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SEAL-SHELL - A DIGITAL PROGRAM TO DETERMINE SmSSES AND DEFIXCTIONS 
I N  AN AXISYMMETRIC SHEZL OF REVOLUTION 

C. M, Friedrich 

. 

I. INTRODUCTION 

SEAL-SHEZL, a FORTRAN I1 program regis tered as code number MOO71 at 
13ettis Atomic Power Laboratory, i s  wri t ten f o r  the Philco 2000 computer w i t h  

two tape uni ts .  The program i s  designed t o  determine loads, deflections,  

rtnd stresses i n  a t h i n  s h e l l  of revolution under axisymmetric end loads and 

press we . 
The s h e l l  is  l inear -e las t ic  with variable thickness and with center l ine 

s h i f t s .  
combination with e l a s t i c  s t r a i n  theory ( R e f  2) and s h e l l  e q u i l i b r i k  equations 

(Ref 3 )  on short  conical elements, 
t and cylinders, are connected by C AC matrix transformation theory (Ref 4 )  t o  

form the complete s h e l l  of revolution. Bending deflections,  shear deflections,  

and pressure-squeezing deflections are included i n  the t h i n  s h e l l  theory. 

The stress d i s t r ibu t ion  developed by Reissner (Ref 1) is  used in 

These elements, which include flat p l a t e s  

Comparison of SW-SHELL results and SET ( R e f  5)  results are shown i n  

Fig,  12 f o r  an e l l i p t i c a l  head attached t o  a cylinder of d i f f e ren t  thickness. 

I n  SEAL-SHEXL, the head was approximated by three c i rcu lar  a r c s  of 4, 3, and 
3 elements, and the cylinder was divided in to  10 elements, f o r  a t o t a l  of 
20 elements or, equivalently, 21 locations along the center l ine,  Agreement 

between codes i s  good i n  the cylinder, but the three-arc approximation of 

the e l l i p t i c a l  head i n  SEAL-SHELL produces spurious discont inui ty  s t resses  

a t  the a r c  jo in t s .  

’ 

When the head i s  ac tua l ly  a combination of c i rcu lar  arcs,  such as a 
to r i sphe r i ca l  head, the  SEAL-SHELL program gives reasonable results, In  

Fig. 13 are shown SEAL-SREU and photoelastic results f o r  a complete pressure 

vessel  model with a tor i spher ica l  head and a flat  bottom. 

between the  cylinder and the bottom plate ,  only  three conical elements were 
used by SEAL-SHELL and the agreement is  s t i l l  sat isfactory.  

In  the sharp corner 

SEAL-SHELL-1 ( M O O h )  i s  now i n  production s ta tus .  Work has been s t a r t ed  
w on an improved program which w i l l  include 



.. ... . 

1. 
2. 
3 .  thermal stresses, 
4. thick s h e l l  theory, 
5. 

a curved e l l i p t i c a l  centerline on each element, 
l i nea r ly  varying thickness on each element, 

axisymmetric loads along the s h e l l  as w e l l  as a t  the ends. 

Three examples showing how SEAL-Sm-1 input should be prepared a r e  given 

i n  the Appendix, 

A .  Loads Per Unit Length 

Consider a conical section of length dx, width Rde, and thickness He as 
shown i n  Fig, 1, 
i n  agreement with the input notation on page 25. 

L e t  jd = the  cone angle such tha t  

with 6 independent of x. 

Let the loads per uni t  edge length be as shown i n  Fig. 2, 

s i n  6 = - dz/dx 
{ c o s 6 = + d r / d x  

L e t  

T force matrix of un i t  pressure and loads per uni t  edge. 
FS 

This matrix can be used t o  evaluate the l o c a l  stresses: 

F =  =xx 

aee 
aPP 

h 

= stress i n  x direction, 

= stress i n  circumferential direction, 
= s t r e s s  i n  normal direct ion t o  p l a t e  

a xx where 

center surface, 

= shear s t r e s s  by &xe 
TTP 

Let C = inward distance from the middle (negative i f  outward): 

- He/2 I C I He/2. 
V 

2 



FIG. I : CONE GEOMETRY 

FIG.2: LOADS PER UNIT EDGE L E N G T H  
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-"/Em 

-"/Em 
0 

li Then 

l /Em ""/Em 

-"/Em l /Em 
0 0 

where 
P = o.5(pi + P ) = average pressure, 

= - P. at  C = + H/2 and - Po at  C = - He/2. 

N 0 

- P = pressure difference, PM = Pi 0 

=PP 1 

B. S t ra in  Energy Per Unit Volume 
&A The working deflections of FE a re  the s t r a ins  

o r  i n  matrix form, 

where 

De =E, 
I 

and A €  = l/Em I -"/Em I -"/Em 

The s t r a i n  energy per unit  volume is  then 

0 

0 

0 

l/ESSll 

where A €  is  cal led the f l e x i b i l i t y  matrix of the force system Fc . 

'Reference 1 - Reissner 

'*Reference 2 - Timoshenko 

4 
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J 

C, Stra in  Energy of Loads Per Unit Length 

Equation (1) i n  matrix form i s  

Fe = Cc Fs 

where Ce = the  connection matrix f o r  Fc i n  terms of Fs 

The s t r a i n  energy over the thickness He of the force system Fs i s  

so that from Eq ( 3 )  and Eq (4), 

or  

where 

1 t  V = - F  A P  s 2 s S S ?  

= the f l e x i b i l i t y  matrix of Fs. 

5 



By defini t ion,  the working def lect ion of Fs i s  Ds i n  the equation 

1 t  = - F  D vs 2 s s p  

so t h a t  from Eq (5a) 

I n  engineering problems, the working def lect ion of the pressure i s  not 

used. Deleting the first row of Ds and of As gives 

D' = A: Fs 
S 

and evaluation of A; from Eqs ( 5b lo  (bb ), and (2b) gives 

0 

0 

-V 

0 

0 

0 

y___ 

0 

8 

. 
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D. Stra in  Energy of Uni t  Loads 
a e The equilibrium equations f o r  the force system Fs a re  

dNx 4 (Nx - Ny)  o = - +  
dx 

dQx cos @ + H P ) - P M ’  o = -  
dx 

dMx 
dx 

R 

4- R ‘x’ R (Ny e N 

o = - +  R (Mx - My) - &x . 

( 7 )  

I n  order t o  separate out the pressure e f f ec t s  from the equilibrium equstions, 

another uni t  force system FU w i l l  be used. Let 

1 
N = ( R  s i n  6 pM - H , P ~ )  + (5) F~~ 

Y 

(4 pr 
2fiR Frx (%R F ~ x  

o r  i n  matrix form 
Fs = Cs FU 

%eference 3, Timoshenko; 
Also, f o r  &x = 0 and PM = 0, N = Nx = -He pN. Y 

7 



where 
FU = 

and Cs = connection matrix r e l a t ing  Fs and Fu 

Substftution of (8a) i n to  (7) gives 

zx dF 
o = -  a x ’  

and 

and 

2nR 

these equilibrium equations are exp l i c i t l y  independent of pressure! 

( 9 )  

As shown i n  Fig, 4, Fmx i s  a bending moment, Frx i s  a radial force, 

i s  a n  axial force.  A l l  three forces a c t  over the en t i r e  circumference 
F Z x  
so t h a t  the s t r a i n  energy of FU i s  

Vu = 2nRVs 

. 

. 

a 



FIG. 3 : STRESSES 

z 
t 

FIG.4: FORCE S Y S T E M  Fu 
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Substi tution OS Fs froLrl Ey (8b) ii;to Vs of Eq (5a) aiid then Vs in-to 

Eq (loa) gives 

Vu = $ F i  AuFu I 

t where 
AU = (2flR)(Cs AsCs) 0 

Then the  working deflections of FU are given by  

DU = AuFu e 

E .  S t ra in  Energy of a Conical Element 

The basic element  used i n  the SEAL-SHELL program i s  L e  section of a 

cone as shown i n  Fig. 5. 

L e t  e = subscript  a t  the start of the  element, 

e+l = subscript a t  the end of the element, 
X12 = length of the element i n  the middle surface, 

= uaiform thickness of t h e  element,  H12 
U = f rac t iona l  distance along the element; t h a t  i s  

a t  any distance X from e towards e+l .  

- a t  e, and Fze+l - - FZx a t  e+l, 

- at e+l, 
- at e+l 

Fze - Fzx 
Fre+l - Frx Fre = F at  e, rx 
F m e + l  - Fmx F = F a t  e; 

be the element loads a t  e and e+ l s  
m e  Mx 

Lc t 

A s  a n  approximtion, F are assumed t o  vary l i nea r ly  from e t o  e+l. 
With t h i s  assumption, the following eight  independent loads are found t o  a c t  

on the element i n  such a way tha t  the equilibrium equations (9)  are sa t i s f i ed  

f o r  0 5  U 51, 

and F 
my r Y  

10 
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FIG.5 : ELEMENT GEOMETRY 
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FIG. 6 :  ELEMENT LOADS Fe 



1. Pressure (independent of Eq 9 )  

2. Fre' the radial load a t  e such that 

Fmx = u + 2 8  - .")I Fre 

Frx = [l - 4U + 3U2 ] Fre 

Fex = Q 

F = O  

t h e  radial load a t  e+P such t h a t  3 Fre+19 

Fmx = [u" - 4 )q2 s i n a l  Fre+l 

Frx = [- 2lJ + 3 3 1  Fre+l 

Fzx = 0 

F = O  
my 

4, V , the  axial load such t h a t  e 
= o  Fm 

F = O  rx 
F = + Fze 

Fze 

zx 
= -  

FmY 
F = Q  

r Y  

5. Fme, the moment at  e such t h a t  
3 2 = [l - U cos2fl + ( -  3 3  + 2U ) s i n  jd]F,, 

Frx = [ (u - V2M s in# ) /52  I F  me 
F = Q  zx 
F my = [- (c0s61/52]Fme 

F r Y  = [ (1 - 2U)(6 sin@)/5;]Fme 

12 



? 

the moment at e+l  such that Fme+l’ 

7. Fm, a redundant force-moment d is t r ibu t ion  such t h a t  

Fmx - - [(u - 3 3  + 2 ~ 3 )  cos fi s i n f i ] ~ ~  

F r x  = [(u - $ ) ( 6  C0S@)/X12 ] F, 

F my = [ (s in@)/q2]Fmr 

FZx = 0 

F = [(l - 2U)(6 cos #)/$]Fm r Y  

8. Fm, a redundant moment d i s t r ibu t ion  such t h a t  

Fmx = [(U - C2)cosfl]Fm 

*rx 

FZX 

= o  

= o  

F my = [(l - 2u)/52] F,, 

F = O  
r Y  

I n  matrix form, the preceding equations are 

where - 
Fe - 

L 



- 
- 

0 I 0 t o  
cos fi 
x12 

s i n  6 
5 2  

i 
I 

1-2u - 

l o  ( ~ - 2 u ) (  6cosj61 I - 2  
52 I %2 I 

Then the s t r a i n  energy of the element i s  

so that from Eq (=a) and Eq (lob), 

I 

14 

, 



where 
= A F  . De e e 

e and 

. 

. 

c 

As usual, De gives the working deflections of Fe. Since the redundant loads 

and Fm should do no work, t h e i r  def lect ions should be zero. L e t  Fmr 

and 

1 

Fre 
Fre +I 
Fie 
Fme 
Fme +1 

Foe =k 

= working'loads 

so that 

Fe =Ed 

= nonworking loads, 

Par t i t ion ing  Eq (13b) t o  correspond t o  Eq (14a) gives 

and s e t t i n g  D = 0 gives 

Foe r e  we ooe 

oe 

= C F where Cre = - (A )-'(Aowe) , 

so tha t  

where 
* c  . - 

'we - + Awoe re  

15 



Equation (l5a) is  the basic building block used i n  assembling a shell of 
revolution from a s e t  of conical elements. 

F, Connecting Elements 

Suppose n = e-1 elements have been connected w i t h  the resul t ing f l ex i -  
b i l i t y  equations 

where 

and - 
Fwn - 1 (Pressure) 

F Z 1  

Frl 
F m l  
*re 
Fme 

It i s  desired t o  a t tach element e with f l e x i b i l i t y  equation (lga). Let 

Then 

and 

1 

FZ1 

Frl 

Fre+l 
Fme+l 

Fre 
Fme 

= matrix of all loads on n and e. 0 7  1 

Fe = 'eFn+l 

L 

16 



where 

and 

e 

c) r 

- 
cwn - 

ce - 

1 0 0 0 0 0 0 0  

0 1 0 0 0 0 0 0  

0 0 1 0 0 0 0 0  

0 0 0 1 0 0 0 0  

0 0 0 0 0 0 1 0  

0 0 0 0 0 0 0 1  

1 0 0 0 0 0 0 0  
0 0 0 0 0 0 1 0  
0 0 0 0 1 0 0 0  
0 1 0 0 0 0 0 0  

0 0 0 0 0 0 0 1  
0 0 0 0 0 1 0 0  

where 

and 

- 
Dn+l - %+1 Fn+l 

An+l = cm%ncwn e e e  + CtA C t 

Once n and e a re  joined, the loads Fre and Fme are  redundant and have 

zero net def lect ions.  Let 

- - 
FWn+l 

= working loads on n+l, 

17 



and 

Fon+l = = nonworking loads between n and e, 

so that 

Par t i t ion ing  Eq ( l9b)  t o  correspond w i t h  Eq (20c) gives 

and s e t t i n g  Don+l = 0 gives 

(21 1 -1 ' 
Fon+l = C  rr F wn+l where C r n  = - (Aoon+l (Aown+l 1 9  

so t h a t  

where 

F - 
Dwn+l - Awn+l wn+~  , 

%m+l = Awwn+l + Awon+l c .  r n  

Thus there are now n = e elements connected and E q  (22a) i s  equivalent t o  

Eq (1611) f o r  n = e-1 elements. 

G.  Sh i f t ing  Centerlines 

I n  the SEAL-SHEZL program, elements of zero thickness are introduced t o  
allow a center l ine s h i f t  between f l e x i b l e  elements. 

such a sh i f t ,  as shown i n  Fig. 7. 
Suppose element e is  

By use of the  equilibrium equations (9)  o r  from inspection of Fig. 7$ 
the  force systems at  e and e+ l  are equipollent i f  

18 
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THESE LOADS ARE 
INDEPENDENT Of  
PRESSURE IN THE 
EQ U I L I B R I UM EQUATIONS. 

Fred 

FIG. 7 : CENTERLINE SHIFT FROM 8 TO e +  I 

Dra 

Dbn = 

Drn 

I .  

FIG. 8 :  END DEFLECTION 



Thus 

where 

= 1  [ 
and 

where 

and 

0 

1 
0 

0 

0 

z -2 e e - l  

- 
0 

0 

1 
0 

0 

0 - 

- 
0 

0 

0 

1 
0 

0 - 

9 

be t h e  loads on the boundaries a and n of the shell of revolution. 

SEAL-SHELL program, these loads as input are given per uni t  circumference 

2xR. ) I n  matrix form, 

( I n  the 

20 



- 
Fbn - 'bn 'me ' 

0 ' 0  0 

0 1 0 0  

0 0 1 0  

0 0 0 1  

0 0 0 0  

1 0 0 0  

where 

0 

Fme - - Fm a t  n=n and e' = 1 (Pressure)  , Fbn 

'an = 1 

-PN ( 2nReHe c os jd ) 

+PJ"Re 3 / 3 4  

+PM(*Re+l /3" 

-'N ( 2nRe +lHe co 'fi Ne 

-PN( 2xRe +ls inp')Ne 

where 

and 

Then t h e  t o t a l  s t r a i n  energy i n  the  s h e l l  is  

= L F t  D 
'bn 2 bn bn ' 

%n = %n Fbn ' 

t 
%n = 'bn (%n)NeCbn ' 

Dnb gives the def l ec t ions  of F as shown i n  Fig. 8, bn' 

- 
0 

0 

0 

0 

1 

0 - 

Any cons is ten t  combination of the variables i n  D a n d  F bn bn 
as input  t o  t he  SEAL-SHEU program. 

may be used 



111. INPUT FOR SEAL-SHELL 

A,  Ikck Arrangement 

An input deck for one problem consis ts  of the  accounting card, problem 

cards 1000 through 8000, and a blank card 

Accounting Card 

(Card 1000 

Card 8000 

Blank Card 
1 

If a set of problems is  t o  be run successively, the arrangement consis ts  of 

the accounting card, sets of problem cards 1000 through 8000, and one blank 

card : 
- 

Accounting Card 

F i r s t  Problem: Card 1000 
--_ 
F i r s t  Problem: Card 8000 
m - 3  

_-- 
Last Problem: Card 1000 
-_- 
L a s t  Problem: Card 8000 

Blank Card 

An explanation of the input tab le  follows, 

22 



1-8  19 
NUMBER 

t i -15 17-21 25-32 33-37 38 -72 - 
/$<MOO77 '-,: USER \ ' CHARGE PROON \ 

i 

1-6 7-12 1 13-18 I 19-24 25-30 I 31-36 I 37-42 43-48 1 49-54 I 55-63 61-66 67-72 

OPENING COMMENTS 2 0 0 0  
3000 N p P i  P O  Ern E srn P n u  

K a n  G r a  Grna ern  Grn n Gzn I 4000 

dM0077 NAME PHONE DATE \\\\\\ \ 1000 

-- 

1-6 

Ie  
I e  . 

I e  

8000, AND B L A N K  CARD (NO COMMENTS IN  COLUMNS 73-80 OF BLANK CARD) 

7-12 13-18 1 !9-24 25-30 31-36 37-42 43-48 49-54 55-60 61-66 67-72 

K f f d  I e  K f f d  I e  K f f d  I e  K f f d  I e  K f f d  \\\\\\\\ 6000 

K f f d  I e  - K f f d  I e  K f f d  l e  K f f d  Ie  K f f d  h\\\\\\ 6001 
K f f d  l e  , K f f d  . Ie , K f f d  , l e  , K f f d  . Ie , K f f d  1\\\\\\\\1 E TC. 

1-6 

N w 

7- 12 13-18 19-24 25-30 31-36 37-42 43-48 49-54 55-60 61-66 67-72 
Y 

I e  K ss * e  K s s  Xe Kss I e  K S S  I e  K s s  h\\\\\ 7000 
.le K s s  Le Kss I e  K ss I e  K ss I e  K s s  A\ \ 7001 

, I e  KSS I e  K s s  I e  K S S  ~ I e  K s s  Ie  K s s  !Q\\\\y ETC. 

\ 

- 

1-66 

CLOSING COMMENTS 

67-72 

8000 



B. Format of Words 

nX = n blank columns. 

nA = n columns of alphabet letters, d ig i t s ,  blanks, or any combination, 

I n  = n columns f o r  an integer number, which i s  placed t o  the r igh t .  
For example, using the forrcat 16: 

7 = 1  I I I I 1 7 1 ,  

E12,4 = 12 columns of a n  exponential number i n  the form 

number blank exponent 
or  E 

where the decimal point i s  i n  the t h i r d  column and the exponential 
sign is  i n  the ninth column, For example, 

0.06080 = 

6 x 1 0 ~ ~  = 9 

Columns 2, 3, 9, and 12 should not be blank; and column 8 should be 
blank or  contain the le t ter  E ,  

24 



I:. Input Cards and Notations 

Formats 

Accounting Card e 

18 A5 ] A 5  x59 

A t  Bettis Atomic Power Laboratory, each problem deck f o r  the Philco 2000 

has an accounting card of t h i s  form: 

I Columns 11 1-8 I g I i o .  I 11-15 I 16 117-21 I 22-80 1 

Columns 

Words 
Formats 

1 2-6 7-24 25-42 43-60 "61-66 6 7-72 

Blank MOO77 Name Phone Date Blank 1000 
Xl A5 ~ 1 8  ~ 1 8  ~ 1 8  x6 16 

Card 1000 

Columns 
Formats 

Card 1000 is the t i t l e  card f o r  a problem, and has t h i s  form: 

1-66 67-72 
A66 16 

This card should contain the code number, user's name, phone number and 
extension, date, and card number. 

In  a l l  cards 1000 through 8000, columns 67-72 are reserved f o r  the card 
number, and columns 73-80 may be used by the user f o r  comments o r  sequencing 
if  he so desires., 

Card 2000 

Card 2000 i s  fo r  comments on the par t icular  problem: 

I Words 11 Comments I 2000 1 
Card 1000' 

Card 3000 contains the basic parameters of the problem. 
Consider the intersect ion of the she l l  of revolution i n  a meridian plane. 

Let 

a = the s t a r t i ng  point of the centerline of intersect ion,  Either end may 
be chosen as such, 
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n = the  ending point of the centerline.  

x = a distance along the center l ine from the end a, in. 

R = R(x) = the radius of the  center l ine a t  x from the axis of 
revolution, in. 0 I R ,< 1000 in.  

Z = Z(x> E the elevation of the center l ine at  x on the axis of 

Construct .the R-Z axes from an or ig in  0 so t h a t  the +R axis i s  90" cw 

revolution, i n ,  0 5 Z 5 1000 in ,  
A 

from the  +Z axis ,  
z 

When a n  observer moves along the center l ine from a towards n, the region t o  

h i s  r i gh t  i n  the R-Z plane i s  defined as the  inside and the region t o  h i s  ' 

l e f t  i s  the outside. Let 

P = the  inside pressure, ps i .  

Po = t h e  outside pressure, psi .  
i 

0 
P 

n 

ccw = counterclockwise -0 0 A 

cw = clockwise 0 TJ 

I c 
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Let 
= the t e n s i l e  modulus of e b s t i c i t y ,  p s i ,  I n  the  code, 1 5 Em. Em 

Formats 16 E12.4 E12,4 E12& E12.4 E12.4 16 
Words Esm 'nu 3000 m E 

L Ne 'i 

= the shear modulus of e l a s t i c i ty ,  ps i .  1 5  Esm* Esm 
Pnu = Poisson's r a t i o .  0 I P n u I  0,4999, 

= t h e  number of elements used i n  f l e x i b i l i t y  calculations = 2 t o  100, 
The elements are arranged i n  sequence from a t o  n along the center l ine 
of the shell  i n  the R-Z plane, 

Ne - 
The preceding s ix  parameters are placed as follows on card 3000: 

Card 4000 

Card 4000 spec i f ies  the types of boundary conditions. A t  ends a and n, 

there  can be three loads applied per uni t  circumference and f o r  each load, 

there  is  an associated displacement, 
Let 

= force per un i t  circwderence of a, p a r a l l e l  t o  the Z axis, lb f / in ,  FZa F is  posi t ive i f  it i s  i n  the - same direct ion as the posi t ive 
ZZ8xis (+I ) and negative i f  i n  the opposite d i rec t ion  ( -  ). 

= axial def lect ion of FZa , i n ,  (+ T and - 
= force per uni t  circumference of a, pa ra l l e l  t o  the  R axis,  lb f / in .  

Dza 

Fra is  posi t ive i f  it is  i n  the direct ion opposite t o  the +R axis Fra 
(A ) and negative i f  i n  the same direct ion ( L). 

= inward r a d i a l  def lect ion of Fra, in .  ( 9- and A) 

= bending moment per un i t  circumference of a, in , - lbf / in .  
posi t ive if cw (a) and negative i f  ccw (0 ) e  

= ro ta t ion  of F radians. (@ and ) 

+ D ra 

Fma Fm i s  

Dma mag 

FZn i s  posi t ive i f  opposite t o  the +Z ax i s  Fzn = force per uni t  circumference of n, parallel the Z axis, lbf / in .  
) and negative i f  i n  

the same di rec t ion  ( - 
= axial def lect ion of FZn, i n ,  ( + i a n d  - 1') Dm 
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F = force per un i t  circumference of n, p a r a l l e l  t o  the R axis, lbf / in .  
Frn i s  posi t ive i f  it i s  i n  the same di rec t ion  as the +R axis  ( A )  
and negative i f  opposite ( L), 

rn  

+ 
= radial def lect ion of Frno i n e  ( -  and ;) 

= bending moment per un i t  circumference of n, i ne - lb f / in ,  
Dm 

Fmn Fm 
i s  posi t ive i f  ccw ( a ) and negative i f  cw ( 

= ro ta t ion  of Fmn, radians. ( 0 and 0- ) Dm 

If Pi# Po$ and FZn a re  given, then FZa i s  found from a v e r t i c a l  equilibrium 

equation and may not be specif ied independently, Thus a can be considered as 

a v e r t i c a l  anchor point which, however, can move r ad ia l ly  and rotate ,  wi th  

Equilibrium Reaction 

Fra 

\ 53 
Positive Loads 

K 
Posittve Motions 

WaY 0 

Let 
= input option fo r  D 

= 0 i f  Dra i s  given, o r  1 i f  Fra i s  given, 
or  Fraj Kra ra 

I n  the code, these loads a r e  multiplied by circumference and used tha t  

ra * G = given value of D o r  F 

Kma = input option f o r  Dmet o r  F 

ra ra 

ma; 
= 0 i f  Dm i s  given, o r  1 if  F i s  given, m a  
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G = given value of D o r  Fma4 

Krn 

G l a  ma 
= input option f o r  Drn o r  Frnj 

= 0 i f  Drn is  given, or 1 if F is  given. 
r n  

G = given value of D o r  Frn. 

K 
r n  r n  

mn = input option f o r  Dmn o r  Fmi 
= 0 if  Dm i s  given, o r  1 if  Fm is given. 

7-18 
E12,4 

= given value of Dm o r  Fmo Gm 
K = input option f o r  D or FZni zn zn 

= 0 if  DZn i s  given, o r  1 i f  FZn i s  given. 

= given value of D or F Gzn zn zn * 
The f i v e  K's are combined i n t o  one number K an. For example, if 

19-30 31-42 43-54 55-66 6 7-72 
E12.4 E12,4 E12.4 E12,h 16 

= o  Kra 
Km = 1 

Krn = 1 

Km = 0 

KZn = 0 

Card 4000 has t h i s  form: 

Words Blank 

then Kan = 01100 

o r  1100 > 

B l a n k  B l a n k  Blank 5000 I 'a Ra 

Colurms ' 1-6 7-18 19-30 31-42 43-54 55- 7-721 1 Formats 11 I6 I E12.4 1 E12.4 I E12.4 I E12h I E12? I I66 
4000 Words 11 'an I Gra 1 Gma J Grn .I Gmn I Gzn 

Card 5000 

Card 5000 contains the radius and elevation at  a: 

Instead of giving the  radius, elevation, and thickness a t  the end of each 

element Ie f o r  Ie = 1 t o  Ne, where N 

of data, as follows: 
can be 100, the user can specify regions e 
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Let 

I = the  element number at  the end of a region, e 

Columns 

Words 
F O m t S  

R 

Z 

H 

Angle = the angle through which the region turns  toward the inside 

= the  radius at  the end of the region,, 

= the elevation at the end of the region. 

= the  thickness of the elements i n  the region, i n ,  

e 

e 

e 0 ,< He I 100 i n ,  

of the shel l ,  degrees, 
turns  towards the outside and is  0 i f  the center l ine i s  
s t ra ight ,  The regions must be chosen so tha t  - 90 ,< Angle 5 90. 

Th i s  angle i s  negative i f  the region 

1-6 7-18 19-30 31-42 53-54 55-66 6 7-72 

'e 
16 E1204 E12e4 E1204 E12a4 E12a4 16 

Angle Blank 5OOO+I e He z e R 

z 

I 
a 

R 

n 

- 
'R 

Each region has uniform thickness, uniform curvature, and at  l e a s t  one element, 

The cards a r e  numbered f o r  the regions i n  succession: 5001, 5002, e tc .  The 

element number I 

and the regions continue u n t i l  Ie = Ne,, 

fo r  each region i s  higher than f o r  the  preceding region, e 
The card f o r  region I has the form: 

- I  

I n  the computer program, each region i s  broken in to  equal length elements 

along the a rc  of the centerline.  

the region i s  broken in to  elements as shown: 

For example, i f  a region has four elements, 
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l -  

Then each element i s  approximated as a conical surface of zero curvature, 

so t h a t  the center l ine becomes,kinked i n t o  straight segments: 
... 

The end points of each element are s t i l l  011 the  o r ig ina l  curved center l ine 

of the region, but the element i n t e r i o r s  come inside the curve as chords, 

Note: f o r  accuracy i n  the f l e x i b i l i t y  calculations,  the element length 

along the  center l ine should not be much l e s s  than the thickness He o r  be as 
la rge  as the  quant i ty  

The thickness of each element i s  assumed t o  be bisected by the  s t r a igh t  

center l ine through the element. If two adjacent flexible elements have center- 
l i n e s  which do not meet at  the  interface,  the  s h i f t  i n  center l ines  is  indicated 



by introducing a region of zero thickness. 

element 2 i s  a center l ine s h i f t  between elements 1 and 3 :  
For,example, i n  the sketch, 

A region of zero thickness should contain only one element. 

Cards 6000~ 6001, e t c ,  

Regions of output a r e  specif ied f o r  bending moments, t e n s i l e  forces, 

shear forces, and deflections.  
Let 

Consider an element Ieo 

M 

N 

Qx = shear force per u n i t  circ~mference,  lb/in.  

M 

N 

= bending moment per uni t  circumference, in.lb/in., 

= t e n s i l e  force per uni t  circumference, lb / in ,  
X 

X 

= bending moment per uni t  center l ine length, in ,  lb/in.  

= t ens i l e  force per uni t  center l ine length, i n ,  lb / in ,  

= rotation, radians ( i3 ) e  

= r a d i a l  deflection, in.  ( 4 ). 

= axial  deflection, i n ,  (+ 1 ) 

Y 

Y 

+ 
D r 

DZ 



Positive sign conventions a re  shown i n  the following sketches: 

QXtdX 

L e t  
= load option of pr int ing Mx, Nx, $, My, and Ny at the start 

= 1 if  yes, 0 i f  no, 

= load option of pr int ing M xv Nx, &xv My, and M a t  the  end 

= 1 i f  yes, 0 i f  no. 

= load option of pr int ing D and D a t  the end of the 

= 1 if  yes, 0 i f  no, 

= a combination of K and K ' 

K f ~  of an element Iej 

KfL of the element Iej Y 

m3 Dr' z element Iej Kdl 

'ffd fog Kfl, 
For example, i f  tu" 

In  cards 6000, 

per l ine,  u n t i l  Ie 

i n  that region, as 
the sequence 

[ Kfo :\ , then Kffd = 011 or  11, K f l  

6001, e t c ,  regions and K ' s  a r e  given i n  pairs,  f i ve  pairs 

= Ne; 

i n  the 5000 series of cards, 

Each region i s  . ident i f ied by the last element Ie 
For example, with Ne = TO, 

(10, 100, 32, 0, 509 1) 
A 
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indicates that the first 10 regions have MXo9 Nxo, Qxo, My., and N 

ou t j  regions 11 t o  32 have nothing printed out$ regions 33 t o  50 have Dd9 
printed 

YO 

and Dzl printed i n  the output t o  the problem. 
Dr19 

The cards are numbered 6000, 6001, etc.  If f ive  o r  less pairs reach 
Ie = N only one card i s  needed. The card follows: e' 

Cards T W O 9  Tool9 etc.  

Regions of output are specified f o r  stresses, 
L e t  

= normal stress produced by M and N , ps i ,  

= normal stress produced by M and N , ps i ,  
sxx X X 

S 

S = the third normal stress, psi .  A t  the inside surface, S = -Pi; 

S = shear stress produced by psi. 

YY Y Y 

zz and at the outside surface, szz = 'Po" zz 

xz 
= twice the maximum shear stress by Mohr's Circle calculation, ps i ,  

sXWX 

Kio = option fo r  pr int ing out the s t resses  on the inside surface at  

Kco = option f o r  pr int ing out the stresses on the centerline a t  the 

the start of element Ie9 0 or  1. 

start of element Ie, 0 or 1, 

the start of element Iej 0 or 1. 
= option f o r  pr int ing out the s t resses  on the outside surface a t  

K = 4 x Kio + 2 x Kco + Koo . For example, if 
so 

then KsO = 4 x 1 + 2 x 0 + 1 = 5 and the stresses 
on the inside and outside surfaces 
a re  printed i n  the code output. = 1  

= option f o r  pr int ing out the s t resses  on the  inside surface a t  the 
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Kcl = option f o r  pr int ing out the stresses on the centerline a t  the 
end of element Ie, 0 o r  1. 

at the end of element Ie, 0 o r  I.. 
= option f o r  pr int ing out the s t resses  on the outside surface 

Ksl = 4 x Kil + 2 x Kcl + Kol* 

K = 10 x Kso + Ksl = stress option of element Iew For example, ss 
K s s  = 12 indicates that the outside surface stresses at  the start 
of the element and the centerline stresses at the end of the element 
are t o  be printed i n  the code output, 

Columns 1-6 7-12 13-18 19-24 25-30 31-36 37-42 43-48 4 9-54 55-60 61-66 6 7-72 
Formats 16 16 16 16 16 16 16 16 16 16 16 16 

Blank 7000+I Words 'e K SS 'e Kss 'e Kss Ie Kss 'e Kss 

In  cards 7000, 7001, etc., regions and K ' s  a re  given i n  pairs, f ive  pairs per 
l ine ,  u n t i l  Ie = Ne* Each region i s  ident i f ied by the last element Ie i n  the 
region, The card form i s  as follows: 

Columns 
Formats 

1-66 67 -72 
A66 16 

Card 8000 

Card 8000 i s  the last card of each problem: 

Words 11 Comments 18000 I 
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IVe FLOW DIAGRAMS AND OUTPUT OF SW-SHELL 

PROGRAM FLOW DIAGRAM 

MAIN PROGRAM 

READ AND 
CHECK INPUT 

c--L7 SUB AC 

I I e  = 0 I 
25 I 

I g :  I + I e  
SET Kd l  < K d l  ) 

I O  
\ 

2601 

Fn(e+ l ) "Crn  ( le) 
Dn (e+l)'ArnFwn 

J 

*I 1, =o 

L- 

I- 
{+? 

1 F& 1, = 2  

IO (NEXT PROBLEM) 



SUB Ss 

l e  = l + In I 
( K S S  ) 

RETURN 

SET FWe 

I c =  I +LC 
C = He-(2-Lc)2 
SET As 
STRESS=AS F S  
SET Smax 
WRITE STRESS 

80 904 

I Iu = I I I 'I,, = 2  I 
K ss ( KSI  ) 

0 

R I 
0 

U=O Uz.05 

I 

R=R I +U(R2-RI) 
SET CIJ 
Fu = CIJ Fe 

U = I  U =.95 

\ I 
I 

I SET Cu 
F s  = Cs Fu I I 



c 

o+ 

I 

,*, b I I I 

c SEI 



1, List ing of Input 

The output of MOO77 f irst  l ists  the input, checking f o r  e r rors  i n  data 
A complete l i s t i n g  of R, Z, and H is  made fo r  a l l  elements Ne. l i m i t s .  

' e  
2, Matrices i n  Generd 

A l l  load, deflection and s t r e s s  matrices have 7 columns. 

Colwan 1 gives the e f fec t  of pressure alone. 
Column 2 gives the e f fec t  of GRA alone. 
Column 3 gives the e f fec t  of GMA alone, 
Column 4 gives the e f f ec t  of GRN alone. 
Column 5 gives the e f fec t  of GMN alone. 
Column 6 gives the e f f ec t  of GZN alone. 
Column 7 gives the combined e f f ec t  of the first 6 columns. 

3. Matrices i n  Particular 

a, Boundary Force Matrix, Fbn 

The boundary force matrix i s  Fbn i n  Eq (25b). The rows printed i n  
the output are Fra, Fma, Fr,, Fm, FZne 
circumference 2nR, not per unit  length, 

These loads are over the en t i r e  

b. Boundary F lex ib i l i ty  Matrix, sn 
C. Boundary Deflection Matrix, Dbn 

Dbn i s  the working deflection matrix corresponding t o  Fbnv 

= A  F %n nb bn" 
d. End Force Matrix, Fm 

The end force matrix i s  Fwn i n  Eq ( 1 6 ~ )  f o r  Ie = Ne+ 1, 

F z l ~  F r 1 9  Fd, Fre, me 
End Force F lex ib i l i ty  Matrix, A& 

The rows are 
F a  

e, 

f .  End Deflection Matrix, Dwn 

D 

Dm wn wn* 

is the working deflection matrix corresponding t o  Fm. wn 
= A  F 
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g. Inbetween Deflection Matrix, Dm 

The inbetween def lect ion matrix is  the matrix Dwn f o r  an inbetween 

and Fme+l* The rows are  the deflections f o r  Fzee19 Fre+l = 1 t o  Neo 'e 

h. L o c d  Load Matrix, PR 
~- 

me locab load matrix i s  Fs i n  Eq (8b), 
and Qx at posit ion W on element Iea 

The rows are Mx9 MyP Nx, 

N 
Y3 

f .  Local Stress  Matrix 

The l o c a l  stress matrix a t  posit ion U on element Pe has f ive  rows: 

Qm3 deep d p p 9  rxp9 and 
as determined by the following formula: 

*umx is twice the maximum shear stress 

Oave = 005 (ass + cPP) 
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APPENDIX OF SAMm PROBLEMS 

A .  Plate  

Consider a pressurized c i r cu la r  p l a t e  w i t h  a hole as shown i n  Fig. 9. 
The outside edge, ap i s  simply supported and the inside edge, N, i s  f r ee .  

The input of Table I1 i s  based on the following requirements: 

1, use four f l ex ib l e  elements, 
2. 

3 .  

determine def lect ion and slope at the end 
of each element 
determine stresses at  all three surfaces a t  
a l l  locations 

B. Seal Ring 

Consider a pressurized seal r ing  as shown i n  Fig. 10. End a i s  bu i l t - i n  

and n def lec ts  .010 i n .  v e r t i c a l l y  without ro ta t ion ,  

The input of Table I1 i s  based on the following requirements: 

1. use 20 f l ex ib l e  elements at  6' intervals ,  
2. determine inside and outside surface s t resses  

a t  a l l  locations.  

C, Hemisphere and Cylinder > 

Table I1 a l so  gives the input f o r  determining s t r e s ses  a t  the Joint  

between a hemisphere and cylinder as shown i n  Fig,  llo 
i n  the  hemisphere and 20 in te rva ls  i n  t he  cylinder a re  used. 

Fif teen in te rva ls  

7 I n  a l l  three problems, Em = 3 x 10 psi ,  
7 E = 1.15 x i o  psi ,  s m  

le2 



1 Cb L . 

TABLE I1 

14001205$ MOO77 FRIRH 48408666PRODN 
MOO77 FRIEDRICH EXT. 381 APR~ 17, 1961 
CIRCULAR PLATE I r n  

4 2. + 3 0. + 0 3. + 7 1.15 + 7 3.  
111ll 0. + 0 0. + 0 0. + 0 0. + 0 0. 

4 1. + 1 0. + 0 3. + o  
4 001 
3 70 4 77 

3. + 1 0. + o  

END OF INPUT 
MOO77 FRIEDRICH EXT. 381 A_pRIL 17, 1961 
SEAL R I N G  INpLlT 

20 1.5 + 3 0. + 0 3. + 7 1.15 + 7 3. 
00000 0. + 0 0. + 0 0. + 0 0. + 0 1. 

15 3- + 1 1 . 5  + 11. + 0 9. + 1  
20 3.5 + 11.366 + 11. + 0 3. + 1  
20 
19 50 20 55 

2. + 1 5. + o  

END OF I"T 
MOO77 FRIEDRICH EXT. 381 APRIL 17, 1961 
HEMISPHERE AND cn1NDER INPUT 

35 1-75 + 3.0.  + 0 3. + 7 1.15 + 7 3.  
00000 0. + 0 0. + 0 0. + 0 0. + 0 0. 

15 1. + 1 2 .  + 1 5 .  - 1 91 + 1  
35 1. + 0 0.001 + 0 1. + o  
35 
14 0 15 05 16 50 35 0 

0. + 0 3. + 1  

END OF INPUT 

1000 
2000 - 1 3000 

+ 0 4000 
5000 
5001 
6000 
7000 
8000 
1000 
2000 - 1 3000 - 2 4000 
5000 
5001 
5002 
6000 
7000 
8000 
1000 
2000 - 1 3000 

+ 0 4000 
5000 
5001 
5002 
6000 
7000 
8000 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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