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FOREWORD 

This i s  the   t h i rd   o f   t h ree  Jolumes  of a f i n a l   r e p o r t   e n t i t l e d ,  

"Buckling  of  Shells of Revolution  with  Various Wall Constructiom". The 

th ree  volumes  have the   fo l lowing   t i t l e s :  

Vol. 1 Numerical  Results 

Vol. 2 Basic  Equations  and Method of Solution 

Vol . 3 User s Manual f o r  BdSbR 

The work descr ibed  in   these volumes was carried  out  under  Contract NAS 1-6073 

with the  National  Aeronautics  and  Space  Administration. 
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ABSTRACT 

Volume 1 

Volume 1 presents   the results of a parameter  study  performed  with  the 

computer  program B&$R (Buckling - " O f  S h e l l s  " O f  Revolution)  which i s  described 

i n  Volume 3. The axisymmetric  collapse  and  the  nonsymmetric  bifurcation 

buckling  behavior i s  s tudied for cylinders,   cones,   and  spherical   and  toroidal 

s h e l l  segments subjected  to   axial   compressive  loads.   Par t icular   emphasis  i s  

placed on t h e   e f f e c t s  of e c c e n t r i c i t y   i n   l o a d   a p p l i c a t i o n  and on the 

influence of e l a s t i c  end r i n g s .  

Volume 2 

Volume 2 presents  the  equations on  which the  computer  program BdSdR i s  

based, as well  as the method of so lu t ion  of the  equat ions.   In   addi t ion,  a 

s e t  of more genera l   s tab i l i ty   equa t ions  i s  given  in  an appendix. 

Volume 3 
Volume 3 presents  a comprehensive  computer  program (B$S$R) f o r   t h e  

ana lys i s   o f   she l l s  of revolution  with  axisymmetric loading. The program 

includes  nonlinear  prebuckling  effects  and i s  very  general   with  respect  to 

geometry  of  meridian, s h e l l  w a l l  design,  edge  conditions,  and  loading.  Despite 

i t s  genera l i ty   the  program i s  e a s y   t o   u s e .  Branches  are  provided  such  that 

for commonly occurring  cases  the  input  data  involves  only  basic  information 

such as geometrical   and  material   properties.  The computer  program has 

been  verified  by  comparisons  with  other known solut ions.  The cards  and a 

computer l i s t i n g  f o r  t h i s  program a r e   a v a i l a b l e  from COSMIC, University of 

Georgia,  Athens,  Georgia, 30601. 
V 
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NOTATION 

Aij see  Eq. (2)  

B33’ B66 

B A l l ,  e t c  . 
B B l l ,  e t c .  

C i d  

e 

H 

M 

MT 

U H 

see Eq. (2)  

boundary  condition  coefficients a t  A, see E q s .  (3 )  and (4) 

boundary  condition  coefficients a t  B, see E q s .  ( 3 )  and (4) 

coef f ic ien ts   o f   cons t i tu t ive   equat ions ,   see  Eq.  (1) 

eccen t r i c i ty   (d i s t ance  from  shea.r  center of s h e l l  wall t o   p o i n t  
of  load  application,  positive  outward) 

hor izonta l   ( rad ia l )   force /uni t   l ength   ( see  Fig. 1) 

moment r e s u l t a n t  

M12 + M21 

s t r e s s   r e s u l t a n t  

number of c i rcumferent ia l  waves in   buck l ing   pa t t e rn  

t o t a l   a x i a l   l o a d   a p p l i e d   t o  s h e l l ,  positive  compression 

normal   pressure,   posi t ive  internal  

radius  of  curvature 

horizontal   radius  from a x i s  of r o t a t i o n   t o  middle  surface 

arc   length measured  from point  A (see  Fig.  1) 

meridional  displacement 

horizontal   ( radial)   d isplacement  

uv ver t ica l   (ax ia l )   d i sp lacement  

V circumferential  displacement 

v i  i 



V v e r t i c a l   ( a x i a l )   f o r c e / u n i t   l e n g t h  

normal  displacement,  positive  outward 

meridional  rotation 

middle   surface  s t ra in  

change in   curva ture  

stress function  for  prebuckling  problem JI = r H  

c i rcumferent ia l   coordinate  

Subscripts  and  superscripts 

( ) '  d i f f e r e n t i a t i o n  w i t h  r e s p e c t   t o   a r c   l e n g t h  s 

( )x d i f f e r e n t i a t i o n  w i t h  r e s p e c t   t o  x 

( )1 

( 12 

( 4 2  

( )o ' ( lo prebuckl ing  quant i ty  

per ta ins   to   mer id iona l   d i rec t ion  

pe r t a ins   t o   c i r cumfe ren t i a l   d i r ec t ion  

shear r e su l t an t ,   tw i s t ing  moment, tw i s t ing  change i n   c u r v a t u r e  

( )A 
a t  end A of t h e  meridian (see Fig.  1) 

a t  end B of t h e  meridian (see Fig.  1) )B 

v i i i  
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Section 1 

APPLICABILITY OF COMPUIXR PROGRAM 

The computer  program i s  appl icable   to   she l l s   o f   revolu t ion   wi th  a g rea t  

v a r i e t y   o f :  1. geometries  of  the s h e l l  meridian, 2. wall constructions,  

3.  boundary  conditions,  and 4. types of  loading. 

1. Geometry of  the  Meridian 

F l e x i b i l i t y  i s  provided  through a "computed G d  Td" s ta tement ,   in  which 

con t ro l  i s  r e fe r r ed   t o   va r ious   sub rou t ines   ca l l ed  G E h ,  GE&, e t c .  Each of 

these  subroutines  calculates  geometrical   parameters r, r ' ,  l/R1, and 1/R2 as 

funct ions of meridional   arc   length  (see  Fig.  1). For  example, GEbMl corresponds 

t o  c y l i n d r i c a l  or con ica l   she l l s ;  GEbM2 corresponds to   sphe r i ca l  segments; 

GEbM3 corresponds t o   t o r o i d a l  segments; GEbMb corresponds to   general   meridional  

shapes  ( input   data   consis t  of Cartesian  coordinates of points  on the meridian).  

These  geometries are shown i n   F i g .  la .  Additional  shell   types  can  be accommodated 

by   t he   i n se r t ion  of another   subrout ine   to   ca lcu la te   parameters   for  a s p e c i f i c  

geometry  where a dummy i s  now provided. 

2. Wall Construction 

F l e x i b i l i t y  i s  provided as in   the   case  of  meridian  geometry  through a 

computed Gfd T@ s ta tement ,   in  which control  i s  r e fe r r ed   t o   va r ious   sub rou t ines  

c a l l e d  CFB1,  CFB2, e t c .  Each of these  subrout ine6  calculates   the  coeff ic ients  

1 



of the   cons t i t u t ive   equa t ions   fo r  a given  type of s h e l l  wall construct ion.  

Table 1 l i s t s  the  subroutine names and  associated  types  of  shell  wall. 

Table 1 Subroutine Names and  Corresponding  Shell Wall Types 

NWALL 

1 

2 

3 
4 
5 
6 
7 
8 

Subroutine Namc 

C F B l  

cFB2 
cFB3 
cFB4 
cFB5 
c m 6  
cFB7 
cm8 

S h e l l  Wall Type 
~~ 

Genera l ,   s t i f fnes s   coe f f i c i en t s   a r e   r ead   i n  from  dat 
cards .   This   rout ine  can  a lso  be  cal led from CFB4 
through CFB7 f o r   a d d i t i o n   o f   s t i f f e n e r s .  

R ing- s t r inge r   s t i f f ened   she l l   ( i so t rop ic   sk in )  

Skew-stiffened  shell  

F iber   re inforced   she l l   ( l ayered)  

Layered she l l   (o r tho t rop ic  or i s o t r o p i c   l a y e r s )  

Corrugated  skin  (with  r ings) 

Corrugated  and  smooth  skin  (semi-sandwich) 

-Y 

Additional wall constructions  can  be accommodated by  the  inser t ion of appropriate 
subroutines.  

The subroutines CFB1, e t c .   y i e l d   c o e f f i c i e n t s  C of   the   const i tut ive i d  
equations,  which  are  defined  by  the  equation: 

- - 
5 2  '14 15 

c21 c22 '24 25 

C 0 

C 0 

0 o c  33 
0 0 0  

'41  '42 O c44  c45 0 

c c  o c  c 0 
51 52 54 55 
0 0 0 0 o c 6 6  

- 
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Formulas f o r   t h e  C a r e   g iven   i n  Volume 2 for  the  types of shell walls 

l i s t e d   i n  Table 1. Since  the  prebuckling  and  stabil i ty  problems a:: formulated 

i n   t h e  computer  program are governed  by  compatibility  and  equilibrium  equations, 

i j  

it i s  more convenient  to  use a semi-inverted form of   the  const i tut ive  equat ions:  

I 

e2 

=12 

Y 
M2 

% 

A11 

Au 
0 

A 
31 

8 

%2 

A22 
0 

A32 

A42 
0 

0 

0 

B 33 
0 

0 

0 

%3 

*23 
0 

A33 

A43 
0 

%4 

0 

A34 
*44 
0 

- 
0 

0 

0 

0 

0 

B66 - 
FL 
n 2 

nl2 

I n   t h e  computer  program  the A and Bkk a re   ca lcu la ted  from the C i j  i n  a sub- 

rout ine   ca l led  CT!bA. 

ill 

3. Boundary  Conditions 

In  the  prebuckling  equilibrium  problem  the  boundary  conditions are expressed 

i n  the form 

3 
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Equations  (3a,b)  are  the  boundary  conditions a t  t he  end A of the  meridian 

(see  Fig.  1 ) . Equations  (3c,  d)  are  the  boundary  conditions a t  B.  The r i g h t  

hand s i d e s   a r e  shown as s t ress   funct ions  and moments a t  A and B. However, 

they  can  be  considered  horizontal   displacements  and  rotations.  The boundary 

condi t ions   a re   g iven   in   th i s   genera l  form in   o rde r   t o   pe rmi t   fo r   i n s t ance  

treatment  of  composite  shells  in which t h e   e l a s t i c   p r o p e r t i e s  of adjacent  

s t r u c t u r e s   a r e   a c c o u n t e d   f o r   t h r o u g h   t h e i r   s t i f f n e s s   c o e f f i c i e n t s .  I n  cases   fo r  

which the   ax ia l   load  i s  app l i ed   eccen t r i ca l ly   w i th   r e spec t   t o   t he   she l l  

reference  surface,   the  result ing  bending moments e V and eBVB 

are inc luded   in  TA and MIB, respect ively.  

A A  

The boundary  conditions for t h e   s t a b i l i t y  problem are expressed i n  t he  

B A l l  

B A 2 l  

~ ~ 3 1  

BA41 

B B l l  

BB2p 

~ ~ 3 1  
BB41 

BAl2 

BA22 

~ ~ 3 2  
BA42 

BB12 

BB22 

~ ~ 3 2  
BB42 

B M 3  
~ ~ 2 3  
BA33 
BA4 3 
BBP 3 
~ ~ 2 3  
BB33 
BB43 

BAl4 

BA24 

BA34 

~ ~ 4 4  
BB1.4 

BB24 

B B ~  

~ ~ 4 - 4  

BAl-5 
BA25 

BA35 
BA4 5 
BB15 

~ ~ 2 5  
BB35 
BB4 5 

BAl6 BAl7 
B M 6  ~ ~ 2 7  
~ ~ 3 6  BA37 
~ ~ 4 6  BA47 
~ ~ 1 6  ~ ~ 1 7  
~ ~ 2 6  BB27 

~ ~ 3 6  BB37 
~ ~ 4 6  BB47 

BAlE 

BA2E 

BA38 

~ ~ 4 8  
as18 

~ ~ 2 8  
~ ~ 3 8  
BB4Q 

rH 

Y 
U H 
B 
V 

rN 12 
U 

V 

rV 1 

= o  (4 1 

The f i r s t  4 of Eqs. ( 4 )  are  the  boundary  conditions a t  A (see  Fig. 1). 

The l a s t  4 are  the  boundary  conditions a t  B.  The boundary  conditions  are 

expressed i n  the  form  given  by Eqs. (3)  and ( 4 )  i n  order  t o  permit  the 

treatment  of  shells bounded b y   e l a s t i c   r i n g s  as well as s h e l l s   f o r  which 

more simple  boundary  conditions are assumed. From Eqs . ( 4 )  it can  be  seen 

4 



f o r  example that  "simple-support"  conditions a t  the  ends A and B of the 

meridian  can  be  simulated  by  the  specification BAl3 = 1.0,  BA22 = 1.0, BA35 = 1.0, 

and B ~ 4 8  = 1.0, f o r  the  non-zero  coefficients a t  A; and B B l 3  = 1.0, BB22 = 1.0, 

BB35 = 1.0, and ~ ~ 4 8  = 1.0 for   the  non-zero 

B A i j ' s  and B B i j  ' s  a r e   s e t   e q u a l   t o   z e r o   f o r  

above-specified  input  parameters  correspond 

v = 0, and r V  = 0 a t  A and a t  B.  

c o e f f i c i e n t s  at B .  All other  

t h i s   ca se .   Phys i ca l ly  the 

respec t ive ly   to  uH = 0 ,  M1 = 0,  

If t h e   s h e l l  i s  supported  by  e las t ic   r ings a t  the  boundaries,   the BAiJ 

and B B i j  a r e  computed from ring  equation6  given by Cheney (Ref. I+ ) . AS used i n  

i n   t h e -  program, they   a re  v a l i d  f o r  any  r ing,   the  centroid of which coincides 

with i t s  shear   cen ter .  The r ing  centroid need  not  coincide  with  the  shell 

reference  surface.  It should  be  emphasized  that  the B A i j  and B B i j  cnrresponding 

to  the  boundary  conditions  (Eqs. 3 )  of the  prebuckling  equilibrium  problem 

(wave number n = 0 )  are  not  the same as those  cnrresponding  to  the  boundary 

conditions  (Eqs.  4 )  n f  t h e   s t a b i l i t y  problem (n # 0 ) .  The e f f e c t i v e   s t i f f n e s s  

of  the  ring  depends on the wave number n .  

The computer  program  has  been  rendered  easy t o  use  through  the  provision 

of   input   integers  NTYPEA end NTYPEB. Specif icat ion of  theGe integers   causes  

appropriate  boundary  condition  coefficients B A i j  end BBiJ t o  be generated 

within  various  subroutines B@Jll, BBU12, e t c .  "he a l t e r n a t i v e s   a v a i l a b l e   t o  

t h e  user are shown i n  Table 2. The boundary conditions a t  B can  be  specif ied 

independently of thoee a t  A. 

5 



Table 2 Boundary  Conditions  Specified By 

NTYPEA,  NTPEB 

Boundary  Conditions a t  A 

NTYPEA Boundary  Conds. a t  
A 

e i ther   displacement  com- 
ponent or  corresponding 
load component equals 
zero : e.   g.   simple- 
support,  clamped,  free . 
Axial support   or 
loading may be eccen t r i c .  

suppor t   by   e las t ic  
medium a t  A .  

suppor t   by   e las t ic   r ing  
a t  A .  The ring  can 
be r e s t r a ined  from d i s -  
placements as under 1 
above . 
BA11, BA12, e tc .   read  
i n  from data  cards.  

prebuckling  and 
buckling  behavior 
symmetric a t  A, which 
represents  a plane  of 
symmetry of t he   she l l  
s t r u c t u r e .  

prebuckling  displace- 
ments a r e  symmetric  and 
buckling  displacements 
antisymmetric a t  A, 
which represents  a plane 
of symmetry of t h e   s h e l l  
s t r u c t u r e .  

Boundary  Conditions a t  B 

NTYPEB Boundary  Conds. a t  
B 

1 similar type  of  conditions, 
a l though  not   necessar i ly   the 
same as a t  A .  

2 suppor t   by   e las t ic  medium 
a t  B I  

3 suppor t   by   e las t ic   r ing  
a t  B I  

4 BB11, BB12, e tc .   r ead  in 
from da ta   cards .  

6 



F l e x i b i l i t y  i s  provided  through a computed G$d Tjd statement  which  occurs 

i n  SUBRjhJTINE LdADS. An i n t e g e r  @AD i s  assigned a value 1 through 3. 

LjdAD = 1 corresponds  to  normal  pressure  only. The input   for   p ressure  ( R i b )  

i s  p o s i t i v e   f o r   i n t e r n a l   p r e s s u r e .  LjdAD = 2 corresponds  to  combined pressure 

and  edge  loading a t  t he  edge A which both  vary  proport ionately as the  load 

inc reases .  The ax ia l   load  a t  A divided  by 2rr i s  represented   in te rna l ly   by  

RlVl = ( P r  /2)*RATIJd, where RATIjd i s  the  input   parameter   for   this   load.  When 

RATIB = 1.0, t h e   s h e l l  i s  loaded  by  hydrostatic  pressure  only (RAT16 can 

be  any number, p o s i t i v e  or negative).  LdAD = 3 corresponds to   loading  by 

ax ia l   t ens ion  o r  compression  only,  positive  for a x i a l  tension.  

2 

Additional  input  parameters, RlVlO and PO, are  provided  to  al low  for a 

pressure,   an  axial   load,  or a combined load  surcharge  unrelated  to  the 

var iahle   loadings.  These quant i t ies   a re   he ld   cons tan t   dur ing   the   loading  

process.  



Section 2 

OVERALL DESCRIPTION OF 
THE COMPUTER PROGRAM B&@R 

Flow cha r t s  of t he  computer  program ( c a l l e d  B$S6R f o r  Buckling of She l l s  

of  Revolution)  are  given  in  Figs.  2 and 3. The overlay  technique i s  used so 

t h a t   t h e  program w i l l  f i t   i n to   co re   w i thou t   ex t ens ive   u se   o f   t apes .  The over- 

l ay   cha r t   appea r s   i n   F ig .  2. The program s t ruc ture   has  two o r ig ins ,  one with 

three  overlay  l inks,   and one with two over lay   l inks .  

Input Data 

A l i s t  of the  input   data   with  format  i s  given i n  Table 3. Tables 4-7 give 

an  explanation  of  the  data. Data concerning  the  meridian  geometry, wall 

construction,  boundary  conditions,  and  type of loading  are   read  into  the f i r s t  

l i n k  of the  overlay from da ta   ca rds .   F l ex ib i l i t y  i s  provided  through  the 

introduct ion  of   integers  NCST, NWALL, NTYPEA and NTYF'EB, and LOAD, which con t ro l  

the   swi tch ing   in  computed Gb T/b statements. 

The i n t e g e r  NCST causes   the  select ion of a meridian  geometry,  such as 

cyl indrical ,   conical ,   spherical   or   toroidal .   Corresponding  geometr ical   data   are  

ca l cu la t ed   i n   sub rou t ines   ca l l ed  GEcM1, GEW, etc.   Within  each GEM subroutine 

c e r t a i n   d a t a  must be  read  in   f rom  data   cards .  For example, i n   o r d e r   t o  

ca l cu la t e  r, r' , l/R1 , and 1 / R  a t  each  meridional  station  along  the  generator 2 

8 
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of a cy l inde r   o r  cone,  the  program  must  be  provided  with  the  radius a t  the 

small end R 1 ,  t he   s l an t   he igh t  SL and the  half-angle  ALPH. For a spherical  

segment the program  needs the  radius  R f i ,  the   polar   angle  a t  A, A L P H l ,  and 

the   po lar   angle  a t  B, ALPH2.  The master subroutine  for  meridian  geometry, 

GE&, provides   arrays  containing s, the   a rc   l ength  from point  A; r, the  radius  

of t h e   p a r a l l e l   c i r c l e  a t  s ;  r ' ,  the   der iva t ive  of r wi th   r e spec t   t o  s ;  l/R1, 

the  meridional  curvature;  and 1 / R 2  , the  normal  circumferential  curvature. 

The i n t e g e r  WALL governs  the  selection of a p a r t i c u l a r  wall construction, 

such as layered,   eccentr ical ly   s t i f fened,   f iber-reinforced,   e tc .   Within 

each  subroutine CFB1, CFB2, etc .   (see  Table  1) c e r t a i n   b a s i c   d a t a  

concerning  the  geometrical   and  material   properties of the wall cons t ruc t ion   a re  

r e a d   i n  from data   cards  and the   coef f ic ien ts  C of the   cons t i tu t ive   equat ions  

a re   ca lcu la ted   ( see  Volume 2 ) .  For example, i n   o r d e r   t o  
i j  

ca l cu la t e   t he  Cis f o r  an e c c e n t r i c a l l y   s t i f f e n e d   s h e l l ,   t h e  program  needs  the 

s t i f f ene r   ' spac ing  and  dimensions,  skin  thickness,  information which t e l l s  

whether   the  s t i f feners   are   external  or i n t e r n a l ,  a n d  the  Young's  moduli and 

P o i s s o n ' s   r a t i o   f o r   s t i f f e n e r s  and s k i n .  The output  of  the  mater  subroutine 

f o r  wall construct ion,   ChFS,   consis ts  of the C A small subroutine, CTJdA, 

c a l cu la t e s   t he   coe f f i c i en t s  A of the  semi-inverted  form  of  the  constitutive 

equations [Eqs . (2)  1. 

i d  * 

i j  

The in t ege r s  NTYPEA and NTYPEB govern  the  selection of p a r t i c u l a r  

boundary  conditions a t  A and B respectively.   Table 2 shows the   a l t e rna t ives  

provided.  For  example when NTYPEA i s  e q u a l   t o   t h r e e ,   t h e   s h e l l  i s  supported 

b y   e l a s t i c  edge r ings  a t  A.  In this case   bas i c   da t a  on r i n g  geometry  and 



mate r i a l   p rope r t i e s   a r e   r ead   i n  from data cards and the  boundary  condition 

c o e f f i c i e n t s  BA11, BAl.2, e t c .  and BB11, BB12, e t c .   a r e   c a l c u l a t e d   i n  BdUl3 

and BdU23. Values of the BA and BB are assigned  in  the  other  boundary 
i j  13  

condition  subroutines BfiU11, BdU12, e t c .  

Other  input  data  include N1, the  number of i n t e r v a l s   i n   t h e   f i n i t e -  

d i f f e rence  mesh; an in t ege r  LfiAD, through  which  the type of loading i s  selected;  

ITER, the maximum number of i terat ions  permit ted  for   convergence of t h e  pre- 

buckling  solution; ERR, the maximum a l lowable   e r ror   in   the   p rebuckl ing   so lu t ion  

and in   the  determinat ion of t h e   c r i t i c a l   l o a d ;  INDIC, a f l a g   i n d i c a t i n g  

whether   the  l inear  o r  nonlinear  analysis i s  t o  be  used; NO, the   or iginal   guess  

a t  the number of c i rcumferent ia l  waves in   the   buckle   pa t te rn ;  NMAX and NMIN, 

the  upper  and  lower limits of the  range of wave numbers t o  be  searched  for 

a minimum buckling  load; INCRO, the  increment  by  which N ,  t he   cu r ren t  wave 

number, i s  increased or  decreased; RHfiO, t h e   s t a r t i n g   v a l u e   f o r   t h e   l o a d   i n   t h e  

a t tempt   to   f ind   the   buckl ing   load;  RHfiM, t he  maximum value   for  RH#, t he  

current  load; STEPO, the   i n i t i a l   i nc remen t  of loading  for   the  prebuckl ing 

so lu t ion .  

10 



I 

Table 3 

DATA INPUT FOR ~bp3~ 

CARD NO. 

1 

2 

3 

4 

WALL = 1 

5 

6 

7 

8 

9 

10 

11 

12 

Nwm = 2 

5 

6 

7 

FORMAT 

1016 

1016 

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6312.8 

6312.8 

DATA TO BE READ IN 

C 1 1 ,  C12, C 1 4 ,  C15, C22, C24 

c25, c33, c44, c45, c55, c66 

ANRS 

If ANRS = 1, Read a l so  

TD, Z 

E l ,  U1, XS, Dl, A13 X I 1 ,  

X J 1 ,  A K l  

E29  U2, XR, D2,  A2, XI2, 

XJ2, AK2 

E,  U, T 

BI, Dl, D2, AKL, AK2 

I f  61 = 0, Read 

TI ,  T2, H1, H2 

I f  $1 = I, Read 

11 



CARD NO. 

7 
8 

Nwm = 3 

5 

6 

NWALL = 4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

Nwm 2 '  5' 

5 

6 

7 
8 

6 

7 

Table 3 (Cont 'd) 

A l p  SI1, SI, EX1 

A23 SI21 S2, EX2 

12 



Table 3 (Cont 'd)  

CARD NO. 

8 

9 

10 

T 
For ANI0 

6 

7 

8 

9 

10 

NWALL = 7 

5 

6 

7 

8 

9 

10 

11 

FORMAT 

~. 

DATA TO BE READ IN 

EX(I), I = 1, WRAPS 

EY(I), I = 1, WRAPS 

W(I), I = 1, WRAPS 

If ANRS = 1, Read also 

El,  U1,  XS,  Dl,  Al,  XI1, 

XJ1, AKI. 

E2, U2, XR, D2, A 2 ,  XI23 

XJ2, AK2 

E, Us ANRS 

CC, CH, CD, CT, CB 

If ANRS = 1, Read a l so  

El, U1,  XSs  Dl, Alp  XI1, 

XJ1, A K l  

E23 U 2 ,  XR,  D2, A29  XI29 

XJ2, AK2 

E, U, ANRS 

CC,  CH, CD, CT, CB, PHI 

ESP  US, TS, ANC 

If  ANRS = 1, Real also 

El,  U1,  XS,  Dl,  Al,  XI13 

XJ1, AKl 

E2, U21 XR, D2, A 2 ,  XI21 

XJ2.  AK2 

13 



Table 3 (Cont ' d )  

" 

CARD NO. FORMAT DATA TO BE EiEAD IN 
" 

WALL = 8 KO input; dummy subroutine 

Next card  contains data f o r  geometry  of meridian. 
Card number i s  between 7 and 15, depending on WALL and 
ANRS. Assume WALL = 3 f o r  purposes  of  tabulation. 

NCST = 1 7 

NCST = 2 7 

NCST = 3 7 

NCST = 4 7 

8, e t c <  

NCST = 5 7 

NTYPEA = 1 

8 

9 

NTYPEA = 2 

8 

9 

9 o r  10 

9, 10, or 11 

9, 10, 11, o r  12 

NTYPEA = 3 

8 

4 

10 

11 

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

1016 

6 ~ 1 2 . 8  

511 

6312.8 

411 

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

511 

6 ~ 1 2 . 8  

6~12 .8  

6 ~ 1 2 . 8  

R l t  SL, A I P H  

R h ,  ALPHlt ALP% 

RdT, ALPH1, mh2J ALPHAT 

NRZIN 

ZI(I), RI(I), I = 1, NRZIN 

No input; dummy subroutine 

I f  INDX = 0, no input 

W S  m2J KA3S K A 4 J  KA5 

If KA5 = 3, Read also 

EXA 

I A l ,  IA2, IA3, I A 4 t  IA5 

I f  I A 5  = 3, Read a l so  EXA 

RSAt EA, AREAA, FIXA, FIYA, FIXYA 

GJA, GAMMAAS ECCAt FIPA,  PSIA, T1A 

14 



Table 3 (Cont 'd)  

CARD NO. 

NTYPEA = 4 

8 

9 

10 

11 

12 

1 3  

14 

1 5  

16 

17 

NTYPEA = 5 

NTYPEA = 6 

FORMAT 

A 

B A l l t  BA12, BA13, BAl4 

BAJ-5, BAI-6, BA17,  BA18 

BA21, BA22, BA23, BA24 

BA25, ~ ~ 2 6 ,  BA27, BA28 

BA31, BA32, BA33, BA34 

BA35, BA36, BA37, BA38 

BA41, BA42, BA43, BA44 

BA45, ~ ~ 4 6 ,  BA47, ~ ~ 4 8  

PSIA, T1A 

No input  data  read;  see Table 2 

No input  data  read;  see  Table 2 

NTYPEB = 1 

10 

11 

N " P E B  = 2 

10 

11 

11 or 12 

11, 12 or 13 

11, 12, 13 o r  14 

Next cards  contain  data €or boundary conditions a t  end B of 
the  meridian. If NTYPEA = 1 and WALL = 3, for example, the 
next  card number i s  10. 

511 

6 ~ 1 2 . 8  

411 

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

KB1, b 2 ,  KB3, KB4, KB5 

If KB5 = 3, Read a l so  

EXB 

LB1, IJ32, LB3, IJ34 

If LE31 = 1, Read BL11, BL12, BL13, BL14 

If LE32 = 1, Read BL22,  BL23,  BL24 

If IJ33 = 1, Read BL33, BL34 

If LB4 = 1, Read BL44 

15 



Table 3 (Cont 'd) 

CARD NO. 

NTYPEB = 3 

10 

11 

12 

13 

NTYPEB = 4 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

FORMAT 

511 

6~12 .8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6312.8 

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

6 ~ 1 2 . 8  

.. . .. . .. 

DATA  TO BE READ IN 

16 



Table  4 

EXPLANATION OF INPUT DATA LISTED I N  TABU 3 
RFAD I N  FROM SUBROUTINE CHAIN1 

. . 

V A R I A B U  

WALL 

NCST 

NTYPEA 

NTYPEB 

L ~ A D  

I N D I C  

N L I N  

N E T  

NTYPEP 

NTYPEM 

RANGE 
~ ." ~ - ~ .  

1-8 

1- 5 

1-6 

1-4 

1- 3 

0 o r  1 

0 o r  1 

0 o r  1 

0 o r  1 

0 or 1 

DESCRIPTION 

Governs   cho ice   o f   she l l  wall type,see Table 1 

Governs  choice  of   geometry 
= 1 f o r   c y l i n d e r   o r   c o n e  
= 2 f o r   s p h e r i c a l  segment 
= 3 f o r   t o r o i d a l  segment 
= 4 for o t h e r   s h e l l s  
Governs  choice of boundary   cond i t ions  at A 
See Table 2 

Governs   cho ice   o f   boundary   cond i t ions   a t  B 
See  Table  2 

Governs   choice   o f   loading  
= 1 f o r   n o r m a l   p r e s s u r e   o n l y  
= 2 f o r  c o m b i n e d   l o a d i n g   ( h y d r o s t a t i c   p r e s s u r e )  
= 3 f o r   a x i a l   l o a d i n g  

= 0-if l i n e a r   p r e b u c k l i n g   a n a l y s i s  is used as 

= 1 i f  n o n l i n e a r   p r e b u c k l i n g   a n a l y s i s   o n l y  i s  used 

= 0 - i f   l i n e a r   a n d   n o n l i n e a r  o r  j u s t   n o n l i n e a r  

shown i n   F i g .  3 

p r e b u c k l i n g   a n a l y s i s  i s  used .  Minimum b u c k l i n g  
l o a d   i n   r a n g e  N M I N  5 N 5 NMAX i s  sough t .  

= i - l i n e a r   p r e b u c k l i n g   a n a l y s i s   o n l y  i s  used .  
B u c k l i n g   l o a d s   c a l c u l a t e d   t h r o u g h  power  method 
i n   r a n g e  NO s N NMAX w i t h o u t   r e g a r d   t o  
minimum 

= 0-po in t  a t  w h i c h   s t a b i l i t y   d e t e r m i n a n t   v a n i s h e s  
i s  s o u g h t   w i t h i n   t h e   a c c u r a c y   p r e s c r i b e d   b y  ERR 

= 1 - s t a b i l i t y   d e t e r m i n a n t   g i v e n   i n   r a n g e  
RH@ S RHd 5 RH& r e g a r d l e s s   o f   c h a n g e   i n   s i g n  

G o v e r n s   o p t i o n a l   o u t p u t  
= 0 i f   p r e b u c k l i n g   s o l u t i o n  i s  not p r i n t e d  
= 1 i f  p r e b u c k l i n g   s o l u t i o n  is p r i n t e d  

G o v e r n s   o p t i o n a l   o u t p u t  
= 0 if b u c k l i n g   p a t t e r n  is p r i n t e d  
= 1 i f  b u c k l i n g   p a t t e r n  5 p r i n t e d  

17 



Table 4 (Cont ' d )  

VARIABLE 

N 1  

I T E R  

NO 

I N C R O  

NMAX 

NMIN 

INDX 

R H ~ O  

STEP0 

R H b  

RAT16 

R l V l O  

PO 

ERR 

RANGE 

N 1  I 99 

about 10 

Number of i n t e rva l s   i n   t he   f i n i t e   d i f f e rence  mesh 

Maximum number of i t e r a t ions   i n   t he  
Newton-Raphson procedure 

Star t ing  value  for  N (wave  number) i n  the  search 
f o r  minimum eigenvalue 

Stepsize  for  variation  of N 

Upper limit of range of N which i s  searched 

Lower limit of range of N which i s  searched 

= 0 i f   she l l   c lo sed  a t  apex ( A ) ,  = 1 i f   s h e l l  open 

Starting  value of load in  search  for  eigenvalue 

Original  stepsize of load i n  search  for  eigenvalue 

Upper limit of load range which i s  searched 
for  eigenvalue 

(Effective  only when LgAD = 2 . )  FUTIb occurs i n  
SUBRfkJTINE LbADS, in  the  equation r l V  = (pr2/2) * 
RATI6,where V1 i s  t h e   l i n e   l o a d   ( l b s / h )   a p d i e d  a t  
the 1st meridlonal  station, ( r  = rl) ,and p i s  the 
uniform pressure 

Used f o r  an  applied  constant  circumferential  line 
load and i s  equal   to   the  total   l ine   load a t  A 
divided by 217.  The load i s  posit ive when it 
causes  axial   tension  in  the  shell .   (Since  this 
load i s  in   addi t ion t o  the  regular  load, it i s  
rarely  required  and, as such, i s  usually  zero) 

Used f o r  an  applied  constant  pressure  load; ... 
posit ive  for  internal  pressure.   (This  load  too i s  
in   addi t ion t o  the  regular  load, and thus it is  
nearly always zero. ) 

Tolerance limits on the  prebuckling  solution and 
the  eigenvalue  (buckling  load)  expressed i n  terms 
of variation between i t e r a t ions ;   i . e . ,  ERR = .01 
represents a minimum variation between the   f ina l  
solution and the  solution of the  preceding  iteration 
of within 1% 
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Table 5 
SHELL WALL DATA 

" ~ 

.. . ~ 

" - ~ 

VARIABLE 
" 
~ 

(211, (212, e t c .  

ANRS 

TD 

Z 

. .  

E 

U 

T 

61 

Dl 

D2 

A K l  

AK2 

T 1  

T2 

H 1  

H2 

A 1  

SI 1 

______ 

DESCRIPTION 
__ - - - . . - - 

Stiffness   coeff ic ients  of orthotropic 
she l l  wall, See Eq.1 

= O-Rings and s t r ingers  not t o  be added 
= l-Rings and s t r inge r s   t o  & added 

Total  thickness  of  shell wall 

Distance from inner  surface  to  shear 
center of she l l  wall 

Young's modulus of skin 

Poisson 's   ra t io  of s k i n  

Thickness  of skin 

= 0 i f   s t i f f e n e r s  are rectangular 
= 1 i f   s t i f f e n e r s   a r e  not rectangular 

Stringer  spacing 

Ring spacing 

= 0 i f   s t r i nge r s   a r e   i n s ide  
= 1 i f  s t r ingers   are   outs ide 

= 0 i f   r ings   a re   ins ide  
= 1 if rings  are.  outside 

Thickness  of rectangular  str inger 

Thickness of rectangular  ring 

Height  of rectangular  str inger 

Height  of rectangular  ring 

Cross-section area of s t r inger  

Moment of i n e r t i a  of s t r inger  
with  respect   to  i t s  neutral  axis  



Table 5 (Cont Id) 

- . ". " "  

~~~~ 
~ 

DESCRIPTION 
~ ~~ . .. . . 

~ "" 

Torsional  constant  for  stringer 

Distance from neutral  surface of 
s t r inge r   t o   sk in  midsurface 

Cross-section area of  ring 

Moment of i n e r t i a  of r ing 
with  respect t o  i t s  neutral   axis 

Torsional  constant  for  ring 

Distance from neutral  surface of ring 
skin  midsurface 

Young's modulus 

Poisson I s  r a t i o  

Skin  thickness 

Angle between s t i f f ene r s  and she l l  
meridian 

Stiffener  spacing  (along  circumference) 

Stiffener  thickness 

Stiffener  height 

= 0 for   inside  s t i f fening 
= 1 for   outs ide  s t i f fening 

. .  

Young's modulus fo r   f i be r s  

Young's modulus for  matrix 

Poisson ' s   ra t io   for   f ibers  

Poisson 's   ra t io   for  matrix 

Number of layers 

WALL = 

2 

3 

4 
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Table 5 (Cont Id) 

4 

DESCRIPTION 

= 0 rings and s t r ingers  not t o  be added 
= 1 rings and s t r ingers   to& added 

Thickness  of layer 

Matrix  content  (by volume) 

Winding angle 

Contiguity  factor  (See  Section 1 
of Vol. 2 ) 

~" ~~ . ~ 

Number of layers 

= 0 rings and s t r ingers  & t o  be added 
= 1 rings and s t r inge r s   t o  be added 

= 0 for   isotropic  layers 
= 1 for  orthotropic  layers 

Thickness  of layer 

Young's  modulus 

Poisson's  ratio 

Shear modulus 

Modulus i n  meridional  direction 

Modulus in   c i rcumferent ia l   d i rect ion 

Poisson's  ratio. 
"" 

Young's modulus 

Poisson's  ratio 

= 0 rings and s t r ingers  not t o  be added 
= 1 rings and s t r i n g e r s   t o  be added 

Dimensions of corrugated  sheet 
C,  h, dB t, b, respectively  in  Fig.  3, VOl. 2 

21  



Table 5 (Cont'd) 

NWUL = 1 VARIABLE 

7 I E  
I u  

El, E2 

u1, u2 

xs, XR 

D l ,  D2 

Alp  A2  

X I 1 ,  x12 

X J 1 ,  XJ2 

AKI. 

AK2 

. . . . . . - 

DESCRIPTION 

Young's  modulus  of corrugated sk in  

Poisson 's   ra t io  of corrugated  skin 

= 0 rings and s t r ingers   to   be  added 
= 1 rings and s t r i n g e r s   t o  added 

Dimensions of corrugated  skin 
c,  h,  d, t, b,  respectively i n  Fig. 3, Vol. 2 

Reduction fac tor   for   to rs iona l   s t i f fness  
See Section 1 of Vol. 2 

Young's modulus of smooth s k i n  

Poisson's  ratio of smooth skin 

Thickness of  smooth skin 

= 0 for  inside  corrugation 
= 1 for  outside  corrugation 

Young's  modulus of s t r inger  and r ing  

Poisson's  ratio of s t r inger  and ring 

Distance from neutral  surface of s t r inger  
and r ing   to   c loses t   she l l   sur face  

Spacing of s t r ingers  and rings 

Cross-section  area of s t r ingers  and rings 

Moment of i n e r t i a  of s t r ingers  and 
rings  with  respect  to  their   neutral   axes 

Torsional  constants  for  str ingers and rings 

= 0 str ingers   inside 
= 1 stringers  outside 

= 0 rings  inside 
= 1 rings  outside 
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Table 6 

SHELL GEOMETRY DATA 

NCST 

1 

Cone o r  
Cylinder 

2 

Spherical 

Segnent 

"~ " . 

3 

Toroidal 

Segment 

General 

She l l  

SL 

ALPH 

R P T  

A L P H l  

ALPH2 

ALPHl 

ALPH2 

ALPHAT 

DESCRIPTION 

Shell  radius a t  small end of cone ( t o  
inner  surface of she l l  wall)  

Slant   length  (shel l   length  for   cyl inder)  

Half-angle  of cone (zero  for  cylinder) 

Radius  of sphere  (to  inner  surface of 
she l l  wall) 

Angle between she l l   ax is  and normal 
t o  meridian a t  A, Fig. la 
(in  degrees) 

Angle between she l l  a x i s  and normal 
t o  meridian a t  B, Fig. la 
(in  degrees ) 

Meridional  radius of curvature  (positive 
number) (see  Fig.   la)  

Angle between equator and normal to 
meridian a t  point A .  (radians,  positive number) 

Angle between equator and normal t o  
meridian a t  point B .  (radians,  positive number) 

Distance from axis  of rotat ion  to   center  
of curvature of meridian  (can  be a 
negative number) 

Note:  the  points A and B must l i e  on the same 
side of the crown of the  torus.  (see  Fig. l a )  

Number of (ZI ( I ) ,   RI (1) )   pa i r s   to  be  read. 
NRZIN must be  less  than 100 

Distances from axis  of revolution t o  point 
on s h e l l  meridian 

Axial  coordinate measured from point A .  
(see  Fig. 1) 
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Table 7 
BOUNDARY CONDITION DATA 

1 

NTYPEA 

1 

2 

~ VARIABLE I DESCRIPTION 

KA1 

KA2 

KA3 

KA4 

KA5 

EXA 

= 0 s h e l l  i s  f r ee   i n   r ad ia l   d i r ec t ion  

= 1 she l l  i s  restrained  against  radial 
( H  = 0)  

displacement  (u = 0)  H 

= 0 s h e l l  edge i s  f r e e   t o   r o t a t e  (M1 = 0 )  

= 1 she l l  edge i s  restrained  against  
rotation (w = 0 )  

X 

= 0 she l l  edge i s  f r ee  i n  
tangential   direction (N12 = 0 )  

= 1 she l l  edge i s  restrained  against  
tangential  displacements (v  = 0)  

= 0 she l l  edge i s  f r e e   i n  ax ia l  
direction (N1 = 0 )  

= 1 s h e l l  edge i s  restrained  against  
axial  displacements (uv = 0)  

= 1 axial  load i s  applied  through 
neutral  surface of shell wall 

= 2 axial   load i s  applied  through  shear 
center of she l l  wall 

= 3 neither of above applies 

Distance from l ine  of load  application 
to  inner  surface of she l l   ( pos i t i ve   i f  
load  applied  outside) 

"- 

e la s t i c   r e s t r a in t  i n  radial   d i rect ion 

M = O  
= 1 elas t ica l ly   res t ra ined   ro ta t ion  

LA3 i = 0 N12 = 0 
= 1 e las t i c   r e s t r a in t   i n   t angen t i a l   d iEc t ion  
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Table 7 (Cont 'd )  

NTYPEA 

2 

3 

4 

VARIABLFI 

LA4 

ALll, a121 
e t c .  

ALllP, e t c  . 

I A 1 ,  IA2 
IA3, I A 4  
IA5, EXA 

RSA 

EA 

AREAA 

FTXA 

FT YA 

R X Y A  

G J A  

GAMMAA 

ECCA 

FIPA 

PSIA 

T1A 

A 

~~ ~ " _  
. .. ". ~ ~~ 

~ ~~ 

DESCRIPTION 
" i . .  ~~ 

= O  N1 = 0 
= 1 e las t i c   r e s t r a in t   i n   ax i a l   d i r ec t ion  

St i f fness   coeff ic ients   for   substructure .  
See discussion below 

Corresponding coef f ic ien ts   in  
prebuckling  analysis 

~ ~- 
Same meaning as the KA1 - KA5 and EXA 
under NTYPEA = 1 above 

Radius of pa ra l l e l   c i r c l e  measured 
to  shear  center of ring  at. A (see  Fig. L )  

Young's modulus of ring 

Cross-section  area of ring 

Moment of i n e r t i a  about  axis  in  plane 
of ring  (about  centroid) 

Moment of iner t ia   about  a x i s  normal 
t o  plane of ring  (about  centroid) 

Product of i n e r t i a  of r ing 

Torsion  constant of ring 

Warping function 

Distance from inner  surrace of s h e l l   t o  
centroid of ring  (posit ive outward) 

Polar moment of i n e r t i a  

Radial  force  per  unit  length of 
circumference  applied to   r ing   (pos i t ive  
outward) 

Twisting moment per u n i t  length of 
circumference  applied to   r i ng  
(positive  counterclockwise) 

Any t ex t  punched  on a card will bc  printed. 
This  can  be  used fo r   i den t i f i ca t ion  of 
boundary conditions. If NTYPEA = 4 and no 
message is  desired a blank  card must be 
included 
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NTYPEA 

4 

NTY€TB = 

1, 21 3,4 

VARIABLE 

Table 7 (Cont 'd) 

BA11, BA12 
e tc  . 

PSIA, T U  

A 1  1 
Variables 

DESCRIPTION 

Coeff ic ien t   in  boundary conditions. 
See E q s .  (3) and ( 4 )  

Same meaning as under NTYPF,A = 3 above 

Same meaning as f o r  NTYPEA = 1, 2, 3 ,  4, 
except  that TlB, the  applied moment a t  B 
i s  clockwise  positive 
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Flow o f  Calculations 

Figure 3 shows the  f low  of  calculations i n  the  computer  program. Once 

the  geometry, s t i f f n e s s   c o e f f i c i e n t s ,  and  boundary  condition  coefficients 

are ava i l ab le ,  the load-independent  variable  Coefficients  of  the  differential  

equat ions  governing  e tabi l i ty  are ca l cu la t ed  a t  each  of  .the  meridional  stations 

i n  the   f i n i t e -d i f f e rence  mesh. These c o e f f i c i e n t s  are s t o r e d   i n  two a r r ays  

C ( 1 ,  J )  and CNdNL(1, L)  . They are   used   in   the   ca lcu la t ion   of   the   nonl inear  

a lgebraic   equat ions which are obtained  by  introduction  of  the  5-point  finite- 

d i f fe rence   express ions   in to   the   d i f fe ren t ia l   equa t ions .  These c o e f f i c i e n t s  

a re   ca lcu la ted  in GUBROUTWE BEQUAS. 

From Fig. 2 ,  it can be seen t h a t  a l l  of t he   ca l cu la t ions  

described so far a r e  performed i n   t h e   f i r s t   l i n k  of the  overlays.  The 

quant i t ies   required  by the program f o r  computation  of  the  buckling  load  are 

a l l  s tored i n  c e l l s   o r   a r r a y s  which occur i n  COMMON in   t he  mnin program 

MAINP. Hence, the f i rs t  l i n k  i s  no longer  needed  for  the  current  value of N, the 

wave  number. 
The buckling  load i s  calculated i n  Links  2 and 3 of the  overlay.   I f  

l i nea r   t heo ry  i s  used,  only Link 3 (MAIN2) i s  needed. I f   nonl inear   theory 

i s  used  both  Links 2 and 3 a r e  need.ed. In a typical   case  the  f low of 

calculations  might  be as follows: INDIC i s  i n i t i a l i z e d  as 0, so t ha t   l i nea r   t heo ry  

i s  used   to   ca lcu la te   the   buckl ing   load   for  N = NO. N i s  increased  by INCR, 

and 8 new buckling load ie calculated f r o m  linear theory. If the Reconrl load 

i s  smaller t h a n   t h e   f i r s t ,  N is  again  incmasedby INCR and  another  buckling 

load  obtained.  Calculntione  proceed  unti l  8 minimum buckling  load Rll@(N) 
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has  been  found. If   the  second  load is greater   than  the f irst ,  the sign of 

INCR i s  reversed,  and a buckling  load i s  obtained  for  N = NO - ( INCRI  

Calculat ions  proceed  unt i l  a minimum buckling  load has been  found. A l l  of 

the  subroutines  except BBB are required  in   the  calculat ion  of   the  buckl ing 

loads from l i n e a r   t h e o r y :   I n  RINGN the  boundary  coefficients BA and BB i J  13 
are calculated anew for  each  value of N; in CBCfiR t he   coe f f i c i en t s  C ( 1 , J )  

and CN/dTJL(I,L) ca l cu la t ed  i n  BEQUAS a r e   c o l l e c t e d   t o  form t h e   f i n a l  

c o e f f i c i e n t s  C ( 1 , J )  of t he   s t ab i l i t y   equa t ions ;   i n  AB1 and EXCH the  banded 

s t a b i l i t y   m a t r i x  A corresponding t o  the  f ini te-difference  equat ions is 

calculated;  i n  BPWR a banded  matrix B correspondfng to   the   t e rms   mul t ip l ied   by  

the  eigenvalue  ( load) i s  calculated; i n  EIGEN and VECT the   e iBnva lue  is 

ca lcu la t ed  fran the  power-iteration method (Ref. 1 2 ,  Vol. 2) ; i n  MPIL)E t h e  buckling 

mode shape i s  calculated;  and in 6UT3 the  buckling  load, wave number, and mode 

shape  can be printed  out .  

Once t h e   m i n i m  R H b ( N )  has been  calculated from l inear   theory,  I N D I C  is 

s e t   e q u a l   t o  1 and  the m i n f m  RHj$(N) i s  calculated from nonlinear  theory . 
In these   ca lcu la t ions  NO i s  i n i t i a l i zed   t o   t he   va lue   o f  N f o r   t h e  minimum 

buckling  load  calculated from l inear   theory ;  R H b  is i n i t i a l i z e d   t o   z e r o ;  

STEP0 is i n i t i a l i z e d   t o  RHbdn/5 and RHfh i s  s e t   e q u a l   t o  2xRHbmin . Pre- 

buckling  stresses  and  displacements are c a l c u l a t e d   f o r   t h e   f i r s t   s t e p  i n  the 

load.   This   calculat ion is made i n   t h e  second link of the  overlays.  Values  of 

the  dependent  variables  obtained  from  linear  bending  theory are used as 

s t a r t i n g  values f o r  the Newton-Raphson process. When the  converged  solution 

of the  prebuckling  problem has been  obtained,  the  third l i n k  i s  c a l l e d   i n t o  

corer and  the  s tabi l i ty   determinant  i s  calculated f o r  the  current   value of RH#. 
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With  increasing  values of the   l oad ,   ca l cu la t ions   a l t e rna te  between the  second 

and t h i r d   l i n k s   u n t i l   t h e   p o i n t  i s  determined a t  which the  stabil i ty 

determinant first Vanishes  within a preassigned  accuracy. For each new value 

of t he  load, the prebuckl ing  solut ion  found  for   the las t  value  of the load 

is used as a s t a r t i ng   va lue .  A minimum RHj$(N) is again computed. 

In the  second l i n k  two branches are provided   for   the   ca lcu la t ion   of   the  

prebuckling stresses and  displacements: one for   the   case  of c y l i n d r i c a l   s h e l l s  

(SUBROUTINE CYL),and  one for   o ther   she l l s   o f   revolu t ion  (SUI)ROUTINE PEG). The 

subroutine CRj$SIM, which i s  cal led  f rom CYI,, ob t a ins   t he   so lu t ion   fo r   t he  

boundary  condition  coefficients Bi which occur in   t he   p rebuck l ing   so lu t ion   fo r  

u In the  cylinder  branch.  Subroutines  called  from SUBROUTINE PRE are: Ho 
RINGP, which ca l cu la t e s   t he  BA and BB f o r  the prebuckled  shell   with  edge 

13 13 
rings;  EQUAS, which calculates   the  load-independent   coeff ic ients  of t he  non- 

l i nea r   p rebuck l ing   d i f f e ren t i a l   equa t ions ;  L f h S ,  which c a l c u l a t e s   t h e   s t a t i c a l l y  

determinate   ver t ical   force/-  = rV; CpB2, which ca l cu la t e s  the f ina l   l oad -  

dependent   coeff ic ients  of the  prebuckling  equations; AA2 and AA3 which c a l c u l a t e  

t he  banded coef f ic ien t   mat r ices   needed   for   each   i t e ra t ion  of the Newton- 

Raphson process; VECT2, which c a l c u l a t e s  the r ight-hand-side  of   the  l inear  

system fo r   each   i t e r a t ion   o f   t he  Newton-Raphson process; PREB, which ca l cu la t e s  

prebuckling  changes in curvature  and stress resultants  from  the  dependent 

va r i ab le s  fi and f; FINDUVo which ca lcu la tes   the   ver t ica l   d i sp lacement  

d i s t r i b u t i o n ;  AA, which c a l c u l a t e s   t h e   s t a b i l i t y   m a t r i x  for t h e  case N = 0; 

EIGENl, which c a l c u l a t e s   c o r r e c t i o n   f a c t o r s   f o r   t h e  'Duckling  load when N = 0 ; 

and fh2, which causes the  prebuckl ing  solut ion t o  be p r i n t e d  out for t h e  

current   value of the   load  RHb. 



I n  t h e   t h i r d   l i n k   t h e   s t a b i l i t y   d e t e r m i n a n t  i s  c a l c u l a t e d   i n  BUCK. The 

subrout ines  shown i n  Fig.  2 i n  t h e   t h i r d   l i n k  are all c a l l e d  from BUCK except 

f o r  BFWR. Subroutine BBB ca l cu la t e s  a banded matrix B which contains  rates of 

change of the   p rebuckl ing   quant i t ies   wi th   load .  
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Section 3 
INPUT QUANTITIES WHICH REQUIRE W N T  

Some judgment i s  requi red   in   the   se lec t ion  of some of the   input   quant i t ies  

l i s t e d   i n  Table 3 .  A knowledge of shell theory i s  he lpfu l   in  this 

regard. The quant i t ies   are   given  below.  

1. ERR Maximum al lowable  error   in   prebuckl ing  solut ion  and  in   buckl ing 

load. For example, i f  ERR = 0.001 the  buckling  load i s  calculated 

to   t h ree   s ign i f i can t   f i gu res ,   t he   p rebuck l ing   so lu t ion  i s  judged 

t o  have  converged when consecut ive  i terat ions  yield  the same r e s u l t  

t o   t h r e e   s i g n i f i c a n t   f i g u r e s .  ERR should  be somewhere between 0.01 

and 0.0001. For most appl icat ions ERR = 0.01 y ie lds   r e su l t s  which 

a re   accura te  enough for   p rac t ica l   purposes .  A demand f o r  more 

accuracy   na tura l ly   increases   the  computer  time  required  per  case. 

2.  RH@ Ini t ia l   value  for   the  buckl ing  parameter  must be  chosen  such t h a t  

i t s  absolute  value i s  below the  lowest  eigenvalue.   If  one wishes 

t o  proceed to   calculate   the  second  e igenvalue,  however, RH@ must, 

of  course,   be  larger  in  absolute  value  than  the f i rs t  (already 

known) eigenvalue. The s ign of RHb must be  correct..  For example, 

a x i a l  compression, or external   pressure  correspond  to   negat ive 

values . 

3. STEPO In i t ia l   va lue   for   load   increment .  The choice of STEPO and R H 6 0  

above i s  important   for  economy in   t he   ope ra t ions .  The s ign of 

STEPO i s  s ignif icant ,   negat ive  values   corresponding t o  a x i a l  

compression or external   pressure.  
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4. R H f h  Maximum allowable  absolute value of the  buckling  load.  Absolute 

value of an  upper limit for   the   e igenvalue .  The s e a r c h   f o r  a 

zero   c ross ing  i s  terminated a t  t h i s   v a l u e .  Remember t h a t  R H h  

should be a t  least one s t ep  beyond the  maximum expec ta t ion   fo r   t he  

e igenvalue   cor responding   to   the   in i t ia l  wave number. If l i n e a r  

theory i s  used, no value  need be assigned,as  one i s  ca lcu la ted  

i n t e r n a l l y  from the  resul ts  of   l inear   theory .  Use pos i t i ve   va lues  

only.  

5 .  N1 Number o f   mer id iona l   i n t e rva l s   i n   t he   f i n i t e   d i f f e rence  mesh. 

(The number of  meridional  stations  equals N 1  + 1.)  This i s  an 

important  parameter, as the  accuracy of t h e   r e s u l t s  depends  on 

i t .  It i s  d i f f i c u l t   t o  make a general   statement about; w h a t  

N 1  should  be, as it  depends  not  only on s h e l l  geometry  but  also 

on loading. A good way t o  determine  the  accuracy of the resu l t s  

i s  t o   r u n   t h e  same case  with two or more d i f fe ren t   va lues   o f  N 1 ,  

say 30 and '70. The results  should  approach a d e f i n i t e  limit as 

N1 increases .  If stresses  and  displacements  vary  rapidly 

over a small are& of the   she l l   su r f ace ,  a la rger   va lue  of N 1  will 

be needed. N1 must  always  be less than 100. Numerical d i f f i c u l t i e s  

may be  encountered as N1 i s  increased.   This  i s  discussed  and 

examples are   presented i n  Vol .  1. 

- 

6. ITER The maximum number of i t e ra t ions   in   the   nonl inear   p rebuckl ing   so lu t ion .  

The  Newton-Raphson  scheme usually  converges  very fast, and 

consequently I T E R  should  not be large.  Try  between 5 and 10 f o r   i n p u t  

values  . 

7 -  NO I n i t i a l  guess f o r   t h e  number of c i rcumferent ia l  waves i n   t h e  

buckl ing  pat tern.  Any loads  calculated  with N = 1 should  be 

regarded  with  suspicion,   s ince  the  s tabi l i ty   equat ions  general ly  do 

not   apply.  It should  be  pointed  out  that when N 0 the  

axisymmetric  collapse  load i s  calculated.   Since  the  buckl ing  load 

R H 6  i s  a function  of N ,  t he  number of   c i rcumferent ia l  waves i n   t h e  

buckl ing   pa t te rn ,  i t  i s  necessary t o  f i n d   t h e  N f o r  which R H b ( N )  i s  
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a minimum.  Much computer  time  can  be  saved  by a good choice  of 

NO. Experimental  evidence i s  very  useful  i n  th i s   regard .  If 

none i s  avai lable ,   t ry   the  fol lowing  formulas:  

1. For monocoque deep shel ls ,   axial   compression:  
~" 

N = [(nominal circumferential  rad.  of  curv.)/t]1'2(l - v2) 

2. For -shall-ow  -sp.herizKl-  caps  supported  rigidly a t  t h e i r  edges; 
~ 

externai   pressure 
- 

N = 1.8 * a2 * (R/t )1/2 - 5 

3. For   ax ia l ly  ... . compressed . conica l   she l l s  & frustrums 
~~ ~ 

Use formula 1 where the  circumferential   radius of curvature,  
R, i s  the  average of the  curvatures a t  the  ends. 

4. @-heric-al ." -s.egme.nts of any  depth  under  axial  tension 

N = 1.8*(R/t)1'2 s i n  [cyl 4- 4.2( t /R)  1/23 

where el and a2 a r e  shown i n  Fig.  l a .  

The above l i s t  of formulas i s  by no means complete. However, 

not ice  t h a t  ( R / t ) l l 2  i s  a s ignif icant   parameter .  If N is known 

f o r  a s h e l l  of a given  geometry  loaded i n  a c e r t a i n  way, a 

new value  can be predic ted   for  a new R / t  through  the knowledge 

t h a t  N of ten seems to   vary  as ( R / t  ) 1'2. ( R  i s  the 

circumferential   radius of curvature.  ) Experience i n  the  use of 

t he  program will l e a d   t o   f u r t h e r  competence i n   t h e   s e l e c t i o n  

of   the  appropriate   values   for  NO, t h e   i n i t i a l   g u e s s  a t  N .  

8. INCRO In i t i t a l   va lue   fo r   t he   i nc remen t   by  which N is i nc reased   i n   t he  

search   for   the  minimum RHj$(N); should  be  posi t ive.   For  example, 

i f  one i s  c e r t a i n   t h a t  the N corresponding t o  the minimum 

buckl ing   load   l i es   in   the   range  2 5 N 5 5 ,  one  would choose 

INCRO = 1. However, i f  one knows that N l ies  i n  the 

range 50 5 N 5 100, one  might  choose INCRO = 10 and zero i n  on 
a more accurate   value  in   an  addi t ional   run.  
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9 .  NMAx 

10. NMIN 

11. BA11, 
BBll, 

Upper limit of the  wavenumber range t o  be  searched f o r  a minimum 

load.   Natural ly  i t  should be made larger   than  the  value of N ,  

which  one suspects   corresponds  to   the minimum RH$$(N).  

Lower limit of the  wavenumber range. Make it smaller than 

suspected N f o r  minimum RH$$(N).  With regard   to   bo th  NMAX and 

NMIN, it i s  o f t e n   u s e f u l   t o   f i n d   t h e  RHd(N) which i s  minimum 

as predic ted   by   the   l inear   theory   on ly  ( N L I N  = 1). If f o r  some 

reason, one i s  in t e re s t ed  in ca lcu la t ing  R H 6  f o r  a s ingle   given 

value  of N .  NMAX and NMIN should  both be set  e q u a l   t o  NO.  

BA12. . . ~ A 4 8  
BB12. . . ~ ~ 4 8  

Boundary c o n d i t i o n   c o e f f i c i e n t s   e i t h e r   r e a d   i n  or ca lcu la ted  

i n t e r n a l l y .  Some judgment may be r e q u i r e d   i n   o r d e r   t o  model a 

given  engineering  problem  in  an  appropriate  manner. 

She l l  Wall Parameters 

Equat ions  for   the  s t i f fness   coeff ic ients   can  be  der ived as shown in   Sec t ion  1 

of Vol. 2 for any  type  of  shell  wall. By use of desk  computer or  s l i d e  rule 

these  coefficients  can  be  determined  and  read  in  through  subroutine C F B 1 .  It 

i s  a l s o   p o s s i b l e   t o  program the  computations i n  a separate  subroutine,  which 

is subs t i t u t ed  fo r  the  dummy rout ine m 8 .  
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The subroutine CFB2 f o r   r i n g  and s t r inge r   s t i f f ened   cy l inde r s  i s  based 

on the  assumption t h a t  t h e   s t i f f e n e r s  and skin are of  the same mate r i a l .  For 

c a s e s   i n  which t h i s  i s  not   the  case,   and  a lso  for  monocoque s h e l l s  it is  possible  

t o  use  the  rout ine  for   1ayered.shel ls .  The subroutine CFB5 i s  used   for  a shell with 

only one l aye r .  With ANRS set eqdal t o  un i ty ,   s t i f f ene r s  w i l l  be included. 

Boundary  Conditions 

For   the  case  in  which t h e   s h e l l  i s  supported  by  an  e las t ic   substructure ,  

r ig id   suppor t  as well  as complete  freedom may be  provided i n  any  of  the  directions 

p r i n c i p a l   d i r e c t i o n s .   I f   f o r   i n s t a n c e   t h e  edge i s  completely  free from 

r o t a t i o n a l   r e s t r a i n t   t h e   i n t e g e r  LA2 should  be zero.  E l a s t i c   r e s t r a i n t  i s  

o b t a i n e d   i f  LA2 i s  s e t   e q u a l   t o   u n i t y  and the   subs t ruc ture   s t i f fness  (AL22) i s  

assigned i t s  proper   va lue .   I f   the   res t ra in t   aga ins t   ro ta t ion  i s  complete 

LA2 = 1 and AL22 = 0 .  The s t i f fness   coef f ic ien ts   a re   def ined   in   Table  8 

Table 8 STIFFNESS OF  SUBSTRUCTURE 

A Unit  Value  of 
~~ 

Causes the  following  displacements - 

4 U H rB V U V 

r H  ALll 

M1 

rN12 
AL!44 a 3 4  AL24 AL14 l-V 

a 3 3  a 2 3  AL13 
AL12 AL22 

. . .  ~~ ~ 
~~~ . . 



A l l  of   those  coeff ic ients  need t o  be  determined  only i f   t h e r e  i s  e l a s t i c  

suppor t   i n  a l l  of the   p r inc ipa l   d i rec t ions .   Table  9 shows w)licll of t h e  

c o e f f i c i e n t s  need t o  be  determined  for  the  different  possible  combinations 

of   the  governing  integers .  

Table 9 STIFFNESS COEFFICBNTS FBQUIRED 
I N  THE ANALYSIS OF ELASTICALLY 
SUPPORTED SHELLS 

x i nd ica t e s   t ha t   t he   coe f f i c i en t  must  be  computed 

In   gene ra l   t he   s t i f fnes s   coe f f i c i en t s  f o r  the  substructure  are  dependent 

on a number of waves in   the  displacement   pat tern.   Therefore ,   the   s t i f fness  

coef f ic ien ts   in   the   p rebuckl ing   ana lys i s  are read  separately.  They a r e  
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defined as follows 

ALllP i s  radial   displacement  of  substructure due t o  a 

uni t   va lue  of r H 

AL12P i s  radial   displacement of substructure due t o  a 

uni t   va lue  of M1 

AL22P i s  value  of r $ due t o  a unit   value  of M1 

For LA1 = 1 , LA2 = 1 compute ALllP , AL12P , AL22P 

LA1 = 1 LA2 = 0 compute A L l l P  

LA1 = 0 LA2 = 1 compute AL22P 

LA1 = 0 LA2 = 0 compute  none 

The branch i n  which a l l  of t he   coe f f i c i en t s  of the  boundary  conditions  are 

d i rec t ly   read  from data  cards i s  added to  provide  complete  generali ty.  It would 

for  instance  be  used wkletl the  boundary  conditions  require t h a t  displacements 

or loads i n  other  t h a n  tile pr incipal   d i rect ions  be  zero.  

I n t e r n a l l y  i n  the  program a l l  quantit ies  are  nondimensionalized  such t h a t  

the s l ie l l  wall s t i f f n e s s   c o e f f i c i e n t  C11 and the distance  between two neighboring 

p o i n t s   i n   t h e   f i n i t e   d i f f e r e n c e  mesh equal   uni ty .  T h i s  cannot  be done f o r  

t he   coe f f i c i en t s  of the  boundary  conditions  in t h i s  branch  of  the program. I f  

eitller  displacements or l oads   i n  some specif ied  direct ion  equal   zero  there  would be 

no problem b u t   i f   e l a s t i c  boundary  conditions are used i n   t h i s   b r a n c h  of the  

program, (NTY€'EA or NTYPEB = 4)  it i s  necessary that t h e   s h e l l  be appropriately 

scaled  before  computations  such that the  above  mentioned quant i t ies   equa l  

u n l   t y  . 
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Limitations of  the Program 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

The loading on t h e   s h e l l  must be axisymmetric. The pressure  applied must 

be constant   a long  the  meridian.   Shel l  wall properties  along  the  meridian 

must be  constant.  

In   s tudies   involving  imperfect ions,   the   imperfect ion must be  axisymmetric. 

S ince   the   s tab i l i ty   ana lys i s  i s  based on "Donnell-type"  equations, 

the  buckling  loads  calculated f o r  low values of N ,  the   c i rcumferent ia l  

wave number, may not  be  accurate i f   t h e   s h e l l  i s  not  geometrically  shallow. 

For example,   the  buckling  loads  predicted  for an external ly   pressurized 

cy l ind r i ca l   she l i   a r e   abou t  33$ too  high when N = 2 and  about l$ too  high 

when N = 3. 

Any resu l t s   ob ta ined  f o r  buckling modes i n  which N = 1 a r e   n o t   t o  be 

. trusted.  Such a buckling mode of ten has a large  r igid-body component. 

Rigid-body  motions a re   no t   adequate ly   accounted   for   in  a "Donnell- 

type  analysis  . 

The buckl ing  analysis   does  not   s t r ic t ly   hold  for   shel lswhose  meridians  are  

not smooth. A she l l   wi th  a ridge  can  be  analyzed, however,  by 

"smoothing"  the  meridian i n   t h e  neighborhood of the  r idge.  Composite s h e l l s  

cannot  be  analyzed  directly  with  the program i n  i t s  present form. An 

ana lys i s  of a composite she l l   s t ruc tu re   r equ i r e s   t ha t   t he  components a r e  

analyzed  separately  with due consideration  to  e. lastic  support   protrided 

by  the  other components. 

The ana lys i s  i s  v a l i d   o n l y   f o r   e l a s t i c   s h e l l s  of r evo lu t ion .   P l a s t i c i ty  

can  presently  be  accounted  for  only  by  use  of  an  "effective" modulus of 

e l a s t i c i t y .  

The program i n  i t s  present  form ca lcu la tes   on ly   the   genera l   ins tab i l i ty  

mode of f a i l u r e .  Thus, i f  a s t i f f e n e d   s h e l l  i s  being  analyzed, it may be 

necessary   to   check   for   loca l   buckl ing   in  a separa te   ana lys i s .  
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8. If the shell  i s  bounded by  r ings,   the  shear  center  and  centroid of t he  

r ings  must coincide.  

9. The maximum number of  meridional  points i s  100 ( N 1  = 99) . This  may not 

be  adequate  for shells i n  which the prebuckling  stresses  and  displacements 

v a r y   r a p i d l y   i n  the neighborhood  of the  boundaries. Cn the o the r  hand, i f  

the  buckl ing mode shape  involves much of   the   she l l   sur face ,   the   ca lcu la ted  

buckling  load m y  represent a good approximation  even  though  the  prebuckling 

stresses and displacements i n  the  neighborhood  of t h e  boundaries are 

not  accurate.  

P o s s i b l e   P i t f a l l s  

Grea t   e f fo r t  has been made t o  make use  of  the B&$R computer  program as easy 

as possible .  However, the subject  i s  rather  complicated  and  there are a 

few poss ib le   p i t fa l l s   the   user   should   be  aware o f .  If resu l t s   a re   re turned  

from the  computer  program  which  indicate that something may be wrong the 

input  data should, of course, f i rs t  be carefully  checked. Th i s  i s  f a c i l i t a t e d  

by   t he   i den t i fyhg   ou tpu t   p r in t ed  w i t h  each  case. It may be a good i d e a   a l s o  

to   r e run   t he   ca se  with u t i l i z a t i o n  of the  optional  output  (prebuckling 

deformations  and  buckling  mode). From these   da ta  it i s  fo r   i n s t ance   ea sy   t o  

see whether  appropriate  boundary  conditions are s a t i s f i e d .  

It i s  possible  t ha t  t h e   c r i t i c a l   l o a d  has more than one minimum with 

r e s p e c t   t o   t h e  wavenumber, bu t  the program  seeks  only a s ing le  minimum value 

of  the  buckling  load RH6 as a function  of N. For  example, a x i a l l y  compressed, 

eccent r ica l ly   loaded   to ro ida l   segnents   exhib i t  this behavior.  There are a t  

least two  minima each  corresponding  to a different  kind  of  buckling:  buckling 
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due t o   c r i t i c a l   a x i a l   s t r e s s e s ,  and  buckling due t o   c r i t i c a l  hoop stresses. 

If it i s  suspected  that   th is   behavior  is  poss ib l e   i n  some case,  then  the two 

corresponding  ranges of N should  both  be  explored. 

A check  should  generally  be made of the  convergence  of  the  buckling 

load with the  number N1 of mer id iona l   in te rva ls .  An increase of the number of 

meridional   intervals  may not   necessar i ly   resu l t   in   increased   accuracy  of the 

ca lcu la ted   buckl ing   load ,as   numer ica l   d i f f icu l t ies  may be  encountered. T h i s  

i s  p a r t i c u l a r l y   t r u e  of ring-supported  shells which buckle   into two 

circumferent ia l  waves.  See Vol. 1 of t h i s  r e p o r t   f o r   f u r t h e r   d e t a i l s   i n  t h i s  

regard.  

The numer i ca l   d i f f i cu l t i e s  may cause  convergence f a i lu re   i n   t he   e igenva lue  

procedure .   S imi la r   d i f f icu l t ies  w i l l  be  encountered  also i f  the f i rs t  two 

eigenvalues   are   c lose  together .   In   the  la t ter   case it i s  of course  possible 

t h a t  two eigenvalues  are  bypassed  in one s t e p   i n  which case  the  determinant 

never  changes  sign. It i s  therefore  worthwhile  in most cases   to   s tudy   the  

values  of  the  determinant  which  always  are  printed  versus  the  applied  load. If 

t he re  i s  an  indicat ion that two zero-points have  been  bypassed  the  case must be  rerun 

with a smaller value of STEPO. I f  numerical   d i f f icul t ies   are   encountered 

this would r e s u l t   i n   e r r a t i c   v a r i a t i o n s  i n  the  determinant.   If   the  determinant 

var ies   smoothly  but   convergence  diff icul t ies  s t i l l  are  encountered it i s  

poss ib l e  that the re  i s  another  eigenvalue  close  to  the  lowest.  For the   ana lys i s  

of such  cases it i s  p o s s i b l e   t o  make the  program  ignore  sign-changes i n   t h e  

determinant  and  thus  terminate  with  the  value  of  the  determinant a t  RH6 = RH6M. 
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Section 4 

OUTPUT FROM B ~ S ~ R  

Sample data cards  and  corresponding  output  are  given  for  f ive  cases  in 

Appendix A. Notice t h a t  some b lank   l ines   occur   in   the   input   da ta .   Blank   l ines  

correspond to   b lank   da ta   cards .  These cards  correspond  to  zeroes  read  in,   and 

must  be  included. 

CASE #1 

The f irst  case  involves  the  calculation of the  buckling  load of a n  a x i a l l y  

compressed (LbAD = 3) ,  l ong i tud ina l ly   s t i f f ened  (WALL = 2)  cy l ind r i ca l  

sile11 (NCST = l), supported a t  the edges  by  rings  of  square  cross-section 

(NTYFTA = 5, NTYPEB = 3) .  The s t i f f ene r s   a r e   r ec t angu la r  i n  c ross   sec t ion .  

The buckling  load i s  calculated  from  both  the  l inear  and  the  nonlinear  theories.  

(INDIC = 0,  NLIN = 0,  NDET = 0 ) .  

On the f i r s t  page  of  output  the shell  material p rope r t i e s ,  geometry,  and 

type of  loading are given. Data a l so   appears   for  t h e  s t i f f e n e r  geometry  and 

spacing. The  number of i n t e r v a l s  N 1  i n  t h e  f i n i t e   d i f f e r e n c e  mesh I s  21. The 

cons tan t   "~urcharge l~   loads  R l V l O  and PO are  zero,  and RATIPS i s  zero  since the 

shell i s  submitted t o  pure  axial  compression  and  not some combination of 

external  pressure  and axial compression. The boundary  conditions are a160 

ca l led   ou t  on the first page  of  output. I n  the  first case symmetry of 

prebuckling  and  buckling  behavior i s  spec i f i ed  a t  A (NTYPEA = 5) (see Fig.  1). 

A t  B the shel l  i s  supported  by an e l a s t i c   r i n g  of square  cross-section 
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(NTYPEB = 3 ) .  The r ing   p rope r t i e s   p r in t ed   ou t  are i d e n t i f i e d  i n  Table 7 . 

On the  remaining  pages  of Case #1 buckling  loads are given from l i n e a r  and 

nonl inear   theor ies  f o r  various  values of N t  t he  wave number. Minimum values 

of RH!d(N) are obtained i n  both  instances.   Since NTYPEP and N T Y P E M  are both 

set  equal   to   zero,   the   output  f o r  Case #1 i s  the  minimum. With NTYFEP = 1 

the  prebuckl ing  displacement   and  s t ress   dis t r ibut ions are pr in ted   ou t   for   each  

load  increment in   the  nonl inear   theory.   With N " F , M  = 1 t h e  buckling modal 

displacement   and  s t ress   dis t r ibut ions  are   given  for   each  value  of  N .  Case #5 

shows output  with  both NTYPEP and NTYPEM = 1. 

In Case #1 the  minimum R H f i ( N )  i s  ca l cu la t ed  f i rs t  from the   l inear   theory .  

The minimum corresponds  to  N = 20. The "buckling  parameter" i n  t h i s  case 

i s  the   ax ia l   load   (nega t ive   for   compress ion)   in   lbs / in .  When the minimum 

RH$(N)  has  been  calculated from l inear   theory ,   an   in i t ia l   load ,   load   increment ,  

and maximum load   a r e   s e l ec t ed   i n t e rna l ly ,  and calculat ions  proceed  with N = 20 

and  the  nonlinear  theory.  The stabil i ty  determinant  and  corresponding  value of 

R H @  a r e   p r i n t e d  Out,  along w i t h  the number of i terat ions  required  for   convergence 

of the  prebuckl ing  solut ion.   In   this   case  prebuckl ing  s t resses  and  displacements 

are   calculated  in   the  cyl inder   branch,   and hence an i te ra t ive   t echnique  i s  not 

required.   Therefore,   the number of i t e r a t i o n s  i s  zero. When the  determinant f i r s t  

changes  sign,  calculations  proceed as explained i n  Vol. 2. 

The co r rec t ion   f ac to r  i s  the   quant i ty  z i n  E q .  78 of Vol .  2. 

Buckling  loads  are  calculated from the   nonl inear   theory   un t i l  a new  minimum 

RH!d(N) i s  obtained.  In Case #1 t h i s  minimum occurs when N = 17. 
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CASES #2a, b 

The second  sample  case  given i n  Appendix A i s  f o r   a n   a x i a l l y  compressed, 

mer id iona l ly   s t i f fened   spher ica l  segment (NCST = 2). The s t i f f e n e r s   a r e . r e c t a n g u l a r  

in   c ross -sec t ion .  The polar   angle  of 90" at  point  A of Fig.  1 corresponds 

to   t he   she l l   equa to r  and symmetry condi t ions  are  imposed there .  A t  the 

o the r  end B of the segment, t h e   & e l l  i s  simply-supported,  with  the  axial  load 

appl ied 1.0065 inches  outside of the skin  inner   surface,  which  corresponds t o  

the   neu t r a l   su r f ace   fo r  the s t r i n g e r s  (NTYPEB = 1). I n  this c a s e   t h e   s t a b i l i t y  

determinant i s  c a l c u l a t e d   f o r  N = 0 only  and  from  the  nonlinear  theory  only 

(JXDIC = 1). 

Note t h a t  a t  loads  of -8300 Ibs/in  and -8400 lbs/in,  more i t e r a t i o n s  are 

required  for  convergence,  but t h a t  for   higher   loads  fewer   i terat ions are 

required.  There  are two branches in   the  prebuckl ing  solut ion  such as shown i n   F i g .  7 

of Vol. 1. A p r in tou t  of the  prebuckling  displacement  distributions 

(NTYFZP = 1) would reveal   the   exis tence of these  branches. Case 2b i s  f o r  

t he  same s h e l l  with a smal le r   in i t ia l   load   increment .  The she l l   co l l apses  

axisymmetrically a t  a load of -8440.8 lbs/ i n .  Note that a t  RHb = -8440 l b s / i n  

the  load  increment i s  decreased by a fac tor   o f  100. 

C A E  #3 

The t h i r d  case i s  f o r  a longi tudina l ly   s t i f fened  10" conical  frustrum 

(NCST = 1) submitted  to  axial  compression  through  the shear center  and 

simply-supported a t  A and B (NTYPEA = NTYPEB = 1). Only the   l i nea r   t heo ry  

is used (NLIN = 1). The buckling loads a r e   c a l c u l a t e d   i n  t h i s  c a s e   f o r  
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NO N NMAX. Calculations  terminate when N > NMAX, o r   i n  this case when 

N = 23. A, minimum i s  not  sought  and NO = NMIN. 

CASE #4 

The four th   case  i s  f o r   a n   a x i a l l y  compressed,  fiber-reinforced (WALL = 4 )  

c y l i n d r i c a l   s h e l l  w i t h  symmetry a t  A and  clamped conditions a t  B 

(NTYPEA = 5 ,  NTYPEB = 1). In   th i s   case   nonl inear   theory   on ly  i s  used 

(INDIC = l), and the   s tab i l i ty   de te rminant  i s  ca l cu la t ed  as a function of the 

load  without   regard  to   changes  in   s ign ( N E T  = 1). Calculations  terminate when 

RH@ i s  greater   than  the maximum allowable  value RHfiM. By p l o t t i n g  of the 

determinant  versus RH6 fo r   t he   d i f f e ren t   va lues  of N it i s  found t h a t  the  

c r i t i c a l   l o a d  713 lbs / in   occurs   for  N ll. 

The f i f t h  case i s  f o r   a n   a x i a l l y  compressed, e c c e n t r i c a l l y   s t i f f e n e d ,  

conical  frustrum. The ana lys i s  i s  f o r  the  wave  number N equal 25 only, and 

the  m a x i m u m  p r in tou t  i s  c a l l e d   f o r   ( N " E P  = 1, NTYPEM = 1). The s h e l l  i s  

loaded  through  the  centroids  of  the  st iffeners  and i s  simply-supported a t  

A and B. Only the  nonlinear  theory i s  used (INDIC = 1). 

With NTYPEP = 1 t h e  prebuckling  displacement  and stress d i s t r i b u t i o n s   a r e  

p r i n t e d  for each  value  of the load. Such data  can  be  used i f  one wants t o  

check  whether  appropriate  boundary  conditions have  been prescribed or whether 

t h e   s h e l l  wall mater ia l  i s  s t r e s sed  beyond t h e   y i e l d  limit. 

With NTYPEM = 1 the  main diagonal of t h e   f a c t o r e d   s t a b i l i t y   m a t r i x  
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A(1 ,  J)  i s  pr in ted   for   each   va lue  of the  applied  load. The terms on the main 

diagonal  should a l l  be  about  the same size,  and  there  should  be no zeroes. 

Zeroes on the main diagonal   indicate  t h a t  the boundary  conditions have been 

s p e c i f i e d   i n   t h e  wrong o rde r .   In  the case with NTYPEA o r  NTYPEB = 4 

if elements  on the main d i a g o n a l   d i f f e r   g r e a t l y   i n  magnitude,  numerical 

d i f f i c u l t i e s  may prevent   accurate   determinat ion  of   the  s tabi l i ty  

determinant. 

The prebuckling stress and  displacement  distributions  and  the main 

d iagonal .of   the   fac tored   s tab i l i ty   mat r ix  are pr in ted   ou t   for   each  load 

increment. When t h e  determinant f i rs t  changes   s ign ,   l inear   in te rpola t ion  i s  

used  once t o   y i e l d  a reasonably good approximation  for the  eigenvalue. This 

process i s  explained i n  Vol. 2. The power i t e r a t i o n  method 

i s  then  used t o  yield a co r rec t ion   f ac to r   fo r  the eigenvalue. The number 

o f   i t e r a t i o n s   i n  t h e  power  method and the  eigenvector are then  pr inted  out ,  

fol lowed  by  the  correct ion  factor .  If the co r rec t ion   f ac to r  i s  smaller  than 

RH# * ERR , the  f inal   buckling  load  and wave  number a re   p r in t ed   ou t .  If the 

c o r r e c t i o n   f a c t o r  i s  l a rge r   t han  RH# * ERR , a new c o r r e c t i o n   f a c t o r  i s  

ca l cu la t ed .  

When the   buckl ing   load   for  a par t icu lar   va lue  of N has been  obtained 

wi th in   the   accuracy   spec i f ied  by ERR, t he  modal stresses and displacements are 

p r in t ed   ou t .  
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l h a r l  i n  d a t a ;   i n t c g e r a   f o r  
1. meridian  geometry (NCST) 
2. wall cons t ruc t ion  (NWUL) 
3.  boundary  conditions 
4. type of loading 

B 

Calcu la t c  
1. r, r.', l/Rll l./R* at. each 

m e r i d i o n a l   o h t i o n  (CEbM) 
2. c o e f f i c i e n t s  C ~ J  A i J  of 

cons t i tu t ive   equnt iono  (CPJEPS) 
3 .  c o e f f i c i e n t s   P A ~ J  

for the  boundary  condit  B B y  on6 
( B r n D )  

I N D I C  -= 0 t 
I N D I C  # 0 

1 w 
C r i t i c a l   l o a d  RH6 c a l c u l a t e d  
d i r e c t l y  from l i n e a r   e q u a t i o n  
( A  + RH@B)X = o for a given 
value of N l  t h e  wave no. Pre- 
buckl ing   ro ta t ion   and   changes  
i n   c u r v a t u r e  = 0; N10 and N 20 
ca lcu la ted   f rom membrane 
theory.  

MAIN 2 

I 

I P rebuckl ing   s t rescec  and d i sp luce -  

L ments c a l c u l a t e d  from  nonl incar 
t h e o r y   f o r   c u r r e n t  valrre of load,  
RH6.  SUBROIPTINE PKE 

I 

T 
S t a b i l i t y   d e t e r m i n a n t   c a l c u l a t c d  
f o r   c u r r e n t   v a l u e  of I?$. If del;. 
has  chmged aim, a new vnlue for 
the  load  increment  SmP is c a l -  
c u l a t e d  as d i s c u s s e d   i n   t h e   o e c t i o n  
on s t a b i l i t y   a n a l y s i s .  BUCK 

4 

YES 

Fig. 3 Flow Chart  of t h e  Computer  Program 
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NO 
L - b 

Read i n  WALL.  NCST, NTYPEA, NTYPEB, 
L#AD, INDIC, NLIX, NDET, NTYPEP, NTYPEM 

4 
Read i n  N l ,  ITER, NO, INCRO, NMAX, NMIN 

Read i n  R H b ,  STEPO, RH&, RATIb, 
RlV10, PO, ERR 

I 5  N1 + 1 
~2 = 2x15 .t 4 
M3 = 2*I5 + 8 

4 
C a l c u l a t e   c o e f f i c i F n t s  of 
cons t i t u t ive   equa t ions  C 
Call C~EEFS(NWALL) i j  

. - ~~~~ 

Calculate  meridian  geometry: 
r ,  r ' ,  l/Rl, I . /R2. 
Call GE&(NCST) 

4 
Calcu la t e  A from c ( C T ~ A )  i d  i j  

Calculate  boundary  condition 
c o e f f i c i e n t s  B A i j  and B B i j  
Call B~UND(NTYPEA, NTYPEB) 

4 N = N + INCR I 

1 

Calculate  load-independent 
c o e f f i c i e n t s   o f   s t a b i l i t y  
equa t ions   fo r   cu r ren t  
value of wave no. N, and 
s t o r e   i n  CB(1, J )  . 
Call BEQUAS J 

v 
FLAG1 = 1.0 

Fig.  4 Flow Chart of CHAIN1 
Cal led from MAINP 
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START 

NCST = 1 2 3 4 5 
I I 1 I 

mbMl abM2 

I 

cn 
W Calculate r, r ' , 1/R1,  

1/R2 a t  each  meridional 
s t a t i o n  in t h e   f i n i t e -  
difference mesh, f o r  
cy l inde r   o r  cone  with 
slant height SL, half-  
angle ALPH, and 
horizontal   radius  at  
point  A, R 1 .  

I 
Calculate r. r ' , 1 / ~ ~  
11% for   spher ica l  
s e e e n t  of radius RdT 
opening  angle a t  A = 
ALPHl ,  and  opening 
angle a t  B = ALPH2. 

R b T ,  ALPHl 
ALPH2, ALPHAT 

Calcula te   r ,  r ' , l / R l  
1/R2 f o r   t o r o i d a l  
seeplent of meridional 
radius  of  curvature 
R&c, opening  angle a t  
A = ALPHl, opening 
angle a t  B = ALPH2, 
and dis tance from a x i s  
of  revolution  to  center 
of  curvature i s  ALPHAT. 

(7) (k) 
NRZIN, Z I ( I ) ,  

Calculate r, r ' ,  1 / ~ ~ ,  
1/R2 f o r   s h e l l  segment 
described  by NRZIN 
p a i r s  of (ZI, RI) 
coordinates,  where R I  
is the  distance  from 
axis   of   revolut ion 
t o  a po in t  on the   she l l  
meridian,  and Z I  i s  the  
dis tance  a long  the  axis  
to  the  corresponding R I  

Fig.  6 Flow Chart of GE#M, G E W ,  e t c .  
Called  from CHAIN1 



I 

START 

* 
Normalize the C 

r 

Calculate the Aij 
coefficients for the 
semi-inverted form of 
the constitutive 
equations. 

* 
Normalize the C 

r 

Calculate the Aij 
coefficients for the 
semi-inverted form of 
the constitutive 
equations. 

(”) 

Fig. 7 Flow Chart of CT4A 
Called from CHAIN1 
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START 
B ~ U N D  

NTYPEA w NTYFEB 

1 
Read control 
in tegers   for  
force  or dis- 
placement b . c .  ~ 

and assign 1 .O 
to   appropr ia te  
BAij I s .  Read i n  
or  assign  load 
eccen t r i c i ty  
f ac to r  EXA 

1 

Read appro- 
priate  coef- 
f i c i e n t s   f o r  

in tegers   for  
r i n g   r e s t r a i n t ,  
load  eccentri-  
c i t y ,  and cal-  
culate   or   read 
in   r ing  proper-  
t i e s  of r i ng  a t  

e l a s t i c  sub- 
s t ructure  at  
A and calculate  
the BAil 

2 3 4 

A Set  b.c . co- 

lat A.  1 e f f i c d n t s  
f o r  symmetry 

'I 
'Read i n  b .c . 
coeff ic ients  
B A i j  d i r ec t ly .  
Read i n  PSIA, 
T1A. 

? 
Set  b.c. 
coeff ic ients  
fo r   an t i -  
symmetry 
at  A. 

BdU21 

Read control 
i n t ege r s   fo r  
force  or  dis- 
placement b .c . 
and assign 1.0 
to   appropr ia te  
B i d .  Read i n  
or  assign  load 
eccen t r i c i ty  

BdU22 

1. 
Read control  
in tegers   for  
r i ng   r e s t r a in t  
and load  ecc. 
Read or   ca lc .  
r ing  propert ies  
fo r   r i nn  a t  B. 

1 b.c .  

I B B i j ' s .  ?nt 1 e las t ic   subs tmc-  B B i j  d i r e c t l y .  Read 
tu re  a t  B and ca l c .  i n  PSIB, TlB. 

Fig. 8 Flow Chart   for  B m D  and EgkJll, e t c .  
Called  from CHAIN1 
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Fig. 9 Flow C h a r t  of BEQUAS 
Called from CHAIN1 
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I f  N ' I W E A  = 3, ca lcu la te  
B A i j  f o r   r i n g  a t  A; i f  
NTYPEB = 3, ca lcu la te  
B B i j  f o r   r i n g  a t  B. 
SUBHOUTINL.: RINGP - In i t i a l i ze   va r i ab le s  

I STEP = STEP/lO I 

See D .  2 

1- 
n f  Fig.  10 

Calculate   coeff ic ients  
, , c( I , J ) ,  CN$NL(I,K) f o r  prebuckl ing  different ia l  

equations. EQUAS + 
Increase  load RIIb and 
cH.lculate RV( I ) .  L~ADS 

NCY+ = 1 

L. Calculate  load-dependent 
coef f ic ien ts  of prebuckling 
d i f fe ren t ia l   equa t ions .  CPB2 

I Calculate  prebuckling  stresses 
~~ ~~ 

and  displacements fo r   cy l ind r i ca l  

"7- 

Obtain s ta r t ing   va lues~-for  
Newton Raphson process. 

~ 

Calculate new right-hand-side 
vec tor   for  new load  level.  
Subroutines AA3 and VECT2, 
with  F(I)=FS(I) - FNEw(1). 

I 

of coeff ic ients   of   correct ion 
f a c t o r s   f o r   f i r s t   i t e r a t i o n  
of Newton-Raphson process. A A 2 j  

1 

Q KOUNT > I T E R  

Calculate new banded matrix A 

BETA(1) and PSI(1). AA2 
f o r  new cor rec t ion   fac tors   to  

~ + 
t 

Print   out   prebuckl ing  s ta te  if Calculate  prebuckling  stress 
NTYPEP = 1 resul tan ts  F 'NlO(  I )  and F'N20( I) 

and changes in   curva ture  CURVl(1) 
and CURV2( I ) for   load  RHd. PREB 

Continued on next  page.  Calculate  W(1). FINDW 

Page 1 of Fig. 10 
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I 

Calculate banded s t a b i l i t y  
matrix for N = 0 .  AA 

f 
Factor   the  s tabi l i ty   matr ix  
FACTfiR, and pr in t   ou t  main 
diagonal of factored A. OUT2(2). + 

+ 
Calculate  the  determinant 
for the  current  value of 
the  load RHb.  

Print  out  the  determinant 
OW2( 3 - 

I 

Fig. 10 continued 

through  matrix power 

I and  displacements for  N = 0. 
~ P R E B  a n i  FINDW I + 

RETURN 
U 

Fig .  10 (two  pages) Flow Chart of SUBROWINE  PRE 
Called from MAINP 
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9 
I a t  A .  I - 

Calculate BAi j for   prebuckl ing 
problem i n  terms of geometrical 
and  physical   propert ies  of r ing  

Ring a t  A i s  r e s t r a ined   aga ins t  
radial  motion.  Reset B A i j  accordingly. 

Ring a t  A i s  r e s t r a ined   aga ins t  
rotat ion.   Reset  B A i j  accordingly. 

-e=- NTYPEB = 3 

YES 

Calculate  B B i j  for   prebuckl ing 
problem i n  terms of geometrical 
and  physical   properties  of  r ing 
a t  B.  

radial  motion.  Reset B B i j  

Ring a t  B i s  res t ra ined   aga ins t  
rotat ion.   Reset  B B i j  accordingly. "_ . - - . 

Fig.  11 Flow Chart of RINGP 
Called from PRE 
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f 
- 1  Do for  a l l  meridional -1 s t a t i o n s ,  I = 1, 15 

conditions a t  A .  
See eqs.  (14)-(16), 
Ref. 1. 

Calculate  the  load  and 
displacement  independent 
coe f f i c i en t s  of the  compati- 
b i l i t y   e q u a t i o n .  See eqs.  
(11) and (12) of Ref. 1. 

Calculate  the  load  and 
displacement  independent 
c o e f f i c i e n t s  of t h e   e q u i l i -  
brium  equation.  See  eqs. 
( 9 )  and (10) of Ref. 1 

~ ~~ 

NO 

I) 
conditions a t  B.  
See  eqs. (14)-(16), 
Ref. 1. 

Fig. 12 Flow Chart of EQUAS 
Called  from P.RE 
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m n =  1 P START 

3 

s t a t i o n s  and store i n  RV(J) 

Fig. 13 Flow Chart of MADS 
Called from PFE 
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- Do f o r  I = 1, I5 

4 

Find  nonlinear  coef- 
f i c i e n t s  C ( J , K )  of 
compat ibi l i ty  and 
equilibrium  equations 
a t  the  meridional 
s t a t i o n s .  See eqs. 
( 9 )  and (11) of Ref. 1. 

? 
m!ruRN 

Fig. 14 Flow C h a r t  of CPB2 
Called from PRF: 
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of d i f f e r e n t i a l  eqs.  

Calculate  coeffs.  of Calculate  coeffs.  of 
b . c . corresponding b .c . corresponding  to 
t o  Eq. 18. Eq. 20. 

I 1 '  

Solve f o r   i n t e g r a t i o n  Solve for i n t eg ra t ion  
constants ( C R ~ I M )  constants C R ~ I M  

d 

7 1  - t 
Calculate  normal  dis- 

of curvature.  of curvature.  
ro t a t ion  and changes r o t a t i o n  and  changes 
resul tants ,   meridional  resu l tan ts ,   mer id iona l  
placements,   stress- placements,   stress- 
Calculate  normal  dis- 

~~~ " .  

Fig. 15 Flow Chart  of CYL 
Called from PFE 
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lower  tr iangular  matrix 
L and a uni t   upper  tri- 
angular  matrix U: 
A = L*U - 

1 
Solve  for  2 ,  where ' 
L*Z = B and where 
B(J )  = A(J!M -I- 1) 

Solve  for  X,  where 
u*x = z 

S e t  A ( J , M  + 1) = X ( J )  
for J = 1 , M  

t 

Fig .  16 Flow Chart of C R b I M  
Called  from CYL 
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M = 3 b  

I c w 
Find A ( 1 , M )  by using 
C(1.J) and +point 
f i c i t e   d i f f e r e n c e  L 
formulan 1 

I 

L Switch f i r s t  few rows 
of A t o  avoid zero on 
main diagonal of fac- 
tored matrix A. 

Fig. 17 Flow Chart  of  Subroutines AA, AA2, and AA3 
Called from ?FIE 
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Initialize FNEW(I) 

Calculate the new vect 
FNEW(1) from the old  
X(1) by means of FNEW( 

;or 

I) = 

Initialize FNEW(I) 

Calculate the new vector 
FNEW(1) from the old  
X(1) by means of FNEW(1) = 

Fig.  18 Flow C h a r t  for VECT2 
Called from PRE 
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1 Do f o r  I = 3, P I S + l ,  2 + K = (I + 1)/2 - 

of dependent va r i ab le s  
BETA( K)  AND PSI( K )  a t  
each  meridional  station. 

_ _ _ _ ~  ~~ 

Compute Rt ress   resu l tan ts  
N10 , N20; changes i n  curva- 
t u re  K1 and K2,  moment 
r e su l t an t  M10 and  horizontal  
displacement  uK a t  every 
meridional   s ta t ion.   Store  
i n  F N l O (  K ) ,  FN20(K), CURVl(K),  
CURv2(K), T l ( K ) ,  and U(K), 
respect ively.  

I 

Fig. 19 Flow C h a r t  of PREB 
Called from PRE 
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" 

Calculate normal displ.a.cemcnt 
a t  each meridional station W(1). 

L 

v 

Fig. 20 Flow Chart of FINDW 
Called from PRE: 
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NZ = 1 

4 
2 (7) 3 

k 
Write prebuckling 
s t resses  and dis-  
placements a t  every 
meridional  station. 

Write  diagonal 
of factored 
matrix  for 

I N = O .  

t 

Write  determinant 
for  current  value 
of load. N = 0 

I 

L 

I 

4 5 
1 

c II 
Write a t  every 
meridional  station 
prebuc kling 
s t resses  and d is -  
placements 
corresponding t o  
the  buckling  load 
with N = 0. 

Y Y 

I Write  buckling 
mode f o r  N = 0 .  

Fig. 21 Flow Chart of ~~2 
Called from PRE: 
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I f  NTYPEA and/or NTYPEB = 3 
c a l c u l a t e  B A i j  and/or B B i j  
fo r   cur ren t   va lue   o f  N, from 
geometrical   and  physical  
p r o p e r t i e s   o f   r i n g  a t  A and/or B. 
SUBROIPTDE RINGN 

Calculate   load-dependent   coeffs .  
o f   s t a b i l i t y   e q u a t i o n s .  CBCfiR 

1 
Calcu la t e   banded   s t ab i l i t y  
matrix A f o r  Current  value 1 of  load, RHd.  AB 

1 
I 

w 
Factor   the  banded  matr ix  A .  
SUBROUTINE F A C T ~ R  z Z from  equation ( A  + Z*B)X = 0. + 

4 

SUBROUTINE BBB, EIGEN 

I I N D X l  = 1 1 

I Calculate   determinant   of  A 

T ‘  

i 

t 

1 w 
Calcula te  new S tep   by   l i nea r  
i n t e q ) o l a t i o n ( F i g  . 2, Vol. 1). 
S e t  I X  = 1. 

( C a l c u l a t e   c o r r e c t i o n   f a c t o r  I 

I YES 

Denormalized  load RH6 

Calcula te  modal s t r e s s e s  
and  displacements   for  
buckl ing   load   and   cur ren t  

+7 I N D X l  = 0 

Fig. 22 Flow Chart of BUCK 
Called  from MAINP 
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3 In i t i a l i ze   Var i ab le s  

~~ 

'Calculate  coeffs. BA11, BAl.2, . . .BA18 
through BB41, . . . ~ ~ 4 8  f o r   e l a s t i c   r i n g s  
a t  ends A and B of the  meridian. The 
B A i j ' s  and B B i j ' s  depend on the  wave 
number N. See  Ref. 4 and eqs. (g), Ref. 2. 
SUBRCUTINE RINGN 

'Calculate  load-independent  coeffs. CB(1.J) 
of the   l inear   s tab i l i ty   equa t ions .  I n  t h i s  
subroutine ( M A I N 2 )  the  prebuckling  stresses 
and  displacements  are  set   equal  to  zero  in 
the  calculation  of  CB(1,J). 
SUBROUTm CBCOR 

1 
Calculate  the banded s t ab i l i t y   ma t r ix  A 
for   the   f in i te -d i f fe rence   equat ions .  
point  difference  formulas  are  used. 
SUBROUTINE AB 

Calculate  the  coeffs.  of t h e   s t a b i l i t y  ~ 

matrix which are  multiplied  by  the  load, 
and s t o r e   i n   B ( 1 , J ) .   L i n e a r ,   s t a t i c a l l y  
determinate  shell  membrane theory i s  used 
to   ob ta in   B(1 ,J ) .  
SUBROUTINE BPWR 

1 
Eigenvalue  .shift SFT = 0 I 

t 
(A(1 ,J )  = A ( I , J )  - SFT*B(I,J) 1 

4 - 
Fac to r   t he   s t ab i l i t y   ma t r ix  A 
FACT& 

I. Calculate  the  lowest 
eigenvalue of the  system 
( A  + RH@B)CX = 0 .  EIGEN 

R H ~ N E W  =  RH^ - SFT 
SFT = Rl$ 

NO 

Calculate  buckling mode 
and modal s t ress   cor res -  
ponding to   the   lowes t  
eigenvalue,  RH^ 
SUBROUI'INE MdIE 

Fig.  23 Flow Chart of MAIN2 
Called from MAINP 
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NO A 

~ 

Calculate  BA11, E4l2, . . .BAM 
through EA41,. . .BAQ f o r  boundary 
conditions a t  A when an e l a s t i c  
r ing   suppor t s   t he   she l l   t he re .  
The r ing  equat ions of Cheney ( R e f .  
4) are used. The s k a r  cen te r  
and   cen t ro id   o f   the   r ing  must 
co inc ide   i n  t h i s  app l i ca t ion  of 
Chcney's  equations. The coe f f s .  
BA11, e t c .  depend on t h e  wave 
number N . 

+. - 

4 NTYPEB = 3 \>lf 

- > -  b 

. " . BB18 1 I Calculate  BB11, BBl2,.  . 
through BBlcl, . . .BB48 f o r  boundary I 

. ~- 

I conditions a t  B when a n   e l a s t i c  I 

1 r ing   suppor ts   the   she l l   there .  

Fig. 24 Flow Chart of RINGN 
Called from BUCK & MAIN2 
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n 

Calcula te   fac tors  BD(1, J) 
needed f o r  boundary  condi- 
t ion  equat ions a t  A when 
forces  and  displacements 
a re   r e so lved   i n   ho r i zon ta l  
( r a d i a l )  and v e r t i c a l   ( a x i a l )  

f o r  boundary  condition 

I 

Calcu lu t e   co r rec t ion   f ac to r s  
from prebuckling  solut. ion  for 
coe f f i c i en t s  CB(I, J )  of 
h 'near ,  homogeneous s t a b i l i t y  
equations.  

Fig. 25 Flow Chart of CBC$R 
Called from BUCK & MAIN2 
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9 
F i l l  s t r e s s   f u n c t i o n   a r r a y  FSI(K) 
and  normal  displacement  array W(K) 
from known eigenvector F( J). 

Find WMAX,  maximum normal  displacement 
i n  mode shape. 

Resolve these forces  and  displacements 
i n   t h e   h o r i z o n t a l   ( r a d i a l )   a n d   v e r t i c a l  
(axial) d i r ec t ions ,  and  normalize  than 
by W. 

.~ J 

Fig. 26 Flow Chart  of MgDE 
Called BUCK & MAIN2 
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NZ 

Write N and 
m a h  diagonal. 
of factored 
s t a b i l i t y  
matrix for 
current  value 
of loa '  

START 

= 1  2 3 5 6 7 8 

Write  cor- Write buck- 
rect ion  fac-  l i n g  mode f o r  
tor for load. l inear   theory 

and  corres- 
ponding N .  

d. 

i " V 

. ~ e n -  :ter- 
minant of sta 
b i l i t y  matrix 
fo r  N # 0 .  

* 

I 
l7vruRN 

f 

;le t i t  
for buckling 
mode shape 
calculated 
from nonlinear 

ZL theory. 

9 

1 
Write 
i t e r a t io l  
number 
IMODE 
and 
eigen- 
value 

Fig. 27 Flow Chart of BUT3 
Called from BUCK.& MAIN2 
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2 Assign i n i t i a l  vector 

Normalize cu r ren t  
eigenvector. 

A 

A b  

Find new r i g h t  -hand- 
s ide  vector :  
IF} = [Ed * {E} 

Calculate new approxi - 
mation to   e igenvec to r .  

I 

1 

[ SUBROUTINE SOLVE 
I 

mation t o  eigenvalue 
from the  Rayleigh  Quotient. 

Fig.  28 Flow Chart of E I ~ N  
Called from BUCK & M A I N 2  
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Calcula te   f in i te -d i f fe rence  

Calculate  elements  of  the 
s t a b i l i t y   m a t r i x  A from  the 
coe f f s .  of t h e   d i f f e r e n t i a l  
equations CB(I,J) and  the 
f in i t e -d i f f e rence   coe f f s .  

[ t r ix  A '-1 
G ( K , L ) .  

." 

Exchange f i r s t  6 rows t o  
avoid a zero on the main 
diagonal  of  the  factored 

Divide  each  equation i n   t h e   s e t  
of s t ab i l i t y   equa t ions   by   t he  
l a r g e s t   c o e f f i c i e n t  in t h a t  
equation. 
. ~ " 

Fig. 29 Flow Chart of AB 
Called  from BUCK & MAIN2 



I 

LbAD = 1 

1 *PNlO, F 

Calcula te  membrane s t r e s s  
r e s u l t a n t   c o e f f i c i e n t s  PNlO 
and PN20 from s h e l l  membrane 
t h e o r y   f o r  normal pressure  
ac t ing   on ly .   eg .  FNlO = RHb 

N20 = RHJ6XPN20 

t 

2 3 

+ 
]Ca lcu la t e  PNlO and PN20 f o r  
l ax ia l   l oad ing  on1 

combined pressure  and  edge 
loading.  RAT16 = 1 cor re s -  

1 ponds t o   h y d r o s t a t i c   p r e s s u r e .  

- 

Calculate   boundary  condi t ion 
terms BDD(1.J) which a r i s e  from - 
load-dependent  elements  in 
r ing   equa t ions .  

Calculate  elements B( 17, L )  which 
a r i s e  from  boundary  conditions. 

I 

I 

which a r i s e  from  terms i n  gov. 
e q u a t i o n s   t h a t   a r e   m u l t i p l i e d  
by  load.  See E q s .  8, 17, and 
Table 1 of Ref. 2. 

I 

Divide B ( 1 , J )  by l a r g e s t  tern 
in   the   cor responding  row of A ( I I J )  

I 

(RETURN) 
Fig .  30 Flow Chart  of BPWR 

Cal led  from MAIN 2 
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I 

4 

Calculate rates of  change  of  pre- 
buckl ing   quant i t ies  N N20, e t c .  

with  load.  See  eq. (lg), Ref. 2 .  
Use 3-point   interpolat ion  formulas  
when BBB i s  en tered   the  f i r s t  time. 

i 

~ 

Rates  of  change-of prebuckling 
quantit ies  expressed  by  2-point 
interpolat ion  formulas  when BBB i s  
entered  the  second  and  succeeding 
t imes.  

'f 

Calculate rates 
boundary  condition  factors a t  A .  

Calculate  rates  of change of   the 
boundary  condition  factors a t  B .  

Calculate  elements of B( I ,  J )  . See 
equation (eo), Ref. 2. 

7 

The rest  of  flow is  t h e  same as t h a t  
shown i n   t h e   c h a r t   f o r  BFWR (Fig .  30).  

~~~ ~ 

Fig.  31 Flow C h a r t  of BBB 
Cal led from BUCK 
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c FACT~R(A, DET, N, K, M) 

Use Gaussian  elimination  with 
up t o  M i n t e rchanges   t o   f ac to r  
A in to   the   p roduct  of a lower 
t r iangular   mat r ix  L and a u n i t  
upper   t r iangular   matr ix  U such 
t h a t  A = L*U 
A i s  an N by N matrix  with 
semi-bandwidth K. 

Compute LET = Determinant  of A 
I 

L*U s tored  i n  A 
(See F A C T ~ R )  

- 
Solve L*Z = X 
fo r   t he   vec to r  Z .  

Fig.  32 Flow Charts of FACTbR and SbLVE 
Cal led from PRE, BUCK, M A I N 2 ,  EIGEN 
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I 

APPENDIX A 

Input  and  Output Examples 

The following example  problems,  demonstrating 
input  and  output for  the B$dS$R program are discussed 
in   Sec t ion  4 of t h i s  volume. The cards  and a computer 
l i s t i n g  for t h i s  program are ava i l ab le  from COSMIC, 
Universi ty  of Georgia,  Athens,  Georgia, 30601. 



Case 1 Input 

2 1 5 3” 3 0 0 0 0 0 
21 5 20 1 25 15 1 

1 -02 
105 +08 3 +00 163 +oo 

E 0 +00 625 +01 625 +01  1 + 0 1  1 +o 1 
22 +30  0 +00 1687 +01 0 +oo 

I 198 +03 475 +02 
10111 

+13671848+10+0 + o+o + 0+4001667  +03+0 + o t o  + o  
1980815 +03+105 + 8+49 + 2 20008333+03  20008333+03 0 +oo 



Case 1 Output 

R U C K L I N G  OF A C Y L I N D F R  OR C O N E  

RHO C O R R E S P O N D S  TO AXIAL  LOAD(LBS/IN) 

A N A L I F I S  IS FOR A S H E L L   S T I F F E N E D  BY RINGS AND STRIVGERS. 

M O D U L U S  OF E L A S T I C I T Y =  0 . 1 0 5 0 0 0 0 0 E  08 PO I S S O Y  R A T I O =  0.3OOOOOOOE 00 SH E L L   T H I C K N E S S =  0 . 1 6 3 0 0 0 0 0 E  00 

S T R I N G E R  SPACING: 0 .62500000E 01 RING S P A C I N G =  0 .62500000E 0 1  

EXTERNAL  STRINGERS,  EXTERNAL RINGS. 

R E C T A N G U L A R   S T I F F E N E R  D A T A .  
S T R I N C F R   T H I C K N E S S =  0 .220000f lOF 00 RING  THICXNESS=  0.00000000E-38 
STRINGER HEIGHT=  0.16870000t 0 1  RING H E I G H T =  0~00000000E-J8 

R A D I U S  A T  S H A L L  END= 0 . 1 9 8 0 0 0 0 0 E  03 SLAHT  HEIGHT-  0.47500000E 0 2  HALF ANGLE~DEG.~~-0.00000000E-38 

NUMBER OF I N T E R V A L S E  21 

R1V10~-0~0000000OE-38 P O ~ - 0 . 0 0 O O O O O O E - 3 8  

S Y M M E T R Y  A T  A 

AT E -- R I N G   S U P P O R T  
A T  E -- R I N G  IS RE S T R A I N E D   A G A I N S T   R A U I A L   D I S P L A C E M E N T  
A T  E -- R I N G  IS RESTRAINED AGAINST  TANGENTIAL  DISPLACEMENT 

AT E -- R I N G  IS R E S T R A I N E D  AGAINST AXIAL  OISPLACEMEYT 

A T  E -- AXIAL  LOAD IS AP P L I E D  THROUGH NEUTRAL S U R F A C E  

RSE= 0.198081E 03 *REAR= 0.49OOOOE 0 2  

F l Y E =  0 .200083E 03 FIXYE"  0.000000E-38 

GJE' 0.136718E 10 GAMMAE= 0 . 0 0 0 0 0 0 E - 3 8  

E R Z  0 .105OOOE 08 FIXE' 0 .200083E 0 3  

F I P B '  0.400167E 03 ECCBx 0.000000E-J8 



I 

Case 1 Output (Continued) 

THE BUCKLIhG  PA2AMETER  CALClILATE3  FdOIILI 'JEAR THEORY IS - 4 . 8 6 9 4 E  0 3 .  I H F  NUMBER OF CIRCUMFERENTIAL  UAVES IS 2 0  
CUIREVT  VALUE OF N IS 20 

THE RCCKLIPC.  PAPAuETEq  CAICLLATED t 4 3 "  -; ' :E44 T*EURY IS - 4 . 7 0 4 9 E  U S .  THE UUMBER OF CIRCUMFERENTIAL  hAVES I S  2) 
CUMREVT VALUE  flF hi IS 2 2  

N 0 ITERATIOYS. RHO x - 5 . 6 3 8 7 5 E  0 3  

N 0 ITERATIONS.  QHO : - 6 . 5 7 8 5 4 E  0 3  

Y 0 ITERATIOYS. RHO * - 7 . 5 1 8 3 3 E  03 

N 0 ITERATIONS.  i lHO = - 6 . 6 6 4 5 5 E  03 



Case 1 Output  (Continued) 

C U Y R E N T   V A L U E  OF N IS 2 4  

DETERrlNANT  -5.79569E-01 T I M E S  lfl T O  THE - 3 0 T H  PO*ER.  THE  PREBUCKLING  SOLUTION  COYVERGED  IN 0 ITERATIONS. 

DETER3IYANT a -4.03095E-01 TIMES 1 0  T O  THE -307.1 P O H E Y .   T H E   P R E B U C K L I N G   S O L U T I O N   C O k V E R G E D  IN 0 I T E R A T I O Y S ,  

DETERMINANT  -2.7408RE-01 T I M E S  10 T O  THE - 3 0 1 ' 1  DO*ER.  T H E   P R E B U C 6 L I N G   S O L U T r O N   C O N V E R G E D  IN 0 I T E R A T I O Y S .  

D E T E R M I N ANT = -1.80517E-01 T l P E S  10 T O  THE - 3 0 7 4  '3AEQ. T H E   P R E B UC<LING  SOLUTION  CONVERGED I N  0 I T E R A T I O V S .  

D E T E R M I N A NT = -1.12407E-01 T l H E S  10 10 THE -3nT.1 P3*Eq. T H E   P R E B U C < L I N G   S O L U T I O N   C O N V E R G E D  IN 0 I T E R A T I O N S ,  

DETERYINANT = -6.00278E-02 T I M E S  10 T O  THt - 3 0 1 4  oOd;Q, THE  PREBUC4LING  SOLUTION  CONVERGED I N  0 ITERATIONS. 

DETERMINANT = -1.35684E-02 T I M E S  10 T O  THE -301.1 o O d E q ,  THE PREBUC<LING  SOLUTION  CONVERGED I N  0 ITERATIOYS. 

D E T E R M I N A N T  4.30470E-02 T I Y E S  1C T O  THE - 3 0 T H  P'3"Ea. T H E   P R E B J C < L I N G   S O L U T I O N   C O N V E R G E D  IN 0 I T E R A T I O Y S .  

DETERMINANT = -1,835BOE-03 TI'E5 13 T O  T H t  - 3 0 1 4  =3*E ' .  THE P R E B U C < L l N G   S O L U T I O N   C O N V E R G E D  I N  0 ITERATIONS. 

THE CORRFCTIOV  FACTOW IS -3.3692F 01 

RHO = -9.39791E 02 

R H O  = -1.87958E 03 

RHO : -2.81937E 0 3  

RHO = -3.75916E 03 

RHO = -4.69896F 03 

RHO : -5.63875E 03 

RHO  -6.57854E 0 3  

R H O  2 -7.51833E 03  

RHO -6.80377E 0 3  

DETERMINANT : -4.53667E-05  TIMES 1 0  T O  THE - 3 0 T H  "O*EH.  THE  PREOUC<LING  SOLUTION  CONVERGED I N  0 ITERATIONS.  RHO I - 6 . 8 3 7 4 6 E  03 

THE C O R R E C T I O Y   F A C T O H  IS -R.47UBE-01 

THE B U C X L I N G   P A R A P E T E R   C A L C U L A T E D   F R O M   R O N L I N E A R   T H E O R Y  IS - 6 . 0 3 0 3 E  03. T A E  N U M B E R  OF C I R C U M F E R E N T I A L   U A V E S  IS 2 4  



Case 1 Output (Continued) 

DETERMINANT = -1 .11630E-07  T I M E S  1 0  T O  THE - S O T 4  POMEa.  THE PREBUC<LING  SOLUTIOY CONVERGED I N  0 I 

DETERMINANT  -3 .99304E-03 TIMES 10 T O  THE - S O T *  "OdEe. THE PREBUC<LING  SOLUTION CONVERGED I N  0 I 

DETERMINANT x 1 .74286E-03  T I M E S  1 0  T O  THE - 3 0 7 4  POdE2.  THE PREBUC<LING  SOLUTION CONVERGED I N  0 I 

DETERMINANT a 6.R1746E-C5 T I M E S  1 0  T O  THE - 3 O T H  POWER. THE PREt lUC<LlNC  SOLUTIOY CONVERGED It1 0 I 

THE CORRECTION  FACTOR IS 1 . 1 4 1 7 E   0 1  

TERATIONS. RHO : -4.69896E 0 3  

T E R A T I O Y S .  RHO = -5 .63675E 0 3  

T E R A T I O Y S .  RHO -6 .57854E 0 3  

T E R A T I O N S .  RHO E -6 .29298E 0 3  



Case 1 Output (Continued) 

DETERMINANT m 1 , 2 6 3 6 7 E - 0 3  T I M E S  IO T O  THE -30TH POUER.  THE  PREBUCRLING  SOLUTION CONVERGED I N  0 I T E R A T I O Y S .  RHO S -6 .57154E 0 5  

DETERMINANT = 6 . 5 8 0 6 8 E - 0 5  T I M E S  1 0  T O  THE - 3 O T H  PO*ER. THE PREBUCgLING SOLUT,lON CONVERGED I N  0 I T E R A T I O N S .  RHO - 6 . 2 2 4 5 9 E  0 3  

THE CORRECTION  FACTOR IS 1 . 8 7 3 0 E   0 1  

DETERHINANT  4 .77633E-07  T I N E S  10 T O  THE -30TH PO*ER.  THE  PREBUCNLING  SOLUTlON CONVERGED I N  0 I T E R A T I O Y S .  RHO a -6.20586E 0 3  

TnE CORRECTION FACTOR I S  1 . 3 7 1 4 ~ - 0 1  

THE BUCKLING  PARAMETER  CALCULATED FROM NONLINEAQ THEORY Is - 6 . 2 0 5 7 E  03. THE NUMEER O f  CIRCUMFERENTIAL  HAVES IS 1 9  

RHO a - 9 . 3 9 7 9 1 E  0 2  

RHO -1 .87958E 0 3  

RHO 1 - 2 . 8 1 9 3 7 E  0 3  

RHO * - 3 . 7 5 9 1 6 E  03  

RHO 5 - 4 . 6 9 8 9 6 E  0 3  

RHO s - 5 . 6 3 8 7 5 E  0 3  

RHO * - 6 . 5 7 8 5 4 6  03  

RHO s - 6 . 1 9 2 5 7 E  0 3  

RHO = - 9 . 3 9 7 9 1 E  0 2  

RHO 5 - 1 . 8 7 9 5 8 E  03  

RHO : - 2 . 8 1 9 3 7 E  03 

R H O  - 3 . 7 5 9 1 6 E  03  

RHO - 4 . 6 9 8 9 6 E  03  

RHO J - 5 . 6 3 8 7 5 E  0 3  

R H O  i - 6 . 5 7 8 5 4 E  0 3  

RHO - 6 . 2 0 0 6 8 E  03  



Case 1 Output  (Continued) 

THE CORRECTION  FACTOR IS 2 . 5 9 1 7 E  01 



Case 2a Input  

+1j1 



Case 2a Output 

POLAR  ANGLE BIDEC.1' 0 .10387700E 03 

NUMBER OF INTERVALS- 30 

RlV10~-0.00000000E-38 PO:-C.~000000~E-33 RATID~-0.00000000E-38 

S Y M M E T R Y  A T  4 

A T  E -- SIMPLE EflUNDbRY C O C D l T l O h S  

A T  E -- AXIAL  LOAD IS bPPLIED 1.006500 IN O U T S I D E  OF INNED SURFACE 

A T  B -- R A D I A L  flISPLACEMENT IS ZEN0 

A T  E --  MOMENT IS ZERO 

A T  E -- TANGENTIAL  DISPLACEHE%T IS ZEH? 

AT E -- A X I A L  LOAD IS Z E R O  



Case 2a Output (Continued) 

DETERMINANT = 

DETERMINANT 

DETERHINANT * 
DETERMINANT 

DETERMINANT : 

DETERMINANT 1 

DETERMINANT 

DETERMINANT 

DETERMINANT = 

DETERMINANT * 
DETERMINANT 

DETERMINANT = 
DETERMINANT 

DETERMINANT = 

DETERMINANT 

DETERMINANT 

DETERMININT a 

CURRENT  VALUE OF N IS 0 

5 . 3 5 9 8 6 E  0 2  T I M E S  1 0  T O  THE 1 0 0 7 . 1  POWER, THE PREEUC<LINC  SOLUTIOY CONVERGED I N  3 I T E R A T I O Y S .  

4 . 7 2 5 4 9 E  02 T I M E S  1 0  TO THE  10OT.l ' S U E R .  THE PREBUCRLING  SOLUTION CONVERGED I N  2 ITERATIONS. 

4 . 1 2 5 6 6 E .  02 T l r E S  1 0  T O  THE  1OOT* P J d E H .  T M E  PREBUCRLING  SOLUTION CONVERGED I N  2 ITERATIONS. 

3 . 5 5 9 1 6 E  0 2  T l H E S  1 0  T O  THE 1 0 O T H  PO.IE*.  THE  PREEUCKLING  SOLUTION  CONVERGED I N  2 I T E R A T I O N S .  

3 . 0 2 4 8 7 E  02 T I M E S  1 0  T O  THE l O O T H  POHER.  THE  PREEUC*LING  SOLUTION CONVERGED I N  2 I T E R A T I O N S .  

2 , 5 2 1 8 5 E  02 T I M E S  1 0  T O  THE 1 O O T H  pO*EN,' T H E  PREBUCqLING S O L U T I O Y  CONVERGED IN 2 ITERATIOYS, 

2 . 0 4 9 4 7 E  02 T I M E S  1 0  T O  THE 1 0 0 T H  PO*ER. THE PREBUC<LING  SOLUTIOY CONVERGED I N  2 I T E R A T I O Y S .  

1 . 6 0 8 0 8 E   0 2  T I M E S  1 0  T O  THE lOOTH pO*EH. THE  PREBUC<LINC  SOLUTIOY CONVERGED I N  2 I T E R A T I O Y S .  

1,ZOSOBE 0 2  T I M E S  10 10 T H E  lOOTH  PO*ER,  THE  PREEUC<LIYC  SOLUTlOY CONVERGED I N  3 ITERATIONS,  

8 . 8 7 1 3 3 E  01 T I M E S  10 T O  THE 1OOTH  POUER.  THE  PREEUC<LINC  SOLUTIOY CONVERGED I N  6 IIERATIONS, 

3 . 8 4 5 6 6 E  0 1  T I M E S  10 T O  THE 1 0 0 T H  POWE#. THE PREEUCKLINC  SOLUTIOV COVVERGED I N  4 ITERlllOYS. 

5 . 4 6 8 4 5 E  00 T I M E S  10 T O  THE l O O T H  POUER.  THE  PREBUC<LIHG  SOLUTIOY CONVERGED IU 2 ITERLTIOYS. 

- 2 . 6 0 1 6 4 E  0 1  T I M E S   1 0  T O  THE 1OOTH P O W E R .  THE PREBUCqLING  SOLUTION CONVERGED I N  2 ITERATIONS.  

- 1 . 0 5 1 3 0 E   0 1   T I M E S  1 0  TO THE  1OOTH PO*ER. THE PREEUC4LING  SOLUTIOY COYVERGED IN 2 ITERATIONS.  

5 . 4 6 8 4 4 E  0 0  T I M E S  1 0  TO THE  1OOTH THE PREEUC6LING  SOLUTION CONVERGED I N  2 ITERATIONS.  

- 2 . 5 7 9 2 8 E  00  T I M E S  1 0  T O  THE 1 0 0 T H  P O * € * .  THE  PREBUCILINC  SOLUTION CONVERGED IN 2 ITERATIOYS. 

1 . 4 3 0 7 0 E  00 T I M E S  1 0  T O  THE 1 0 O T b l  PO*EH.  THE  PREBUC<LINC  SOLUTION CONVERGED I'd 2 I T E R A T I O N S .  

RHO = - 7 . 5 0 0 0 0 E  0 3  

RHO = - 7 . 6 0 0 0 0 E  03 

R H O  I - 7 . 7 0 0 0 0 E  0 3  

RHO = - 7 . 8 0 0 0 0 E  O S  

RHO = - 7 . 9 0 0 0 0 E  0 3  

RHO : - 8 . 0 0 0 0 0 E  OS 

RHO = - a . 1 o o o o E  03 

RHO 1 - 8 . 2 0 0 0 0 E  0 3  

RHO a - 8 . 3 0 0 0 0 E  03 

RHO -8.4OOOOE 0 5  

RHO = -8.5OOOOE 03 

RHO = - 8 . 6 0 0 0 0 E  0 3  

RH0 * - 8 . 7 0 0 0 0 E  03 

RHO - 8 . 6 5 0 0 0 E  0 5  

RHO - 8 . 6 0 0 0 0 E  03 

RHO * - 8 , 6 2 5 0 0 8  03 

RHO - 8 . 6 1 2 5 0 E  0 5  



Case  2a Output  (Continued) 

BUCKLING M O D E  HHEN N EOUALS 0 

LENGTH 
ARC  RADIUS*HORIZflNTAL H O R I Z O Y T A L  

FORCE/LENGTH DISPLACEqEXI 
HERIOIONAL M E R I D I O N A L  

S T R E S S  CHANGE IN 
M E R I O I O N A L  
HOHENT 

M E R I D I O N A L  
R O T A T I O N  

S B E T A  

0.00E-39 7.54E-10 
1.60E 00 -1.53E-01 
3.20E 00 -3.C2E-01 
4.80E 00 -4.43E-01 
6.40E 00 -5.74E-01 
8.OOE 00 -6.90E-01 
9.60E 00 -7.90E-01 
1.12E 01 -8.70E-01 
1.28E 01 -9.2EE-01 
1.44E 01 -9.64E-01 
1.60E 01 -9.76E-01 
1.76E 01 -9.63E-01 
1 . 9 2 E  01 -9.27E-01 
2.08E 01 -8.68E-01 
2.24E 01 -7.87E-01 
2.4OE 01 -6.87E-01 
2,56E  01 -5.696-01 
2.72E 01 -4.37E-01 
2.88E 01 -2.94E-01 
3.04E 01 -1.44E-01 
3.20E 01 1.lOE-02 
3.36E 01 1.66E-01 
3.52E 01 3.17E-01 
3.68E 01 4.60E-01 
3.84E 01 5.93E-01 
4.OOE 01 7.11E-01 
4.16E 01 8 . 1 2 E - 0 1  
4.32E 01 8.93E-01 
4.48E 01 9.52E-01 

RH 

3.OZE-03 
1.19E 05 
2 . 3 4 E  05 
3.44E 05 

5.36E 05 
4.46C 55 

6.13E 05 
6.75€ 05 

7.47E 05 
7.20E 05 

7.56E 0 5  
7.46F 05 
7.17E 05 

6.06E 05 
6.70E 05 

5.27E 05 
4.35E 05 

2.20E 05 
3.32E 05 

-1.94E 04 
1.OZE 05 

-2.59E 05 
-3.71E 05 

- 5 . 6 8 E  OS 
-4.75E 05 

-6.48E 05 
-7.12E 05 
-7.59E 05 

- 1 . 4 0 ~  0 5  

d 

1.25E 0 2  
1.25E 00 
1.26E 0 0  
1.28E 00 
1 . 3 0 E  00 
1 . 3 2 E  00 
1.34E 00 
1.36E 0 0  

1 . 3 8 E  00 
1.J7E 0'1 

1.37E 00 
1.35E O G  
1.32E 00 
1 . 2 7 E  00 
1.21E 00 
1.13E 00 
1.03E 00 
9.2lE-01 
7.98E-01 
6.66E-01 
5.29E-01 
3.92E-01 
2.57E-01 
1.32E-01 

-7.29E-02 
2.02E-02 

-1.43E-01 
-1.85E-01 
-1.97E-01 

RESULTANT 
VEPTlCAL 

CURVATURE 
ClRCUMFERENTlAl 

OISPLACEMENT S T R E S S  
CIRCUMFERENTIAL 

RESULTANT 
CHANCE IN 
CURVATURE 

IJH uv N 1 0  Y Z O  CURVl  CURVZ M l  

1.25E 00 
1.25E 00 
1.26: 00 
1.28E 00 
1.30: 9 0  
1. J2E 00 
1.35E 02 
1.375 3 5  
1.J9E r i0 
1-41: 0 0  
1-42; J O  
1 . 4 2 ~  00 
1.'lE 110 

1.34E 00 
1 . 3 8 E  U C  

1.29E U O  
1.22E 00 

1.04E 00 
1.14E O C  

9.27E-01 
8 . 0 6 E - 0 1  
6.77E-01 

-2.36i-03 
0 . 0 0 E - 3 9  

- 8 . 6 9 E - 0 3  

-4.8OE-02 
- 2 . 2 8 E - 0 2  

-1.43E-01 

- 3 . 0 6 E - 0 1  
-2.15E-01 

-4.13E-01 
-5.36E-01 
- 6 . 7 1 E - 0 1  
- 8 . 1 b E - 0 1  

-1.11E 00 
- V .  65E-01 

-1 .2bE  00 
-1.39E 00 
- 1 . S O E  00 
-1.58E 00 
-1.64E 00 
-1.66E 00 
- 1 . 6 3 E  00 

-8.72~-02 

-2.12E-13 
-4.83E 00 
-1.91E 01 
-4.21E 01 
-7.27E 01 
-1.O9E  02 
-1.50E  02 
-1.93E  02 
-2.35E 02 
-2.74E  02 
-3 . O V E  02 
-3.35E 02 
-3.52E 0 2  
-3.56E  02 
-3.47E  02 
-3.24E  02 
-2.85E 02 
-2.31E 02 
-1.62E 02 
-7.93E 01 
1.59E 0 1  
1 . 2 1 E  02 

l.14E 04 

1.15E  04 
1 . 1 5 E  04 
l.16E  04 
1.18E 04 
1.19E 04 
1.2OE 04 
1 . 2 O E  04 

1 . Z O E  04 
1.20E 04 

l.15E 04 

1.06E  04 
1.OlE 04 
9.3EE 03 
8.60E 03 
7.74E 03 
6.82E 03 
5 . 8 5 6  03 

1 . 1 4 ~  0 4  

1 . 2 1 ~  04 

1 . 1 ~ ~  04 

1 . 1 1 ~   0 4  

6.42E-03 
6.1VE-113 
5,54E-03 
4.48E-03 
3 . 0 5 E - 0 3  
1.31E-03 

-6.79E-U4 
-2.83E-03 
-5.07E-03 
-7.29E-03 
-9.41E-03 
-1.13E-02 
- 1 . 3 0 E - U Z  
-1.42E-02 
-1 .50E-02  
-1.53E-UZ 
-1.50E-02 
-1.42E-02 
-l127E-02 
-1.07E-UZ 
-8.07E-03 
-4.98E-U3 

-1.35E-19 
1.59E-05 
b.2VE-05 
1.39E-04 
2.39E-04 
3.60E-04 
4.94E-04 
6.35E-04 
7.75E-04 
9.05E-04 
1.02E-03 
l.llE-03 
1.16E-03 

1.15E-03 
1.18E-03 

1.08E-03 
9.55E-04 

5.568-04 
7.80E-04 

2.87E-04 
-2.31E-05 
-3.66E-04 

2.21E 03 
2.16E 03 
2.03E 03 
1.82E 03 
1.53E 03 
1.18E 03 
7.73E 0 2  
3.33E 02 

-1.26E 02 
-5.86E 02 
-1.O3E 03 
-1.44E 03 
-1.79E 03 
- 2 , 0 7 E  03 
-2.27E 03 
-2.38E 03 
-2.37E 03 
-2.25E  03 
-2.02E 03 
-1.67E 03 
-1.21E 03 
-6.54E 02 

5.43E-01 -1.57E 00 2 . 3 4 E  02 4.86E 03 -1.47E-03 -7.34E-04 -1.06E 01 
4 . 1 8 C - : I l  -1.46E 00 1.52E 0 2  3.87E 03 2.37E-03 -1.12E-03 7.02E 02 
2.755-51 - 1 . 3 0 E  00 4.71E 02 2.91E 03 6.42E-U3 -1.50E-03 1.46E 03 

3 . 2 8 E - J 2  - 8 . 4 0 E - 0 1  6.96i 0; 1 . 2 0 E  03 1.47E-02 -2.23E-03 3.04E 03 
1.495-01 - 1 . 0 9 E  00 5.87E 02 2 . 0 1 E  03  l.06E-02 -1.88E-03 2.25E 03 

-6.37E-02 -5.47E-01 7.96E 02 5.04E 02 1.86E-02 -2.55E-03 3 . 8 0 E  03 
-l.>ZE-Jl - 2 . 1 9 E - 0 1  8 . 8 1 E  02 -4.85E 01  2.23E-02 -2.838-03 4.51E 03 



Case 2b Inpu t  



I 

Case 2b Output 

w 

BUCKLING OF A SPHERICAL  SHELL S E G f l E N T  

RHO CORRESPONDS T O  A X I A L   L O A O ( L B S / l k )  

ANALYSIS  IS FOR A SHELL  STIFFENED  EY  RINGS A U D  STR14GEHS. 

MODULUS or ELASTICITY:  0.105(l0000E 08 POISSOY 4 A T I O a  0 , 3 0 0 0 0 0 0 0 E  00 SHELL  THICKNESSm 0 . 1 6 3 0 0 0 0 0 E  0 0  

S T R I N G E R  S P A C I k C =  0 . 6 2 5 0 0 0 0 0 E   0 1   * l N G   S P A C I N G =  0 . 6 2 5 0 0 0 0 0 E  0 1  

EXTERNAL STRINGERS. EXTERVAL RINGS. 

RECTANGULAR  ST lFFEhER D A T A .  
STRINGER  TYICKhESSZ 0 . 2 2 0 0 0 0 0 0 F  U O  R I N G  T H I C < V E S S =  0 . 0 0 0 0 0 0 0 0 E - 3 9  
STRINGER HEIGHT- 0 . 1 6 8 7 0 0 0 0 E  0 1  R I N G  HEl;rlZ 0 . 0 0 0 0 0 0 0 0 E - 3 8  

RADIUS; 0 . 1 9 8 0 8 1 5 0 E  0 3  POLAW ANGLE A ( D E C . ) -  0 . 9 0 0 0 0 0 0 0 E  0 2  POLAR  ANGLE  BfDEG.). 0 .10387700E 0 3  

NUMHER OF I N T E P V A L S =  30 

~ 1 V 1 0 ~ - 0 . 0 0 0 0 0 0 0 0 E - 3 8   P 0 = - 9 . 3 0 0 0 0 0 0 0 E - 3 8  R A ~ l 0 ~ - 0 ~ 0 0 0 0 0 0 0 0 C - 3 8  

S Y M M E T R Y  A T  A 

A T  B --  SIMPLE BOUNDARY C O U O l T I O h i S  

AT B -- AXIAL  LOAD IS A P P L I E D   1 . 0 P 6 5 0 0  1'4 O U T S I O E  JF  INNER SURFACE 

A T  E -- RADIAL   D ISPLACEMFNT IS Z E R O  

A T  B -- MOMENT IS Z E R O  

A T  B -- T A N G E ~ T I A L   D I S P L A C E M E N T  IS Z E R O  

A T  B -- AXIAL  LOAD IS Z E R O  



Case 2b Output  (Continued) 

T E R A T I O Y S .  RHO a - 8 . 2 9 O O O E  0 3  

T E R A T I O Y S .  RHO : - 8 . 3 0 0 0 0 E  0 3  

T E R A T I O Y S .  RHO 1 - 8 . 3 1 0 0 0 E  0 3  

T E R A T I O N S .  RHO = - 8 . 3 2 0 0 0 E  0 3  

T E R A T I O Y S .  RHO x - 8 . 3 3 0 0 0 E  0 3  

THE  PREEUC<LINC  SOLUTION CONVERGED I N  

THE PREBUCNLING  SOLUTIO'+ CONVERGED I N  

THE PREBUC<LING  SOLUTION COYVERGEO I N  

THE  PREBUCKLING  SOLUTION CONVERGFD I N  

THE PREBIICI(LING SOLUTION COYVERGEO I N  

THE  PREEUC<LINC  SOLUTION CONVERGED I N  

THE  PREBUC<LING  SOLUTION CONVERGED I N  

THE  PREBUC<LINC  SOLUTION COYVERGFO I Y  

THF  PREBUCfLING  SOLUTION CONVERGED I N  

THE  PREBUCNLING  SOLUTION CONVERGED IN 

THE PREBUC<LINC  SOLUTION COIvVERGED I N  

THE  PREkiOC<LING  SOLUTIJY COYVERGED I N  

THE pREEUC<LING  SOLUTIOY COLlVERGEO IN 

THE P R E t l U C 6 L I N C   S O L U T I O N  CONVERGFD 1'4 

T U €  PREBUC<LING  SOLUTIOY COYVERGED I Y  

THE pREEUC<LINC S O L U T I O Y  COYVERGEO I N  

THE  PREBUCflLING  SOLUTION CONVERCEO I N  

THE  PREBUC<LING  SOLUTIOY CONVERGED I N  

2 I T E R A T I O Y S .  

3 I T E R A T I O N S .  

3 I T E R A T I O N S .  

3 ITERATIONS, 

3 ITERATIDNS. 

3 I T E R A T I O V S .  

3 I T E R A T I O Y S ,  

3 ITERATIOYS. 

3 I T E R A T : O Y S .  

3 ITERATIOYS. 

4 I T E R A T I O Y S ,  

2 I T E R A T I O Y S .  

2 I ~ E R A T I O Y S .  

2 I T E R A T I O Y S .  

2 I T E R A T I O Y S .  

2 I T E R A T I O Y S .  

2 I T E R A T I O Y S .  

3 ITERATIOYS. 

R H O  : -8.34OOOE 03 

RHO 1 - 8 . 3 5 0 0 0 E  0 3  

RHO x - 8 . 3 6 0 0 0 E  0 3 ,  

R H O  - 8 . 3 7 0 0 0 E  0 3  

RHO 2 -8.38OOOE 0 3  

RHO - 8 . 3 9 0 0 0 E  0 3  

R H O  -8 .4OOOOE 0 3  

RHO a - 8 . 4 1 0 0 0 E  0 3  

RHO 8 - 8 . 4 2 0 0 0 E  0 3  

RHO * - 8 . 4 3 0 0 0 E  0 3  

RHO = - 8 . 4 4 0 0 0 E  0 3  

RHO - 8 . 4 4 0 1 0 E  0 3  

RHO = - 8 . 4 4 0 2 0 E  03 

RHO - 8 . 4 4 0 3 0 E  0 3  

RHO a - 8 . 4 4 0 4 O E  0 3  

R H O  x - 8 . 4 4 0 5 0 E  0 3  

RHO * - 8 . 4 4 0 6 0 E  0 3  

RHO = - 8 . 4 4 0 7 0 E  0 3  



Case 3 Input  

+ b l  1 +o 1 
+UU 



Case 3 Output 

B U C K L I N G  OF A C Y L I N D E R  OR CONE 

RHO CORRESPONDS T O  A X I A L   L O A O ( L B S / I N )  

A N A L Y S I S  IS FOR A S H E L L   S T I F F E N E D   B Y   R I N G S  AND STRINGERS,  

MODULUS O f  E L A S T I C I T Y =  0 .10500000E 0 8  POISSON RATIO* 0 .30000000E 00 SHELL THICKNESS3 0.16300JOOE D O  

STRINGER  SPACING=  0 .62500000E 0 1  R I N G  S P A C I N G S   0 . 6 2 5 0 0 0 0 0 E  0 1  

EXTERNAL  STRINGERS,  EXTERNAL  RINGS, 

RECTANGULAR  STIFFENER D A T A .  

S l R I N G E R  HEIGHT= O , l b R 7 0 0 0 0 E  0 1  R I N G   H E I Q H T Z  0.00UOCCOOE-38 

R A O I I J S  A T  SMALL END= 0 . 1 8 9 6 0 0 0 0 E  0 3  SLANT  HEIGHT= 0 . 9 6 4 7 0 0 0 0 E  0 2  HALF A N Q L E ( D E P . 1 ~  0,1000000OE 0 2  

S T R I N G E R  THICKNESS= o . 2 2 0 0 0 a ~ a ~  0 0  R I N G  THICKNESS. o , o o o n o o ~ o ~ - ~ ~  

NUHQER OF I N T E R V A L S =   3 9  

R 1 V 1 0 ~ - 0 ~ 0 0 0 0 0 0 0 O E - 3 8  P O ~ - 0 . 0 0 0 0 0 0 0 0 E - 3 8  

AT A -- S l H P L E  UDUNDARY  CONDIT1ON$ 

AT A -- A X I A L   L O A D  IS A P P L I E D  THROUGH  SHEAR  CENTER 

AT A -- R A D I A L  DISPLACEMENT IS ZERO 

AT A -- HOHENT IS ZERO 

A T  A -- TANGENTIAL DISPLACEMENT Is ZERO 

A T  A -- A X I A L   L O A D  IS ZERO 

A T  R -- S I H P L E  BOUNOARY C O N D I T I O N S  

A T  B -- A X I A L   L O A D  I S  A P P L I E D  THROUGH SHEAR CENTER 

A T  R -- R A D I A L  DISPLACEMENT -1s ZERO 

A T  B -- HOUENT IS ZERO 

A T  B -- TANGENTIAL  DISPLACEMENT IS ZERO 

AT B -- A X I A L   L O A D  IS ZERO 



I 

Case 3 Output  (Continued) 

, 

THE BUCKLIKG PARAMETER  CALCULATED FROM L I N E 4 R  THEORY IS -2 ,732BE 03, THE  NUMBES OF CISCUMFESEYTIAL  YAVES IS 15 
CURRENT  VALUE OF N IS 15 

THE  BUCKLING  PARAMETER  CALCCL~'ED FROM L INEAR THEORY IS - 2 . 5 1 5 1 E  0 3 ,  THE YUMEER OF CIRCUMFERENTIAL  YAVES Is 16 
CURRENT  VALUE OF N IS 1 6  

THE  BUCKLING PARAMETER CALCULATED FROP L IUEAR THEORY IS - 2 . 3 5 8 4 E  0 3 .  THE  NUMBER OF CIRCUMFERENTIAL  YAVES IS 1 7  
CURRENT  VALUE OF Y IS 1 7  

THE BUCKLIkG  PARAMETER  CALCULATED FROM L INEAR THEORY IS -2 .1861E 0 5 .  THE V U M B E R  OF C l R C U M F E R E N ~ l A L   U A V E S  IS 19 
CURRENT  VALUE OF N IS 1 9  

THE BUC<LING  PARAMETER CALCULITED FROM L l Y E A R  T * E ? i l V  Is - 2 . 1 9 6 3 E  03. THE YU*BER OF CIRCUMFERENTIAL  U4VES IS 22 
SUPRE'dT VALUE OF N IS 2 2  



4 1 5 1 3 1 0 1 
50 5 9 1 14 9 1 

-706 +03-2 + 0 1  728 +03 
1 -02 
105 +08 45 +06 2 +oo 4 +00 6 +01 0 +oo 
863 -02 803 -02 863 -02 863 -02 863 -02 863 -02 
3s +oo 35 +oo 35 +oo 35 +oo  35 + o o  35 +oo 
9 0  + U 2  25 +02 90 +02 25 + 0 2  9 0  +02 25 +02 
2 +oo 2 +oo 2 +oo 2 +oo 2 +oo 2 +oo 
75 +01'75 + 0 1  0 +oo 

11111 



Case 4 Output 

BLJCUL1:rG OF A CYLIYDER OR COUE 

RHO C O R 2 E S P O U 3 5   T O   A X I A L   L O A ’ 3 l L 3 S / I N l  

A N A L Y S I S  I S  FOR A F I 3 E R  JEI’IFC?CED  SHELL. 

F I S E R  W S d L U S =   . 1 ~ 5 0 t l O ~ ~ l t C 8   F I 3 F Q   P q I S S C Y   R A T I n =  . 7 ~ l l O O O O O - ~ O  
MATRIX ~~OSULUS= . u 5 n o t l ~ n , ~ + 0 6  UAT?IX POISSOX ? A T I O =  . u n n o o o o o - n o  

L A Y E R   T H I C Y N E ~ S   U A T R I X   C t l N r F N T  IINDINT. ANGLE 
1 - 8 6 2 9 9 9 9 9 - 0 2  .3usqs~ss-no . 9 n n n o o o o r o 2  
2 
3 

. 3 u 9 9 9 9 9 9 - n 0  

.3uq999aq-no 
. 2 5 o n o o o o c o 2  

4 . 8 6 2 9 9 9 1 9 - 0 2   . 3 4 9 9 Q ¶ ~ - n n   . 2 5 n n 0 1 1 0 0 t 0 2  
. q n n n o 0 o o t n 2  

5 . 8 6 2 9 9 9 9 9 - 0 2   . 3 4 9 9 9 9 q s - n 0   . q n n n o n o o + 1 1 2  
0 . 8 6 2 0 9 9 9 9 - 0 2   . 3 U 9 9 9 9 9 9 - n 0   . 2 5 o n o o o o ~ o 2  

. 8 6 2 9 9 9 9 9 - 0 2  

. R 6 2 9 Q 9 1 9 - 0 2  

RADIilS AT  SCALL ENJ= .75tlflflOOO+Ol SI.AVT HEIGHT= . - ~ ~ o o ~ o n n + n ~  

NUNBER OF INTERVALS= 5ll 

R l w m =  -.ooooaono PO= -.nooom,no 

S Y W E T R Y  A T  A 

A T  B -- S I M P L E  aOUI.JARY  CONOITIO!;S 

AT B -- A X I A L   L O A 0  IS PPPLIEI)  THPO!IGH N E U T ~ A L   s ~ J Q F A C E  

AT B -- R A D I A L   3 I S P L A C E U F N T  IS ZE93 

A T  B -- r70TATION IS ZERO 

A T  a -- TANGENTIAL  SISPLACF’4ENT IS ZERn 

AT B -- A X I A L   0 I S P L A C E U E : r T  IS 7ER3 

R ~ T ~ O  -.nonono00 

COtITIGUITY  FACTOR 
.2nooonco-tw 
.2nooo1~oo-oo 
.2noOOnon-un 
.2nooo~1un-oo 
. 2 n o o o n o o - r 1 o  
. 2 0 o o o ~ c o - n o  

HALF  ANGLEi?EG.l= 



Case 4 Output (Continued) 

Z L A P X O  TIWZ 13 1315 P O I N T  IS l l O : f l O : O O . O 8 9  
CUQRENT  VALUE OF N I S  9 

OETEdul:lA:.T = .-1.71753-1?3 T I u E S  10 .TO THE--70TH POWER. THE  PPEEUCKLING  SOLUTION.CONVEPGE0 . I t J . .  

SETE?uI!.&!IT = -1.33675-fl3 TIc lES  10 TO THE  -7nTH POWER. THE  PREBUCKLING  SOLUTION COFIVERGEO 1.1 

JETf?uI'<;!lT = -1.02973-f l3 TIWES 10 TO THE  -7OTH POWEP. THE  OREBUCKLING  SOLUTION  COllVERGEo IU 

2LT5?b:i';A..T = -:. : 5 L 7 - 0 &   T L V E S  10 TO THE -7nTH POWER, THE PREBUCKLING  SOLUTLOtL  CONVERGE^ IN 

SC-TE-f"i &?IT  = -5. ' 379-flu T I V E S  I u  T n  THE. -7 f lTH  POkER. THE PREBUCKLING  SOLUTION  CONVERGED I N  

3ETid '1 ' ;L* :T = -4.35IlRl-OU  TI .*ES 10 TO THE -7 f lTH PO'dER. THC PREEUC<LING  SOLUTION CONVERGEI) 1?1 

3ETEWi! .AMT = -3.2n157-flU T I E S  1 U  TO THE  -7 f lTH POWER. THE PRERUCKLING  SOLUTION COFIVERGEO 1'1 

J E ? E 4 U I ' I A . a T  = -2.2Q7CU-nU T I I ' E S  1 U  TO THE -7f lTH  POHER. THF PREBUCKLING  SOLUTION  CONVERGE0 1'4 

3c?C9'4i::A:~r = -1.517LG-flu TIuES L U  TO THE  -7[1TH  PCYER.  THF  PREEUCKLING  SOLUTION COtJVERGEO I F 1  

3ETE9YI . .A \ r  = -L . lF7hG-f l4  T I U E S  1U TO THE -7flTH  POkER.  THE  PREBUCKLING  SOLUTION COHVERGEO I!l 

> i r Z J " t ' . : ' J ?  = - 7 . 3 7 6 8 9 - I l 5  T I v E S  IO TO W E  -7 f lTH  POWEP. THC DREaUCKLING  SOLUTION  CONVERGE0 IPJ 

3<?5;u! a-i',r = - 4 . 7 1 8 U l - i l 5   T I U E S  LO TO THE -7 f lTH  POWER. THE PREBUCKLING  SOLUTION  COFlVERGEo I'.l 

< i L 3 a . L >  T [ I <  TO THIS  POI?uT I S  00:00:04.511 

.n ITEPATIONS.  

n ITEPATIONS.  

0 ITERATIOPIS. 

0 ITERATIONS. 

fl I T E F A T I O t I S .  

0 ITEDATIOt lS .  

11 ITERATIONS.  

n ITEQATIONS. 

n ITERATIONS. 

II ITEPATIOMS.  

11 ITEPATIONS.  

fl ITEPATIONS.  

CURREt:T  VALUE OF N IS 10 

-3 .J621n-f l l  TIUES 10 TO THE -7flTH  POhER.  THF  PREEUCKLING  SOLUTION  CONVERGED 1'1 fl ITERATIONS.  

- 2 . 1 1 6 3 1 - 0 3  TIUES L U  TO THF -7nTH  POYER.  THF PREBUCKLING  SOLUTION  CONVEQGEO It1 n ITEDATIONS.  

- 1 . 2 U l F f l - 0 3   T I W E S  L U  T n  THE -7nTH  POilER.  THE  OREBUCKLING  SOLUTION  COtIVERGEZ) IN Il ITERATlONS.  

- i . 5 3 7 3 S - n u   T I ' a E S  I U  Tn   THE  -7nTH POWER. THE  PREEUCKLING  SOLUTION  COIIVEPGEO 1'1 fl ITEQATIONS.  

-2 .7731U- f l 4  TI"ES 1 U  TO THE  -7OTH POWER. THF  PREEUCKLING  SOLUTION  CONVERGED 1'1 0 ITERATIONS.  

-5.53448-fl5 T I w E S  IC T n  THE  -7f lTH  POUER.  THF  DREEUCKLING  SOLUTION COEIVERGEO 1'1 n ITEPATIONS.  

5.+=292-115 TI'.rES I U  TO THE -7 f lTH POUEQ. THE PPESUCKLING  SOLUTION  CONVEPGEO IV fl ITEDATIONS.  

'1 .57P67- f l5  TX'AES 10 Tn THE -7flTH POWEP. THC PREBUCKLING  SOLUTION COPIVERGED I b l  n ITEDATIOMS.  

9 .54f l lu -nS  TIUES 10 TO THE  -7f lTH  POhER. THE DREEUC<LING  SOLUTION  COIIVERGEO I N .  0 ITEPATIONS.  

7 .33 r r lU - f lS   T I 'AES I U  TO THE  -7flTH  POHER.  THE  PREEUC<LING  SOLUTION  CONVERGE0 It1 !l ITERATIONS.  

U . 2 S 1 9 l - - l S  TIWES 1 U  TO THE  -7 f lTH POWER. THE PREBUCKLING  SOLUTION  CONVERGED It1 fl ITEPATIONS.  

- 7 . o h n n n + 0 2  

-7.ORnOO+O2 

- 7 . 1 0 0 0 0 + 0 2  

- 7 . 1 2 0 0 0 + 0 2  

- 7 . 1 4 O 0 0 + 0 2  

-7.1hf l t10+02 

- 7 . 1 f l 0 u 0 + 0 2  

- 7 . 2 0 0 0 0 + 0 2  

-7.22000.02 

- 7 . 2 4 n 0 0 * 3 2  

-7.26nOf l+02 

-7 .2 f l noo+o2  

-7.06 l100*02 

-7 . f l f l 000+02  

- 7 . 1 0 0 0 0 + 0 2  

- 7 . 1 2 n 0 0 + 0 2  

- 7 . 1 4 0 0 0 + 0 2  

- 7 . 1 6 0 0 0 + 0 2  

- 7 . I R n 0 0 + 0 2  

- 7 . 2 0 0 0 0 + 0 2  

" 7 . 2 2 I l O 0 + 0 2  

- 7 . 2 4 0 0 0 + 0 2  

- 7 . 2 6 0 0 0 + 0 2  

I 



Case 4 Output (Continued) 

DETEFfHIf4ANT I 1.36722-119 TIMES 10 TO THE -7nTH POWER. THE  PREBUCKLING  SOLUTION  CONVERGED I N  n ITERATIONS. RHO 1 -7 .2Rf l00+02 

ELAPSED TIME ro T H I S   P O I N T  IS nO:nn:08.948 

CUQPFNT V A l  IJE OF N IS I 1  

DETERYIvANT = -7.90O06-n? TIMES 10 TO THE -7 l lTH  POYE'?. THE PREBUCKLING  SOLUTIOfI  COtlVEPGED 1'1 n ITEQATIONS. 

DETERHINAI*T = -4.26379- l l2   TI '4ES 10 TO THE  -7ifTH  POlrEQ. THE PPEBUCKLING  SOLUTION CONVERGED 1.1 11 ITEPATIONS.  

I Y E T E ~ Y ~ ; ~ A N T  1 -1.97UU8-O? T I U E S  1U T n  THE -7 l lTH  POWER. THF  PREaUCKLING  SOLUTION CONVERGED It1 n ITERATIONS.  

D E T E ~ H I u A N T  = -3.65585-nS TIWES I U  T O  THE -7nTH  POdER. THF  PREBUCKLING  SOLUTION CONVERGEI] 1'1 fl ITEPATIONS.  

DETEdHINANT = 4.99&56-n3  T IMES 1 U  TO T r E   - 7 n T H  PObER. THE  PREBUCKLING  SOLUTION  CONVERGED 1'1 11 ITEPATIONS. 

DETEdHItJAkT 1 9.04239-03 TIWE5 10 TO THE -7nTH POWER. THE PREBUCKLING  SOLUTION COPIVERGED 1 p 1  11 ITEQATIONS.  

0ETEHHI:IPNT I 9.9721ll-0.3 TI'4ES I U  TO THE -7nTH POWER. TWF PREBUCULING  SOLUTION  CO?lVEPGED I?I fl ITEQATIONS. 

P JETEAHIiGANT 1 8 . 9 7 1 7 8 - 0 3  TI'AES 1U TO THF  -70TH POWER. THF  PREBUCKLING  SOLUTION  CONVERGED I N  0 ITFQATIONS. 

0ETERMI:JAhT = 6 . 9 5 9 5 7 - 0 3 '   T I V E S  L U  TO THE -7flTH POWER. THF  PREBUCKLING  SOLUTIOIJ  CONVERGED IF1 n ITEPATIONS.  

OETE~?MI.JANT = u . s 8 n n - n s  TIVES L U  TO THE -70514  POWER. THE DREWCKLING SOLUTION  CONVERGED I N  n I T E D A T I o t l s .  

DETERMINANT = 2.36887-03  T IWES I U  TO THE -73TH POWER. THE  OREBUCKLING  SOLUTION  CONVERGED It4 n I T E ~ A T I O P I S .  

DETCHHINANT = 6.25446- (14   T IUES I U  T o  THE -7nTH POWER. THF  PREBUCKLING  SOLUTION  CONVERGED I N  n ITEPATIONS. 

ELAPSE5 T l X  TO T H I S  P O I r l T  IS  nO:1ln:13.147 

CURRFNT  VAl  UE OF N I S  12 

-3.38491-09 T I V E S  I U  TO THE -bnTH POWER. THF PREBUCKLING  SOLUTION  COfIVERGED 1'1 

-2 .90472-09  TI'.lES LU TO THE -bnTH POWER. THF PREBUCKLING  SOLUTION CONVFQGED 1'1 

- 2 . 2 6 9 1 1 - n 9   T I U E S  I U  TO THE -6nTH POnER. THFI PREBUCKLING  SOLUTION  COWERGEL) 1'1 

-1 .681UB-nq  T IUES 10 T n  THE -hnTH POWER. THE  PREBUCtCLING  SOLUTION  CONVERGED 1'1 

-1 .21426-09   T IUES 10 TO THE -6 i lTH  POWER. THF  PREBUC<LING  SOLUTION COFIVERGED I:.l 

-0.8595O-1tl TIWES 1U TO THE -bnTH POdER. THF PREHUCKLING  SOLUTION CONVERGED IV 

-5.6P344-10 TIMES LU TO TrE  -0nTH POWEQ. THC PREBUCKLING  SOLUTION CONVFQGED If1 

-3 .44279-1 , l   T IqES I U  TO THE -hnTH POWEQ. TFE  PREBUCKLING  SOLUTION COPlVERGED 1'4 

0 ITERATIONS. 

n ITEQATIONS. 

n ITEPATIONS. 

I> ITFQATIONS.  

n ITEDATIONS. 

n ITEP4TlOPlS.  

I8 ITEQATIOt lS.  

n ITERATIONS.  

RHO = -7.06n00402 

PHO = -7 .08000402  

R H O  5 -7 . lOq00402  

RHO 2 -7 .12f l00+02 

R H O  f -7 .14009+C2 

RHO = -7.16000+CE 

PHO = -7.18noo+oz 

RHO = -7.zonoo+oz 

RHO = -7.22f l00+02 

R H O  = -7.24000+02 

RHO 1 -7 .2h l I09402  

RHO = -7.2nono+oz 

Prc = -7 .0~1100+02  

RHO I - 7 . o ~ n 0 0 + 0 2  

RHO = -7 .10n00+02  

RHO = -7 .12000+02  

PHO = -7.1 'S000+02 

RHO = - 7 . l h I l n 0 1 0 2  

QHO I -7.1n000+02 

RHO I -7 .2nnoo+oz 



Case 4 Output (Continued) 

! 

DETEAMI~JAuT 1 -1.94411-1bl TIMES 10 TO THE - 6 n T H  POWER. THC PREBUCKLING  SOLUTIOII  CONVERGED I!I n ITERATIONS.  RHO = -7.2311nqCO2 

OETEi7kI:JAZdT = - 7 . 0 2 1 7 3 - 0 1   T I U E S  10 Tn THE -7flTH POWER. THF  PREJUCKLING  SOLUTIOEI  COrlVERGE3 IPI 0 ITEOATIONS.  RHO I -7.2Uo00+02 

OETEdrI fJA '4T = 7 . 8 5 4 4 f l - n 2  TI 'aES I U  TO THE -7 f lTH POWER. THF  PREBUCKLING  SOLUTION COb!VERGE3 I\I n ITEPAT lOb IS .  RHO = -7.26110O+n2 

DETEHMI. lPNT = 5 . 7 5 5 7 6 - 0 1   T I ' C S  1 U  TO THE  -7nTH POWER. THE  PREBUC<LING  SOLUTIOH  CONVERGED If1 n ITEDATIONS.  PHI) 2 -7.2P1100+02 

ELAPSED T I Y E  TO THIS P O I ' l T  IS nO:t3C:17r438 

CURRFfIT V A I  UE OF N I S  1 3  

DETER*I.IAUT - 1 . 5 6 6 6 3 - 0 6   T I " E S  1 U  TO THE -6f lTH POWER. THE  PREBUCqLING  SOLUTIOfI   CONVElGED Ill 

DETEr?MI~IA' lT = -1.35026-flh TI ' jES  I U  T O  THE - h 0 T H  POWEQ. THF DREBUCKLING  SOLUTION COtJVERGEI) 1'1 

O E T E ~ M I . I A ~ l T  = - 1 . 1 7 5 2 9 - 0 6  TI'.'ES I U  T O  TrlE -hnTH POWER. THE  DREBUCKLING  SOLUTIOl l  CONVERGE!' I ~ I  

OETEaMI ' IALT  = - 1 . 0 1 2 7 0 - 0 6   T I k ' E S  10 TO THE -hr lTH POHER. THF  PREBUCKLING  SOLUTIO~I  COMVERGEO I V  

OETE!WI'.*LT = - 8 . 6 9 0 4 1 - 0 7   T I t ' E S  I U  T n  T i E  -onTH POWER.  THE  PPEBUCKLING  SOLUTION  COFlVEdGEI) 1'1 

DETEI\HI ' tANT = -7.42770-117 TIuES 1 U  T O  THE  -bnTH PO'HER.  THF  PPEBUCKLING  SOLUTIDII  CONVEPGEO It1 

DETE2MI:IA.XT = - 6 . 3 2 0 0 8 - I l 7   T I U E S  10 Tn THF: -bnTi(  POWER. THF  PREBUCdLING  SOLUTIO'I  CONVERGED It1 

0ETERMI:rAtlT = - 5 . 3 5 1 9 3 i 0 7   T I u E S  LLI TO TYE -onTH POhER.  THE  PREBUCKLING  SOLUTION  CONVERGED 

DETERMI,lA!4T = - 4 . 5 " 7 4 6 - P 7  TIUES IU T n  THC -6nTH POWEQ.  THE PPEBUCKLING  SOLUTIOl l  CONVERGEO IPI 

OETEaMIn lA i rT  = -3.775211-07 T I V E S  1 U  T i l  THE - b n T H  POWER. THE  PPEBUC<LING  SOLUTION  CONVERGED IN 

OETEi3VI* lAbT = -3 . lUOqf l - I l 7  TIWES 1 U  TO  THrT - b l l T H  POWER. THE  PREBUCKLING  SOLUTION  COIIVERGEO I ~ I  

JETEdMIrrANJT = - 2 . 5 9 r 4 9 - 0 7  TIVES L U  T O  THE -b f lTH POWER. THE  OREBUCKLING  SOLUTION  CONVERGED I V  

ELAPSED T 1 X  TO T H I S  PCI:IT IS  ! l0 :110:2 l .b53  

1.0 ITEQATIOtJS.  

II I T E D A T l o t l S .  

II I T f r A T I O N S .  

It I T E Q A T I O N S .  

ITEPATIONS.  

I I  ITEPATIONS.  

I) ITEDATIONS. 

II ITEPATIONS.  

n ITERATIONS. 

I1 ITEDATIOPIS.  

II ITEPATIOPIS.  

n ITERPTIONS.  

-7 .06000+02  

-7.uenno+o2 

- 7 . 1 0 n 0 0 + 0 2  

-7.1?1l1)1+02 

-7 .14000+02  

-7.161)0fI+02 

- 7 . 1 8 0 0 0 + 0 2  

- 7 . 2 0 0 0 0 * 0 2  

-7 .22nno+o2  

-7.2411110+02 

-7.2h1100+0i 

-7.2Rfl00+02 

CUQPEFIT  VALUE OF N 15 14 



Case 5 Input 



Case 5 Output 

HUCKLING OF A CYLINDER OR CONE 

RHO CORRESPONDS T O  A X I A L   L O A O ( L B S / I N l  

A N A L Y S I S  IS FOR A S H E L L   S T I F F E N E D  HY R I N G S  AN0 STRINGERS. 

MODULUS OF E L A S T I C I T Y =  0 ~ 1 0 5 0 0 ~ 0 l ~ E  O B  POISSON R A T I O =  0 .30000000E 0 0  SHELL  THICKNESS. 0.16300000E 0 0  

STRINGER  SPACING= 0 . 6 2 5 0 0 0 0 0 E  0 1  R I N G   S P A C I N G -   0 . 6 2 5 0 0 0 0 0 E   0 1  

EXTERNAL  STRINGERS,  EXTERNAL ltINGS. 

RECTANGULAR  STIFFENER D A T A .  
STRINGER THICKNESS- 0 . 2 2 0 0 3 0 0 0 ~  00 RING THICKNESS= o . o n o o o o o o E - ~ B  
STRINGER HEIGHT= u . l b 8 7 0 0 0 0 ~  01 WING HEIGHT= o . o n o o o o o o ~ - ~ 8  

RADIUS A T  SHALL  END= 0 .189600UOE 0.5 SLANT H E I G H T =  0 . 9 6 4 7 0 0 0 0 E  0 2  

NUMHER OF INTERVALS= 4 0  

~ ~ ~ 1 o = - a . o o o o o o o ~ ~ - ~ ~  P U ~ - 0 . 0 0 0 0 0 0 0 0 E - 3 8   R A T I O ~ - 0 . 0 0 0 0 0 0 0 0 E - 3 B  

AT A -- S I M P L E  BOUNDARY CUNOlTlONS 

A T  A -- A X I A L   L O A 0  15 A P P L I E D  1.006500 I N  OUTSIDE OF INNER  SURFACE 

AT A -- RADIAL  DISPLACEMENT IS ZERO 

AT A -- MOMENT IS Z E R O  

AT A -- T A N C f N T l A L   O I S P L I C E M F N T  IS ZERO 

AT A -- A X I A L   L O A D  IS ZERO 

AT E -- S I M P L E  BOUNDARY CONDIT IONS 

A T  E -- A X I A L  L O A D  IS A P P L I E D  1.006500 I N  O U T S I D E  OF INNER  SURFACE 

A T  E -- RADIAL  DISPLACEMENT IS ZERO 

A T  B -- MOMENT IS ZERO 

AT E -- TANGENTIAL  DISPLACEMENT IS Z E R O  

AT B -- AXIAL   LOAD 1s Z E R O  



Case 5 Output (Continued) 

NUHHER OF CIHCUHFERENTIAL  YAVES  25 

THE PHEBUCKLING  SOLUTIOY CONVERGFD I N  3 I T E R A T I O N S .  THE CllRRENT  LOADING  INCREMENT IS -i.UOOOOE 02 .  RHO - 1 . O O O O O E  0 3  

PREBUCKLING  OUANTITIES 

LENGTH 
ARC 

S 

0.OOF-39 
2 . 4 1 F  00  
4.HZF 00  
7 . 2 4 k  0 0  
9 . 6 5 F  U O  
1 . 2 1 F  0 1  
l . 4 5 F  U 1  
1 . 6 9 F   0 1  
1 . 9 3 E   0 1  
2 .17E c1 
2 . 4 1 E  0 1  
2 , 6 5 t  0 1  
2 . 8 9 F  0 1  
3 . 1 4 E  0 1  
3 . 3 H F   0 1  
3 . 6 2 E   0 1  
3 . 8 6 F   0 1  
4 . l O E   0 1  
4 . 3 4 E  G 1  
4.5HE 0 1  

5 . 0 6 F   0 1  

5 . 5 5 E  O ?  
5 . 3 1 E  0 1  

5 . 7 9 F   0 1  
6 .03E 0 1  

6 . 5 1 E   0 1  
6 . 2 7 E  U 1  

6 , 7 5 E  0 1  
6 .9YE 01 
7 . 2 4 F   0 1  
7 . 4 8 E  0 1  
7.72E 0 1  
7 . 9 6 E  01 
8,20F  'J1 
8.44F: 0 1  
8.6HF 01 
8 . 9 2 F  01 
9 . l b E   0 1  
0 . 4 1 E   U 1  
9 . * 5 E  0 1  

4 . m  0 1  

RADIUS*HOHIZI INTAL  HCRILOVTAL  MERIDIONAL 
FORCE/LENCTH 

H E R l D l O N L L  
DISPLACE'EYT srnEss ChANGE I N  

H E R l D l O N A L  

RESULTANT 
HOHENT 

H € R I D I O N A L  
C U H V A T U H E  

R O T A T I O N  D l S P L A C t l I E N T  
NOIiWAL 

DISPLACEMENT 
VERTICAL  CIRCUMFERENTIAL  CIRCUHFERENTIAL 

STRESS CHANGE I N  
CURVATURE 

RETA nu U UH uv N l U  Y 2 0  CURVl  CURV2 H l  
RESULTANT 

- 8 . 4 3 E - 0 3  - 2 . 3 3 F  0 4   6 . 6 3 E - 0 9  h.73E-119 0 . 0 0 E - 3 9  -1.OlE 03  - 6 . 4 9 E  0 1  7 . 2 5 E - 0 3  - 4 . 3 8 E - 0 5  9 . 2 1 E  0 2  
- 5 . 6 3 E - C 3  - 2 . 3 7 F  f l 4   - 1 . 7 0 E - 0 2  - l . 6 8 E - l 1 2  2 . 5 V E - 0 3  - 1 . r l O t  U3 - 2 . 4 2 E  0 1  6 . 2 3 f - 0 3  - 2 . Y 4 E - 0 5  8 , 1 2 E   0 2  
- 3 . 7 7 E - 0 3  - 2 . 4 5 E  0 4   - 2 . ? 7 E - 0 7  - 2 , 7 4 5 - 0 2  4 . 0 7 E - 0 3  -1.OOE 03 - 3 . 6 2 E  0 2  5 . 1 8 E - U 3  - 1 . 7 2 E - 0 5  7 . 0 5 E  0 2  
-1.34:-03 - 2 . 5 5 F  0 4  - 3 . 3 7 E - 0 2  -3.29E-132 4 , 6 0 E - @ 3  -1.UOE U3 - 4 . 3 5 E  U2 4 . 1 6 E - 0 3  - 7 , 0 4 E - 0 6  6,OSE 0 2  

1 . 0 2 E - 0 4   - 2 . h 6 F  0 4  - 3 . r 6 E - 0 2   - 3 . 4 4 E - 0 2   4 . 7 3 E - 0 3   - 1 . C O F  U3 - 4 . 6 9 E   0 1   J , 2 1 E - U 3   9 . 6 3 i - 0 7   5 , 1 2 E   0 2  

2.13E-03 -2.UYF 0 4   - 2 , 8 7 6 - 0 7  - 2 . h 7 E - d Z  2 . O 7 E - 0 5  - 9 . 9 8 E  U 2  - 4 . 5 1 E  0 2  1 .hOE-U3 1.13i-05 J , 6 3 E  C 2  
2 . 6 5 F - 0 3  - 2 . 9 Y F  0 4  - 2 . 2 9 5 - 0 7  - 2 . 3 2 E - 0 2  2 . 6 U E - 0 4  - 9 . 9 I E  U 2  - 4 . 1 4 E  0 2  9 . 7 3 E - U 4  1 . 4 0 E - 0 5  3 . 0 6 E  0 2  
2 . 9 4 E - 0 3  - 3 . 0 9 F  ? 4   - 1 . 6 Z ! z - 0 2  - 1 . 6 i E - 3 2  - 1 . 7 4 E - 0 3  - 9 . 9 5 b  0 2  - 3 . 6 6 E  02 4.58E-114 1 . 5 5 E - 0 5  2 . 6 2 E   0 2  

2 . 9 D E - 0 3  - 3 . 2 4 E  1l4 - 1 . . 7 1 E - 0 3  - 2 . U l F - l i 3  - 6 . 0 9 E - O J  - Y . Y J t  0 2  - 2 . 5 5 E  0 2  -7 .S6F-U4 1 . 5 7 E - 0 5  2 , 0 2 E   0 2  
2 . O ? E - 0 3  - 3 . 7 9 F  0 4   5 . 7 H E - 0 3  J . 4 0 5 - ' 1 3  - R . % Q E - 0 3  - 9 , Y l E  0 2  - 1 . 9 9 E  07 - 4 . 7 9 E - U 4  1 . 4 R E - 0 5  1 . 8 5 E   0 2  
2 ,5 t lE -03  - 3 . 3 3 F  0 4  1.1HE-U2 1 . J ? E - U 2  - 1 . 0 4 E - 0 1  - 9 , t l Y E  U2 -1.4hE 02 - 6 . 3 1 E - U 4  1 . 3 5 E - 0 5  1 , 7 5 E   0 2  
2 . 3 t J E - 0 3  - 3 . 3 6 F  04 1 . 7 7 k - 0 2  1.27!-\17 - 1 . 2 5 E - 0 2  - Y . f l l E  U 2   - 9 . 7 7 E  U 1  - 7 . 2 6 F - 0 4  1.20E-05 1 . 6 9 E   0 2  
1 .YHE-U3 - 3 . 3 f i F  0 4  2.2At-02 2.U6E-112 -1..:SE-O? -9 . t lSE 0 2   - 5 . 4 4 E  0 1   - 7 . 7 A F - U 4  1 . 0 3 E - 0 5  l . 6 7 E   0 2  
1 . 6 5 E - 0 3  - 3 . 3 9 F  f14 2 . 7 2 t - 0 2  7 . 4 7 E - U Z  - 1 . h 3 L - 0 2  - 9 . 8 J t  0 2  - 1 . 7 9 E  9 1   - 7 . 9 9 F - U 4  8 . 5 5 E - 0 6  1 . 6 7 E  02  
1 . 3 2 t - 0 3  -3.3YE 0 4  3 . O R t - 0 2  2 . H l E - 0 2  - 1 , R O E - 0 2  - 9 . R l E  0 2  1 . 1 R E  0 1   ' - 8 . O l F - U 4  6 , t l O E - 0 6  1 . 6 8 E   0 2  
9 . 8 7 E - 0 4  - 3 . 3 8 F  114 3.36t-32 3 . U 6 E - 0 2  - 1 . 9 6 E - 0 2  - 7 . 7 9 E  U2 3.4hE 0 1   - 7 . 9 2 F - U 4  5 , O R E - 0 6  1 . 7 O E   0 2  
6 . 6 1 E - 0 4  - 3 . 3 7 F  0 4   3 . 5 5 E - 0 2  3.24'-112 - 2 . l S E - U Z  - 9 . 7 7 t  02 5 . 0 5 E  0 1   - 7 . 8 1 E - U 4  3 . 3 9 E - 0 6  1 . 7 2 E  02 
3 . 3 9 E - 0 4  - 3 . 3 6 E  0 4   3 . 6 8 t - 0 2  3 . J 4 E - I 1 2  - 2 . P 3 E - ? ?  - 9 . 7 5 F  0 2  5 . 9 4 E  0 1  - 7 . 7 1 F - U 4  1 . 7 4 E - 0 6  1 . 7 3 E  0 2  

- 2 . 9 6 E - 0 4  - 3 , 3 J F  0 4  3 . 6 9 E - 0 7  3 . J l L - 0 2  - 7 . 4 5 E - 0 2  -9.7UF: 0 2  5 . 6 7 E  0 1  - 7 , 6 8 F - U 4  - 1 . 5 1 E - 0 6  1 . 7 2 E   0 2  
2 .17E-05  - 3 . 3 4 F  0 4   3 . 7 Z E - O E  J..16!-?)7 - 2 . 3 5 E - 0 2  - 9 . 7 2 E  0 2  6 . 1 5 E  0 1  - 7 . h 7 E - 0 4  1 .ORE-07 1 . 7 3 E   U 2  

- 6 . 1 6 E - 0 4  - J . J % F  0 4  3.58t-02 3 . 1 t i E - 0 7  - 2 . S 4 E - 0 7  - 9 , h R t  0 7  4 . 5 3 E  0 1  - 7 . 7 5 E - 0 4  - 3 . 1 2 E - 0 6  1 . 7 0 E   0 2  
- 9 . 3 R E - 0 4  - 3 . 3 1 E  114 3 . 3 9 E - 0 2  2 . V a E - U Z  - 2 . 6 1 E - 0 2  - 9 . 6 6 F  0 2  2 . 7 1 E  0 1  - 7 . 7 9 F - U 4  - 4 . 7 4 E - 0 6  1 .68E 02 
- 1 . 2 6 E - 0 3  -3 ,3UF 0 4  3 . 1 Z E - 0 2  Z 0 7 O E - O 2  - 2 , 6 7 E - 0 2  - 9 . h 4 E  D2 2 . 4 6 E  0 0  -7 .8OE-U4 - 6 . 3 h E - 0 6  1 . 6 5 E  0 2  
- 1 . 5 R E - 0 3  - 3 . 3 1 F  0 4   2 b 7 0 t - 0 7  2 . J 4 E - 0 2  - 2 . 7 2 E - 0 2  - 9 . h 2 E  U 1  - 2 . 8 6 E  0 1  - 7 , 6 9 F - U 4  - 7 . 9 6 E - 0 6  1 . 6 4 t  0 2  
- 1 , 9 0 E - 0 3  -3.J2F U4 2 . 3 6 E - 3 2  l . ' J l E - 0 2  - 2 . 7 5 E - 0 2  -9 .hUE U 2  - 6 . 5 h E  0 1  - 7 . 3 7 E - U 4  - 9 . 5 1 E - 0 6  1 . 6 3 E   0 2  
- 2 . 2 0 E - 0 3  - 3 , 3 4 6  0 4   1 . H 7 E - 0 7  1 , 4 l E - U ?  - 2 , 7 7 E - 0 2  - 9 . 5 8 F  U2  -1,ORE 0 2  - 6 . 7 J F - U 4  - 1 , l O E - 0 5  1 . 6 6 E   0 2  
-2 .46 .E-03 - 3 , 3 7 F  U4 1 . 3 1 E - 0 7  8 . 3 8 E - C S  - 2 . ? 7 i - 0 2  - 9 . 5 7 t  U2 - 1 . 5 5 E  0 2  -5.66F-114 - 1 . 2 2 E - 0 5  1 , 7 2 E   0 2  
- 2 . 0 6 E - 0 3  - 3 . 4 1 F  0 4  6.AUE-03 2 . 1 2 E - U 3  - 2 . 7 6 E - 0 2  - Y . 5 5 F  0 2  - 2 . 0 6 E  0 2  - 4 . 0 3 F - U 4  -1.32E-05 1 . 8 3 E  02 
- 2 . 7 Y E - 0 3  - 3 . 4 7 E  0 4   3 . 0 7 t - 0 4  - 4 . 3 2 E - U 3  - 2 . 7 4 E - 0 7  - 9 . 5 3 E  0 2  - 2 . 5 8 E  0 2  - 1 , 7 4 E - U 4  -1 .3aE-05  2 . 0 0 E   0 2  

- 2 . 6 f i E - U 3  - 3 . h 2 F  0 4   - 1 . 3 1 E - U 2  - 1 . 8 O E - 0 2  - 2 . 6 R E - C Z  - 9 . 5 1 E  07 - 3 . 5 D F  0 2  5 . 3 0 E - U 4  - 1 . 3 2 E - 0 5  2 .50E 0 2  
- 2 . 8 1 C - 0 3  - 3 , 5 4 E  0 4  - 6 . 4 4 E - 0 3  -1.13E-112 - 7 . 7 1 E - 0 2  - 9 . 5 2 E  U 2  - 3 . 0 9 E  0 2   1 . 3 4 E - U 4  - 1 . 3 9 E - 0 5  2 . 2 5 E   0 2  

- 2 . 3 7 E - 0 3  - 3 , 7 1 F  0 4   - 1 . 9 7 E - 0 2  - ? . 4 1 E - 0 1  - 2 . 6 5 E - 0 2  - 9 . 5 U F  0 2  - 3 . 9 9 E  0 2  1 . @ 2 F - U 3  - 1 . 1 7 E - 0 5  3 , O O E  0 2  
- 1 . 0 3 E - 0 3  - 3 . H l E  U 4  -2.42C-02 - 2 . 9 2 E - 0 2  - 2 . h 4 E - 0 2  - 9 . 4 8 E  0 2  - 4 . 2 9 E  0 2  1 , 6 1 E - U 3  - 9 , 0 4 E - 0 6  3 . 5 3 E   0 2  
- 1 . t 3 E - 0 3  - 3 . 9 2 E  0 4   - 2 . 7 7 t - 0 %  - S . % D C - O i  - 2 . 6 4 E - 0 2  - 9 . 4 7 E  0 2  - J , 4 3 E  0 2  2 . 3 0 E - U 3  - 5 . 1 0 E - 0 6  4 . 1 6 E  02 

7 . 1 3 E - 0 5  - 4 . 0 2 E  0 4   - 2 , f l t l t - U Z  - 5 . 4 O E - U Z  - 2 , f R E - 0 7  - 9 . 4 6 E  0 2  - 4 . 3 6 E  0 2  3 . 0 7 E - U 3  3 . 5 2 E - 0 7  4 , 8 9 E   0 2  
1 . 5 2 E - 0 3  - 4 . 1 3 E  0 4   - 2 . 6 Y k - 0 2  -3.22E-112 - 2 . 7 6 E - 0 2  - 9 . 4 5 E  0 2  - 4 . 0 1 E  02 3 . Y 3 E - U S  7 . 5 0 E - 0 6  5 , 7 0 E   0 2  
3 . 3 3 E - 0 3  - 4 . 7 2 F  0 4   - 2 . l l t - 0 2  -%.bSE-112 - 2 . 9 0 f - 0 2  - 9 . 4 4 E  112 - 3 . 3 1 E  0 2  4.H3E-U3 1 .65E-05  6 . 5 9 E  0 2  
5 . 5 2 E - 0 3  - 4 . 7 9 F  0 4  - 1 . 0 4 E - 0 2  - 1 . O l E - U Z  - 3 . 1 7 E - 0 2  - 9 . 4 3 E  U 2  - 2 . 2 1 E  0 2  5 . 7 4 E - U 3  2 . 7 5 E - 0 5  7 . 5 3 E   0 2  
8 . ( ' 9 E - 0 3  - 4 . 3 2 E  0 4   5 . 9 8 E - 0 3  R.64E-U9 - 3 . 4 4 E - 0 2 '  - 9 . 4 2 E  0 2  - 6 . 4 2 E  0 1   6 . 6 2 E - 0 3  4 . 0 5 E - 0 5  t1.46E 02  

1 . 3 2 ~ - 0 3   - 2 . 7 8 ~   n 4  - ~ . P ~ E - u z  - 3 . ~ 7 ~ - 0 2  3 . 4 2 ~ - c 3  -9 .991;  02 - 4 . 7 2 ~  02 ~ , J S E - U ~  7 . 0 0 ~ - 0 6  4,316 0 2  

3 . 0 . 5 ~ - 0 3  - 3 . 1 7 ~ .   0 4  - H . ~ ~ L - o J  - 9 . l t ) ~ - n 3  - 3 . a n ~ - c 3  -9.94;, u z  - 3 . 1 : ~  o;! 5 . 1 8 ~ - u 5  I . ~ O E - O ~  2 . 2 7 ~  02 



Case 5 Output (Continued) 

- 3 . 5 6 9 9 E - 3 1  
2 . 0 2 4 S E - 0 1  

- 2 . 3 1 7 1 E - 3 1  
- 2 . 0 5 1 2 E - 0 1  
- 1 . 9 3 5 5 E - 0 1  . 
-;. . 8 M 1 3 E - 3 1  
- 1 . 8 5 7 7 E - 0 1  

- ; .7214E-01 
- 1 . 8 7 S 2 E - 0 1  

- 4 . f l 5 3 6 F - U l  
- 3 . 4 U 0 7 F - U l  
- ? . 9 6 3 b ~ - 0 1  
- 2 . I V 7 9 F - d l  
- 2 . 5 7 4 7 E - 0 1  
- 7 . 9 6 1 8 F - 3 1  
- 2 . 8 5 5 G F - G l  

- 2 . 8 4 3 5 E - 9 1  
- 7 . ~ 4 0 1 ~ - 0 1  

- 3 . 9 4 h 3 F - 0 1  
4 .3 .797E-01 

- 2 . 2 4 0 f l E - 0 1  
- 2 . 0 2 0 H E - 0 1  
- 1 . 3 2 0 9 E - 0 1  
- 1 . 8 1 5 1 E - 0 1  
-1.8535t-J1 
- 1 . 8 1 2 6 E - 9 1  
- 1 . 6 8 3 4 E - 3 1  

- 9 . 1 9 4 7 E - n l  

- 2 . 9 4 1 S E - 0 1  
- 3 . 2 5 3 0 E - 0 1  

- ? . Y ~ I ~ E - ~ I  
- 7 . 8 7 1 5 F - 0 1  
- 2 . 8 6 O O F - 0 1  
-7 .R5.59E-01 
- ? . 4 4 7 7 t - 0 1  
- > . a 4 4 2 ~ - ~ 1  

- 2 . 7 4 7 6 E - C l  
4 . 1 5 3 L E - 0 1  

- 2 . 1 7 b h t - C 1  
- 1 . 9 9 4 7 E - C 1  
- 1 . 9 0 8 4 E - C 1  
- 1 . 8 6 9 Q E - C 1  
- 1 . 8 4 8 1 E - 0 1  
- 1 . 7 0 6 7 E - 0 1  
- 1 . 6 3 5 8 E - C 1  

- 7 . 7 4 0 9 E - 0 1  
- 3 . 1 2 3 3 E - 0 1  
- 2 . 0 2 5 8 E - 0 1  
- 2 . 9 8 6 R F - 0 1  
- 2 . 8 6 A b E - 0 1  
- 2 . 8 5 8 S E - 0 1  
- ? . R 5 2 8 E - O 1  
- 2 . P 4 0 3 E - 0 1  
- 4 . 6 9 6 0 E - f 1 2  

- 0 . O 9 4 5 E - 0 1  
- 2 . 5 5 3 1 E - 0 1  
- 2 . 1 2 8 4 E - 0 1  
- 1 . 9 7 2 1 E - 0 1  
- 1 . 8 9 7 7 E - 0 1  
- 1 . 8 6 5 5 E - 0 1  
- 1 . 0 4 2 7 E - 0 1  
- 1 . 7 7 6 8 E - 0 1  

5 . 6 V O l E  00 

- 4 . 9 2 0 4 t - 0 1  

- 2 . 9 1 4 2 E - 0 1  
- 7 . R 8 2 3 E - 0 1  
- 2 . 0 6 6 0 E - 0 1  

- 2 . 8 5 1 7 E - 0 1  

- h . 1 4 6 2 E - 0 2  
- 2 . 8 4 4 9 E - 0 1  

- 3 . 0 4 5 2 E - 0 1  

- z . e 5 7 2 ~ - 0 1  

- 4 . 6 7 1 0 E - 0 1  
- 2 . 4 1 7 3 E - 0 1  
- 2 . O R 6 6 E - 0 1  
- 1 . 9 5 2 4 E - 0 1  
- 1 . 8 0 8 8 E - 0 1  
- 1 . 0 6 1 6 E - 0 1  

- 1 . 1 5 2 1 E - 0 1  
7 . 0 2 5 4 C - 0 3  

- 1 . a 3 5 0 ~ - 0 1  



Case 5 Output (Continued) 

I 

S 

O.OOE-39 
2 .41F 0 0  

9 .65E 0 0  
7.24E 0 0  

1 . 2 1 E  01 
1 . 4 5 F   0 1  
1 . 6 9 E   0 1  

2 . 1 7 F  GI 
1 . 9 3 =  0 1  

2 . 6 5 F   0 1  
2 . 8 9 E  C 1  
3 . 1 4 E   0 1  

3 .62E 0 1  
3 . 8 6 F   0 1  
4 . 1 0 F   0 1  
4 . 3 4 E  0 1  
4 . 5 8 E   0 1  
4.82E 0 1  
5.ObE 0 1  
5.31E 0 1  
5.55E 01 
5.79E 0 1  

6 . 2 7 E  0 1  
6 . 0 3 E   0 1  

6.51F: 0 1  
6 .75E 01 
6.99E 0 1  
7 . 2 4 E   0 1  
7.48E 0 1  
7 . 7 2 E  fll 
7 . 9 6 E  01 
8.20E 0 1  
8.44E 0 1  
8 . 6 8 E   0 1  
8 . 9 2 E  0 1  
9 . 1 6 E   0 1  
9.41E U1 

4 . 8 2 ~  00 

2 . 4 1 ~  CI 

3.3a~ 01 

BETA UH 

- 9 . 3 4 E - 0 3  -2 .56E C 4  

- 6 . 2 5 E - 0 3  -2 .61E 7 4  
- 3 . 6 4 E - 0 3  - 2 . 6 9 c  1?4 
- 1 . 5 0 E - 0 3  -2.POE 0 4  

1 . 8 i E - 0 4  - 2 . 9 3 E   1 4  
1 . 4 5 E - 0 3  - 3 . U 5 F   0 4  
2 . 3 5 E - 0 3  - 3 . l t ) E  0 4  

3 . 2 6 E - 0 3  - 3 . 4 O E  3 4  
2 . 9 4 i - 0 3  - 3 . 2 9 F  I14 

3 . 3 7 E - 0 3  - 3 . 4 Y E   0 4  
3 . 3 2 E - 0 3  - 3 . 5 7 E  0 4  
3 . 1 4 E - 0 3  -3.h3F 114 
2.RPE-03 - 3 . 6 7 F  n 4  

2 . 2 1 E - 0 3  - 3 . 7 2 E  0 4  
1 . 8 4 E - 0 3  - 3 . 7 3 E  0 4  
1 . 4 7 E - 0 3  - 3 . 7 3 E   0 4  
l . l U E - 0 3  -3 .72F (14 
7 . 3 9 E - 0 4  - 3 . 7 1 E   0 4  
3 . 7 8 E - 0 4  - 3 . 7 U F   0 4  
2 . 2 2 E - 0 5  - 3 . 6 U E   0 4  

-6 .9UE-04 -3 .6SC  04  
- 3 . 3 3 E - 0 4  - 3 . 6 6 F  0 4  

2 . 5 6 E - 0 3  - 3 . 7 0 ~  n 4  

- ~ . c ~ E - c I ~  - 3 . 6 4 ~   n 4  
- 1 . 4 1 E - 0 3  - 3 . 6 3 E   0 4  
- 1 . 7 7 E - 0 3  - 3 . 6 3 F  n 4  

- 2 . 4 5 E - 0 3  - 3 . 6 7 F   0 4  
- 2 . 7 4 E - 0 3  - 3 . 7 0 E   0 4  
- 2 . 9 7 E - 0 3  - 3 . 7 5 E  5 4  
-3.llE-03 - 3 , 8 1 E  t l4 
- 3 . 1 2 E - 0 3  -3 .R9E 0 4  
- 2 . 9 R E - 0 3  - 3 . P d E  0 4  
- 2 . 6 2 E - 0 3  -4.O8E  P4 
-2 .C3E-OJ -4.19F  D4 
-1.lJE-03 - 4 . 3 1 F  C 4  

9 . 8 6 E - 0 5  - 4 . 4 3 E  114 
1 . 7 0 E - U 3  - 4 . q 4 E   n 4  
3 . 7 1 E - 0 3  - 4 . 6 4 E  n 4  
6 . L 3 E - 0 3  - 4 . 7 2 F   0 4  

- z . : z E - o ~  - 3 . 6 5 ~   n 4  

1 

- 6 . 6 3 E - 0 9  
- 1 . 8 P E - 0 2  

- 3 . 6 9 E - 0 2  
- J .O IE-02  

- 3 . 4 5 E - 0 2  
- 3 . 6 6 E - 0 2  
- 3 . 2 0 E - 1 2  
- 2 . 5 6 E - 0 2  
- 1 . 8 1 E - 0 2  
-1, J I E - 0 2  
- 2 . 0 1 E - 0 3  

5 .  I O € - 0 3  

1 . 9 5 E - 0 2  
1 . 3 0 E - 0 2  

2 . 5 J E - 0 2  
3 . J 2 E - 0 2  
3 . 4 1 E - 0 2  
3 . 7 3 E - 0 2  
3 . 9 5 E - 0 2  
4 . 3 8 E - 0 2  
4 . 1 3 E - 0 2  
4 . 5 9 E - 1 2  

3 . 7 6 E - 0 2  
3 . 9 7 E - 0 2  

3 . 4 6 i - J Z  

2 . 6 1 E - 0 2  
3 . 0 H E - 1 2  

2 . 0 6 E - 0 2  
1 . 4 3 E - 0 2  
7 . 4 4 E - 0 3  
1 ,1SC-O4 

- 7 . 4 3 E - 0 3  
- ? . 4 7 E - 9 2  
- 2 . 1 5 E - 0 2  
- 2 . 7 1 E - 3 2  

JH 

- 6 . 7 3 E - J 9  
- 1 . 3 6 i - 0 2  
- 3 . J 4 E - 5 2  
- 3 . 6 6 5 - 0 2  
- 3 . 3 3 E - 0 2  
- 3 . 6 5 E - J 2  
- 3 . 2 1 5 - 3 2  
- 2 . 5 9 E - 0 2  
- 1 . 3 7 E - J Z  
-1,lOE-02 
-3.29E-mJ3 

4 . 1 8 E - 0 3  
1 . l l E - 0 2  
1. 74E-U2 
2 .28E- lJ2  
2 . 7 5 C - 0 2  

3 . 4 0 5 - 0 2  
3 . 1 2 E - U Z  

3 . 6 0 E - J Z  
3 . 7 l E - 0 7  
3 . 7 4 E - 0 2  
3.68E-02 
3 . 5 4 E - 0 2  
3 . J l E - J 2  
3 . J O E - J 2  
2 . 5 O E - 0 2  
2.12E-112 
l . i 5 E - ~ 2  
9 . 1 7 E - J 3  

- 5 . 1 9 E - ’ 1 3  
2.20:-33 

- 1 . 2 8 5 - 0 2  
- 2 . 0 2 5 - u Z  
- 2 . 7 0 E - J Z  
- 3 . 2 6 E - J 2  

I J V  

0 . 0 0 E - 3 9  
2 . 8 7 E - O S  
4 . 5 2 E - 0 3  
5 . 1 2 E - 0 3  
4 . 8 4 E - 0 5  
3. R S E - 0 3  
2 . 3 l E - 0 3  

- 1 . 8 4 E - 0 3  
3 . 7 3 E - 0 4  

- 4 . 2 1 E - 0 3  
- 6 . 6 5 E - 0 3  
- 9 . 0 8 E - 0 3  

- i . 3 8 E - O ?  
- 1 . l S E - 0 2  

- i . 5 9 E - 0 2  
- 1 . 8 O E - 0 2  
- 1 . 9 E E - 0 2  
- 2 . 1 6 E - 0 2  
- 2 . 3 2 E - 0 2  
- 2 . 4 6 E - 0 2  
- 2 . 5 9 E - 0 2  
- 2 . 7 U E - 0 2  

- 2 . 8 8 E - 0 2  
- 2 . 8 0 E - 0 2  

- 2 . 9 5 E - 0 2  
- 3 . O O E - 0 2  
- 3 . 0 3 E - 0 2  
- 3 . 0 5 E - 0 2  
- 3 . 0 5 E - 0 2  
- 3 . O 4 E - 0 2  
-3.OlE-02 
- 2 . Q f l E - 0 2  

- 2 . 9 1 E - 0 2  
- 2 . 9 4 E - 0 2  

- 2 . 8 P E - 0 2  

N10  L(20 
RESULTAVT 

- 1 . 1 1 E  0 3  
- 1 . 1 1 E  0 3  
- 1 . 1 U E  0 3  
- 1 . 1 0 E  0 3  
- 1 . 1 0 E  03 
- 1 . i O E  03 
-1.1OE 0 3  
- 1 . l O E  0 3  
-1.lOE 0 3  

-1 .O9E  03  
-1.O9E 0 3  

- 1 . 0 9 E  u3 
- 1 . 0 9 i  0 3  
-1 .O9E 0 3  
- 1 . O 8 E  0 3  

-1 .OBE 03 
-1.OBE 0 3  
- 1 . 0 7 E  0 3  
- 1 . 0 7 6  0 3  
- 1 . 0 7 E  03 
- 1 . 0 7 E  03 
- 1 . 0 6 E  0 3  
- 1 . 0 6 E  0 3  
- 1 . 0 6 E  0 3  

- 1 . 0 6 E  03 
- 1 . 0 6 E  03 

-1.05: 0 3  
- 1 . 0 5 E  0 3  
-1.05C 0 3  
- 1 . 0 5 E  0 3  
- 1 . 0 5 E   0 3  
- 1 . 0 5 E  0 3  
- 1 . 0 4 E  0 3  
- 1 . 0 4 E  03 

- 1 . o a ~  03 

- 7 . 1 4 E   0 1  
- 2 . 6 7 E  0 2  
- 4 . 0 1 E  02 
- 4 . 8 2 E  0 2  
-5 .19E  0 2  
- 5 . 2 3 E  0 2  
- 5 . 0 0 E  0 2  
- 4 . 5 9 E  0 2  
- 4 . 0 5 E  0 2  
- 3 , 4 5 E  02 
- 2 . 8 2 E  0 2  
- 2 . 2 0 E  0 2  
- 1 . 6 1 E   0 2  
- 1 . 0 6 E  0 2  
- 5 . 8 7 E  0 1  
- 1 . 7 9 E   0 1  

1 . 5 3 E  0 1  

5 . 8 5 E   0 1  
4 . 0 7 E   0 1  

6 . 8 4 E   0 1  
7 . 0 8 E   0 1  
b . 5 5 E  0 1  
5 . 2 6 E   0 1  
3 . 2 4 E  0 1  

- 2 . 9 9 E   0 1  
4 . 7 7 E  0 0  

- 1 . 1 9 E  0 2  
- 7 . 1 2 E   0 1  

- 1 . 7 1 5  0 2  
- 2 . 2 7 E  0 2  
- 2 . 8 5 E   0 2  

- 3 . 9 b E   0 2  
- 3 . 4 3 E  0 2  

- 4 . 4 2 E  0 2  
- 4 . 7 5 E  0 2  

CURVl  

7 . 9 7 E - U 3  

5 . 7 3 E - U 3  
6 .R7F-US 

4 . 6 1 F - 0 3  
3 . 5 6 F - 0 3  
2 .  62E-U3 
1 . 7 9 E - 0 3  
1 .O9E-U3 
5 . 2 1 E - U 4  

- 2 . 7 7 E - 3 4  
6 . 8 1 E - 0 5  

- 5 . 2 7 E - 6 4  
- 6 . 9 8 E - 0 4  
- R . 0 6 E - U 4  
- 8 . 6 b E - 0 4  
- 8 . 9 1 E - J 4  
- 8 . 9 4 E - 0 4  
- 8 , 8 6 E - U 4  

- 8 . 6 3 E - 0 4  

- 8 . 5 9 E - U 4  
- 8 . 6 5 E - 0 4  
- 8 . 7 0 E - 0 4  
- 8 , 7 1 E - 0 4  
- 8 . 5 7 E - U 4  
- 8 . 1 9 E - 0 4  
-7 .46E-U4 

- 4 . 4 2 E - U 4  
- 6 . 2 5 E - U 4  

1 . 5 9 E - 0 4  
6 . O l E - 0 4  
1,15E-U3 
1.80F-JJ 

- n . 7 3 ~ - 0 4  

- n . 5 8 ~ - 0 4  

- I . ~ s E - u ~  

CURVATURE 
CVRVZ 

- 4 . 8 4 E - 0 5  
- 3 . 2 6 E - 0 5  
- 1 . 9 1 E - 0 5  
- 7 . 9 2 E - 0 6  

9 . 5 A E - 0 7  
7 . 6 8 E - 0 6  
1 . 2 4 E - 0 5  
1 . 5 5 E - 0 5  
1 . 7 2 E - 0 5  
1. 7 8 E - 0 5  
1 . 7 4 E - 0 5  
1 . 6 5 E - 0 5  
1 . 5 1 E - 0 5  
1 . 3 4 E - 0 5  

9 . 5 5 E - 0 6  
1 . 1 % - 0 5  

5 .6RE-06 
7 . 6 0 E - 0 6  

3 . 7 9 E - 0 6  
1 . 9 4 E - 0 6  

- 1 . 6 9 E - 0 6  
1 . 1 3 E - 0 7  

-3 .50E-06  

-7 .11E-06 
- 5 . 3 1 E - 0 6  

-8 .9OE-06 
- 1 . 0 6 E - 0 5  

- 1 . 3 6 E - 0 5  
- 1 . 2 2 E - 0 5  

- 1 . 4 7 E - 0 5  
- 1 . 5 4 E - 0 5  
- 1 . 5 4 E - 0 5  
- 1 . 4 7 E - 0 5  

- 9 . 9 7 E - 0 6  
- 1 . 2 9 E - 0 5  

M l  

1 . O l E  03 
8 . 9 5 E  02  

6 .37E 0 2  
7 . 7 8 E   0 2  

5 .66E 0 2  
4 . 7 7 E  0 2  
4 . 0 1 E   0 2  
3 .39E 0 2  
2 .8% 0 2  
2.51E 0 2  
2 . 2 3 E  0 2  
2 . 0 4 E   0 2  

1.8% 0 2  
1 . 9 2 E   0 2  

1.83E !I2 
1 . 8 3 E   0 2  

1 . 8 6 E   0 2  
1 . 8 4 E   0 2  

1 .88E 0 2  
1 . 8 9 E   0 2  

1 . 8 8 E  0 2  
1 . 8 9 E   0 2  

1 . 8 4 E   0 2  
1 . 8 6 E   0 2  

1 . 8 1 E   0 2  
1 .79E.  0 2  
1 . 7 9 E   0 2  
1 . 8 2 E  02 
1 . 8 9 E  02 
2 . 0 1 E   0 2  
2 .21E 0 2  
2 . 4 8 E   0 2  
2 . 8 5 E   0 2  
3 .32E 02 
3.91E 0 2  

- S . C V E - O ?  - 3 . 6 5 E - O ?  - 2 . 9 O E - 0 2  - 1 . 0 4 E  0 3  - 4 . 9 1 E  0 2  2.56;-03 - 5 . 5 7 E - 0 6  4 ; 6 0 E  O I  

- 3 . 2 0 E - 0 2  -3 .58 : -22  - 3 . 0 3 E - 0 2  -1.04: 03 - 4 . 4 3 E  0 2  4 . 3 % - 0 3  8 . 4 Z E - 0 6  6.30E 02 

I - 1 . 1 6 E - 9 2  - 1 . 7 8 E - u 2  - 3 . 4 3 E - 0 2  -1.O4E 0 3  - 2 . 4 4 E  0 2  6 . 3 3 E - 0 3  3 . 0 6 E - 0 5  8.29E  02 
- 2 . J j E - 0 2   - 2 . 9 4 E - 0 2   - 3 . 1 9 E - 0 2   - 1 . O 4 E  03 - 3 . 6 6 E  0 2  5 . 3 4 E - 5 3   1 . 8 4 E - 0 5   7 . 2 8 E   0 2  

9 .65E 01 8 . 9 6 E - 0 3   - 4 . 7 6 F  0 4  6 . S S E - 0 3   S . 4 4 E - 3 3   - 3 . 7 9 E - 0 2   - 1 . 0 4 E  0 3  - 7 . 0 7 E   0 1   7 . 2 8 E - 0 3   4 . 4 9 E - 0 5   9 . 3 1 E   0 2  

- 3 . 2 ~ - 0 2   - 3 . 7 a ~ - 0 2  - Z . W E - O ~  - 1 . 0 4 ~  03 - 4 . 8 2 ~   0 2   3 , 4 2 ~ - ~ 3   4 . 8 7 ~ - 0 7   5 . 4 0 ~  02 



- 1 . 2 9 5 2 E - 0 1  
- 3 . 9 1 9 1 E - 0 1  

' - 2 . 9 V 5 7 f - D l  
- 2 . 9 0 5 2 E - 0 1  
- 2 . 8 7 8 6 k - 0 1  
- 2 , 8 6 4 l E - 0 1  
- 2 , 8 S 7 2 € - 0 1  
- 2 . 8 5 3 0 E - 0 1  
- 2 . 6 4 9 1 f - 0 1  

- 3 . 5 6 7 9 E - 0 1  
2 , 0 2 4 3 E - 0 1  

- 2 . 3 1 1 4 E - 0 1  
- 2 . 0 4 0 4 E - 0 1  
- 1 , 9 1 9 9 E - 0 1  
- 1 , t I h l B E - 0 1  
- 1 . 8 3 5 8 E - 0 1  
- 1 . 7 9 8 5 E - 0 1  
- 1 . 6 6 9 3 E - 0 1  

- 4 . 0 5 2 6 F - 0 1  
- 3 , 4 8 0 b E - 0 1  
- 2 . 9 6 3 4 E - U 1  
- 2 . A 9 A l F - 0 1  
- 2 , 8 7 5 U E - 0 1  
- 2 . 8 6 7 2 E - U 1  
- P . R 5 h 3 E - 0 1  
- 3 , 8 5 2 0 E - 0 1  
- 2 . 8 4 9 9 E - 0 1  

D E T E R M I N A N T  1 . 3 0 6 5 1 E - 0 4   T l H E S  10 T O  

Case 5 Output (Continued) 

4 . 3 3 8 6 E - 0 1  
- 3 . 0 4 5 7 E - 0 1  
- 2 . 2 3 5 3 E - 0 1  
- 2 . 0 0 9 0 E - 0 1  
- 1 . 9 0 4 4 E - 0 1  

- 1 . 8 3 1 2 E - 0 1  
- 1 . 8 5 5 0 E - 0 1  

- 1 . 7 8 3 h E - 9 1  
- 1 . 6 1 7 9 E - @ 1  

- 9 . 2 0 0 2 E - 0 1  
- 3 . 2 5 1 9 E - 0 1  
- 2 . 9 4 1 4 E - 0 1  

- 2 . 8 7 1 8 E - 0 1  
- 2 . 8 9 2 1 E - 0 1  

- 2 . 8 h O h E - 0 1  
- 2 , 8 5 5 h E - U l  

- 2 . 8 5 2 8 E - 0 1  
- 2 . 8 5 1 r 1 ~ - 0 1 .  

- 2 , 7 4 4 3 E - 0 1  
4 . 1 6 8 8 E - 0 1  

- 1 . 9 8 1 9 E - 0 1  
- 1 . 8 9 1 U E - 0 1  
- 1 . 8 4 9 3 E - 0 1  

- 2 . 1 7 0 1 E - 0 1  

- 1 , t 1 2 5 7 ~ - 0 1  
- 1 . 7 6 4 4 E - 0 1  
- 1 . 5 4 Y 6 E - 0 1  

- 7 . 7 5 8 0 E - 0 1  
- 3 . 1 2 3 2 E - 0 1  
- 2 . 9 2 5 8 E - 0 1  
- 2 . 8 0 7 0 E - 0 1  
- 2 . 8 6 8 9 E - 0 1  
- 2 . A 5 9 2 F - 0 1  
- 2 . 8 5 4 8 E - 0 1  
- 2 . 8 5 0 0 E - 0 1  
- 8 . 8 7 5 H E - l l 2  

- 8 . 0 9 7 6 E - 0 1  
- 2 . 5 4 9 l E - 0 1  
- 2 . 1 1 9 7 E - 0 1  
- I . W ~ ~ E - O ~  
- 1 , 8 7 9 h E - 0 1  

- 1 . 8 1 8 8 E - 0 1  
- 1 . 8 4 4 5 E - 0 1  

- 1 . 7 4 0 0 E - U 1  
2 . 8 U 0 7 E  0 0  

- 4 . 9 2 0 5 E - 0 1  
- 3 . 0 4 5 0 E - 0 1  
- 2 , 9 1 4 2 E - 0 1  
- 2 . R 8 2 6 E - 0 1  
- 2 . 8 6 6 3 E - 0 1  

- 2 . 8 5 3 9 E - 0 1  
- 2 . 8 5 8 1 E - 0 1  

- 6 . 0 2 5 4 E - 0 2  
- 2 . 8 4 9 3 E - 0 1  

THE - 5 0 T H  PONER. THE PREBUCKLINC  SOLUTION CONVERGED I N  2 ITERATIONS, RHO = 

- 4 . 6 6 9 7 E - 0 1  
- 2 . 4 1 2 5 E - 0 1  
- 2 . . 0 7 6 0 E - 0 1  
- 1 . 9 3 7 7 E - 0 1  
- 1 . 8 6 9 9 E - 0 1  

- 1 . 8 1 0 0 E - 0 1  
- 1 . 8 4 0 1 E - 0 1  

- 2 . 7 6 7 0 E - 0 2  

- 1 . 1 0 0 0 0 E  0 3  

- I . ~ O ~ E - O I  

R a3 



NUNPER OF CIRCUMFERENTIAL  UAVFS = 2 5  

THE PREfiUCflLING  SOLUTION  COdVERCED I N  2 ITEHATIONS.  TbE CURRENT LOADING I N C R E M E N T  IS 7 . 0 3 1 5 3 E   0 1 .  RNO a -1 .02968E 03 

P R E E U C < L I N G   O U I N T l T l E S  

LENGTH 
ARC 

S 

0.OOF-39 
2 . 4 1 F  0 0  
4 . 8 2 F  0 0  
7 . 2 4 F  0 0  
9 .65E 0 0  
1 . 2 1 E   0 1  
1 . 4 5 F   0 1  
1 . 6 9 E   0 1  
1 . 9 3 F   0 1  
2.17E 0 1  
2 . 4 1 ~  ui 
2 . 6 5 F   0 1  
2 . 8 9 E   0 1  

3.38E 0 1  
3 . 1 4 E   0 1  

3 . 6 2 E   0 1  
3.86E 0 1  
4 . 1 0 ~  01 
4 . 3 4 E  0 1  
4.58E 0 1  
4.82E 0 1  
5 . 0 6 E  0 1  
5 . 3 1 E  0 1  

5 . 7 9 E   0 1  
5 .55E 0 1  

6.03E 0 1  
6 . 2 7 E   0 1  
6 . 5 1 €   0 1  
6 . 7 5 E   0 1  
6 . 9 9 E   0 1  
7.24E 0 1  
7 . 4 0 E   0 1  
7 . 7 2 E   0 1  
7 . 9 6 E   0 1  
8.20E 0 1  
8.44E 0 1  
4.68E F 1  

9 . 1 6 E   0 1  
R.92F 0 1  

9.41E 0 1  
9 . 6 5 E   0 1  

RADIUS.HORIZONTIL 
FORCEILENGTH D I S P L A ~ E ' E ~ T  

H~~QIL!I\ITIL 

U E R I ~ I O N A L  
ROTATIOQ 

W O M V A L  
OISPLACE'IENT 01 

B E T A  RU h ;In 

- 8 . 7 0 E - 0 3  -2 .4UE 0 4  - 4 . 2 5 E - 0 9  - 4 . 3 1 f - J ?  
"5 .82E-03  -2 .44F 0 4   - 1 . 7 5 E - 0 2  -1.73:-02 
-3.3RE-03 -2 .52E 0 4   - 2 . 8 6 E - 0 2  - 2 . 9 3 E - 0 2  
- 1 . 3 9 E - 0 3  - ? . h a €  0 4   - 3 . 4 3 E - 0 2  - 3 . 4 0 5 - 0 2  

1 . 8 3 E - 0 4  -2 .74E 0 4   - 3 . 5 8 E - 0 2  - 3 . 5 5 E - 0 2  
1 . 3 6 E - 0 3  - 2 . 8 6 E  0 4   - 3 . 3 9 E - 0 2  - 3 . 3 8 E - 0 2  
2 .2UE-03 - 2 . 9 7 E  0 4   - 2 . 9 6 E - 0 2  -2.376-112 
2 . 7 4 E - 0 3  -3.OBE 0 4   - 2 . 3 7 E - 0 2  - 2 . 4 U C - 0 2  
3.C3E-03 -3 .18E 0 4   - 1 . 6 7 E - 0 2  - 1 . 7 3 E - 0 2  
3 . 1 3 E - 0 3  -3.26E 114 - 9 . 3 1 E - 0 3  -1.112E"J2 

2 . 9 1 E - 0 3  -3 .39E 0 4  5 . 4 0 E - 0 3  3 . 9 8 E - 0 3  
3,OPE-03 -3.33F 04 - 1 . 8 2 E - 0 3  - 2 . 9 5 5 - 0 5  

2 . 6 7 E - 0 3  - 3 . 4 3 E  0 4  1.21€, -02  1 . U 4 E - 0 2  
2 . 3 7 E - 0 3  - 3 . 4 6 E  0 4   1 . 8 2 E - 0 2  1.62:-02 
2.05E-03 - 3 . 4 8 E  0 4   2 . 3 5 E - 0 2  2 . 1 3 E - 0 2  
1 . 7 1 E - 0 3  -3.49E 0 4  2 . 8 1 E - 5 2  2 . 5 5 E - 0 2  

1 .C2E-03 -3.48E 0 4   3 . 4 6 E - O Z  3 .16C-UZ 
1 . 3 6 E - 0 3  - 3 . 4 9 E  0 4   3 . 1 8 E - 0 2  2 . J O E - 0 2  

6 . 8 3 E - 0 4  -3 .47E 0 4   3 . 6 7 E - 0 2  3 . 3 5 5 - 0 2  
3 . 5 1 E - 0 4  -3 .46E 0 4   J . 7 9 E - 0 2  3.45:-52 
2 . 1 5 E - 0 5  -3 .44E 0 4   3 . 8 4 E - 0 2  3 . 4 7 E - U Z  

-3 .C7E-04 - 3 , 4 3 E   0 4  J . 8 1 E - 0 2  3 . 4 2 6 - 0 2  
- 6 . 3 7 E - 0 4  - 3 . 4 1 E   0 4  3 . 6 9 E - 0 2  3 . 2 9 E - 0 2  

- 1 . 3 1 E - 0 3  -3.4OE  04 3 . 2 2 E - 0 2  2 . 7 9 E - 0 2  
- 1 . 6 4 E - 0 3  - 3 . 4 O E  0 4  2 . d 7 E - 0 2  2 . 4 2 E - Q 2  

- 2 . 2 7 E - 0 3  - 3 , 4 4 F  0 4   1 . 9 Z E - 0 2  1 . 4 5 E - d 2  
- 2 . 5 4 E - 0 3  - 3 . 4 7 F  0 4  1 . 3 4 E - 0 2  8 . 4 1 - 0 3  
- 2 . 7 5 E - 0 3  -3 .51E 0 4   7 . O S E - 0 3  2 . 1 5 C - 0 3  
- 2 . 8 9 E - 0 3  -3 .57E 0 4   2 . 5 5 E - 0 4  - 4 . 7 1 E - 0 3  
- 2 . 9 0 E - 0 3  - 3 . 6 4 E  0 4  -6.7iE-03 - 1 , 1 7 5 - 0 2  

- 2 . 4 5 E - 0 3  - 3 , 8 2 E  9 4   - 1 . P A E - 0 2  - 2 . 5 O E - 0 2  
- 1 . 8 9 E - 0 3  - 3 . P Z F  0 4   - 2 . 5 1 E - 0 2  -3.1125-J2 
-1.C6E-03 -4 .OJE 0 4   - 2 . 8 6 E - 0 2  - 3 . 3 9 6 - U 2  

3 . 4 4 E - 0 3  - 4 . 3 4 E  0 4   - 2 . 1 8 E - 0 2  - 2 . 7 4 5 - 0 2  
1 . 5 7 E - 0 3  -4.25E 0 4   - 2 . 7 8 E - 0 2  - 3 . 5 3 5 - 0 2  

5 . 7 0 E - 0 3  -4 .41E 0 4   - 1 . O 8 E - 0 2  - 1 . 6 6 5 - 0 2  

- 9 . 7 1 ~ - 0 4   - 3 . 4 1 ~   n 4   3 . 5 0 ~ - 0 2  3.1185-uz 

- 1 . 9 7 ~ - 0 3   - 3 . 4 1 ~   n 4  Z . ~ ~ E - O Z  I . ~ ~ E - U Z  

- 2 . 7 7 ~ - 0 3   - 3 . 7 2 ~   0 4  - 1 . ~ - o r  - 1 . a 6 ~ - 0 2  

7 . 9 0 ~ - 0 5   - 4 . 1 4 ~   n 4   - 2 . 9 8 ~ - 0 2   - 3 . 5 1 ~ - 0 2  

8 . 3 4 E - 0 3   - 4 . 4 5 E   0 4   6 . 1 5 E - 0 3   - 4 . j l E - 0 9  

ME410 lONAL UEQIDIONAL 

RESULTANT C U R V A T Y R E  
STRESS 

UERIDIONAL 
CWAVGE I N  HOYENT 

ISPLACE"ENT 
VEQT~CAL  C IRCUMFERENTIAL   C IRCUMFERENTIAL  

STQESS CHANGE IN 
CURVATURE RESULTANT 

u v  N l O  N Z O  CURVl  CURVZ H i  

0 .00E-39  -1.O4E 03  -6.6f lE 0 1   7 . 4 6 E - 0 3  - 4 . 5 2 E - 0 5  9 . 4 8 E  0 2  
2 . 6 7 E - 0 3  -1,035 03 - 2 . 4 9 E  0 2  6.42E-113 - 3 . 0 4 E - 0 5  8.3612 0 2  
4 . 2 0 E - 0 3  -1.O3E 03 - 3 . 7 4 E  02 5 . J 4 E - 0 3  - 1 . 7 7 E - 0 5  7 .26E  02  
4 . 7 5 E - 0 3  -1 .03E 03 - 4 . 4 9 E  0 2  4 .29E-03 - 7 . 3 0 E - 0 6  6.22E 0 2  
4 . 4 3 E - 0 3  - 1 . 0 3 E  03 - 4 . 8 4 E  0 2  3.31E-'13 9 . 6 4 E - 0 7  5 .28E 0 2  
3 . 5 5 E - O J  - 1 . 0 3 E  03 - 4 . 8 7 E  0 2   2 . 4 3 F - U S  7 . 2 0 E - 0 6  4 . 4 5 E  0 2  
2 . 1 1 E - 0 3  -1.03E 0 3  - 4 . 6 6 E  0 2   1 . 6 6 F - l l 3  1 . 1 6 E - 0 5  3 . 7 4 E   0 2  
2 . Q Z E - 0 4  -1.036 03 - 4 . 2 7 E  0 2   1 . O l E - U S  1 . 4 5 E - 0 5  3 . 1 6 E   0 2  

- 1 . 7 7 E - 0 3  - 1 . 0 3 E  113 - 3 . 7 8 E  0 2  4 . 7 6 E - 0 4  1 . 6 0 E - 0 5  2 . 7 0 E  0 2  
- 3 . 9 8 E - 0 3  -1.O2E 0 3  - 3 . 2 1 E  0 2  5.64E-115 1 . 6 5 E - 0 5  2 . 3 4 E   0 2  
- 6 . 3 5 E - 0 3  -1.02: 03 - 2 . 6 3 E  0 2   - 2 . h Z E - 0 4  1 . 6 2 E - 0 5  2 . 0 8 E   0 2  
- 8 . 5 2 E - 0 3  -1sOZE 03 -2 .O5E 0 2  - 4 . 9 3 E - 0 4  1 . 5 3 E - 0 5  1 . 9 1 E   0 2  
- 1 . 0 7 E - 0 2  - 1 . 0 2 E  03 - 1 . 5 0 E  0 2  - 6 . 5 1 E - 0 4  1.4OE-05 1.BOE  02 

- 1 . 4 9 E - 0 2   - 1 . O l E  03 - 5 . 5 7 E  0 1  - 8 . 0 4 E - 0 4   1 . 0 6 E - 0 5   1 . 7 1 E  0 2  
-1 .29E-02  -1 .O2E 03 - 1 . 0 0 E   0 2  - 7 . 5 0 E - 0 4  1 . 2 4 E - 0 5  1 .74E 0 2  

-1 .6PE-02   -1 .01E  03 - 1 . 8 O E   0 1  - 8 . 2 6 E - 0 4  8 . 8 4 E - 0 6  1 . 7 2 E  0 2  

-2.07E-02 - 1 . 0 1 5  0 3  3 . 6 4 E  0 1  -8 .ZOE-04 5 . 2 5 6 - 0 6  1 .75E 0 2  
- 1 . 8 5 E - 0 2   - 1 . O l E  03 1 . 2 f l E   0 1   - f l . 2 8 E - U 4   7 . 0 4 E - 0 6   1 . 7 3 E   0 2  

- 2 . 1 6 E - 0 2  - 1 . 0 1 E  03  5.2RE 0 1  -8.O8E-U4 3 . 5 1 E - 0 6  1 .77E 0 2  
- 2 . 3 0 E - 0 2  - 1 . 0 0 E  US 6 . 2 0 E  0 1  - 7 . 9 8 E - 0 4  1 . 7 9 E - 0 6  1 .78E 02 
- 2 . 4 2 E - 0 2  -1.OOi 03 6 . 4 2 E  0 1  -7.93.5-U4 l . l O E - 0 7  1.78E 02  
- 2 . 5 2 E - 0 2  - 9 . 9 P E  0 2  5 . 9 3 E  0 1   - 7 , 9 5 E - 0 4  - 1 . 5 6 E - 0 6  1 . 7 7 €  02 
- 2 . 6 1 E - 0 2  - 9 . 9 7 E  0 2   4 . 7 4 E  0 1  -8 .OOE-04 - 3 . 2 3 E - 0 6  1 . 7 5 E   0 2  

- 2 . 7 5 E - 0 2  - 9 . 9 3 i  0 2   3 . 1 1 E  0 0  - 8 . 0 7 E - 0 4  -6 .58E-06 1 . 7 0 E   0 2  
- 2 . 6 9 E - 0 2  - 9 . 9 5 E  0 2   2 . 8 6 E  01 -R.06E-U4 - 4 . 9 0 E - 0 6  1 .73E 0 2  

- 2 . 8 0 E - 0 2  - 9 , 9 1 5  0 2   - 2 . 9 0 E  0 1   - 7 . 9 5 E - 0 4  - 8 . 2 4 E - 0 6  1 .68E 02 
- 2 . 8 3 E - 0 2  - 9 . 9 9 E  0 2   - 6 . 7 3 E  0 1  - 7 . 6 1 E - 0 4  - 9 . 8 4 E - 0 6  1 .68E 02  
- 2 . 8 5 E - 0 2  - 9 . 8 7 E  0 2   - 1 . 1 1 E  02  - 6 , 9 4 E - U 4  - 1 . 1 3 E - 0 5  1 .71E 0 2  
- 2 . 8 5 E - 0 2  -9 .8SE 02 - 1 . 6 0 E  0 2  - 5 . 8 3 E - U 4  - 1 . 2 7 E - 0 5  1 . 7 7 E   0 2  
- 2 . P 4 E - 0 2  - 7 . 8 3 E  0 2   - 2 . 1 2 E  0 2  - 4 . 1 5 E - U 4  - 1 . 3 7 E - 0 5  1 .88E 0 2  
- 2 . 8 2 E - 0 2  - 9 . 8 2 E  0 2   - 2 . 6 6 E  0 2  -1 .77E-U4 - 1 . 4 3 E - 0 5  2 . 0 6 E   0 2  
- 2 . 7 9 E - 0 2  - 9 . 8 0 E  0 2   - 3 . 1 Q E  0 2  1 . 4 1 E - U 4  -1 .43E-05 2.32E 0 2  
- 2 . 7 6 E - 0 2  - 9 . 7 9 E  0 2  - 3 . 6 9 E  0 2  5 . 5 0 E - 0 4  - 1 . 3 7 E - 0 5  2 . 6 6 E   0 2  

- 2 . 7 1 E - 0 2  - 9 . 7 7 E  U2  -4 .43E 0 2  1 . 6 7 E - U 3  - 9 . 3 2 E - 0 6  3 . 6 4 E   0 2  
- 2 . 7 3 E - 0 2  - 9 . 7 8 E  0 2  - 4 . l Z E  0 2  1 . 0 6 E - 0 3  - 1 . 2 1 E - 0 5  3.1OE 0 2  

- 2 . 7 2 E - 0 2  - 9 . 7 6 E  0 2   - 4 . 5 7 E  0 2   2 . 3 8 E - U 3  - 5 . 2 4 E - 0 6  4 .29E  02  
- 2 . 7 5 E - 0 2  - 0 . 7 5 E  0 2   - 4 . 4 9 E  0 2  3.18E-US 3.9OE-07 5 . 0 4 E   0 2  
- 2 . 8 4 E - 9 1  9 - 7 3 :  0 2   - 4 . l S E  0 2  4 .05E-OJ 7 . 7 7 E - 0 6  5 . 8 8 E   0 2  
- 2 . 9 8 E - 0 ?  - 9 . 7 2 E  0 2   - 3 . 4 2 E  02 4.98F-113 1 . 7 1 E - 0 5  6 .80E 02  
- 3 . 2 1 E - 0 2  -9 .71E 0 2   - 2 . 2 R E  0 2   5 . 9 2 E - 0 3  2 . 8 4 E - 0 5  7 .75E  02  
- 3 . 5 4 E - 0 2  - 9 . 7 0 E  0 2   - 6 . 6 1 E  0 1   6 . 8 2 E - U 3  4 . 1 8 E - 0 5  8 . 7 1 E  02 



Case 5 Output  (Continued) 

M A I N  OlASOYAL OF FACTOREO A ( I , J ) ,  N NOT  EPUAL 0 

-1.2948E-01 2.0244E-01 -4.0526F-01 4.3393E-01 -9.1963E-01 4.1577E-01 -7.7516E-01 -8.0954E-01 
-3.9191E-01 -3.5693E-01 -3.4806E-01 -3.0475E-01 -3.2530E-01 -2.7466E-01 - 3 . 1 2 3 3 E - 0 1  -2.5519E-01 
-2.9958F-01 -2.3154E-01 -2.9635E-01 -2.2380E-01 -2.9415E-01 -2.1763E-01 -2.9258E-01 -2.1259E-01 
-2.9052E-01 -2.0480E-01 -3.R98OE-01 -2.0174E-01 -2.8920E-01 -1.9910E-01 -2.8869E-01 -1.9680E-01 
-2.8784f-01 -1.9310E-01 -2.8748E-01 -1.9161E-01 -2.8716E-01 -1.9034E-Gl -2.8687E-01 -1.8925E-01 
-2.8639E-01 -1.8758E-01 -2.R619E-01 -1.8694E-01 -2.8602E-01 -1.8642E-01 -2.8587E-01 -1.8596E-01 
-2.8564E-01 -1.8517E-01 -2.R554F-Cl -1.8474E-01 -2.8544E-01 -1.8424E-Cl -2.8534E-01 -1.8362E-01 
-2.8511E-01 -1.A18OE-01 -2.8499f-01 -1.8048E-01 -2.84R5E-01 -1.7880E-C1 -2.8472E-01 -1.7670E-01 
-2.8452E-Dl -1.7077E-01 -2.A45OE-01 -1.6664E-01 -?.8462€-01 -1.613RE-01 -5.6961E-02 4 . 6 1 3 S E  00 

D E T E R M I N A N T  5 5 . 8 0 0 3 O E - 0 0  TIMES 10 T O  THE - 5 0 1 4  P O d E u .  T H E  PREBUC<LINC  SOLUTION  CONVERGFO I Y  2 IT ERA^ 

ElGtNVECTOR INPUT F O R  THE 4Rll I T E H A T I O N  

2.42R9E-03 -1.9693E-01 1.1717F-03 -9.8548E-02 -8.1175E-05 1.2B14E-OS - 1 . 3 3 3 0 E - 0 :  1.0112E-01 
-3.8355E-03 2.9519E-01 -5.n6A4E-03 3.8675E-01 -5.2647E-03 4.730VE-01 -7.3999E-03 5 . 5 3 3 0 6 - 0 1  
- 9 . 3 9 0 3 E - 0 3  6.9290E-01 -1.0207E-02 7.5168E-01 - 1 . 0 8 8 9 E - 9 2  8 . 0 3 1 1 E - 0 1  -1.1436E-02 8.4740E-01 

-1.25P3E-02 9.9hOOE-01 -1.25RSE-02 9.9973E-01 -1,2588E-02 1.0000E 00 -1.2594E-02 9.9688E-01 
-1.2154E-02 9.lhl8E-01 -1.2356E-UZ 9.4165E-01 -1.2479E-02 9.619OE-01 -1.2546E-02 9.7741E-01 

-1.2592E-02 9 . 8 0 1 3 E - 0 1  -1.256l.E-02 9.6607E-01 -1.24a7E-02 9.4779E-01 -1.2151E-02 9.2488E-01 
-1.1811E-02 8 . 6 3 3 A E - 0 1  -1.1372E-02 8.2392E-01 -1.,18!6€-02 7.7813E-01 -1.0107E-02 7.2376E-01 

- 2 . 4 5 1 0 E - 0 3  1.8758E-01 - 1 . 1 8 3 8 E - 0 3  9.3666E-02 R.4878E-05 -1.4674E-03 1.3SlbE-03 -9.6612E-02 
-8.3312E-03 6.OU95E-01 -7.7793F-03 5.2877E-01 -6.1437E-03 4.5061E-01 -4.9465E-03 3.6711E-01 

THE CORRECTION  FACTOR IS 2.92ROE 00 

-4.9204E-01 
-3.0451E-01 
-2.9142E-01 

- 2 . 8 6 6 1 E - 0 1  
-2.8824E-01 

-2.8575E-01 
-7.8573E-01 
-2,846OE-01 
-6.1174E-02 

r I o v s .  R H O  = 

-2.5860E-05 
- 8 . 4 4 9 2 E - 0 5  
-1.1853E-02 
-1.2574E-02 
-1.2598E-02 
-1.1132E-02 
-9.279lE-OS 
-3.7096E-03 
2.612OE-05 

-4.6706E-01 
-2.4159E-01 
-2.0837E-01 
-1.9482E-01 
-1.8834E-01 
-1.8556E-01 
-1.8282E-01 
-1.7406E-01 
- 8 . 4 4 9 5 E - 0 4  

-1.029688 03 

1.9956E-01 
6.26728-01 
1.84936-01 
9 .8866E-01  
9.9031E-01 
8.96906-01 
6.66698-01 
2.7910E-01 

-1.90568-01 



Case 5 Output (Continued) 

LENGTH 
A R C  

S 

0 . 0 0 E - 3 9  
7 . 4 1 ~  0 0  
4 . ~ 2 ~  00 
7.24E 0 0  
9 .65E 0 0  
1 .21E 0 1  
1 . 4 5 E   0 1  
1 . 6 9 c  0 1  
1 .93E 01 
2 . 1 7 E   0 1  
2 . 4 1 ~  o i  
2 . 6 5 E   0 1  
2 .89F 0 1  
3.14F U 1  
3.38E 0 1  
3 . 6 2 E  0 1  
3 .86E 0 1  

4.34E 0 1  
4.58E 0 1  

5 .06E 0 1  
5.31E 01 

5.79E 0 1  
5 .55E 0 1  

6.USE 0 1  
6.27F 01 
6.51E 0 1  
6 .75E 0 1  
6.99E F 1  
7.24E 01 

7.72E 0 1  
7 . 4 8 5  0 1  

8.ZOE 0 1  
7.96E 0 1  

8.44E 0 1  
8.68E 0 1  
8 .92F 0 1  

9 ,41E 0 1  
9.16F 0 1  

9 . 6 5 E   0 1  

4 . 1 0 ~  01 

4 . 8 2 ~  01 

RADIUS.HOHIZONTAL 
FORCE/LENCTn DISPLACE*E.VT 

H O R l Z O V r A L  

MERIOIOPIAL 
HOTATION 

LiOHMAL 
DISPLACEME’:T 0 

BETA R U  n V n  

- 8 . 6 7 E - 0 3  -2.4OF 0 4   - 3 . 4 0 E - 0 9  -3.95:-09 
”5.8UE-03 - 7 . 4 4 E  1)4 - 1 . 7 5 E - 0 2  -1.73:-02 
- 3 . 3 7 E - 0 3  - 2 . 5 2 E  0 4   - 2 . 8 5 E - 0 2  - 2 . 3 2 E - 5 2  
-1 .38E-03 - 2 . 6 2 E  0 4   - 3 . 4 2 E - 0 7  -3 .J9E- ’ I2  

1 . 3 6 E - 0 3  - 2 . 8 5 E  0 4  - 3 . 3 8 E - 0 2  - 3 . 3 7 E - 0 2  
2 .19E-03 - 2 . 9 7 F  0 4   - 2 . 9 5 E - 0 2  -2.36E-92 
2 . 7 3 E - 0 3  -3 .07E 0 4   - 2 . 3 6 E - 0 2  - 2 . 3 9 E - 0 2  
3 .02E-03 - 3 . 1 7 E  @ 4   - 1 . 6 7 f - 0 2  - 1 . 7 Z E - 0 2  
3 . 1 2 E - 0 3  - 3 . 2 6 E  0 4   - 9 . 2 7 E - 0 3  - 1 . J l E - 0 2  
3 . 0 7 E - 0 3  - 3 . 3 J E  n 4   - 1 . 8 1 E - f l 5  - 2 . 9 4 E - 0 3  
2 . 9 3 E - 0 3  -3 .38E  0 4   5 . 3 9 E - 0 3  3 . 7 8 E - 0 3  
2 .66E-03 -3 .42E 0 4   1 . 2 1 E - 0 2  1 . d 4 f - 0 2  
2 . 3 7 E - 0 3  - 3 . 4 5 E  04 1 . 8 Z E - 0 2  1 . 6 2 E - U Z  
2 . 0 4 E - 0 3  - 3 . 4 7 E  0 4   2 . 3 5 E - 0 2  2 . 1 2 E - 0 2  
1 . 7 0 E - 0 3  - 3 . 4 8 F  n 4   2 . 8 0 E - 0 2  2.555-02 

1.02E-03 - 3 . 4 7 F   0 4   3 . 4 5 E - 0 2   3 . 1 5 E - 0 2  

3 . 5 0 E - 0 4  - 3 . 5 5 E  04 3 . 7 8 E - 0 2  3 . 4 4 E - 0 2  
2 . 1 5 E - 0 5  - 3 . 4 3 E  0 4   3 . d 3 E - 0 2  3 . 4 6 1 - 0 2  

-3 .C6E-04 -3.42E 0 4   3 . 7 9 E - 0 2  3.415-112 
- 6 . 3 5 E - 0 4  -3.40E 0 4   3 . 6 8 E - 0 2  3 . 2 8 E - d 2  
- 9 . 6 7 E - 0 4  -3 .40F 0 4   3 . 4 9 E - 0 2  3.07C-112 
- 1 . 3 d E - 0 3  - 3 . 3 9 E  0 4   3 . 2 1 E - 0 2  2.78C-132 
-1 .03E-03  -3.39E 0 4  2 . 8 6 E - 0 2  2 . 4 1 C - 0 2  

1 . 8 3 E - 0 4   - 2 . 7 3 F   0 4   - 5 . 5 7 E - 0 2   - 3 . 5 4 5 - u 2  

1 . 3 6 E - 0 3  - 3 . 4 8 ~   n 4  ~ . L ~ E - O Z  2.99:-u2 

~ . A I E - O ~  - 3 . 4 6 ~   0 4  3 . 6 6 ~ - 0 2  3.335-02 

- 1 . 9 6 ~ 0 3  - 3 . 4 1 ~  0 4  Z . U E - O Z  1 .975-02 
- 2 . 2 6 ~ - 0 3  - 3 . 4 3 ~  n4 I.~ZE-OZ I . ~ ~ E - O Z  

- 2 . 7 5 ~ - 0 3  - 3 . 5 0 ~  0 4   7 . 0 4 ~ - 0 3  Z . I ~ E - U ~  
- 2 . 5 3 E - 0 3  - 3 . 4 6 E   0 4   1 . 3 4 E - 0 2   8 . 5 9 E - 0 3  

- 2 . 8 8 E - 0 3  - 3 . 5 6 E  0 4   2 . 6 l E - J 4  - 4 . 6 9 C - 0 3  
- 2 . 8 9 E - 0 3  - 3 , b J E  0 4   - 6 . 6 9 E - 0 3  - 1 , 1 7 5 - 0 2  
- 2 . 7 6 E - 0 3  -3.71E 0 4   - 1 . 3 5 E - 0 2  - 1 . 8 6 i - 0 2  
-2 .44E-03 - 3 . P l E  0 4  - 1 . 9 8 E - 0 2  - 2 . 4 9 E - 0 2  
-1 .E9E-03 - 3 . 9 1 F  0 4   - 2 . 5 O E - 0 2  - 3 . O l E - 0 2  
- 1 . 0 6 E - 0 3  - 4 . 0 2 E  0 4  - 2 . 8 5 E - 0 2  -3.38E-02 

7 .82E-05  - 4 . 1 3 E  0 4   - 2 . 9 7 E - 0 2  - 3 . 5 O E - 9 2  
1 . 5 7 E - 0 3  - 4 . 2 4 E  0 4   - 2 . 7 7 E - 0 2  -3.32:-02 
3 . 4 3 E - 0 3  - 4 . 3 3 E  0 4   - 2 . 1 7 E - 0 2  - 2 . 7 3 E - u Z  
5 .69E-03 -4 ,40E 0 4   - 1 . 0 7 E - 0 2  - 1 . 6 6 E - 0 2  
8 .32E-03  - 4 . 4 4 E  0 4   6 . 1 4 E - 0 3  4 . 5 1 E - 0 9  

~ E Q I O I O V A L  
STHESS 

MERIDIONAL 
CUAUGE I N  

RESULTIN7  CURVATURE 
CIRCUMFERENTIAL 

S T R F Z S  
CIRCUMFERENTIAL 

CHANCE I N  
V E R T I C I L  

ISPLICEMEVT ~ ~~ . ”_ 

RESULTAVT 
uv Y10 Y 2 0  CURVl  CURV2 M l  

CURVATURE 

0 . 0 0 E - 3 9  - 1 . 0 3 i  0 3  - 6 . 6 6 E  0 1   7 . 4 4 E - 0 3  - 4 . 5 1 E - 0 5  9 . 4 5 E   0 2  
2 . 6 6 E - 0 3  - 1 . 0 3 E  03 - 2 . 4 9 E  0 2  6 . 4 0 E - U S  -!.OS€-05 8.34E 02 
4 . 1 9 E - 0 3  - 1 . 0 3 E  03 - 3 . 7 3 E  02 5 , 3 3 F - 0 3  - 1 . 7 7 E - 0 5  7.24E 0 2  
4.74E-03 - 1 . 0 3 5  03 - 4 . 4 @ €  0 2  4.28E-US - 7 . 2 7 E - 0 6  6 . 2 0 E   0 2  
4 . 4 7 E - 0 3  -1.03’ 03 - 4 . 8 2 E  0 2  3 . 3 0 E - 0 3  9 . 6 4 E - 0 7  5 . 2 6 E  0 2  
3 . 5 4 E - 0 3  - 1 . 0 3 5  03 - 4 . 8 5 E  0 7  Z . 4 2 E - 0 3  7 . 1 8 E - 0 6  4.43E 02 
2 . 1 0 E - 0 3  -1.O2E 03 - 4 . 6 4 E  0 2   l S L 5 E - U 3  1 . 1 6 E - 0 5  3 . 7 3 E   0 2  
2 . 8 8 E - 0 4  - 1 . 0 2 E  0 3  - 4 . 2 6 E  0 2   1 . 0 0 E - 0 3  1 . 4 4 E - 0 5  3 . 1 5 E   0 2  

- 3 . 9 7 E - 0 3  - 1 . 0 2 E  0 3  -3.2OE 02 5 . 5 9 E - U 5  1 . 6 4 E - 0 5  2 . 3 4 E   0 2  
- 6 . 2 4 E - O J  - 1 . 0 2 E  03 - 2 . 6 2 E  52 - 2 . 6 2 E - U 4  1 . 6 l E - 0 5  2 . 0 8 E   0 2  
- 8 . 5 0 E - 0 3  - 1 . 0 2 E  03 -2.O.E 0 2  - 4 . 9 2 E - U 4  1 . 5 2 E - 0 5  1.9OE 0 2  
- 1 . 0 7 E - 0 2  - 1 . 0 2 E  03 - 1 . 5 0 E  0 2  - 6 . 4 9 E - U I  3 .39E-05  1 . 7 9 E  0 2  

- 1 . 4 9 E - 0 2  - 1 . O l E  03 - 5 . 5 5 E  0 1   - 8 . O l E - 0 4  1 . 0 6 E - 0 5  1 . 7 1 E   0 2  
- 1 . 2 8 E - 0 2  - 1 . O l E  03 - 9 . 9 7 E  0 1   - 7 . 4 7 E - 0 4  1 . 2 3 E - 0 5  1 . 7 3 E  02 

- 1 , 6 7 E - O Z  - 1 . 0 1 E  0 3  -1 .8OE 0 1  -8 .23E-U4 8 . 8 1 E - 0 6  1 . 7 1 E   0 2  
- 1 . 8 5 E - 0 2  - 1 . 0 1 E  03 1 . 2 7 E  J 1  - R . 2 6 E - U 4  7 . 0 1 E - 0 6  1.73E 0 2  
- 2 . 0 1 E - 0 2  - 1 . 0 1 E  03 3 . 6 2 E  0 1  -8 .17E-U4 5 . 2 4 E - 0 6  1 . 7 5 E   0 2  
- 2 . 1 6 E - 0 2  - 1 . 0 0 E  03 5 . 2 6 E  0 1   - 8 . 0 5 E - 0 4  3.50E-015 1 . 7 6 E  02 
- 2 . 2 9 E - 0 2  - 1 . 0 0 E  03  6.1RE 0 1   - 7 . 9 5 E - 0 4  1 . 7 9 E - 0 6  1 . 7 7 E  0 2  
- 2 . 4 l E - 0 2  - 9 . 9 8 E  0 2   6 . 3 9 E  0 1  - 7 . 9 1 E - 0 4  1 . 0 9 E - 0 7  1 . 7 8 E   0 2  
- 2 . 5 2 E - 0 2  - 9 . 9 6 E  0 2   5 . 9 0 E  01 -7 ,92E-U4 - 1 . 5 6 E - 0 6  1 . 7 7 E   0 2  
- 2 . 6 1 E - 0 2  - 9 . 9 4 E  0 2   4 . 7 2 E  0 1  - 7 . 9 7 F - U 4  - 3 . 2 2 E - 0 6  1 . 7 5 E   0 2  

- 2 . 7 5 E - 0 2  -9 .9OE 02 3 . 0 4 E  0 0  - 8 . 0 4 E - 0 4  - 6 . 5 6 E - 0 6  1 . 7 0 E  0 2  
- 2 . 6 R E - 0 2  - 9 . 9 2 E  0 2  2 . 8 5 E  0 1   - 8 . 0 3 E - 0 4  - 4 . 8 9 E - 0 6  1 .72E 02 

- 2 . 7 9 E - 0 2  -9n88E 02 -2 .90E 0 1   - 7 . 9 J E - U 4  - 8 . 2 1 E - 0 6  1 . 6 8 E  02 
- 2 . 8 2 E - 0 2  - 9 . 8 6 i  0 2   - 6 . 7 1 E  0 1  - 7 . 5 9 E - 0 4  - 9 . 8 1 E - 0 6  1 . 6 8 E   0 2  
- 2 . 8 4 E - 0 2  - 9 . 8 4 E  0 2  - 1 . 1 1 E  0 2  - 6 . 9 2 E - 0 4  - 1 . 1 3 E - 0 5  1 . 7 0 E   0 2  
- 2 . 8 4 E - 0 2  - 9 . 8 2 E  0 2   - 1 . 5 9 E  02 -5 .81E-U4 - 1 . 2 6 E - 0 5  1 . 7 6 E  02 
- 2 . 8 J E - 0 2  - 9 . B O E  0 2   - 2 . 1 1 E  02  - 4 . 1 4 E - U d  -1 .36E-05  1.88E 0 2  
- 2 . 8 1 E - 0 2  - 9 . 7 9 E  02 - 2 . 6 5 E  0 2  - 1 . 7 7 E - 0 4  - 1 . 4 2 E - 0 5  2 .06E 0 2  
- 2 . 7 8 E - 0 2  - 9 . 7 7 E  0 2   - 3 . 1 8 E  0 2   1 . 4 O E - U 4  - 1 . 4 3 E - 0 5  2 .31E 02 
- 2 . 7 5 E - 0 2  - 9 . 7 6 E  02 - 3 . 6 8 E  0 2   5 . 4 8 E - 0 4  - 1 . 3 6 E - 0 5  2.65E 02 

- 2 . 7 0 E - 0 2  - 3 . 7 4 E  0 2  - 4 . 4 1 E  0 2   1 . 6 6 E - 0 3  - 9 . 2 9 E - 0 6  3 . 6 3 E   0 2  
- 2 . 7 2 E - 0 2  - 9 . 7 5 5  02 - 4 . 1 0 E  02 1 . 0 5 E - 0 3  - 1 . 2 0 E - 0 5  3.09E 0 2  

- 2 . 7 l E - 0 2  - 9 . 7 3 E  0 2  - 4 . 5 6 E  0 2  2 . 3 7 E - 0 3  -5 .22E-06 4 .28E 02 
-2 .75E-CZ - 9 . 7 2 E  0 2   - 4 . 4 8 E  0 2  3.17E-US 3 . 8 6 E - 0 7  5 .02E 0 2  
- 2 . 8 3 E - 0 7  - 9 . 7 l E  0 2  - 4 . 1 2 E  02 4 . 0 4 E - 0 3  7 . 7 4 E - 0 6  5 . 8 6 E  0 2  
- 2 . 9 8 E - 0 2  - 9 . 7 0 E  0 2  -3.4OE 0 2  4 . 9 6 E - 0 3  1 . 7 0 E - 0 5  6.78E 02 
- 3 . 2 O E - 0 2  - 9 . 6 8 E  02 - 2 . 2 7 E  0 2   5 . 9 0 E - 0 3  2 . 8 3 E - 0 5  7 .73E 02 
- 3 . 5 3 E - 0 2  - 9 . 6 7 E  02 - 6 . 5 9 E  0 1   6 . 8 0 E - U 3  4 . 1 7 E - 0 5  8 . 6 9 6   0 2  

- 1 . 7 7 ~ - 0 3   - 1 . 0 2 ~  03 - 3 . 7 6 ~  02 4 , 7 4 ~ - 0 4   1 . 6 o ~ - a 5   2 . 6 9 ~  02 



Case 5 Output (Continued) 

- 1 . 2 9 4 8 E - 0 1  
- 3 . 9 1 9 1 E - 0 1  
- 2 . 9 9 5 8 E - 0 1  
- 2 . 9 0 5 2 k - 0 1  
- 2 . 8 7 8 4 E - 0 1  
- 2 . 8 6 3 8 E - 0 1  
- 2 . 8 5 6 3 E - 0 1  
- 2 . 8 5 1 0 E - 0 1  
- 2 . 8 4 5 1 E - 0 1  

O E T E R U I N A N T  = 

- 3 . 5 6 9 4 E - 0 1  - 3 . 4 8 0 6 E - 0 1  
2 . 0 2 4 4 E - 0 1  - 4 . 0 5 2 6 E - 0 1  

- 2 . 3 1 5 6 E - 0 1  - 2 . 9 6 3 S E - 0 1  
- 2 . 0 4 8 3 E - 0 1  - 2 . 8 9 9 0 E - 0 1  
- 1 . 9 3 1 4 E - 0 1  - 2 . 8 7 4 8 F - 0 1  
- 1 . 8 7 6 3 E - 0 1  - 2 . R 6 1 9 E - 0 1  
- 1 . 8 5 2 3 E - 0 1  - 2 . R 5 5 3 E - 0 1  
- 1 . 8 1 8 7 E - 0 1  - 2 . 8 4 9 8 E - 0 1  
- 1 . 7 0 9 1 E - 0 1  - 7 . 8 4 4 9 E - 0 1  

- 3 . 0 4 7 6 E - 0 1  - 3 . 2 5 3 0 E - 0 1  
4 . 3 3 9 4 E - 0 1  - 9 . 1 9 6 2 E - 0 1  

- 2 . 2 3 8 2 E - 0 1  - 2 . 9 4 1 5 E - 0 1  
- 2 . 0 1 7 7 E - 0 1  - 2 . 8 9 2 0 E - 0 1  
- 1 . 9 1 6 6 E - 0 1  - 2 . 8 7 1 6 E - 0 1  
- 1 . 9 7 0 0 E - 0 1  - 2 , 8 6 0 2 E - 0 1  
- 1 . 8 4 8 1 E - 0 1  - 2 . 8 5 4 3 E - 0 1  

- 1 . 6 6 8 1 E - 0 1  - 2 . 9 4 6 0 E - 0 1  
- 1 . 8 0 5 6 E - 0 1  - 2 . 8 4 8 4 E - 0 1  

- 2 . 7 4 6 7 E - 0 1  
4 . 1 5 7 2 E - 0 1  

- 2 . 1 7 6 6 E - 0 1  
- 1 . 9 9 1 3 E - 0 1  
- 1 . 9 0 3 9 E - C 1  
- 1 . 8 6 4 7 E - 0 1  
-1 ’ , 8431E-01  
- 1 . 7 8 8 9 E - 0 1  
- 1 . 6 1 6 1 E - 0 1  

- 7 . 7 5 1 3 E - 0 1  
- 3 . 1 2 3 3 E - 0 1  
-2.9258E-01 
- 2 . 8 8 6 9 E - 0 1  
- 2 . 8 6 8 7 E - 0 1  
- 2 . 8 5 8 7 E - 0 1  
- 2 . 8 5 3 3 E - 0 1  
- 2 . 8 4 7 1 E - 0 1  
- 5 . 5 9 0 7 E - 0 2  

- 8 . 0 9 5 4 E - 0 1  
- 2 . 5 5 2 0 E - 0 1  
- 2 . 1 2 6 1 E - 0 1  
- 1 . 9 6 8 4 E - 0 1  
- 1 . 8 9 3 l E - 0 1  
- 1 . 8 6 0 2 E - 0 1  
- 1 . 8 3 6 9 E - 0 1  
- 1 . 7 6 8 0 E - 0 1  

4 .7U86E 00  

- 4 . 9 2 0 4 E - 0 1  
- 3 . 0 4 5 1 E - 0 1  
- 2 . 9 1 4 2 E - 0 1  
- 2 . 8 8 2 4 E - 0 1  
- 2 . 8 6 6 1 E - 0 1  
- 2 . 8 5 7 9 E - 0 1  
- 2 . 8 5 2 2 E - 0 1  
- 2 . 8 4 5 9 E - 0 1  
- 6 . 1 2 0 4 E - 0 2  

EIGENVECTOR  INPUT FOR 

2 . 4 2 9 0 E - 0 3  - 1 . 9 6 9 4 E - 0 1  
- 3 . 8 3 5 6 E - 0 3  2 . 9 5 2 0 E - 0 1  
- 9 . 3 9 0 6 E - 0 3  6 . 9 2 9 1 E - 0 1  
- 1 . 2 1 5 4 E - 0 2  9 . 1 6 1 8 E - 0 1  
- 1 . 2 5 8 4 E - 0 2  9 . 9 6 0 1 E - 0 1  
- 1 . 2 5 9 2 E - 0 2  9 . 8 U 1 2 E - 0 1  

- 2 ; 4 5 0 9 € - 0 3   1 . 8 7 5 8 E - 0 1  

THE CORRECTION  FACTOR IS 

THE 3R0 I T E R A T I O N  

- 5 . 0 6 H 6 E - 0 3  
1 . 1 7 1 8 F - 0 3  

- 1 . 0 2 0 7 E - 0 2  

- 1 . 2 5 8 6 E - 0 2  
- 1 . 2 3 5 6 E - 0 2  

- 1 . 2 5 b l E - 0 2  
- 1 . 1 3 7 2 F - 0 2  
- 7 . 2 7 9 0 E - 0 3  
- 1 . 1 8 3 7 E - 0 3  

5 , U P l l l E - 0 3  

- 9 . 8 5 4 9 E - 0 2  
3 . 8 6 7 5 E - 0 1  
7 . 5 1 6 9 E - 0 L  
9 . 4 1 6 6 E - 0 1  
9 . 9 9 7 3 E - 0 1  
9 . 6 6 0 6 E - 0 1  
8 .2390E-01  
5 . 2 8 7 6 E - 0 1  
9 . 3 6 6 4 E - 0 2  

- 8 . 1 1 6 9 E - 0 5  
- 6 , 2 6 4 9 E - 0 3  
- 1 . 0 8 8 9 E - 0 2  
- 1 . 2 4 R O E - 0 2  
- 1 . 2 5 8 8 E - 0 2  
- 1 . 2 4 8 7 E - 0 2  
- 1 , 0 0 0 5 E - 0 2  
- 6 . 1 4 3 4 E - 0 3  

8 . 4 9 0 6 E - 0 5  

1 . 2 8 1 4 E - 0 3  
4 . 7 3 1 0 E - 0 1  
8 . 0 3 1 2 E - 0 1  
9 . 6 1 9 0 E - 0 1  
1 . 0 0 0 0 E  0 0  
9 . 4 7 7 8 E - 0 1  

4 . 5 0 6 0 E - 0 1  
- 1 . 4 6 7 4 E - 0 3  

7 . 7 8 m - 0 1  

- 1 . 3 3 3 l E - 0 3  
- 7 . 4 0 0 2 E - 0 3  
- 1 . 1 4 3 6 E - 0 2  
- 1 . 2 5 4 6 E - 0 2  
- 1 . 2 5 9 4 E - 0 2  
- 1 . 2 3 5 1 E - 0 2  
- 1 . 0 1 0 7 E - 0 2  
- 4 . 9 4 6 3 E - 0 3  

1 . 3 5 1 6 E - 0 3  

5 . 5 3 3 1 E - 0 1  
1 . 0 1 1 3 E - 0 1  

8 . 4 7 4 L E - 0 1  
9 . 7 7 4 2 E - 0 1  
9 . 9 6 8 8 E - 0 1  
9 . 2 4 8 7 E - 0 1  
7 . 2 5 7 5 E - 0 1  
3 . 6 7 1 0 E - 0 1  

- 9 . 6 6 1 0 E - 0 2  

- 2 . 5 8 6 1 E - 0 3  
- 8 . 4 4 9 5 E - 0 3  

- 1 . 2 5 7 5 E - 0 2  
- 1 . 2 5 9 8 E - 0 2  
- 1 . 2 1 3 1 E - 0 2  
- 9 . 2 7 8 7 E - 0 3  
- 3 . 7 0 9 4 E - 0 3  

2 . 6 1 1 9 E - 0 3  

- 1 . 1 8 5 4 ~ - a z  

- 4 : 6 7 0 7 E - 0 1  
- 2 . 4 1 6 O E - 0 1  

- 1 , 9 4 8 6 E - 0 1  
- 1 . 8 8 3 9 E - 0 1  
- 1 . 8 5 6 2 E - 0 1  
- 1 . 8 2 8 9 E - 0 1  
- 1 . 7 4 1 8 E - 0 1  
- 1 . 4 5 5 6 E - 0 6  

- 1 . 0 2 6 7 6 E  0 3  

- 2 . o e 4 0 ~ - 0 1  

1 . 9 9 5 6 E - 0 1  
6 . 2 6 7 3 E - 0 1  
0 . 8 4 9 4 E - 0 1  
9 . 8 8 6 6 E - 0 1  
9 . 9 0 3 1 E - 0 1  
8 . 9 6 8 8 E - 0 1  
6 . 6 6 6 7 E - 0 1  
2 . 7 9 0 9 E - 0 1  

- 1 . 9 0 5 6 E - 0 1  

THE 0UCI(LING PARAMETER CALCULATED FROM NONLINEAA THEORY IS - 1 . 0 2 6 8 E  03 .  THE NUH0ER OF CIRCUMFERENTIAL  UAVES IS 25  



Case 5 Output  (Continued) 

ARC PEHlD lOYAL nnRI2. C I R C U M .  
R O T A T I O N  n l w .  DISP. LENGTH 

S 

. _  

0.0000E-39 
1.OOPOE 0 0  
2 .0000E 00 
3.0000E 03 

5 . 0 0 0 0 E  0 0  
4 . 0 0 0 0 ~  00 

6 .0000E 00 
7 .0000E 0 0  
8 . 0 0 0 0 E  00 
9 .0000E n o  
1 . 0 0 0 0 E  0 1  
1 . 1 0 0 0 E   0 1  
1 .2oooE 01 
I.SOOOE n 1  

1 . 5 0 0 0 E   0 1  
1 . 4 0 0 0 E   0 1  

1.6OOOC 0 1  
1 . 7 0 0 0 ~  n 1  
1 . 8 0 0 0 E   0 1  
1 . 9 0 0 0 E   0 1  
7 . 0 0 0 0 E  0 1  
2 . 1 0 0 0 E  0 1  
2 . 2 0 0 0 E   0 1  
2.3OOOE 0 1  
2 . 4 0 0 0 E   0 1  
2 . 5 0 0 0 E   0 1  
2 . 6 0 0 0 €  01 

2.@OOOE 0 1  
2,POOOE 0 1  
3 . O O O O E  0 1  
3 .1000E 01 

3.3OOOE 0 1  
3 . 4 0 0 0 E   0 1  
3 .5000E 0 1  

3 . 7 0 0 0 E   0 1  
3.6000E 0 1  

3 .8000E n l  
3 .9000F  0 1  
4.OOOOE 0 1  

Z . ~ O O O E  n 1  

3 . 2 0 0 0 ~  0 1  

B E T A  

- I .UOORE-Ol  
- 9 . 9 3 7 4 E - 0 2  
- 9 . 7 2 5 R E - 0 2  
- 9 . 3 7 9 7 E - 0 2  
-8.9:2OE-02 
- 8 . 3 4 1 3 E - 0 2  
- 7 . 6 9 0 6 E - U 2  
- 6 . 3 9 4 3 E - 0 2  
- 6 . 2 4 9 5 E - 0 2  
- 5 . 5 0 7 9 E - 0 2  
- 4 . 7 8 0 7 E - 0 2  
- 4 . 0 8 4 2 E - 0 2  
- 3 . 4 3 0 6 E - 0 2  
- 2 . 8 2 7 3 E - 0 2  
- 2 . 2 7 7 3 E - 0 2  
- 1 . 7 7 9 9 E - 0 2  
- 1 . 3 3 1 0 E - 0 2  
-9 .2388E-03 
- 5 . 4 9 5 5 E - 0 3  
- 1 . 9 7 7 9 E - 0 3  

1 . 4 2 5 3 E - 0 3  

8 . 3 4 2 2 E - 0 3  
4 . 8 2 8 1 E - 0 3  

1 . 2 0 7 2 E - 0 2  
1 . 6 1 0 8 E - 0 2  
2 . 0 5 2 5 E - 0 2  
2 . 5 3 7 3 E - 0 2  
3 . 0 6 7 6 E - 0 2  
3 . 6 4 2 5 E - 0 2  

4 . 9 0 4 5 E - 0 2  
4 . 2 5 7 5 E - 0 2  

5 .5715E-02  
6 . 2 4 3 1 E - 0 2  
6 . 9 0 1 2 E - 0 2  
7 . 5 2 5 5 E - 0 2  
8 . 0 9 5 3 E - 0 2  
8 .5906E-C2  
8 . 9 9 3 7 E - 0 2  
9 . 2 9 0 7 E - 0 2  
9 . 4 7 2 2 E - 0 2  
9 . 5 3 3 8 E - 0 2  

UH 

- 7 . 3 3 9 6 E - 0 9  
- 9 . R 5 7 5 E - 0 2  
- 1 . 9 5 5 4 F - 0 1  
- 7 . H 9 7 0 F - J l  
- 3 . 7 9 7 8 E - 0 1  
- 4 . 6 4 6 9 E - U 1  
- 5 . 4 3 5 b E - 2 1  
- 0 . 1 5 7 5 F - 0 1  
- h . P O b b E - O l  

- 7 . R 9 3 6 F - 0 1  
-R .33O3F-O1 
- 8 . 7 0 0 8 k - 0 1  
- 9 . 0 0 9 7 F - 0 1  
- 9 . 2 6 2 1 t - 0 1  
- 9 . 4 6 3 2 F - 0 1  
- 9 . h l 7 9 E - 0 1  
- 9 . 7 3 0 6 F - 0 1  
- 9 . 8 0 5 1 E - 0 1  

- 9 . 9 4 8 7 E - 0 1  
- 9 , P L n O F - O I  

- 9 . 6 5 9 1 E - 0 1  
- 9 . 7 5 7 4 E - 0 1  

- 9 . 5 2 2 5 E - 0 1  
- 9 . 3 4 4 2 E - 0 1  
- 9 . 1 2 f l 2 E - 0 1  
- 8 . 8 4 5 9 F - 0 1  
- R . 5 1 6 9 E - 0 1  
- 8 . 1 2 8 9 E - 0 1  
- 7 . 6 7 A 3 F - 0 1  
- 7 . 1 6 2 b E - 0 1  
- h , 5 8 f l 4 E - O l  
- 5 . 9 3 2 3 E - G 1  
- 5 . 2 2 0 6 F - 0 1  
- 4 , 4 4 9 9 F - 0 1  

- 2 . 7 5 9 5 E - 0 1  
- 3 . 6 2 6 7 E - 0 1  

- 1 , P 5 8 3 E - 0 1  
- 9 . 3 4 5 3 E - 0 2  

4 . 3 5 3 0 E - 0 9  

- 7 . 3 8 7 1 ~ - ~ 1  

- q . a 4 3 9 ~ - 0 1  

v 

4 . 4 7 6 7 6 - 0 9  
- 3 . 9 3 9 P E - 0 1  
- 7 . 7 9 1 5 E - 0 3  
- 1 . 1 5 2 l E - 0 2  
- 1 . 5 3 2 R E - O ?  
- 1 . 8 3 4 6 E - 0 2  
- 2 . i 4 3 5 E - 0 2  
- 2 . 4 2 S 5 E - 0 2  
- 2 . 6 0 3 * E - 0 2  
- 2 . 9 2 4 3 E - 0 2  
-3 . :350E-02  
- 3 . 3 2 1 2 E - 0 2  
- 3 . 4 0 3 7 E - 0 2  
- 3 . 6 2 3 0 E - 0 2  
- 3 . 7 4 0 2 E - 0 2  
- 3 . 8 3 6 3 E - 0 2  
- 3 . 9 1 2 1 E - 0 2  
- 3 . 9 0 8 8 E - O ?  
- 4 . 0 0 6 9 E - 0 2  
- 4 . 0 2 7 3 E - 0 2  
- 4 . 0 3 0 2 E - 0 2  
- 4 . 0 1 5 8 E - 0 2  
-3 .9841E-32  
- 3 . 9 3 4 7 E - 0 2  
- 3 . a 6 7 2 ~ - 0 ?  
- 3 . 7 8 0 9 ~ - 0 2  
- 3 . 6 7 5 0 E - 0 2  
- 3 . 5 4 8 9 E - 0 2  
- 3 . 4 0 1 8 E - 0 2  

- 3 . 0 4 2 1 E - 0 2  
- 3 . 2 3 3 O E - 0 2  

- 2 . 8 2 8 7 E - 0 2  

- 2 . 3 3 4 4 E - 0 2  
- 2 . 0 5 4 2 E - 0 2  
- 1 . 7 5 2 7 E - 0 2  

- 1 . 0 9 2 3 E - 0 2  
- 1 . 4 3 1 5 E - 0 2  

- 7 . 3 7 9 4 E - 0 3  
- 3 . 7 2 1 1 E - 0 3  
- 4 . 1 5 6 7 E - 0 9  

- 2 . 5 9 2 a ~ - o 2  

uv 

1 . 7 6 1 4 6 - 0 3  
2 . 3 8 2 5 E - 0 2  

5 . 7 0 6 5 E - U 2  
4 , J 4 P 3 E - 0 2  

9 . 9 0 1 5 E - 0 2  
7 . 3 3 9 5 E - 0 2  

1 . 0 3 0 1 E - 0 1  
1 . 1 6 9 4 E - 0 1  
1 . 2 8 A 6 E - 0 1  
1 . 3 9 7 6 E - 0 1  
1 . 4 8 1 6 E - 0 1  
1 . 5 5 5 8 E - 0 1  

1 . 6 6 3 5 E - 0 1  
1 . 6 1 6 1 E - 0 1  

1 . 7 2 4 9 E - 0 1  
1 . 6 9 9 4 E - 0 1  

1 . 7 4 1 2 E - 0 1  
1 . 7 4 9 4 E - 0 1  
1 . 7 5 0 4 E - 0 1  
1 . 7 4 4 8 E - U 1  
1 . 7 3 3 1 E - 0 1  
1 . 7 1 5 h E - 0 1  
1 , 6 9 7 4 E - 0 1  
1 . 6 6 3 3 E - 0 1  
1 . 6 2 P O E - 0 1  
1 . 5 8 6 2 E - 0 1  
1 . 5 3 7 5 E - 0 1  
1 .48 :2E-O l  
1 . 4 1 7 0 E - U 1  

1 . 2 6 7 8 F - 0 1  
1 , 3 4 4 4 F - 0 1  

1 . 1 7 2 0 E - 0 1  

9 . 6 1 h l E - 0 2  
9 . 4 1 7 5 E - 0 2  

1 , U 7 1 7 E - 0 1  

7 . 1 2 0 2 ~ - 0 2  
5 . 7 2 4 6 E - 0 2  
4 . 2 3 1 h E - 0 2  
? . 6 4 3 0 E - 0 2  

- 5 . 0 6 9 9 E - 0 3  
9 .6183E-03  

RN12 

- 3 . 1 2 9 4 E - 0 2  
- 3 . 1 2 4 J E - 0 2  
- 3 . l l 7 6 E - 0 2  
- 3 . 0 8 9 u E - 0 2  
- 3 . 0 1 8 7 E - 0 2  
- 2 . 8 9 0 6 E - 0 2  
- 2 . 7 0 0 2 E - 0 7  
- 2 . 4 5 0 l E - 0 2  
- 2 . 1 5 1 J E - 0 2  
- 1 . 8 2 0 J E - 0 2  

- 1 . 1 3 9 8 E - 0 2  
- 1 . 4 7 6 5 E - 0 2  

- 8 . 2 7 9 9 E - 0 3  
- 5 . 5 5 4 4 E - 0 3  

- 1 . 6 1 4 9 E - 0 3  
- 3 . 3 1 7 7 E - 0 3  

- 4 . 3 9 9 8 E - 0 4  
2 . 5 9 5 1 E - 0 4  
5 . 7 5 0 b E - 0 4  
6 . 2 7 7 4 E - 0 4  
5 . 5 7 6 3 E - 0 4  
5 . 1 2 6 2 E - 0 4  
6 . 5 7 1 2 E - 0 4  
1 . 0 6 1 2 E - 0 3  

3 . 1 9 5 9 E - 0 3  
1 . 8 9 0 2 E - 0 3  

5 . 0 0 9 5 E - 0 3  
7 . 3 1 6 5 E - 0 3  
1 . 0 0 5 5 E - 0 2  

1 . 6 3 6 9 E - 0 2  
1 . 3 1 2 0 E - 0 2  

1 . 9 6 3 1 E - 0 2  
2 .273OE-02  
2 .550UE-02  
2 . 7 8 0 6 E - C 2  
2 . 9 5 6 5 E - 0 2  
3 . 0 7 6 1 E - 0 2  
3 .1447E-CZ 
3 . 1 7 3 8 E - 0 2  
3 . 1 7 7 9 E - 0 2  
3 . 1 7 0 3 E - 0 2  

RH 

- 2 . 5 9 0 1 ~ - 1 1 3  
- 4 . 1 5 8 7 E - 0 3  
- 5 . 7 0 3 B E - 0 3  
- 7 . 1 5 7 9 E - 0 3  
- 9 . 4 8 5 5 E - 0 3  
- 9 . 6 7 1 2 E - O J  
- 1 . 0 7 1 1 E - 0 2  
- 1 . 1 6 0 9 E - 0 2  
- 1 . 2 3 7 3 E - 0 2  
- 1 . 3 0 1 3 E - 0 2  
- 1 . 3 5 4 5 E - 0 2  
- 1 . 3 9 8 4 E - 0 2  
- 1 . 4 3 4 9 E - 0 2  
- 1 . 4 6 6 0 E - 0 2  

- 1 . 5 1 9 8 E - 0 2  
- 1 . 4 9 3 7 E - 0 2  

- 1 . 5 4 5 9 E - 0 2  
- 1 . 5 7 3 3 E - 0 2  
- 1 . 6 0 2 5 E - 0 2  
- 1 . 6 3 3 7 E - 0 2  
- 1 . 6 6 6 2 E - 0 2  
- 1 . 6 9 8 5 E - 0 2  
- 1 . 7 2 8 6 E - 0 2  
- 1 . 7 5 3 6 E - 0 2  

- 1 . 7 7 4 6 E - 0 2  
- 1 . 7 7 0 2 E - 0 2  

- 1 . 7 6 3 2 E - 0 2  
- 1 . 7 3 2 4 E - 0 2  
- 1 . 6 7 9 3 E - 0 2  

- 1 . 4 9 9 6 E - 0 2  
- 1 . 6 0 2 0 E - 0 2  

- 1 . 3 7 2 9 E - 0 2  
- 1 . 2 2 4 2 E - 0 2  
- 1 . 0 5 7 2 E - 0 2  
- 8 . 7 6 8 4 E - 0 3  
-6.889OE-03 
- 4 . 9 9 0 7 E - 0 3  
- 3 . 1 2 1 4 E - 0 3  
-1 .3091E-OS 

4 , 4 8 8 6 8 - 0 4  
2 .1958E-03  

uv 

8 . 5 4 0 1 E - 1 0  
- 9 . 7 9 3 4 E - 0 3  
- 1 . 9 5 5 7 E - 0 2  
- 2 . 9 2 6 9 E - 0 2  

- 4 . 8 U 8 9 E - 0 2  
- 5 . 6 8 5 1 E - 0 2  
- 6 . 4 9 2 1 E - 0 2  
- 1 . 2 1 2 5 E - 0 2  
- 7 . 8 3 5 5 5 - 0 2  
- 8 . 3 4 7 8 E - 0 2  
- 8 . 7 5 4 7 E - 0 2  

- 9 . 2 7 1 7 E - 0 2  
- 9 . 0 5 9 3 E - 0 2  

- 9 . 4 7 8 Z E - 0 2  
- 9 . 4 0 6 0 E - 0 2  

- 9 . 5 0 5 0 E - 0 2  
- 9 . 5 U 2 3 E - 0 2  

- 9 . 4 5 8 8 E - 0 2  
- 9 , 4 3 4 5 E - 0 2  
- 9 . 4 1 2 5 E - 0 2  
- 9 . 3 9 0 3 E - 0 2  
- 9 , 3 6 1 l E - 0 2  
- 9 . 3 1 4 7 E - 0 2  
- 9 . 2 3 8 4 E - 0 2  
- 9 , 1 1 7 7 E - 0 2  
- 8 . 9 3 8 2 E - 0 2  
- 8 . 6 8 6 2 E - 0 2  
- 8 . 3 5 0 8 E - 0 2  
- 7 . 9 2 4 6 E - 0 2  
- 7 . 4 0 4 7 E - 0 2  
- 6 . 7 9 3 2 E - 0 2  
- 6 . 0 9 7 2 E - 0  

- 3 . 8 e 3 1 ~ - 0 2  

- ~ . ~ w ~ E - o E  

- 4 , 5 0 0 8 E - 0 2  

- 2 . 7 3 4 5 E - 0 2  
- 3 . 6 J l O E - 0 2  

- 9 . 1 U 9 3 E - 0 3  
3 . 2 2 7 2 E - 0 7  

- 5 . 3 2 8 Z E - 0 %  

- I . ~ Z ~ ~ E - O Z  

MERID. 
HOUENT 

H i  

- 1 . 7 4 5 6 E - 1 0  
6 .7092E-05  
1 . 3 2 4 2 E - 0 4  
1 . 9 3 6 3 E - 0 4  
2 . 4 8 3 3 E - 0 4  
2 .9450E-04  
3 . 3 0 8 1 E - 0 4  
3 .566BE-04  
3 . 7 2 3 0 E - 0 4  
3 . 7 8 4 7 E - 0 4  
3 . 7 6 5 0 E - 0 4  
3 .6797E-04  
3 .5465E-04  
3 .3831E-04  

3 . 0 3 0 7 E - 0 4  
3 . 2 0 6 1 E - 0 4  

2 .8695E-04  
7 . 7 3 3 l E - 0 4  
2 . 6 2 9 1 8 - 0 4  
2 . 5 6 2 9 E - 0 4  
2 . 5 3 6 9 6 - 0 4  
2 . 5 5 1 6 E - 0 4  
2 .6048E-04  
2 . 6 9 2 0 8 - 0 4  
2 .8067E-04  
2 . 9 4 0 l E - 0 4  
3 .0U15E-04  
3 .2184E-04  
3 .3371E-04  
3 . 4 2 3 0 E - 0 4  
3 .4615E-04  
3.4S9OE-04 
3 . 3 4 4 0 E - 0 4  
3 .1610E-04  

2 , 5 6 2 7 8 - 0 4  
2 .9071E-04  

1 . 6 5 7 3 E - 0 4  
2 . 1 4 1 9 E - 0 4  

1 . 1 2 6 1 E - 0 4  
5 .6769E-05  
1 . 4 1 6 0 E - 1 0  

NORMAL 
OISP. 

Y 

- I .ZB~~E-OJ 
- 1 . 0 1 1 3 E - 0 1  
- 1 . 9 9 5 6 E - 0 1  
- 2 . 9 5 2 0 E - 0 1  
- 3 . 8 6 7 5 E - 0 1  
- 4 . 7 3 1 0 E - 0 1  
- 5 . 5 3 3 1 E - 0 1  
- 6 . 2 6 7 3 s - 0 1  
- 6 . 9 2 9 1 E - 0 1  
- 7 . 5 1 6 9 E - 0 1  
- 8 . 0 3 1 2 E - 0 1  
- 8 . 4 7 4 l E - 0 1  
- 8 . 8 4 9 4 E - 0 1  
- 9 . 1 6 1 8 E - 0 1  
- 9 . 4 1 6 6 E - 0 1  
- 9 . 6 1 9 0 8 - 0 1  
- 9 . 7 7 4 2 E - 0 1  
- 9 . 8 8 6 6 E - 0 1  
- 9 . 9 6 0 1 E - 0 1  
- 9 . 9 9 7 3 E - 0 1  
-1.0000E  00 
- 9 . 9 6 8 8 E - 0 1  
- 9 . 9 0 3 1 E - 0 1  
- 9 . 8 0 1 2 E - 0 1  
- 9 . 6 6 0 6 E - 0 1  
- 9 . 4 7 7 8 E - 0 1  
- 9 i 2 4 8 7 E - 0 1  
- 8 . 9 6 8 8 E - 0 1  
- 8 . 6 3 3 7 E - 0 1  
- 8 . 2 3 9 0 E - 0 1  
- 7 . 7 8 1 2 E - 0 1  
- 7 . 2 5 7 5 E - 0 1  
-6 .6667E-01  
- 6 . 0 0 9 3 E - 0 1  
- 5 . 2 8 7 6 E - 0 1  
- 4 . 5 0 6 0 E - 0 1  
- 3 . 6 7 1 0 E - 0 1  
“ 2 . 7 9 0 9 E - 0 1  
- 1 . 8 7 5 8 E - 0 1  
-9 .3664E-02  

1 .4674E-03  

CURRENT V4LUE OF N IS 2 6  


