
remaining subprograms of S U  201, see page 121. 

For descr ipt ions of t h e  

SRA201 

This is  the  main subprogram of 
t o  set up and cont ro l  t he  i t e r a t i o n  
requested. It is described i n  more 
t h i s  program. 

SRA 201. Its e s s e n t i a l  function is 
process f o r  each buckling mode 
d e t a i l  i n  t he  ove ra l l  l o g i c a l  flow of 

INPUT 

This subprogram (and i ts  subroutines) reads and w r i t e s  a l l  of t he  
input  da ta ,  and prepares the  homogeneous p a r t s  of t h e  boundary conditions. 
It is  described i n  more d e t a i l  i n  the  ove ra l l  Logical flow of t h i s  program. 

PRODl(Z,Zl) 

This funct ion ca lcu la tes  t h e  s h e l l  contr ibut ion t o  the  inner  product 
of two modal f i e l d s  (Y,Z) and ( Y l ,  Zl). The in t eg ra t ion  over the  s h e l l  
meridian is  performed by Simpson's rule .  The displacements Z ,  Z 1  are 
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passed through the  c a l l i n g  sequence, whereas the  forces  Y,  Y 1  are 
ava i lab le  through blank COMMON. The r ing  contr ibut ion (PROD2) t o  the  
inner  product is calculated i n  SRA201 and i s  always added t o  PROD1 t o  
obtain the  f u l l  inner  product before it is used. 
contr ibut ion over t h e  small deleted cap a t  dome closure boundaries is 
included i n  PROD1. 

An approximate 

Major FORTRAN var iab les  of SRA 201.- Major var iab les  which have 
spec ia l  meaning f o r  SRA 201 are defined below. 
which are common t o  o ther  programs, see page 126. 

For SRA 201 var iab les  

Variable 

GLAM 
GUESS 
I S S l  

ITER 
NML 
NTL 

TCHI2(100) 

TGUESS ( 4 )  

Defin i t ion  

FLAM + GUESS 
eigenvalue s h i f t  
f l a g  t o  punch buckling mode da ta  
f o r  SRA 202 
i t e r a t i o n  number 
f l a g  f o r  prebuckling data  deck 
f l a g  ind ica t ing  to r s iona l  ( n = 0) ' 

mode . 
ro t a t ion  f i e l d  (x) of the  buckling 
mode estimate two i t e r a t i o n s  ago 
eigenvalue s h i f t s  f o r  higher  
buckling modes 

Subprogram 
where 

senera ted  

IlyPUT 
INPUT, SRA201 
INPUT 

SRA201 
INPUT 
sRA201 

SRA201 

INPUT 

SRA 202 

External f i l e s . -  SPA 202 uses th ree  ex terna l  f i l e s :  TAPEl, TAPE5, 
and TAPEG. 
respect ively.  
which is not  used by primary overlay 2. 

TAPE5 and TAPE6 are t h e  standard input  and output f i l e s ,  
TAPEl is used t o  s t o r e  the  da t a  contained i n  COMMOI?/OVl/, 

Overall l o g i c a l  flow of SRA 202.- This program cons is t s  of a main 
overlay and two primary overlays ( f ig .  23. Essen t i a l  fea tures  of its - 
overa l l  flow are l i s t e d  below. 

MAIN 

Read and w r i t e  case t i t l e  card 
IDONE = 0 
ITER = 0 
Call OVERLAY 1 
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OVERLAY 1 

Read case opt ion card: 

Set  FN = 0. 
Read bas ic  input  t ab le s  

LOOP, NSG, NWP, NFM, NST, NPG, NML, N I C ,  RTABL, 
ISS4, ISSWG 

Geometry: NOUT2, NOUT1, NOUT3, TS, TR, TRP, TRR2, TXB 
Wall proper t ies :  TE1, TE2, TE12, TNUl ,  TH 
Foundation moduli: TK1, TK2, TK3 
St r inger  propert ies :  TEAST, TEIST, TGJST, TZBST 
Pressure f i e l d :  TX30, TX3X, TX3Y 

C a l l  SETUP t o  construct  geometric parameters: NDIS ,  TDIS, JENT, IBR, ’  

Read standard prebuckling da ta  ( i f  NML # 0 ) ,  cons is t ing  of t he  var iab les  
NBR, IEND, KEND 

FLAM, LTYPE 
TTPHIN, TTIN, TT2N, TCHIN 
TTPHIO, TT10, TT20, TCHIO 

var iab les  
TMYN, TMYO 
TMIN, T M l O ,  TM2N, TM20 
TPHI1, TT11, TT21, T C H I l  
STIFN, STIFO 

Write input  t ab le s  
Read f i r s t  buckling mode da ta  card containing 

FNC, NTLC, GUESS 
Write harmonic number (FNC) and c r i t i ca l  load (FLAM + GUESS) 
Read and w r i t e  buckling mode da ta  cons is t ing  of components of Y and Z 
Compute buckling mode s h e l l  stress resu l tan ts :  TTlC,  TT2C, TT12C 
Compute buckling mode ro ta t ions  : TCHIC, TPSIC , TTHETC 
Compute buckling mode normal s t r a i n s :  TEPSlC, TEPS2C, TCAPlC, TCAP2C 
Compute prebuckling s h e l l  stress re su l t an t s  and ro ta t ions  a t  buckling load: 

TTlNO , TT2N0, TCHINO 
I f  N I C  = 0, make NOUT1-table negative a t  a l l  boundaries except dome 

closures ( t o  ind ica t e  boundary da ta  comes from previous case) 
C a l l  BC t o  read o r  generate boundary matrices BBP, BD, and SL f o r  each 

boundary and ca lcu la te  buckling mode r ing  hoop force  and ro ta t ions  
(TPHIC, TWXC, TWYC) 

Compute prebuckling s t i f f n e s s  (STIFNO) at buckling load ( i f  ISS4 # 0) 
Compute and w r i t e  inner  product (PRODC) 
Correct and w r i t e  corrected inner  product ( i f  ISS4 # 0) 
Compute and w r i t e  a(-) f o r  imperfection shape giving the  maximum value 

Compute and w r i t e  B(BMAX) f o r  imperfection shape giving the  maximum value 

Compute and w r i t e  a(AM0DE) and r a t i o  (FI1) of maximum normal amplitude t o  

Read addi t iona l  prebuckling da ta  ( i f  NML and ISS4 # O), consis t ing of the 

of O1 

of 01 ( i f  ISS4 # 0) 

angular amplitude f o r  buckling mode imperfection 
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Compute and w r i t e  B(BMODE) f o r  buckling mode imperfection ( i f  ISS4 # 0) 
Compute s t i f f n e s s  funct ional  a l * q  ( S l E l )  
Buffer out labeled common (TAPE1) 
If FNC = O., compute and w r i t e  1st postbuckling coe f f i c i en t  (SA) and 

postbuckling s t i f f n e s s  (STIF) ( i f  ISS4 # 0) ;  set IDONE = 1 and 
re turn  t o  MAIN f o r  next case 

value problem f o r  axisymmetric component of second-order post- 
buckling state 

S e t  up a r t i f i c i a l  r i g i d  body cons t r a in t ( s ) ,  i f  necessary, f o r  boundary 

Return 

MAIN 

Check t o  make s u r e  a l l  buffered da ta  i s  out of core  
C a l l  OVERLAY 2 

- 

OVERLAY 2 

Compute complementary so lu t ions  f o r  axisymmetric component of second- 

Compute p a r t i c u l a r  so lu t ion  
Combine complementary and p a r t i c u l a r  so lu t ions  t o  form axisymmetric 

Return 

order  s ta te  

so lu t ion  (Y,Z) 

MAIN 

C a l l  OVERLAY 1 

- 

OVERLAY 1 

Buffer i n  labeled common 
Write axisymmetric so lu t ion  
Check t o  make su re  a l l  buffered da ta  is i n  core 
Compute associated s h e l l  stress resu l tan ts :  TTlSO, TT2SO 
Compute associated s h e l l  ro ta t ions :  TCHISO 
Compute associated s h e l l  s t r a i n s :  EPSlSO, EPS2S0, CAPlSO, CAP2SO 
Compute associated r i n g  stress resu l tan ts :  TPHISO 
Compute associated r ing  s t r a i n s :  TEPSSO 
I f  ISS4 # 0, compute 0 0 * * ~ 2  (SOE2) 
Set  FN = 2.*FNC 
Save NOUT1-table 
Make NOUTl  n e g a t h e  a t  a l l  boundaries except dome closures  
C a l l  BC t o  recompute BBP, BD, SL matrices f o r  r ing  (NOUT1 = -1) and 

Restore NOUT1-table f o r  next case 
Buffer out  labeled common 
Eliminate a r t i f i c i a l  r i g i d  body cons t ra in t  (s) i f  necessary 
Return 

dome boundaries (NOUT1 = 4) 
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Check t o  m a k e  su re  a l l  buffered da ta  is out  of core 
C a l l  OVERLAY 2 

OVERLAY 2 

Compute complementary so lu t ions  f o r  nonsymmetric component of second- 

Compute p a r t i c u l a r  so lu t ion  f o r  nonsymmetric component 
Combine complementary and pa r t i cu la r  so lu t ions  t o  form nonsymmetric 

Return 

order  state 

so lu t ion  (Y,Z) 

MAIN 

C a l l  OVERLAY 1 

OVERLAY 1 

Buffer i n  labeled common 
Write nonsymmetric so lu t ion  
Check t o  make s u r e  a l l  buffered data  is i n  core  . 
Compute associated s h e l l  stress resu l tan ts :  TTlSN, TTZSN, TTl2S 
Compute associated s h e l l  ro ta t ions :  TCHISN, TPSIS, TTHETS 
Compute associated r ing  stress re su l t an t s :  
Compute associated r ing  ro ta t ions :  TWXS, TWYS 
Compute and w r i t e  2nd postbuckling coe f f i c i en t  (SB3 
IDONE = 1 
I f  ISS4 # 0, compute postbuckling s t i f f n e s s  (STIF) and w r i t e  STIFNO and 

STIF 
Return t o  MAIN f o r  next case 

TPHISN 

Subprogram descr ipt ions f o r  SRA 202.- SRA 202 cons i s t s  of 20 
contractor-supplied subprograms ( f ig .  22). Those subprograms which have 
fea tures  spec ia l  t o  SRA 202 are described below. For descr ip t ions  of 
t he  remaining subprograms of SRA 202, see page 121. 

MAIN 

This program always res ides  i n  core and calls t h e  two primary 
overlays. 
completed. 

It reads and p r i n t s  t he  t i t l e  card and terminates the job when 

PRIMARY OVERLAY 1 

This overlay cons is t s  of t h e  main subprogram INPUT and f i v e  
contractor-supplied subroutines ( f ig .  22). This overlay e s s e n t i a l l y  
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performs a l l  funct ions o ther  than t h e  ac tua l  so1ut i .m of t he  d i f f e r e n t i a l  
equations f o r  t he  second-order postbuckling state. 

INPUT 

This subprogram reads,  w r i t e s ,  and processes a l l  of t he  input  data.  
It prepares the boundary conditions f o r  t he  axisymmetric and nonsymmetric 
problems and processes t h e i r  solut ions.  It w r i t e s  a l l  output results. 

I N T l  

This subroutine computes by quadrature n ine  d i f f e ren t  funct ionals  
required i n  the  evaluat ion of a, b ,  a,  8 ,  and K*. In tegra t ions  over t he  
s h e l l  meridian are performed by Simpson's rule.  The funct ional  t o  be  
computed i s  determined by the  value of the parameter INTGRD, which is 
t ransmit ted t o  I N T l  through blank COMMON. 
calculated are given i n  a t a b l e  on page 93 of reference 4 .  
t o  t h a t  t ab l e ,  i t  is noted t h a t  s ince  the  program w a s  o r ig ina l ly  
developed, it has been discovered t h a t  o , - * - E ~  E 0, so t h a t  the  ca lcu la t ion  
of t h i s  funct ional  ( f o r  INTGRD = 3) is superfluous. 

The funct ionals  which are 
In  reference 

This subroutine is s i m i l a r  t o  INTl except t h a t  i t  computes two 
funct ionals  simultaneously each t i m e  i t  is  entered. 
parameter INTGRD determines the  funct ionals  t o  b e  computed. The t ab le  on 
page 94 of reference 4 gives the  funct ionals  ca lcu la ted  and t h e  
corresponding values of INTGRD. 

PRIMARY OVERLAY 2 

As with ZNT1, t he  

This overlay cons i s t s  of t he  main subprogram SRA202 and twelve 
contractor-supplied subroutines ( f ig .  22). Its only funct ion is  t o  
compute the  axisymmetric and nonsymmetric components of t he  second-order 
postbuckling state f o r  processing by PRIMARY OVERLAY 1. It accomplishes 
t h i s  task  by so lu t ion  of t he  l i n e a r  boundary-value problem f o r  each of 
these components. 

sRA202 

This subprogram sets up the  i n i t i a l  conditions f o r  t h e  forward 
in t eg ra t ion  t o  obta in  complementary and p a r t i c u l a r  so lu t ions  of t he  
d i f f e r e n t i a l  equations f o r  the  axisymmetric problem ( i n  t h e  f i r s t  pass 
through OVERLAY 2) and t h e  nonsymmetric problem ( i n  t h e  second pass 
through OVERLAY 2). It a l s o  combines the  complementary and p a r t i c u l a r  
so lu t ions  t o  form the  so lu t ion  f o r  each of these  problems. 
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.- Major var iab les  which have spec ia l  
m e a n  For SRA 202 var iab les  which are 
common t o  o ther  programs, see page 126. 

Variable 

AMAX 
AMODE 
BMAX 

BMODE 
CAPlSO (100) 
cAP2so (100) 

EPS 1SO (100) 

EPS2SO (100) 

FI1, F12 
FN 

FNC 
G U M  
GUESS 
IDONE 

INT GRD 

IOP 
I P  
ISS4 

ITER 

NML 
NTLC 

PRODC 
SA 
SB 
STIF 
STIFN 
STIFNO 

Defini t ion 

maximum value of c1 
a f o r  buckling mode imperfection 
B f o r  imperfection giving maximum 
value of a 
B f o r  buckling mode imperfection 

0 2  
O E l  

0% 

OE2 
funct ional  values computed by I112 
harmonic number (n) of second-order 
postbuckling component being 
calculated 
"C 
A, 
Xc - X o  
f l a g  t o  ind ica t e  when so lu t ion  i s  
complete 
f l a g  t o  determine function of I112 
and I N T l  
l og ica l  output u n i t  number 
log ica l  input  u n i t  number 
f l a g  t o  ind ica t e  i f  addi t iona l  
prebuckling deck is present ( f o r  $ 
and K* calculat ions)  
f l a g  t o  ind ica t e  which pass is 
being made through OVERLAY 1 
f l a g  f o r  prebuckling da ta  deck 
f l a g  f o r  axisymmetric t o r s iona l  
buckling mode 
inner  product of buckling mode 
f i r s t  postbuckling coef f ic ien t ,  a 
b 
K* 

prebuckling s t i f f n e s s  K at 
b i furca t ion  load A, 

KO 

Subprogram 
where 

generated 

INPUT 
INPUT 
INPUT 

INPUT 
INPUT 
INPUT 

INPUT 

INPUT 

I112 
INPUT 

INPUT 
INPUT 
INPUT 
MAIN, INPUT 

INPUT 

MAIN 
MAIN 
INPUT 

MAIN, SRA202 

INPUT 
INPUT 

INPUT 
INPUT 
INPUT 
INPUT 
INPUT 

INPUT 
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Variable 

STIFO 
SUMl 
SOE2 

S l E l  

TCAPlC (100) 

TCAP2C (100) 

TCHIC(IOO) 

TCHINO (100) 

TCHISN (100) 

TCHISO (100) 

T C H I ~  (loo) 
TCl(lO0) 

TEPSSO (34) 
TEPSlC (100) 

TEPS2C (100) 

TG(100) 
TMYO(34) 

m o  (100) 

TM20 (100) 

W H I C  (34) 

TPHISN (34) 

TPHISO (34) 

TPHIl(34) 

TPSIC (100) 

TPSIS (100) 

TTHETC (100) 

TTHETS (100) 

TT1C( 100) 

T T ~ N O  (100) 

TTlSN (100) 

TTlSO (100) 

D e f i n i t i o n  

KO (1) 
f u n c t i o n a l  value computed by INTl  
0 * * E  0 2  

1 1  0 * E  

lK1 

l K 2  

1 X  

xO 

2x 

(2)  
OX 
XO 
c1 

shear 

l T $ I  

2T4 
T ; 
(PO 

l +  

2@ 

le 

28 

lT1 

2T1 

O T 1  

T at A = A, 
1 0  

st iffness 

Subprogram 
where 

generated 

INPUT 
INTl  
INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 
INPUT 

INPUT 

INPUT 

INPUT 

INPUT 
INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 
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Variable 

TTll(100) 

TT12C (100) 

TT12S (100) 

TT2C (100) 

TT2NO (100) 

TT2SN (100) 

TT2SO (100) 

TT21(100) 

Twxc (34) 

Twxs (34) 

TWYC (34) 

TWYS (34) 

Z (4,100) 

Defini t ion 

T (2) 
1 0  

lT12 

2T12 

lT2 

at A = 
2T2 

lWX 

2wx 

l W Y  

2wY 

,5, p, 1v, 1x  
solut ions f o r  (2); a l s o  used ' t o  s t o r e  

SRA 300 

Subprogram 
where 

generated 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

External f i l e s . -  SRA 300 uses th ree  ex te rna l  f i l e s :  T PE2, TAPE3, 
and PUNCH. 
respectively.  A t  t h e  user 's  option, t h e  v ibra t ion  mode displacements 
r e fe r r ed  t o  s h e l l  coordinates may be  writ ten onto PUNCH. 

TAPE2 and TAPE3 are t h e  standard input  and output f i les,  

Overall l o g i c a l  flow of SRA 300.- Essent ia l  f ea tu re s  of t h e  o v e r a l l  
flow of SRA 300 are l i s t e d  below. 

SRA300 (MAIN PROGRAM) 

C a l l  INPUT 

INPUT 

Read and w r i t e  case t i t l e  card. I f  end-of-file, s top  
Read case opt ion card: LOOP, NSG, NWP, NFM, NST, NML, NPG, NPS, N I C ,  

NASE, MAXMOD, NTL, NDER, SIGDIG,  GUESS, RTABL, 
ISS2, ISS3, ISS4, ISS5, ISS6 
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Read bas i c  input  t a b l e s  
Geometry: NOUT2, NOUT1, NOUT3, TS, TRY TRP, TRR2, TXB 
Wall propert ies :  TE1, TE2, TE12, "Nul, TH 
Foundation moduli: TK1, TK2, TK3 
S t r inge r  propert ies :  TEAST, TEIST, TGJST, TZBST 
Mass dens i t ies :  TRHOM 
Pressure f i e l d :  TX30, TX3X, TX3Y 

NBR, IEND, KEND 

equilibrium state var iab les  ( I f  NPS = 2, set i n i t i a l  equilibrium 
state t o  zero) : 
=AM, LTYPE 
TTPHIN, T T l N ,  TTZN, TCHIN 

C a l l  SETUP t o  construct  geometric parameters: NDIS, TDIS, JENT,-IBR 

I f  NPS = 1, read standard prebuckling state da ta  t o  obta in  t h e  i n i t i a l  

Write input  t ab le s  
Set'KASE = 2 i f  complementary so lu t ions  of previous case apply, otherwise 

set KASE = 3 
Calculate  and s t o r e  m a s s  moments (TEM, TEMB, TEMBB) through s h e l l  w a l l  

a t  output points  f o r  fu tu re  use by PROD1 
I f  N I C  = 0, make NOUT1-table negative a t  a l l  boundaries except dome 

closures  ( t o  ind ica t e  boundary da ta  comes from previous case) 
Call BC t o  read o r  generate boundary matrices BBP and BD f o r  each 

boundary 
Calculate  scale f ac to r s  required f o r  START 
Return 

SRA300 

I f  s h e l l  has r i g i d  body freedom (FN 5 1. and NDER input  nonzero) 
compute, s t o r e ,  and w r i t e  t he  appropriate  r i g i d  body modes. Increase 
MINMOD from 1 by t h e  number of r i g i d  body modes s tored  

I f  KASE = 3, ca l cu la t e  and s t o r e  the complementary so lu t ions  
S e t  up DO-loop f o r  v ib ra t ion  modes, with index (MODE) running from 

MINMOD t o  MAXMOD 
1. Generate i n i t i a l  guess f o r  v ib ra t ion  mode displacements 
2. I f  MODE -1 > 0, orthogonalize current  mode estimate with respect  

t o  previous s to red  modes 
3. Write eigenvalue s h i f t  and set up i t e r a t i o n  loop f o r  v ibra t ion  

mode 
4. Calculate,  from cur ren t  mode estimate, boundary matrices SL f o r  

dome and r i n g  boundaries 
5 .  Compute p a r t i c u l a r  so lu t ion  f o r  new v ib ra t ion  mode estimate 
6. Superimpose pa r t i cu la r  and complementary so lu t ions  f o r  new 

vibra t ion  mode estimate (Y,Z) 
7. I f  MODE -1 > 0, orthogonalize new v ib ra t ion  mode estimate with 

respect  t o  previous s tored  modes 
8.  Calculate  t he  Rayleigh quot ient ,  which is  the  new eigenvalue 

estimate (OMEGAl) 
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9. 
10. 

11. 

12. 

13. 
14. 
15. 
16. 
17 .  

18. 
19. 
20. 
21. 

22. 

23. 

24. 

25. 

26. 

Write i t e r a t i o n  number and eigenvalue estimate 
T e s t  f o r  convergence of successive eigenvalue estimates t o  SIQ)IG 
s i g n i f i c a n t  d i g i t s .  I f  converged, t o  t o  s t e p  19 
T e s t  f o r  convergence of t he  sequence of r a t i o s  of successive 
d i f fe rences  of eigenvalue estimates t o  one s i g n i f i c a n t  d i g i t .  
not  converged, t o  t o  s t e p  16 
E s t i m a t e  t h e  number of i t e r a t i o n s  required t o  achieve eigenvalue 
convergence. I f  f i v e  o r  less, go t o  s t e p  16 
M a k e  an eigenvalue s h i f t  t o  an estimate of desired eigenvalue 
I f  necessary, remove a r t i f ic ia l  r i g i d  body cons t ra in ts  
Correct BD matrices a t  r i n g  and dome boundaries 
Normalize and s t o r e  v ibra t ion  mode estimate i n  YM, ZMl arrays 
I f  an eigenvalue s h i f t  has been made (GUESS # GUESSS), compute 
and s t o r e  new complementary so lu t ions ,  and go t o  s t e p  3 
Go t o  s t e p  4 
Normalize new v ib ra t ion  mode 
I f  no higher  modes remain t o  be calculated,  go t o  s t e p  23 
I f  f i v e  o r  more lower modes have already been s tored ,  only t h e  
most recent  four modes are re ta ined ,  and FLAG is set t o  2. 
t o  i nd ica t e  more modes are t o  be  obtained wi th  a new eigenvalue 
s h i f t  
S tore  the  new mode i n  YMODE, ZMODE f o r  fu tu re  use i n  orthogonali- 
za t ion  process 
Improve eigenvalue estimate by using the  r a t i o  of successive 
d i f fe rences  of eigenvalue sequence 
Write last  two normalized v ibra t ion  mode estimates and frequency 
(square roo t  of eigenvalue) 
I f  a higher mode remains t o  be ca lcu la ted  with a new eigenvalue 
s h i f t  (FLAG = 2.),  perform s t eps  14 and 15 and compute and s t o r e  
new complementary so lu t ions  
End of MODE DO-loop 

If 

C a l l  INPUT f o r  next  case 

Subprogram descr ipt ions f o r  SRA 300.- SRA 300 cons is t s  of 20 
contractor-supplied subprograms. 
as w e l l  i f  t h e  main subprogram shown, SRA201, is replaced by subprogram 
SRA300. Also, t h e  subprogram descr ipt ion;  f o r  SRA 201, given on page l lo ,  
apply as w e l l  t o  SRA 300 i f  t he  name SRA201 is  replaced the re  by SRA300. 
Also, s ince  the  inner  product f o r  v ibra t ions  does not  depend on t h e  modal 
forces  Y ,  references t o  Y and Y 1  i n  t h e  descr ip t ion  of PROD1 should be 
ignored. For descr ipt ions of t h e  remaining subprograms of SRA 300, 
see page121. 

Figure 21 f o r  SRA 201 appl ies  t o  SRA 300 

Major FORTRAN var iab les  of SRA 300.- Major var iab les  which have 
spec ia l  meaning f o r  SRA 300 are defined below. For SRA 300 var iab les  
which are common t o  the r  programs, see page 126. 
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Variable 

GUESS 
ISS4 

ITER 
NML 
NPS 

Subprogram 
where 

Def in i t ion  generated 

eigenvalue s h i f t  INPUT, SRA300 

used i n  ca lcu la t ion  of v ib ra t ion  
modes higher  than the  s i x t h  
i t e r a t i o n  number SRA300 

INPUT 
f l a g  f o r  i n i t i a l  equilibrium state INPUT 
da ta  

f l a g  t o  determine eigenvalue s h i f t  INPUT 

f l a g  f o r  m a s s  densi ty  t ab le s  

Subprogram Descriptions Applicable t o  Several  Programs 

BC - 
This subroutine is ca l l ed  by INPUT t o  read and w r i t e  t h e  input  

boundary data.  I n  addi t ion,  f o r  a l l  programs o the r  than SRA 101, i t  
generates t he  homogeneous boundary condition matrices [B] and [Dl f o r  
r ing and (through use of DOME) f o r  dome boundaries. For SRA 100, SRA 200, 
and SRA 202, BC a lso generates t he  boundary load matrix (L). 

This subroutine i s  ca l l ed  by RKS3 at  the end of each Runge-Kutta 
i n t eg ra t ion  s tep .  
complementary solut ions,  i t  performs the  following functions: 

Upon each entry t o  CNT during the  in t eg ra t ion  f o r  * 
1. checks the growth of x t o  determine i f  t h e  subin terva l  is  too 

2. forces  t h e  in t eg ra t ion  t o  land on the  spec i f i ed  en t ry  poin ts ,  
and s t o r e s  the values of t h e  complementary so lu t ions  a t  t h a e  
points  i n  t h e  a r rays  PRU and PRW. 
so lu t ions  ca lcu la ted  on a closed b rancha re  s tored  i n  t h e  
a r rays  PRV and PRZ, 
restarts the  in t eg ra t ion  a t  each point of subdivision with 
i n i t i a l  conditions which i t  ca lcu la tes  through use of subroutine 
START, 

4. accumulates El;] on a closed branch, and 
5. terminates t h e  in tegra t ion  process a t  the  f i n a l  point  of t he  

10% 9 

Additional complementary 

3 .  

s h e l l  meridian. 

* 
Programs SRA 100 and SRA 200 compute complementary so lu t ions  ( i f  
necessary) simultaneously with the  p a r t i c u l a r  solut ion.  Programs 
SRA 101, SRA 201, SRA 202, and SRA 300 always compute complementary and 
p a r t i c u l a r  so lu t ions  separately.  
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Functions (3) and ( 5 )  above are a l s o  performed upon each en t ry  t o  CNT 
during in t eg ra t ion  f o r  p a r t i c u l a r  solut ions.  Also, during p a r t i c u l a r  
so lu t ion  in t eg ra t ion ,  CNT. performs the  following addi t iona l  functions: 

forces  t h e  in t eg ra t ion  t o  land on the  spec i f i ed  en t ry  points ,  
and s t o r e s  t h e  values of the  p a r t i c u l a r  so lu t ion  i n  t h e  a r rays  
PRG and PRJ, 

1. 

2. accumulates [p] and {q) on a closed branch, and 
3. ca l cu la t e s  t he  superposi t ion constants  {c} f o r  each subin terva l  

and s t o r e s  them i n  t h e  Gv array. It a l s o  ca l cu la t e s  addi t iona l  
superposi t ion constants {dl required on a closed branch and 
s t o r e s  them in  t h e  DV array. 

DER - 
Upon each cal l  from RKS3, t h i s  subrout ine computes t h e  der iva t ives  

f i ( s , y i )  f o r  RKS3 using the  values of s and yi provided by RKS3. 
subprogram is  entered e ight  t i m e s  f o r  each f u l l  i n t eg ra t ion  s tep .  I n  
SRA 101, DER cal l  INTRPL f o r  t h e  in t e rpo la t ion  of a l l  var iab les ,  
including t h e  equivalent forces  F1, F2, F3, F4. I n  other  programs 
in t e rpo la t ion  is  accomplished f o r  each va r i ab le  through use of t he  
SLOPE rout ines .  I n  SRA 201, in te rpola ted  values of t he  prebuckling stress 
re su l t an t s  and buckling ro ta t ions  are obtained and t h e  equivalent forces  
then calculated from them. 

This 

- DOME (11, I ,BBP ,BD, SN , FN) 
This subrout ine calculates t h e  boundary condi t ion matrices [B] and 

[D] a t  an edge of s m a l l  radius ,  t o  simulate the  e f f e c t  of a dome 
closure.  Upon the  cal l  t o  DOME, I is t h e  en t ry  number and I1 the  
boundary number of t he  edge being t rea ted .  Also, SN = -1 i f  t he  edge 
is the  terminal  point ;  otherwise SN = +l. In  a l l  programs o the r  than 
SRA 101, t h e  var iab les  BBP, BD, SN, and FN are passed through common 
blocks ins tead  of t he  c a l l i n g  sequence. 

DOME is a l s o  used simply t o  ca l cu la t e  t he  s h e l l  w a l l  s t i f f n e s s e s .  
I n  t h i s  case, the  cal l  t o  DOME is made with I1 = 0, and the  w a l l  
s t i f f n e s s e s  (excluding s t r i n g e r  e f f ec t s )  are s tored  i n  TTABl(I), TTAB2(I), 
and TTAB3(1). The following t a b l e  gives the meaning of these arrays.  

- I TTABl(1) TTAB2(1) TTAB3(1) 

1 c p  C l ( l )  CI(2) 

3 

4 G ( O )  
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I n  t h i s  t a b l e  the  w a l l  s t i f f n e s s e s  are defined as follows: 

(n) = /[E /(1 - v1v2)]zndz ‘m m 

C I ~ ( ~ )  = / v lE2 / (1  - vlv2)zndz 

G(n) = IE12Zndz 

where the  i n t e g r a l s  are through the  s h e l l  w a l l  thickness,  z is t h e  
normal d is tance  from the  reference surface,  and m = 1 o r  2, n = 0 ,  1, o r  2. 

MADD (A9 B R,N MI 

This subrout ine forms the  sum R = A + B ,  where A, B, and R are NxM 
matrices. 

- MCPY (A, R,N , M) 

This subroutine forms the  matrix R = A, where A and R are NxM 
matrices. 

- MINV (A, N D L 2 MI 

This is a general  purpose subroutine which ca lcu la tes  t he  inverse 
of an NxN matrix A by t h e  standard Gauss-Jordan method. 
L and M are two work regions of length N provided t o  MINV by the  c a l l i n g  
program. 
inverse and D contains the  normalized determinant of A, i.e., its 
determinant divided by the  product of its diagonal elements. A s  i n  a l l  
of t h e  matrix a r i thmet ic  subroutines,  MINV treats a l l  matrices as one- 
dimensional arrays.  

The parameters 

Upon r e tu rn  t o  the  c a l l i n g  program, A is replaced by its 

- MPRD(A,B ,R,N ,M,L) 
fi 

This subroutine forms the  product R = AB, where A is  an NxM 
matrix, B is  a MXL matrix, and R is t h e  resultant NxL matrix. 

- MSUB (A,B ,R,N ,M) 

This subroutine forms the  d i f fe rence  R = A - B,  where A, B,  and R 
are NxM matrices. 

RBROT (TS ,TR,TRR2,LSTAB ,NOUT3, IBR,NBR, IEND,lKENT, Z) 

This subroutine ca l cu la t e s  t h e  displacement amplitudes of a unit  
r i g i d  body ro t a t ion  about a t ransverse  axis which: (1) lies i n  t h e  
s m a l l  circle plane of t h e  i n i t i a l  en t ry  point ,  (2) is  normal t o  the  
axial plane $I = 0, and (3) i n t e r s e c t s  t h e  ax i s  of revolution. These 
f i r s t  harmonic displacements are s tored  in  t h e  Z-array. 

123 



_c_ RKS3(DER,CNT,Yl,DYl,ATABL,RTABL,WORK,S,DS,NEQ,IFVD,IBKP,NTRY,IERR) 

This is  a general  purpose subroutine which in t eg ra t e s  a system of 
f i r s t -order  ordinary d i f f e r e n t i a l  equations of t h e  form dyi/ds = fi(s,yi) 
by the  fourth-order Runge-Kutta method. 
ac tua l ly  performed i n  two half-steps,  each using conventional Runge-Kutta, 
t o  obtain midpoint values of t he  der iva t ives  f i .  These are used along 
with the der iva t ives  a t  t h e  i n i t i a l  and end poin ts  t o  form a Simpson's 
r u l e  evaluation f o r  t h e  f u l l  s tep.  The magnitude of t he  d i f fe rence  
between the  Runge-Kutta i n t eg ra t ion  over t he  two half-steps and the  
Simpson's r u l e  i n t eg ra t ion  over t he  f u l l  s t e p  is taken as an ind ica t ion  
of the  t runcat ion e r r o r  and is  used as a bas i s  f o r  modification of the  
s t e p  s i z e .  Automatic s t e p  modification is  contolled by values of t he  
absolute  (ATABL) and relative (RTABL) e r r o r  tolerances provided t o  the  
routine.  Since RKS3 has no COMMON block, a l l  communication with i t  is 
through its c a l l i n g  sequence. 
used t o  ind ica t e  in t eg ra t ion  i n  a var iab le  s t e p  s i z e  mode. 
parameter IERR is  set t o  zero on a normal r e tu rn  from RKS3. 

Each in t eg ra t ion  s t e p  is 

The values IFVD = 0 and IBKP = 1 are 
The 

SETUP(TS,LSTAB,LTAB,NOUT3,M)IS9~IS,JENT,IBR,NBR,IEM),KE~) 

This subroutine is  ca l l ed  once p e r  case by INPUT i n  order  t o  
construct  t he  geometrical parameters NDIS, TDIS(34), JENT(34), IBR( 7) 
NBR(7,4), IEND, and KEND. 

SLOPE (X,LSTAB~) 

This subroutine performs l i n e a r  i n t e rpo la t ion  with respect  t o  s on 
t h e  one-dimensional arrays X representing input tables .  

This subroutine performs linear in t e rpo la t ion  with respect  t o  s ' o n  
the  two-dimensional arrays X represent ing input  w a l l  p roper t ies  and 
thermal loads. K (1 I K .s 5) gives the number of the  appropriate  w a l l  
layer .  

SLOPEZ (x, LSTAB~ ,K ,NTERP ) 

This subroutine performs quadrat ic  i n t e rpo la t ion  with respect  t o  s 
on t h e  two-dimensional a r rays  X represent ing force  and displacement 
vectors.  
vectors  t o  be  interpolated.  

SLOPE3(X,LSTABl,NTERP) 

K (1 5 K I 4) ind ica t e s  the  component of t h e  4-component 

This subroutine performs quadrat ic  i n t e rpo la t ion  with respect  t o  s 
on the one-dimensional a r rays  X represent ing t h e  stress resu l t an t s  and 
ro ta t ions .  
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This subroutine ca l cu la t e s  t he  ndi t ions  f o r  t he  
over each subin t  of t h e  complementary and p a r t i c u l a r  

is entered once from CNT a t  t h e  end 
o the r  than the  last subinterval .  For open branch s h e l l s ,  it is a l so  
entered once before  s t a r t i n g  the in t eg ra t ion  i n  order  t o  obtain the  
i n i t i a l  conditions f o r  t he  f i r s t  subinterval." 

e in t eg ra t ion  of each subinterva 

The i n i t i a l  conditions are placed i n  t h e  dependent var iab le  a r ray  Y 1  
according t o  the  pa r t i t i on ing  

where the  column of {GI and {J) is t h e  p a r t i c u l a r  so lu t ion  vector ,  t he  
columns of [VI and [W] are the  four  bas i c  complementary so lu t ion  vectors ,  
and the  columns of [VI and [Z] are t h e  four  addi t iona l  complementary 
so lu t ions  vectors  required on closed branches. 

START employs the  supplemental i n i t i a l  conditions 

CJI = {OI 

f o r  force-free boundaries (NJE = O ) ,  r ing  boundaries without kinematic 
cons t ra in t  
For these  boundaries t he  matrix [B] is  nonsingular. For a l l  o ther  types 
of boundaries on open branches these conditions are replaced by the more 
general  supplemental i n i t i a l  conditions,  which do not  requi re  the  
inversion of [B] ,  

( I N J E I  = l ) ,  and a l l  boundaries on closed branches (LOOP = 1). 

*EUI + [Sl[WI = [I1 

+{GI + [Sl{J} = (01 

Here [SI is a diagonal s ca l ing  t r i x  f o r  which the  f i r s t  t h ree  diagonal 

(SC2I-l = C I ( ~ ) / ~ ,  where t is an e f f ec t ive  thickness given by 
elements are each (SCl)-l = C,( 3 /t  and t h e  four th  e l e m e n t  i s  

and C,(o) ,  C z ( O ) ,  and 
f e r e n t i a l  s h e l l  w a l l  s t r e t ch ing  s t i f f n e s s e s  and t h e  meridional bending 

are respect ively the meridional and circum- 

*For c losed branch s h e l l s ,  the  i n i t i a l  conditions f o r  the  f i r s t  
subin te rva l  are always [VI = [ Z l  = [I], [VI = [ W l  = 101, and 
{GI = {J} = (0). 
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s t i f f n e s s .  The purpose of [SI is  t o  provide dimen onal homogeneit 
t he  supplemental conditions. 
conditions,  t he  plus  s ign  leads t o  the use of [BS - D]-', wher'eas 
minus s ign  leads  t o  [BS + D3-l .  Therefore, t he  plus  sign is used 
normalized determinant (i , t h e  determinant of a matrix divided by t h e  
product of its diagonal e ts) of [BS - D] is grea te r  than 
Otherwise, the plus  (or minus) s ign  is used i f  t h e  normalized determinant 
of [BS + D] is less (o r  greater)  than t h a t  of [BS - D]. 

I n  regards t o  t h e  ambiguous s igns  i n  

On a closed branch when ca lcu la t ing  the  i n i t i a l  conditions f o r  t he  
addi t iona l  set of complementary so lu t ions  (M = 5), the  supplemental 
i n i t i a l  conditions 

are always used. 

Major FORTRAN Variables Common To Several  Programs* 

Variable 

B(4,4) 

C(4.4) 

BBP(4,4,34) 
BD(4,4,34) 

CARD1 (5) 

CARDZ(5) 
COMENT (5) 
CV( 4,331 

D(4,4) 
DELTAl 

DELTA2 

DS 

Def in i t ion  

r ing  eccen t r i c i ty  matrix,  [e] 
absolute  e r r o r  tolerance f o r  var iab le  
s t e p  Runge-Kutta i n t eg ra t ion  
[B] matrix f o r  a r ing ,  [ B ] - l  = [eIT/r 
s tored [B] matrices 
s tored  [D] matrices 
r ing  s t i f f n e s s  matrix, [k] 
input  t a b l e  data  on next  t o  last  card 
read 
input t ab le  da t a  on last card read 
in te rpola ted  t a b l e  da t a  
superposi t ion constants f o r  four bas i c  
complementary so lu t ions ,  ( c l  
[D] matrix f o r  a r ing ,  [D] = - [k l [e l  
current  d i f fe rence  of successive 
eigenvalue estimates 
previous d i f fe rence  of successive 
eigenvalue estimates 
s i z e  f o r  next  Runge-Kutta s t e p  

Subprogram 
where 

generated 

BC, BC1 
INPUT, M A I N 1  

BC, B C 1  
BC, BC1 
BC, BC1 
BC, B C 1  
INPUT 

INPUT 
INPUT 
CNT 

BC, BC1 
SRA201, SRA300 

sRA201, SRA300 

CNT, c a l l i n g  
program f o r  RKS3 

*In some cases, the  dimensions of these  var iab les  are d i f f e r e n t  i n  
d i f f e ren t  programs. For these  var iab les ,  only the  max imum dimensions 
are shown. 
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Variable 

DS S 
DV( 4 , 33) 

D Y l ( 8  , 9) 

EST 
FL(4) 

FLAG 

FLAM 

FN 

FN2 
FNUl(5) 

GUESSS 

IBR( 7) 

IBRl(7) 

IDERF 

IEND (21) 

ISS2 

ISS3 

Def in i t ion  

s i z e  of previous Runge-Kutta s t e p  
superposi t ion constants f o r  addi t iona l  
four  complementary so lu t ions  required 
on a closed branch, {dl  
cur ren t  der iva t ive  values f o r  
complementary and/or p a r t i c u l a r  
so lu t ions  
l o c a l  values of elastic moduli E l ,  E12, 
E2 f o r  each l a y e r  
improved eigenvalue estimate 
nonhomogeneous boundary condi t ion 
vector ,  {L} 
f l a g  ind ica t ing  i f  w e  are i n  
automatic eigenvalue s h i f t  l og ic  
simply t o  improve converged estimate 
(FLAG = le), o r  i f  higher modes are 
required with new eigenvalue s h i f t  
(FLAG = 2.) 
load f ac to r  f o r  nonlinear prebuckling' 
state,. 10 
harmonic number, n 

n2 
cur ren t  values of Poisson's r a t i o  
v1 f o r  each l aye r  
previous value of GUESS a f t e r  
automatic eigenvalue s h i f t  o r  value 
of GUESS from previous case 
number of branches emanating from 
each branch point  
cur ren t  number of converging 
branches already in tegra ted  t o  each 
branch point  
number of so lu t ion  vectors  being 
in tegra ted  
ordered l ist  of edge en t ry  numbers 
excluding e n t r i e s  1 and LSTAB 
i f  nonzero, punch modal da ta  o r  s h e l l  
stresses 
i f  nonzero, suppress automatic 
eigenvalue s h i f t i n g  

Subprogram 
where 

gene r a t  ed 

CNT 
CNT 

DER 

DER, INTRPL 

SRA201, SRA300 
SRA201, SRA300, 
BC, RBMODE 
SRA201, SRA300 

INPUT 

INPUT, MAIN1 

INPUT 
DER, INTRPL 

SRA201, SRA300, 
INPUT 

SETUP 

CNT 

c a l l i n g  program 
f o r  RKS3 
SETUP 

INPUT 

INPUT 
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Variable 

ISS5 

ISS6, ISSWG 

ITERM 
JENT ( 3 4 )  
KASE 

Def in i t ion  

i f  nonzero, suppress use of mode 
shape from previous case as i n i t i a l  
approximat ion  
i f  nonzero, overr ide abor t  i f  a 
subin terva l  exceeds length criteria 
Maximum number of i t e r a t i o n s  allowed 
t a b l e  of boundary point  en t ry  numbers 
parameter t o  ind ica t e  whether 
i n t eg ra t ion  i s  f o r  complementary 
(KASE = 3) o r  pa r t i cu la r  (KASE = 2) 
so lu t ions  
number of edges excluding e n t r i e s  1 
and LSTAB 

and three-dimensional a r rays  

KEND 

KMAT ,KvEC,LMAT, equivalent addresses used f o r  two 
LVEC ,NMAT ,NVEC 

KSMAX 

LCOMP 

LOOP 

LPROD 

LSTAB 
LSTABl 

LTAB (100) 

LTYPE 

MAXMOD 
MFLAG 

MINMOD 

number of entry points  (same as 
LSTAB) 
f l a g  t o  ind ica t e  use of computed 
{L) vector  f o r  r ings  
ind ica to r  fo r  closed branch: = 0, 
open branch s h e l l ;  = 1, current  
branch being t r ea t ed  is  closed; 2 2, 
closed branch s h e l l ,  cur ren t  branch 
being t r ea t ed  is open; = 3,  { c )  t o  be 
computed is f o r  subin terva l  on open 
branch terminating a t  a closed branch 
f l a g  t o  ind ica t e  re turn  point from 
PROD2 ca lcu la t ion ,  and a l s o  @or SRA 201) 
force  arguments i n  PRODl 
number of en t ry  points  
en t ry  number of f i r s t  point  with 
s-value g rea t e r  than current  value of 
s (during in tegra t ion)  
number of w a l l  l aye r s  a t  each en t ry  
point  
f l a g  t o  ind ica t e  l ive loading 
(LTYPE = 1) 
number of eigenmodes desired 
f l a g  t o  ind ica t e  r e su l t an t  force  
ca lcu la t ion  i n  PRODl 
order  of f i r s t  eigenmode t o  be computed 
by i t e r a t i o n  ( = 1, i f  no r i g i d  body 
modes spec i f ied)  

Subprogram 
where 

generated 

INPUT 

INPUT 

SRA201, SRA300 
SETUP . 
c a l l i n g  program 
f o r  RKS3, INPUT 

SETUP 

CNT 

INPUT 

SRA201 I SRA300, 
RBMODE 
INPUT, CNT 

RBMODE , SRA201 I 
SRA300 

INPUT 
CNT, c a l l i n g  
program f o r  
RKS 3 
INPUT 

INPUT 

INPUT 
RBMODE 

SRA201, SRA300 
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Variable 

MM1 
MODE 
NASE 
NBR( 7,4) 

NDER 

NDIS 
NDISl 

NEQ 

NFM 
N I C  
NMD 
NOUTl(100) 
NOUT2 (100) 

iqOUT3 (100) 
NPG 
NSG 
NST 
NTERP 

NTRY 

NWP 
OMEGAl 
OMEGA2 
P(4,4) 
pp (4,4) 
PRG(4,lOO) 
PRJ (4,100) 

PROD 2 

Defin i t ion  

MODE - 1 
order  of mode being calculated 
harmonic number, n 
t a b l e  of branch point  en t ry  
numbers (of branches en ter ing  each 
branch point)  
f l a g  t o  ind ica t e  r i g i d  body degrees 
of freedom 
number of boundaries 
subin terva l  i n  which current  s-value 
res ides  (during in tegra t ion)  
number of equations cur ren t ly  being 
in tegra ted  
f l a g  f o r  foundation moduli t a b l e  
f l a g  f o r  boundary conditions 
f l a g  f o r  m a s s  density t ab le  
t a b l e  t o  ind ica te  type of boundary 
t a b l e  t o  ind ica t e  need f o r  
r i g i d  body cons t ra in t  ; a l so  
ind ica tes  a symmetrical r i ng  
boundary 
t a b l e  of branch point  numbers 
f l a g  f o r  pressure f i e l d  t ab le  
f l a g  f o r  geometry t a b l e  
f l a g  f o r  s t r i n g e r  proper t ies  t a b l e  
parameter used i n  quadrat ic  i n t e r -  
polation. NTERP = 0 o r  1 ind ica t e s  
LSTABl - 1 o r  LSTAB - 2,  respect ively,  
i s  the en t ry  number of the f i r s t  of 
three output points  t o  be used i n  t h e  
in t e rpo la t ion  
parameter t o  cont ro l  termination, 
restart, o r  continuation of Runge- 
Kutts  i n t eg ra t ion  
f l a g  f o r  w a l l  p roper t ies  t ab le  
new eigenvalue estimate 
previous eigenvalue estimate 
[PI  
16 1 
p a r t i c u l a r  so lu t ion  force vectors ,  {GI 
p a r t i c u l a r  so lu t ion  displacement 
vectors ,  {J) 
r ing  contr ibut ion t o  inner  product 

Subprogram 
where 

generated 

INPUT 
SETUP 

INPUT 

SETUP 
CNT 

CNT, c a l l i n g  
program f o r  RKS3 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 

INPUT 
INPUT 
INPUT 
INPUT 
DER 

CNT, c a l l i n g  
program f o r  
RKS 3 
INPUT 
SRA201, SRA300 
SRA201, SRA300 
CNT 
CNT 
CNT 
CNT 

SRA201, SRA300, 
RBMODE 
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Variable 

PRS (100) 

PRU(4,4,100) 

PRV( 4,4,100) 

PRN(4,4,100) 

PRZ (4,4,100) 

Q(4) 
RAT 
RHO1 
RH02 
RTABL 

S 

sc1, sc2 

SFL 

SIGDIG 

SL(4,34) 

SN 
TAR( 34) 
TCHIN (100) 

TCHIO (100) 
TDIS (34) 
TDTHl(lOO,5) 
TDTH2 (100,5) 
TEA(34) 

D e f  i n 1  t i o n  

t ab le  of s tored  s-values [same as 
TS (100) ] 
four bas i c  complementary so lu t ion  
force vectors, [Ul 
addi t iona l  complementary so lu t ion  
force vectors  required on a closed 
branch, [VI 
four bas i c  complementary so lu t ion  
displacement vectors ,  [W] 
addi t ional  complementary so lu t ion  
displacement vectors ,  [ Z]  

r a t i o  f o r  i n t e rpo la t ion  
new value of DELTA2/DELTAl 
previous value of DELTA2IDELTAl 
relative e r r o r  tolerance f o r  
var iab le  s t e p  Runge-Kutta 
i n t eg ra t ion  
cur ren t  value of s 

(4 1 

scale f ac to r s  required by START 

l o c a l  values of half-thickness h f o r  
each layer  
f l a g  t o  ind ica t e  sur face  of 
appl icat ion of dead sur face  loads 
number of s ign i f i can t  d i g i t s  required 
i n  i t e r a t i o n  programs, N; a l so  set t o  
10-N i n  SRA 101 
s to red  {L} matrices 

s ign  f o r  dome boundary conditions 
r ing  sec t ion  areas, A 

XO 
Xo (1) 
tab le  of boundary point s-values 
A01 
A02 
r ing  s t r e t ch ing  s t i f f n e s s e s ,  EA 

Subprogram 
where 

generated 

INPUT 

CNT 

CNT 

CNT 

CNT 

CNT 
DER 
SRA201, SRA300 
sRA201, SRA300 
INPUT 

CNT, RKS3, 
c a l l i n g  pro- 
gram f o r  RKS3 
CNT, INPUT, 
c a l l i n g  pro- 
gram f o r  RKS3 
DER, INTRPL 

INPUT 

INPUT 

BC, SRA200, 
SRA201, SRA300, 
PLCFOR 
BC, BC1 
BC 
INPUT 

INPUT 
SETUP 
INPUT 
INPUT 
BC 
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Variable 

TEAST (100) 

TECCX( 34) 
TECCY (34) 
TEIST (100) 

TEIX( 34) 
TEIXY (34) 
TEIY (34) 

TEM(100) 
TEMB (100) 

TEMBB (100) 

TEST (100) 
TE1(100,5) 
TE2(100,5) 
TE12 (100,5) 
TGJST (100) 

TGJT (34) 
TH (100,s) 
TIX(34) 

TIXY (34) 
T I Y  (34) 

Defini t ion 

t o t a l  s t r i n g e r  s t r e t ch ing  s t i f f n e s s ,  
NEA 
r ing a x i a l  eccen t r i c i t i e s ,  ex 
r ing  r a d i a l  eccen t r i c i t i e s ,  5 
t o t a l  s t r i n g e r  bending s t i f f n e s s ,  
NE1 
r ing  in-plane bending s tif fnesses, EI, 
r i ng  coupling bending s t i f f n e s s ,  EIxy 
r ing  out-of-plane bending 
s t i f fnes ses ,  E I y  
mass densi ty  per  un i t  of sur face  area 
f i r s t  m a s s  moment per u n i t  of surface 
area 
second m a s s  moment per un i t  of 
sur face  area 
s t r i n g e r  e l a s t i c  modulus 
E 1  
E2 
E 1  2 
t o t a l  s t r i n g e r  t o r s iona l  s t i f f n e s s , .  
N G J  . 
r ing  tors iona l  s t i f f n e s s e s ,  G J  
s h e l l  w a l l  l ayer  half-thicknesses,  h 
r ing  sec t ion  in-plane moments of 
i n e r t i a ,  I, 
r ing sec t ion  products of i n e r t i a ,  
r ing sec t ion  out-of-plane moments of Ixy 

=Y i n e r t i a ,  
TKl(100) k l  
TK2 (100) k2 
TK3(100) k3 
TLAMIJ(lOO),I,J = 1,4 p a r t i a l l y  inverted s h e l l  w a l l  normal 

TMUIJ(lOO),I,J = 1 , 2  
r i g i d i t i e s  (Cncluding s t r ingers)  
p a r t i a l l y  inverted s h e l l  w a l l  shear 
r i g i d i t i e s  (including s t r inge r s )  

=(34) 

M1O 

TM2N (100) M2 0 

TMlN (100) 

TNUl(100,5) s h e l l  w a l l  or thotropic  Poisson's 
ra t ions,  u l  

TOMEGA( 4) s tored  eigenvalues f o r  lower modes 
TR( 100) small circle radius ,  r 

Subprogram 
where 

BC 
BC 
INPUT 

BC 
BC . 
BC 

INPUT, RBMODE 
INPUT, RBMODE 

INPUT, RBMODE 

INPUT 
INPUT 
INPUT 
INPUT 
INPUT 

INPUT 
INPUT 
BC 

BC 
BC 

INPUT 
INPUT 
INPUT 
INPUT, SRA201 

INPUT, SRA201 

SRA200, INPUT 

SRA200, INPUT 

SRA200, INPUT 

INPUT 

sRA201 
INPUT 

131 



Variable 

TRHOM( 100,5) 
TRHOR( 34) 
TRP (100) 
TRR2 (100) 
TS (100) 
TSA( 34) 
TSBAR( 34) 
TTAB1(4), TTAB2(4) 
TTAB3(4), TTAB4(4) 
TTHST (100) 
TTHR( 34) 
TTHl(lOO,5) 
TTH2 (100,5) 
TTPHIN (34) 

TTPHIO (34) 
T T ~ N  (100) 

TTlO (100) 

TT2N(100) 

TT20 (100) 

TXB (100) 

TXl(100) 
TX3 (100) 
TX3X( 100) 

TX3Y (100) 

TX30 (100) 
TZBAR( 34) 
TZBST (100) 
WORK(486) 

Y (4,100) 

YK(4,lOO) 

YMODE (4,100,3) 

YMl(4,lOO) 

Defini t ion 

s h e l l  w a l l  l ayer  mass dens i t i e s ,  pi 
r ing  mass dens i t i e s  
dr lds  
r / R 2  
t ab l e  of s-values 
r ing  r a d i i ,  a 
r ing  meridional eccen t r i c i t i e s ,  S 
used t o  compute s h e l l  w a l l  s t i f f n e s s e s  
(see descr ip t ion  of DOME) 
s t r i n g e r  f r e e  thermal s t r a i n s  
r ing  f r e e  thermal s t r a i n s  
81 
82 

T@ 0 

T@ 0 
T1O 

T 1 O  

(1) 

(1) 

T20 
(1) 

T20 
t a b l e  of reference sur face  loca t ions  
r e l a t i v e  t o  s h e l l  inner  sur face  
X1 
x3 
a x i a l  component of  pressure gradient ,  
ax3 1 ax 
r a d i a l  component of pressure gradient ,  
ax3 I ay 
un i t  load pressure f i e l d ,  X3- 
r ing  normal e c c e n t r i c i t i e s ,  z 
s t r i n g e r  normal eccen t r i c i ty ,  2 
working s torage  used by Runge-Kutta 
i n t eg ra t ion  sub rout ine  
so lu t ion  f o r  force  vector,  {y l  

s torage area f o r  { y l  used i n  inner  
product 
s torage area f o r  {y l  modes when 
higher modes are t o  be calculated 
s torage  area f o r  {y l  estimate of 
previous i t e r a t i o n  

S ub p rog r a m  
where 

generated 

INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
BC 
BC 
DOME, DBR 

INPUT 
BC 
INPUT 
INPUT 
INPUT 

INPUT 
INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 
INPUT 
INPUT 

INPUT 

INPUT 
BC 
INPUT 
RKS 3 

c a l l i n g  pro- 
gram f o r  RKS3 
sRA201 

SRA201 

SRA201, SRA300 
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Variable 

Y1(8,9) 

Z(  4,100) 

ZK(4,lOO) 

ZMODE (4,100,5) 

zm (4,100) 

ZZ (4,100) 

ZZl(4,lOO) 

Defini t ion 

current  values f o r  complementary and/or 
p a r t i c u l a r  so lu t ions  
so lu t ion  f o r  displacement vector ,  {zl 

s torage  area f o r  ( z l  used i n  inner  
product 
s torage  area f o r  {zl modes when 
higher  modes are t o  be calculated 
s torage  area f o r  I z l  estimate of 
previous i t e r a t i o n  
dummy argument f o r  Z i n  PROD2 
ca lcu la t ion  
dummy argument f o r  21 i n  PROD2 
ca lcu la t ion  

Subprogram 
where 

generated 

RKS3, c a l l i n g  
program f o r  MS3 
c a l l i n g  pro- 
gram f o r  RKS3 
SRA201, SRA300 

SRA201, SRA300 

SRA201, SRA300 

SRA201, SRA300 

SRA201, SRA300 
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APPENDIX B 

XNPUT AND OUTPUT DATA LISTINGS 

SRA l o b  INPUT DATA L I S T I N G  

i40 DEGREE SANOHICH CONE 
1 1 1 1 1 1 1 1  0 1 1.02 

GEOMETRY TABLE FOLLOWS 

1 1 420036 39.9 ,93969 
5 4506 43.249 ,93969 

2 6 4506 43.249 ,93969 
18 6804 64,674 .93969 
19 6804 64,674 ,93969 
31 9102 86.699 ,93969 
32 91.2 86.b99 .93969 
44 1140 167.524 ,93969 
45 1140 1070524 .93969 

1 51 - 120,892 114. 093969 

WALL PROPERTIES TABLE FOLLOWS 

.34202 

.34202 
,34202 
.34202 
.34202 
,34202 
,34202 
,34292 
,34202 
,34202 

1 1 9.35*6 9o3!5+6 3054*6 032 
51 9035+6 9.3546 305446 032 

2 1 

903546 9035*6 3.54*6 032 

MASS DENSITY TABLE FOLLOWS 

1.1032 0 004521 02712 
51 1032 0004521 02712 

MECHAMXCAL LOADS TABLE FOLLOWS 

1 
5 
9 

1.2 
15 
18 
22 
25 
28 
31 

0.91738 
0091371 
-090820 
we90452 
-089839 
0089226 
0.88360 
-007510 
9086530 
0.85426 

a472 
0472 
0472 
e472 
0472 
e472 
e472  
0472 
0472 
a472 

.000 
0008 
,456 
e456 
0008 
a008 
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35 
38 
41 
44 
48 -e67150 
51 -e52800 

EOUNDARY DATA FOLLOWS 

6.75+6 1.2946 7e71+6 - 3 e 6 + 5  6.8343 0.444 
8,675 

le 
24e81 9.35+6 

l e  
0 .  

l e  
I*  

O e  

1 .  
0. 

1;102+7 1e275+8 1.27548 9.654t - 4 . ~ 9 5  
) e  

e1312 9e3S46 

SECOND CASE FOLLOWS 

40 DEGREE SANDWICH CONE 
0 0 0 0 0 1 0 1  1 3 I e-2 

3 . 6 45e6 43.249 e93969 .34202 e472 

MECHANICAL LOADS TABLE FOLLOWS 

1 
5 
9 

12 
1s 
18 
22 
25 
28 
31 
35 
30 
41 
44 
48 
51 

0.06875 
0.06997 
-e07181 
0.07304 
-.0?427 
-e O?SSO 
-e07673 
me07796 
-e07796 
-a07920 
-e07920 
0.07199 
0.07670 
-e07068 
-.ti4350 
0.0 
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C BOUNDARY DATA FOLLOWS 

6e75+6 1 e29+6 7e71*6 -3e6+5 6e83+3 *e444 
e805 -e446 -17.65 

214.81 9.35*6 
l;lb2*7 1e275+0 1e275+8 9e65*7 -4.8295 

0. 
e3312 9e35+6 

END O f  FILE CARD 
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SRA 101 INPUT OATA L I S T I N G  

140 DEGREE SANDWICH CONE 
- 1 1 1 1  1 1 1  3 3.75 
4 1 17 34 51 
0 
1 6 
2 0 1 
9 1 2 3 4 5 6 7 8 9 

C GEOMETRY TABLE: FOLLOWS 
~ 

1 6 1  1 42a036 
5 45.6 
6 44a6 
18 68e4 
19 68e4 
31 91e2 
32 91a2 
44 114, 
45 114, 

1 51 120,892 

39.9 
43,249 
43,249 
64,674 
64.674 
86,099 
86 a 099 
107a524 
107,524 
114, 

a93969 
a93969 
a93969 
093969 
a93969 
.93969 
.93969 
e93969 
a93969 
a93969 

.34202 
34202 
.34202 
.34202 

.34202 

.34202 

a 34202 

a34202 
a34202 
.34202 

C WALL PROPERTIES TABLE FOLLOWS 

2 1 1 9a35*6 9.35+6 3eS4*6 e 3 2  
51 9e35*6 9.35 +6 3a54+6 e 3 2  

2 1 
51 

3 1 9m35*6 9.3546 3eS4+6 e32 
51 9a35*6 9e35+6 3a54*6 a 3 2  

9 

1.02 e2534 

e472 
e472 
0472 
e472 
a472 
a472 
m472 
a472 
a472 
a472 

a008 
0008  
a456 
a456 
e 0 0 8  
a 0 0 8  

C BOUNDARY OATA FOLLOWS 

6m75*6 1.2946 7a71+6 -3a6*5 6e03+3 -a444 
18,675 

24a81 9e35+6 
1e102+7 1e275*8 1e275*8 9a65+7 94.8295 

0. 
a1312 9.3546 

C N = 0 PREBUCKLING DATA FOLLOWS 

1 8a0608E+03 609a2401E+02 
1 2e2573E+02 6a4616€*02 2 2e3352€*02 5.6241€*02 3 2a3937€*02 4a8446f 
4 2.4351€+02 4a1213€*02 5 2a4614E*Q2 3*4552E*02 6 2*4614E+02 3a4552f 
7 2a4759E+02 2e2169E+02 0 2a4465E+02 la207OE+02 9 2a3860€+02 3e9731f 
10 2a3042E*O2~2.4183€*0111 2e2086E+02-7a3896E*Oll~ 2a1050E+02-1e1201I 
13 la9973E+02~1a4082E*0214 la8806E+02-1a6226E+0215 la7808€*O2-1a7799t 
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N = 1 PREBUCKLTNG DATA FOLLOWS 
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SUA 200 INPUT DATA LISTING 

3ND CLOSED BR4hJCH TEST CASE 
1 1 1 1 1 1 1 1 1  2 1.0 

C GFOMETRY TABLE FOLLOWS 

I 1 00 
1 9 2. 

10 20 
3 14 3 0  

15 3. 
2 19 40 

20 4, 
1 24 5. 

25 5 ,  
1 29 6. 

1 30 60 
38 8. 
39 ?. 

3 47 100 
45  In. 

3 52 11. 
53 11. 

4 57 12. 
59 120 

4 62 13. 
63 13. 

1 68 14. 
3 67 140 

2 76 16. 

10.  

100 

10. 

0o55578 

9.29289 

9.29289 
9.29289 
8.58578 
8.50578 
8.50578 
P.58S78 
7.17156 
7.17156 
0.58578 
8.58578 
8.58578 

9.29289 
10. 

10. 
90292R9 
9.29299 

0.58570 
0 . 58578 

100 

-e70711 
-.70711 
-a70711 
-070711 
-.70711 
-070711 
-070711 
-.7@711 
0. 
o *  
-070711 
-070711 
+a70711 
+e70711 
0. 
0. 
-.70711 
-.707lf 
-070711 
- .70711 
-.70711 
-*70711 
+.70711 
+.70711 

10-2 

.70711 

.70711 

.70711 

.70711 
-.70711 
-,70711 
-.70711 
-.70711 
-1 . 
-1 0 
-.70711 
-.70711 
-,70711 
-.70711 

'1. 
I *  
.70711 
.70711 

-.70711 
-.70711 
+.70711 
+.70711 
+.70711 
+.70711 

. 05 . 0s 
e 05 

05 . 05 
e 05 . 05 
005 

05 . 05 
005 
005 

05 
005 . 05 . 05 
e05 
0 05 
005 
05 . 05 

* 05 
005 
.os 

C WALL PROPERTIES TAf3LE FOLLOWS 

3 1 1 3 .+7 1.+7 04+7'  -25 005 
74 10+7 1.+7 .4+7 .25 005 

C MECHANICAL LOAOS TARLE FOLLOkS 

6 1 -100. 
9 -100. 

P O  
29 
30 -100. 
47 -100. 
48 
57 
68 -100.  
74 -100. 

9 
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C BOUND4QY D A T A  FOLLOWS 

. 1.2+7 1 8+6 1 .+6  

. I  1.2+7 
0. 

1 .2+7 1 8+6  1 8 * 6  
0 .  

0. 
e 1  1 .2+7 

1. 
0 8  

1. 
1. 

fl. 
1. 

0 .  

FND OF FILE C4PO 
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TABLE I 

CIRCUMFERENTIAL VARIATION OF HARMONIC VARIABLES 
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L A X I S  OF REVOLUTION 

NOTE: The reference surface may be chosen as any convenient 
continuous surface within or near the shell wall. 

FIGURE 1. HYPOTHETICAL BRANCHED SHELL PROFILE 
( W I T H  FIVE BRANCH POINTS AND ONE CLOSED BRANCH) 
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FIGURE 8 .  PREBUCKLING DATA (REQUIRED FOR EACH PREBUCKLING COMPONENT) 
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FIGURE 1 2 . C R I T I C A L  LOADS OF IMPERFECTION S E N S I T I V E  STRUCTURES 
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FIGURE y4, - @I@&@AS- PBEBUCKLIPTG DATA 
(This data is nor&lly generated by SRA 200) 
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FIGURE ' 15 BUCKLING MODE DATA 
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FIGURE 16. SRA 202 DECK SET-UP FOR EVALUATION OF THREE 
BUCKLING MODES BASED ON SAME PREBUCKLING STATE 
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FIGURE 19. HIERARCHY OF SUBPaQGRAMS OF SRA 101 
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