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ABSTRACT

The finite element method is applied to solids with an axis of
material symmetry ;subjected to Fourier expandable thermal, body force and
surface traction loadings., The governing equations are derived for
triangular toroidal continuum elements and for thin conical shell elements,

A computer program is described and various results are presented as
verification. The program is described and a user's manual is given in the

appendicies, A listing of the program source deck is included.
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Symbols and Notation

variational symbol
potential energy

strain energy

strain energy density
body f(axisymmetric solid)
body force vector field
displacement vector field

element of volume

portion of surface on which stresses are prescribed

prescribed surface tractions on ST

element of surface area

stress tensor field

strain tensor field
thermal stress tensor field

material constant tensor field
thermal expansion tensor field
thermal strain tensor field
temperature

cylindrical coordinates

generalized coordinates
displacement expansion tensor field

nodal point displacement vector

*
{ 1 denote vector field (column vector), [ ] denote matrix, < > denote row vector

iv
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[@O ],[@O],[¢O] displacement transformation matrix
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[K]

strain-generalized coordinate tensor field
stiffness matrix in generalized coordinates
thermal force vector field

body force vector field

surface traction force vector field
temperature change

density

angular velocity

radial acceleration

axial acceleration

volume integrals

nodal point displacements for entire structure

stiffness matrix for entire structure
nodal point forces for entire structure
shell surface

shell contour {(circle)

shell stress resultant tensor field

shell extensional strain tensor field

shell moment tensor field

shell curvature tensor field

shell extensional thermal stress tensor field

longitudingl shell coordinate
shell radius of curvature

transverse shell coordinate



{B}

Lo 1[0, ]
[81,08,]
[88]

v

Ayt

shell thickness

shell length

longitudinal shell displacement

meridional shell displacement

transverse shell displacement

shell generalized displacement coordinates

shell displacement transformation matrix

shell coordinate transformation matrix

shell stiffness matrix in generalized coordinates
poisson’s ratio

Lame's constants



INTRODUCTION

In recent years the stress analysis of axisymmetric solids of arbitrary
shapes subjected to arbitrary thermal, mechanical and body force loadings has
attracted considerable attention, [1—5]*, especially in application to solid
propellant rocket motor grains [6-10]. While the governing field equations
have been known for many years, no practicable applications were possible
until modern digital computers freed the engineer from extensive hand com-
putations. With this computational tool it is possible for the first time to
consider very general geometric configurations in stress analysis problems.

Two numerical methods for stress analysis of arbitrary configurations
have received extensive treatment in the technical literature in recent years.
The first method is finite difference which seeks to numerically satisfy
either the Navier Displacement Equations of Equilibrium or the Compatibility
Equations in terms of a stress function. The method is quite general in
application, however, it is seriously limited in its ability to handle chariges
in boundary geometry and to satisfy difficult boundary conditions. It also
has the drawback of attempting to satisfy equations involving high order
derivatives of the functions.

The second mefhod is Finite Element, which is a Ritz technique of seeking
a stationary value of an enexrgy integral [1,6]. 1In general, a variational
theorem which has the governing field equations as Euler Equations is written
in terms of discretized displacement variables. Xinematic and/or static
assumptions, valid over small subdomains of the body, are made, and the ene rgy

is expressed in terms of a summation of integrals over the subdomains.

¥Numbers in brackets refer to references.



The method has been used successfully to obtain good approximate solutions

|
|
|
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to a wide class of problems. Some specific applications to the analysis of
motor grains are gravity slump (uniform axial acceleration), internal and
external pressurization, shrinkage during the curing stage, non-homogeneous
cold-soak and aerodynamic heating [9,10].

This report applies the finite element analysis to axisymmetric solids

subjected to arbitrary non-axisymmetric loadings by expanding  the various
kinematic and forcing functions into Fourier Series [4]. 1In this class of
problems several are of immediate practicable interest. The problems of
storage and handling by strap loadings may be treated. Maneuvering and

E lateral force problems may also be analyzed.
|
|




STRESS ANALYSIS OF AXISYMMETRIC SOLIDS WITH ARBITRARY LOADINGS

The basic approach used in this report will be to write the Potential
Energy of the axisymmetric solid in terms of a Ritz Series by subdividing the

body into a finite element mesh, computing the Potential Energy of each

element and summing over all elements. The Potential Energy Theorem is

written in terms of the Ritz functions and an absolute minimum is sought.

Theorem of Minimum Potential Energy

:f The Theorem of Minimum Potential Energy may be written mathematically as

§ V=0 (1

i where

V=U - JJJ; fi uy dT - If; pi U, do (23
T

U = jjj W dt: strain energy

! B
1
| W: strain energy density

B: body (axisymmetric solid)

| S _: portion of the surface on which stresses are prescribed
f : body force vector field

ui: displacement vector field

i
b : prescribed surface tractions on ST

i If thermal forces are present, the strain energy density becomes
i

*
Standard covariant and contravariant tensor notation is used throughout
(e.g., see Sokolnikoff, Tensor Analysis [13]).
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W:l/zfrje,.—'rje.. (3)
iJ t iJ
where
ij .
T “: stress tensor field
eij: strain tensor field
ij .
T, thermal stress tensor field

t

Constitutive Equation

For linear elastic solids the constitutive equation takes the form

ij ijk1
= > 4 a
T c €11 (4 a)
. ijkl . .
with C the 4th rank material constant tensor
ij ijkl
= 4D
and T, C aTkl (4b)
where
T
or | = J‘T o dT (4c)
o

For axisymmetric geometries the Potential Energy is written in terms of
physical components in the cylindrical coordinate system r,z,8. Matrix

notation is used for convenience. Accordingly

v JI] (Gletr,z,0 1 el {1711 (etr 2,00 1-{utr, 2,0 17 {2(x,5,0 1> ar
B

- ff {u(r,z,e)}T {p(r,z,0) 1} do (5>
S
.



where

T
{‘T(I‘,Z,Q)} = <’T' » T

i
A~
[Q]
m
N
N
[0}

T :
{e(r,z,@)} rr €zz 06’ erz re’" Tz

and

{r} = [c] {&} (7)

This report is concerned with only coordinate orthotrophy of the following

type
— —_—

Cll C12 C13 0 0 0

C12 C22 C23 0 0 0

. C13 C23 033 0 0 0]

[c] = [¢] = (8>

0 0

0 044 0 0]

CGGJa

To apply the Variational Theorem it is necessary to select a displacement
field in terms of a set of unknown Ritz parameters (coordinate functions) that
satisfy the hypotheses of the theorem. The restrictions on ui are that it 1is
continuous over the entire body and possess piecewise continuous first partcial
derivatives.

The method of analysis used herein consists of subdividing the domain

intc an assemblage of triangular toroids and assuming appropriate kinematic



functions within each triangular element such that compatibility of displace-

ments across contiguous element interfaces is maintained.

Kinematic Assumptions

| The displacements are first expanded into a Fourier Series as follows :

| ur(r,z,e) = ng% urn(r,z) cos ng (92a)
f N
u (r,z,6) = X u (r,z) cos ng (9b)
2z n=o zn
3 )
ue(r,z,@) = ngg u@n(r,z) sin ng (9¢

Within each triangular element a linear expansion in the r and z coordinates

. *
is made

] = lOa

u Aln + A2n r + A3n z ( )
| = 10b
I w A4n + A5n r o+ A6n z ( )

= A 10c¢c

| uon _ ASn r o+ A911 z ( )
E Thus
[ N
{U(I",Z,@)} = II‘EO [q)n(ryzae)] {An} (112)
.
g where
f —
a T R
\ u (r,z,6) E;(r,z)} cos ng 0 0 Al
N . |
~§ uz(ryz,e)?z z 0 {¢(r,z)} cos ng 0 AZn?
L n=o .
5 u (r,z,0) 0 0 {6 (r z)}TSin ne A°
R o 9 9n

(1L b)

b3
Imposed displacement boundary conditions are restricted by the requirement that
they be piecewise linear.
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and

T N

{o(r,2)} = (1,r,z) (11lc)
Thus the displacement field vector for each Fourier term may be written
{un(r,Z)} = [0(r,z) ] {An} (11d)

At each nodal point of the triangular element the displacements are
given by a Fourier Series and hence it is possible to express the generalized
coordinates or Ritz functions, {An} in terms of the actual physical components
of the displacements at the nodal points. And since a linear expansion has
been used together with a2 harmonic expansion it is possible to maintain com-
patibility of displacements along the contiguous element interfaces by
matching their nodal point displacements, The necessity of these steps to the
tractability of the method cannot be overemphasized,

Hence, to this end denote (see Fig. 1)

u, =u_(r . ,z.), u. = ......

in rn i’ i Jn

w., =u (r ,z.), w, = ...... (12)

in zn 1’71 Jjn

Vi, = uen(ri,zi), an = ...,
Thus

fu b =101 {a} (13 2)
where

1 [ ]

u [cpo] 0 0 Aln

Yinf = 0 el 0 : (13B)

Vk@J 0 0 [¢01J A9n




and
1 r, =z,
i i
[¢ ] = 1 r., =z, (13¢)
o J J
1 rk zk
The generalized coordinates may be expressed in terms of the nodal point
displacements
A 31=10"" {u_} (13d)
n o} on
where
-1
[¢O ] 0 0
[<I>;l] = 0 "1 o (13e)
0 0 [¢"l]J
and
rjzk—rkz_ rkzi—-rizk riz.—r,zi
(67 = & 757 57?4 23775 (13£)
o D
rk—rJ ri—rk rJ—ri _J
and
(13g)

D=2 Area = ri(zj—zk) + rj(zk—zi) + rk(zi—zj)

In a cylindrically coordinate system the strain-displacement equations are



du
c = X
rr ~ or
u
e =
z7 oz
o=t (22 u)
2e] r fole) r
Bur du
2 erz = z dr
SR e
ré r \g38 u@ ar
z0 v r ol¢]

(14a)

The strain field may be expressed in terms of the generalized coordinates and

then in terms of the nodal point displacements

N
{e(r,z,0) ] = ngg [@A(r,z,@)] {An}

where

0 cne 0 0 0 0 0 0

0 0 0 0 0 0 0 0

cng cnd zcne ncng neng nzcneé 0 0

r r r -
[<I>r'1(r,z,9)] = 0 0 cnd 0 0 0 0 cnéd

_ nsng —nsng - nzsn@w_ sné 0 *_zsne 0 0
r T
nsno
0 0 6] 0 0 sng -~ - nsng -

nzsng

(14b)

cnf

(14 <)
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denoting

cng = cos nhg sng = sin ng

. thus

1

N -
{e(r,z,0)} = ngg [@A(r,z,@)] [@o ] {uon} (144d)

On the z-axis, the axis of revolution, there are certain restrictions
imposed on the assumed displacement field such that the stresses and strains
remain finite at r = 0. Fronm Equations (9), (10) and (14a), the condition of

A = -A A = A =

finite strain requires A. = A__ =0 and A7n = —Aln’ on B3nt “an 61

10 30
for n = 1, 2,...., N as r 2 0. However, no such restrains need be explicitly

applied on the method as the coefficients of these Ritz terms become un-~

bounded as r = 0 resulting in their being calculated as O in the minimization
process.
The Potential Energy of a single triangular element can be expressed in

|

r

f terms of its nodal point displacements
[

|

1

1 fu_}

N N 4 T . ‘ : . -
Ve T % <jjj§<é {uon}T [@01] [@n(r,z,e)JT [c] e, (x,2,8) ] [&_ om

~fw 3T

-1.T ' T T . -1-T T
on’ [0 10, (2,017 [€] {or (r,z,0)}-{u_ I [0_"1" [0 (r,z,0)]

{fm(r,z,e)}> dr

- el 001 to, 01T o_(r,2,0)) a0 (15)



|
s
|
|

The temperature,

Fourier Series

(15), the o-integration may be carried out directly.

]

T
{aTm(r,z,Q)} f;m {a(r,2)} dT cos me

o

1f

{fm(r,z,e>}T

{pm(r:z:e) }T

]

11

body forces and surface tractions have been taken as

<frm(r,z) cos mg, fzm(r,z) cos mag, f@m(r’Z) sin mg)

<prm(r,z) cos mo, pzm(r,z) cos m@, pem(r,z) sin mg)

(18)

Since the f-dependence is known explicitly in the integrals in Equation

As a conseguence of

the orthogonality of the trignometric functions on the interval 0 < o = 21,

the sum in (15) exists only for m=n. Thus

<
il

where

N 1 T . -1.T -
nZo fffg (5 fagd 1070 [s )] [07M] fu_ 3 - fu_

on

-l V0o i, o)) ar - [ fu
S
)

(5,2 ] = [0, G217 [C] [0 (r,2)]

I

{ftn(r,z)} [@;(r,z)]T [c] {aTn(r,z)}

[

e, 2] = [0 (e, 21" {2 (r,2))

1

{fsn(r,z)} [@n(r,z)]T {pn(r,z)}

on

}T

[0

~1.T

[o]

]

n-

£

IR RINE:

S

L (T2} do

t

n(r,Z)}

(17)

(183)
(18h)

(18 ¢)

(18 d)
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Where @;, @n, aTn, fn and pn are formed by dropping their 6-dependence.
It should be noted that the various matrices and vectors in Equations (18) are
the only terms in the potential energy expression that are functions of
coordinates r and z. This fact will be most useful when the area integrations
are performed.

Now it is necessary to assign explicit expressions for the thermal forces,
body forces and surface tractions.

For this report the thermal expansion matrix will be taken as
T T
{Q’(I‘,Z)} = {01} = <ar’az;a9707010> (19)

and the temperature will be assumed constant within each element. Define

T = (C C
n ( llozr + ClzozZ + 13oze) ATn
! Tan = (Cra% *+ Cop®% * Cpa) AT (20)
{
|
: T = (C C C
| on ( 13Q} * ZSQE * SSQé) ATn
}
i then
f
| T 1 Z n nz
3 {ftn(r’z)} - <r Ten’ Trn+Ten’ r TGn’ 0, 0, Tzn’ T Ten’ n Ten’ T T9n>
(21)
The body force vector will be taken as
T 2 .
{f(r,z,e)} = {prw - pa, cos 8, - pa_, — pa_ sin 67 (22a)
i Then
T 2 22 2
| {fbn(r,z)} = (pruw , PTTW ,przu),—paz,-praz,—pzaz, 0, 0, 0) (22b)

for n=o
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and

T
{fbn(r’z)} = <—par:—prar:_pzar)o, 0, Oy*par:—prar‘;:_pzar> (22c)
for n=1

|
|
| {fbn(r,z)} = 0 for n=2,3,.... (22d)
|

| The surface traction vector will be taken as arbitrary, so that the
surface integration must be performed explicitly for each loading.
| The area integration may be performed over the triangular area in the

r,z plane. Denote

| [s, 1= fﬁB [s (x,2)] dt (23a)
’ P = jjjB £, (x,2)} ar (23b)
F, 1= HJ"B (£, (r,2)} dr | (23¢)
r__1= HS {£, (r,2)} do (234d)
| T

The area integration gives rise to the following integrals

o e : jjjBé.j_dT

B r

= [ 1 o = [[] o
5 .IHB 1-2— ar I J‘HB z dT (24)
| T 1= JIf oo

B

s = T % an Im:MjB rz dT

B r

-
Il
o

11

it
]

!
]

el
i
=N

i

—
Il



and define

[SUUnJ [suwn] [suvn]
[s ] = [suw ]T [sww ] [swv_]
n n n n
T T
[SUVnJ [swvh] [svvn{~
where
(c +nZC gl (C. .+C +n20 )I (c n’c )T
33 55 3 137733 55" "2 33 55775
[suUu ] = . = 2 ‘ 2 1
n (C11+2013+C33+n C55)Il (013+C33+n 055) 4
symmetric (. .+0°C, DT+ C, T
33" a5’ 76 T Taq’1
0 0 Cpnl,
SUW = I
[SU n] 0 0 (012+023)‘1
0 Caaly  Co3ly
) _—
(C33+C550 13 C331s (C3tC55015
[SUV,J = n} (C g+Co+C 1T, (C5%Cg30 T, (C g+CaatC )T,
(Cy5+Cs5) 15 C3314 (C43+C55) 14 _J

14

(25)

(26a)

(26Db)

(26¢)



[swwn] =

[sWy ] =n

[sv_] =

Ty

il

Il

"

bn

=0 n=2,3,

n C6613 n 06612 n 06615
2 2
(C44+n 066)11 n C66I4
symmetric c_.I +n20
y 22717 " V66
0 0 ~C6612
0 0 _06611
Casla Cogly  (C337Cegdly
e ]
2 2 2
(n C33+C55)I3 n CSSIZ (n C33+C55)
2
B Cgaly n Casly
symmetric 5
06611+(n ¢]
Tenlz,(Trn+T6n)Il,T9nI4,O,O,Tznll,nTenIZ

e 3 s e

Is

33+055)I6;J

fn" 1’

2 2 2
(oW I, pWly,pw'T,  ,-pa I, paZ18,0,0,0>, n=0

<—parIl,—par17,—parIS,O,O,O,—parll,—parI7,—par18>, n=1

,nT_ TI_,nT

15

(26d)

(26¢€)

(2671)

(27)
(28a)
(28b)

(28¢)
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For a single finite element the potential energy becomes

N - - 1. T
V=5 (% {uon}T [Qol]T [Sn] [®01] {uon}w{uon}T[@ol] {{Ftn}+{an}+{an}}>
(29)

Thus for an assemblage of M such elements, the total potential energy of the

system is

Vo % (2 0, 17105 1715 ™ 100 1w 3- 10, 110 U T 0 1 0 3 (V3]

m_l n= o
(30)
where

{1£} discretized displacement vector for the entire assemblage

{@i?)} generalized coordinate transformation matrix to the dis-
placements in the entire assemblage

The governing equations are obtained by taking the variation of the

Potential Energy with respect to the discrete displacement variables

8V = 0 (31a)
N M (m) T .. (m) (m) o (W T o (m)
nZo m21 ([®o Jo0s, )L 1 {u }=1[e 71 {F }> (31b)
where
&ﬁm)}= &ﬁ:)}+ &ég)}+ &é:)} (31c)

From Egn, (31) it is now possible to write a set of governing algebraic

equations for each Fourier term

[Kn] {Un} = {Fn} for n=0, 1, 2,....,N (32)
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(332a)
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G

M
g& [®(m)]T [

[k 1 =_
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(33b)

1" ™)

(m)
[0

=Wy

F 3=
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SHELLS OF REVOLUTION SUBJECTED TO ARBITRARY LOADINGS

Finite element analysis of shells of revolution has been widely used for
axisymmetric loadings [2,8,11], and recently has been applied to Fourier
expandable loadings [5]. The four references listed above consider only
conical shell elements and this represents an important geometric approximation
which will greatly influence the kinematic behavior of the shell. Recently
curved elements have been studied [12] and the: results are promising for shell
analyses,

Curved elements are beyond the scope of this report. The derivation given

herein is similar to reference [5].

Potential Energy

For thin conical shells the Potential Energy may be taken as

1(&5 B ) oB } i
=S - -+ -N - 3
v [f {2 N et Xy ) NI e o f o [ » u, ds (34)
z C
where
t/2
o o
N P = f T»B dE  stress resultant tensor field
-t/2
eaB extensional strain tensor field
t/2
n%® - I Tng df  moment tensor field
-t/2
X@B curvature tensor field
o
NT g extensional thermal stress tensor field

It should be noted that no body force terms are included in the analys 1is

and the temperature is assumed constant over the thickness.
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Constitutive Equation

The general constitutive equation for the solid must be modified to

satisfy the assumption

T__ =0
23
Thus
r % * N r
Nss Cll C12 0 ess
<N =l & o € (35a)
se T | 12 a2 < Sy @
N 0 o c 2
6 44 ®so
; ~ B I G
|
| and
i
x M D D 0
| ss 11 12 Xss
| 66 P12 Pap O %90 (35b)
-
| M
g where
4‘ 2 2
! oot (C 13 b £ (c C13‘>
f = T c ) = 79 T c
| 11 11, 11712 V11 T C g
! &y (C C13023> 5 £ (C C13023> (350
| = T T ) = 99 -
12 12 Cas 12 7 12 \"12 Cog
| 2 2
| 3
o=t (c C23> D =< (c C23>
=t % T ) =15 o2 " T
22 22~ C_, 22~ 12 \"22 ~ C_g
* 3
C . =tC D === C




|
|
-
|

20
For thin conical shells the thermal stresses may be taken as

N * T
n
NT = % C I @, g dT cos ng (36)

of n=o oy ¢, e
(o]

and the coefficient of thermal expansion will be taken as

[a] = 0 o 0 (37)

Kinematic Assumptions

Within the scope of the kinematic assumption made for the elasticity
element, the displacement field of the conical shell is taken in the form of

a Fourier Series as

N
us(s,e) = n§£ usn(s) cos né
N
v(s,6) = n;% vn(s) sin né@ (383a)
N
w(s,0) = ¥ w (s) cos ng
n=o0 n

whe¥e over the conical shell length the meridinal dependence is assumed as

= B
usn(s) 1n+B2n S

vn(s) = B3n+B4n s (380)

2
wn(s) = B5n+B6n s + B7n s +B8n s
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The coordinate functions can be determined in terms of the nodal point

displacements and rotations

fu gt ="lo 1 (B} (39a)
or
~ T . o 7
u (1) i 0 0O 0O 0 0 o0 o B
sn In
w (1) 0O 0 0 o 1 0 0 o0 B
n 2n
v (i) 0O o0 1 0 O O o0 o0 B
n 3n
u (I 1 L 0 0O 0 0 0O 0 B
sn } 4an
< . 2 3 < >
w (J) =/ 0 0 0 o0 1 2 L8 B (39b)
n 5n
j 0 0 1 0O 0O o0 o0
vn(J) 2 | B6n
oW
—2() o 0o 0 0 o 1 24 3£ B
Js 7n
awn
'—a-s——(l) 0o 0 0 0 O 1 0 O B8n
— -, L N
and
B3=(¢"] fu_} (39¢)
n o osn ;
" where
1 0 0 0 0 0 0 0
1 1
-7 0 0 ) 0 0 0 0
0 0 1 0 0 0 0 0
1 1
0 o - ’z 0 0 z 0 0
~1 0 1 0 0 0 0 0 0
(o] = (394d)
0 0 0 0 0 0 0 1
3 3 1 2
0 - = 0 0 = 0 -5 -=
12 )@2 4 £
0 33 0 0 -%3 0 12 -1-2
B ) g £k
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Transforming from the conical shell coordinate system into the global

cylindrical coordinate sys

luggnt = (81 fu_1}
where
g_[B] 6 0
0 1 0
(8= | o o [g]
o 0 0
0 0 0
and -
cos ¢ -
(8] =
sin ¢
Thus
B} = (v ] fu_]
where
(9 2] = [9.7] [8]
~denote

a =1 -1, y b =

tem
0 0
0 0
0 0
1 0
0 1
sin ¢
cos ¢
Ay

(40a)

(40Db)

(40c).

(41a)

(41Db)

(41c)
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(41d)

(42)
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The terms in the Potential Energy may be expanded as

oB N N T
N Chg = o mEy 51 N (] {5 ()] (438)
N N
op _ T
M % = 0o mo {8,021 M ()] {5, ()} (43b)
N N T
T . ~-1.T .
Nq\aeeaﬁ = ngg m§5 {uon} [woo] [¢h(s)] {NEJ cos nf cos mh (43¢c)

and again due to the orthogonality of the trignometric functions on the
internal 0 = 9 =< 27, the double sum exist only for m=n, and hence the double

subscripts on the N and M matrices will be dropped.

T ausn avn Ysn Vn Y
- oo n 44
{Sln(s)} < as 3 as 5 R’ R’ R > ( a)
T a2w 1 avn 1 awn Vn Wn
{S (s) } = 'R RAe ' s TS o ) (44b)
on asz R s R 03s R2 R2
C*
- T 11 %
{NT} = J“ n dT (44¢)
n T C* o
o} 22 e
and
_ 0 1 0O 0 0 0 0 0
= 44d
[@n(s)] |eos @ S cos 9 n ons sin o osin ¢ 2 sin ¢ 3 sin ¢ (a0
R R R R R R R R
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2
Denote sn = sin2 nB, cn = cos nB, s¢ = sin , c® = cos ¢, then
p-* 0 ¢C* C* ¢C* c
Cllcn C 12cn n 120n s 12 n
C* C>I< C* 0
44sn nl 44sn cod 44sn
2. k 2 * * *
- C
[Nn(e)] c ¢Cz2cn+n CyqSm nc¢(C220n+C44sn) socoC, cn
symmetric C* 9 C* C*
n 22cn+c ¢ 44sn nsoé 220n
| 2 *
;w | s ¢0220n__
‘} and
i o (44e)
r _
| 0 D - -
f llcn co 120n ns¢D120n n Dlzcn
|
!‘ 82¢D ns%D sn - 2¢ ¢D n ~-nsbcdD
44sn s 44 s ¢ 445 ns®c 44sn
cZ¢D cn+n2D sn- - @) D ) -n? (D D )
29 44 nséco 22cn+ 44sn n co 22cn+ 44sn
mmetri 2¢(n2D cn+coD ,  sn) ns¢(n2D n 02¢D sn)
symmetric s 99 + 44 I 220 + 44
4 2 2
n D220n+n [¢] ¢D44sn

(441£)

The vectors S1 and S2 are written in terms of the generalized coordinates

as follows

1l
1

-1
{sl(s)} [Xl(s)] {Bn} [Xl(s)] o] fu 1 (45a)

on

il
i

[5,()} = [X,()] (B} = [X,(s)] Dygi] fu__) (451)
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where
X:L(S):.Lk = G].LJ.k xj(S), X2(S)ik = H],LJ.k Xj,(s) (45¢)
2 3 2 3
T 1 S S S 1 S S S
{X(S)} - < 1, E; ﬁ: ﬁ'_s ﬁ""» S, '—_2'7 —E’ - 3 > (454d)
R R R R
and
G = G = QG =G = G =G = G =G =G = G = 1

112 214 ~ 321 ~ T332 423 T 7434 T T525 536 547 ~ 558

224 ~ 7326 473 ~ 484 ~ 575 586 597 ~ 5710 8

Hyjq = Hggp =

|
N
[an

all other G's H's = o

Again, since the O-dependence is known explicitly, the O-integration

may be performed directly and the Potential Energy becomes
N
1 T -1.T T T -1
Ve ks Gl 0] (0%, (o) 1IN ] 1%, () 1 (X, (o) 17Tt 11X, () 1119 1] gy )

T
f 1 Lo 01" Tol()] o d as - fu 1" 1e70)T fr_ D 6)

on [e]0) sn

Formally the integration over the length of the conical shell element is
performed

N - - -
vz (g fug ¥ ore )t s ) (9] fu ) - fu 3T relt)" fr )

n=o0 on (o6 [e]6)

Vot "t e 30 (475)

h {uon o
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where

Joax @1 N X))+ %)) ] XD ds (a7D)

[ss, ] .

i

LT
F} j; [9,(s)] as {xr} A (47¢)

For an assemblage of M such elements, the Total Potential Energy is

M N \
V= % 3 (% {Un}T ['@(‘m)]T [Ssr(lm)] [d)f)m)] {Un,} - {iUn}T [q)im)]T {{FS}]) }+{F§E)}}

m=1 n=o o

(48)

The governing equations (equilibrium equations) are obtained by performing
a variation on the Total Potential Energy of the system to seek an absolute

minimum. Accordingly

8§ V=0 (49
yields
5 0™ s ) 2 ™ i, (502)
n=o m=1 o n o n’ o n
where
(m)  _ o (m) (m)
{Fn 1} = [Ftn } o+ {an } (50b)

For each Fourier Term

R {Un} = {Fn}, n=0,1,2,....N (51a)
where
M mLT m,  (mw
(K] = .5 (o™ 1% 188 ™7 [00™] (51b)
M ) aT o (m)
r 3= 2 lo ] {r 7} (51c)
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It should be noted that the displacements along the boundary between a
shell element and an elasticity element are not continuous. This occurs
because the displacement normal to the shell surface is expanded in a cubic
while the elasticity element has only a linear expansion. While this is a
violation of the Theorem of Minimum Potential Energy, it has been found to
give acceptable results. However, engineering judgment must be used in

interpreting shell-elasticity element interaction,.
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COMPUTER PROGRAM

Based on the preceeding derivations, a computer program for the Non-
axisymmetrically Loaded Axisymmetric Solid and Shell has been written in
FORTRAN IV (Version 13) Source Language for the Direct Coupled System, I.B.M.
7040-7094 Computers, at the Berkeley Campus of the University of California.

As could be expected, the program is quite extensive from a programming
standpoint and requires moderastely large amounts of computer time to do large
problems with many non-zero Fourier Terms. Efforts were made to keep the
program manageable in terms of coding and efficient in speed and quantity of
input required.

The overlay option in FORTRAN IV and extensive use of tape storage and
directly addressable disk storage were used to improve capacity and storage

efficiency.

Capabilities

Currently the program can handle 700 nodal points, 600 quadrilateral
(or shell) elements, 25 different materials, 50 Fourier Terms (i.e., N=50)
for the force, thermal and displacement boundary conditions at a maximum
bandwidth of 24 nodal points, that is the maximum nodal point difference

in any element is 23.

Coding Techniques

The program consists of a main program, which is a calling sequence,
and 14 subroutines. The overlaying option and a description of each routimne

is presented in Appendix A.
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Basically, the program consists of an input and mesh generator, an
element stiffness assembler, a quadrilateral elasticity stiffness routine
for the solid and shell, a Gaussian elimination and back substitution routine

and finally stress calculation and output routines.

Input - Output

Input consists of problem identification and control information,
material characterization, nodal point identification with boundary conditions,
element identification and Fourier Information. Input is described in detail
in Appendix B.

Output is in the form of nodal point displacements and element stress
for each non-zero Fourier Term, that is the 3 displacement components and 6
components of stress and strain. There: is also an option for computing and
outputing displacements and stresses at a maximum of 4 angle stations in the
O-direction. There is an option to store the nodal point displacements on

tape if more extensive data reduction is desired.

Timing

Only a crude approximation of timing is possible, but experience has
shown

t = ,65%NUMNP* [1+.9(NNF-1) ] + 3xNS%NNF (52)

where
tS: execution time in sec.

NUMNP: Number of nodal points (1 = NUMNP =< 700)
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NNF: Number of non-zero Fourier Terms (1 =< NNF < 50)

NS: Number of shell or elasticity elements, whichever is smaller

Thus for the largest possible problem, the timing would be about 7 min
per non-zero Fourier Term. The 7040-7094 at U.C. Berkeley requires a 30 sec

load time in addition to the execution time.
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demonstrated,

j Harmonic Axisymmetric Plane Strain

32

To verify the method of analysis several problems with known solutions
are modeled and solutions obtained from the program. The results are compared

to the known solutions and in this fashion the validity of the approach is

Love [147] gives the solutions to the first and second modes of

harmonic axisymmetric plane strain,

and external pressure pO the solutions are

é’ Top = P T COS 8]
|
|
j Tee = 3 p_r cos °)
| Teg = p_r sin 5]
. (1-4v) r
{ = A2V
] ur po 4y a cos @
i
! 2
5 u, = 5-dv) r sin 6
! 6 ~ Po 4
i for the first mode and
(
|
‘ TI"I‘ = po cos 28
? 2 2
| T, o= <2£;%3~} cos 20
60 = Po \T %)
2 2
r —a .
| Tre =P < 2 ) sin 28
p 3
| _To 2vr T\
u, = 20 (r 57 ) cos 26

. 3a

; po 2 r3
| = 2 - 2V I
| u 20 [(l 3 ) a2 r] sin 26

*These solutions were first given by Mitchell in 1900 [15a,b].

1 13

For a solid cylinder of radius a

(53a)

(53b)
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for the second mode,
It should be noted that for the first mode, the condition
- . - . £ - 0- : .
Trr(a) p_ cos 8 requires that ¢re(a) p sin 6 i ur(o) 0; otherwise
ur(o) # 0, This is a very important consideration in problems where the
*
body includes the axisymmetric axis,

The results are presented in Figs, 3 and 4 and show that the finite

element solutions are in excellent agreement with the exact solutions.

Concentrated Load on an Infinite Solid Cylinder

Muskhelishvili [16] gives the solution to the problem of a circular

dok
region in plane strain with a concentrated load acting on the boundary,

For a circular region of radius "a" and force P acting across the diameter

the solution is

r
1 + = .
P 2()+2%) ( a\ _ 2y r ]
= ‘ 1 - - 54
Yy 4 L O o L - r/ Ap a (54a)
0=0" a
A 1
and specializing for v = T
b 1+ = )
u, = Z——,[s In ~—mm% - = ] (54b)
T 1 - L a

%
See the discussion on pg, 10 and pg. B-1.

Hok
This problem was first treated by Hertz in 1883 [17] and Michell in
1901 [15c].
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The finite element solution was obtained using the first 8 non~zero

terms to approximate the infinite series representing the actual loading
o
P(B) = &8(8) + &(6-m) = % a_ cos nd (55a)

n=o

where §(8) is the Dirac Delta Function, Thus

1 2

a_ = 7= r P(0) do

O 2TT Y0
(55b)
1 2m
| a = = r P(®) cos nf d6, n=1,2,..,.
BT ovo
ﬂ hence
1
a ==
| o m
| 0, n-odd
i a = { . (55¢c)
{ n p

=, n-even

The results of the finite element solution are plotted against the
exact solution in Fig. 5. The comparison is very good except as r = a
where the finite element displacements fall below the exact displacements

and going to a finite 1imit at r = a, Since the exact solution is un-

bounded as r - a, the finite element solution with only 8 hon-zero terms

gives quite acceptable results,

Canted Rigid Punch on a Semi-Infinite Half Space

The previous problems have been one-dimensional, and a solution to
a two-dimensional problem is needed to verify the method completely. Muki [18]

has presented a solution to the problem of a canted rigid punch indenting a
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i semi-infinite half space (see Fig. 6). For 7 the solution given in
? [18a] is
- 3 1

| N T © o aem sin 2 - n 2 eos 3L B E 0
- Toz T mi—w) a Lo [C cos 5 + (1-R) sin 2] pR ~ cos z * 5 (cos 5

| A

: - { sin ED cos B (562)

| where

| 2

r 4 2 2 2

§ o= =T, R = (" + " -1 +4¢

| (56b)

20
w2+ % -1

tan ¢ =

and for the displacements on the surface of the half space ({ = o) the

solution given in '[18b] is

3/2-, i
1-2 2 2
u, = - ;§(1~3; r 1 STt LE {l - ?1~(1"92) ] } -2(1-p7) ] cos B
“@+[1-p71) 7 ¢ 3p7 - '
% 3/2- 1
o BB s 5 b - ey L rasd s
5 T+ TT) P 3p ~
; (567)
|
/ u, =€ p cos 6
for O £ p £ 1
and
I TY¢ ) R BRI
| u, = pyr— p2 cos
;W . _ 2cQ-2v) 1 .
Uy =T TRy p2 sin 6 (58)
1
- 2¢ L 1,27
u, = - [p sin 5 (1 p2) J cos 6

for 0 =2 1,
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The results for the stresses and displacements are shown in Figs, 6
and 7 respectively, There is some difficulty in interpreting the results
as it is not certain that the correct "branch' was chosen for the angle
in plotting Muki's formula., Also, at r = z = o, the condition of finite

strain requires u, = a condition that is met by the finite element

ue,

solution but not the plot of Muki's formulsa.

Thin Shell Cooling Tower on 8 Supports

To verify the shell portion of the theory a problem in the harmonic
analysis of shells is given. Flugge [19] has given an approximate solution
to a cooling tower resting on 8 columns and supporting its own weight, The
approximate solution given was based on a 5 term Fourier expansion of a
stress function.

It was assumed that v = 0 and that at the base of the tower
u_ =1u, = 0, Let P denote the total weight, a the radius, and t the
constant thickness. The assumed loading is shown in Fig, 8.

The results are shown in Figs. 9 and 10 and both approximate

solutions are in good agreement,
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| RESULTS

With the validity of the method demonstrated by the preceeding

examples, a solution to a more meaningful problem that cannot be solved

/
i
i
i

in closed form is considered,

A problem of considerable interest to the coterie of stress analysts
of solid propellant grains is lateral loading on a case bonded grain, For
purposes of illustration only, a "simulated lateral load problem” for a

hypothetical isotropic, nearly incompressible propellant grain bonded to a

thin, isotropic case is considered. The purpose of this problem is to
i demonstrate the capability of the method of analysis contained herein.
| The geometric shape, loading and finite element mesh are shown in

Fig. Bl, The material properties are taken as

Grain: E 500, v = 0,49

il

;f 5 (59a)
'; Case; E = 30x10 , v = 0,30
E and the loading is taken as
zooncose,—g<e<12i
p® = | 2 2 (59b)
0 L<cg<=l
’ 5 =8 2

|
|
|

hence the Fourier coefficients are
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T
1 2
a = 5= 200T cosB dB8 = 200
-
2
F a, = % fz 200 cosze dg = 100
| _m
? 2
i m
‘ 1 2
2y = = 2001 cosB cos 26 df = 133,3 (59¢)
_ o
2
m
1 2
a, = — 20017 cosB cos 36 d6 = O
3 m J
I
i 2
i
a, = % FZ 2001 cosB cos 46 dB = - 26.67
T
2

Stress contours are shown for the shear stress at 6 = 0 in Fig, 11.
The nature of the singularity caused by the radial restraint is clearly

demonstrated,

Using elementary beam theory to compute the bending stresses in the

shell gives good correlation to the shell stresses obtained from the progxam,

The bending moment is

L .21
M= J I p(8)r cos 6 d6 zdz
(0] (o]
i
| 9 T_E (608.)
L
M = "§£ [2 2001 cos2§ df = 50m°L>r

(Y
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The moment of inertia of the case alone is

; 3
¢ I.=2mrt (60Db)
% hence
|
| 2
! Mr 50112L2r2 251 L
g = = = = (60(:)
% c I 3 rt
| 2TT r t

From Fig, Bl at z = 15

L =15, r =10, t = .05
thus

o = 35,300
C

| The finite element analysis gave a case stress of 52,700 at this
station, The local longitudinal bending moment in the case is -20,2 giving
a maximum tensile stress of 4800 and a combined tensile stress in the case
of 57,500, Thus the finite element solution gives approximately 60% greater

stress in the case than does ordinary bending theory,
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APPENDIX A

Code Description

The following is a 1list of the routines described in Fig. A-~1 and their

functions as referenced by the deck nane.

NAOS

Main program and calling sequence. Sets up the surface tractions, body
and thermal forces and displacement boundary conditions for each non-zero
Fourier term. Stores the necessary boundary condition data on tape, logical
unit 8, in the binary mode.

The calling sequence is as follows:

LAYOUT (MESH)
BLOCKS (BLOK)
BACSUB (BCSB)
STRESS (NSTR)
SHLSTR (NSLS)

O W N

Recycles 2-5 for each Fourier term
6. TSTRES (TSTR)
Recycles 1-6 for each problem
MESH
Input subroutine. Accepts 2ll input (see Appendix B) and generates
a mesh of quadrilateral or triangular elements in the r-z plane. Checks
the magnitude of all essential variables against their maximum permissible.

size. Computes the maximum band width and calculates the nodal point forces

from the traction boundary conditions.



LEVEL O
1. MAIN PROGRAM
ES
(NAOS)
LINK 0O
LEVEL 1
LINK 1 LINK 2 ‘LINK 7
2. LAYOUT , 3. BLOCKS 12. BACSUB
(MESH) [ (BLOK) (BCSB)
4, MODIFY 13. STRESS
LINK3 (MODI) LINK 6 (NSTR)
LEVEL 2
5. QUADST 9. SHELST 14, SHLSTR
(QUAD) (SHLL) (NSLS)
LINK 4 LINK 5
10. NSHELL 15, TSTRES
LEVEL 3 (NSHL) (TSTR)
6. TRISTF 8. TRISTC
(NTES) (NTSC)
11. NSHELC
(NSLC)
7. INTEGR
(INTE)
Fig., A-1

( ) refer to deck names




BLOK

Stiffness assembly subroutine. Forms the structural stiffness matrix in
blocks of 24 nodal points using the standard techniques of the direct stiffness
method., Calls either the shell or quadrilateral stiffness subroutines and
assembles the 12x12 (3 degrees of freedom for each of the 4 nodal points)
element stiffness matrix. Sets up any displacement boundary conditions and
calls the modification subroutine. Reduces the block of equations by Gaussian
elimination and downward substitution (no pivoting). Stores the reduced

equation on a directly addressable disk.

MODI
Displacement boundary condition modification subroutine. Makes all
necessary changes to the stiffness matrix and load vector for zero and non-

zero displacement boundary conditions.

QuAD
Quadrilateral element stiffness subroutine. Computes all element
properties and the 1oca£ion of the center nodal point using the mean value
of the 4 nodes of the quadrilateral or the 3 nodes of the triangle. Calls
the appropriate (NTES for the lst Fourier term or NTSC for all succeeding
terms) triangular stiffness subroutine for either the 3 or 4 subtriangles.
Stores or reads the necessary data for each triangular element stiffness in

the binary mode on tape, logical unit 9. Sums the triangular element
stiffnesses into the quadrilateral element stiffness matrix and eliminates

the equations on the center node using the same Gaussian elimination as



|
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in BLOK. Stores the reduced equations for the center node and element data
on a directly addressable disk. Rotates the unknowns for the sloping roller

boundary condition into the new coordinate system (r' and z', see Fig. B2).

NTES
Nonaxisymmetric triangular element stiffness subroutine. Forms the 9x9

triangular element stiffness matrix for the first non-zero Fourier term.

Calls INTE for the required triangular element volume integrals.

INTE
Triangular element volume integral subroutine. Computes the 10 required

volume integrals for a triangular element.

NTSC
Nonaxisymmetric triangular element stiffness continuation subroutine.
Computes the triangular element stiffness matrix for succeeding Fourier

terms using the stiffness matrix and volume integrals computed for the first

term.

SHLL
Shell subroutine. Initializes and calls the appropriate shell stiffness
subroutine (NSHL for the first non-zero Fourier term and NSLC for succeeding

terms) .



NSHL

Nonaxisymmetric shell stiffness subroutine. Computes the shell element
properties and shell volume integrals (by a 10 point Gaussian quadrature
formula) and forms the 12x12 shell element stiffness matrix for the first
non-zero Fourier term. The 6 displacement components are stored in the
interior nodal point positions (see Appendix B) and the 2 rotation components
are stored in the radial displacement positions of the exterior nodes, the
remaining 4 degrees of freedom are left blank. Stores the necessary shell

element data on a directly addressable disk.

NSLC
Nonaxisymmetric shell stiffness continuation subroutine. Computes the
shell stiffness matrix for succeeding Fourier terms using the element data

and shell integrals computed for the first term.

BCSB
Backsubstitution subroutine. Performs backsubstitution on each block
of reduced equations read from a directly addressable disk and computes the

nodal point displacements and rotations.

NSTR
Nonaxisymmetric element stress subroutine. Outputs the magnitude of the

Fourier coefficients of the nodal point displacements. Computes and outputs

the magnitude of the Fourier coefficients of the element stresses and strains

at the center node of each quadrilateral or triangular element using the
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element data and reduced equations for the center node stored on g directly
addressable disk. Also computes and outputs the principal stresses and
strains at & = O and the normal stress and shear stress at the center node
acting on a plane parallel to the J~K nodal points. Stores the 3 components

of displacement and 6 components of stress on a directly addressable disk.

NSLS
Nonaxisymmetric shell stress subroutine. Computes and outputs the
magnitude of the Fourier coefficients of the generalized shell stresses at

the shell nodal points using the element data stored on a directly addressable

disk.

ISTR
Total stress subroutine. Computes and outputs the total displacements
for each of the 3 components at each nodal point for the required O-stations
(see Appendix B) by summing the contributions of each Fourier term at each
nodal point. Computes and outputs the total stresses for each of the 6
stress components at each elasticity element at the same 8-stations as the
displacements using the same summation procedure. Both displacements and

stresses are read from a directly addressable disk.
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APPENDIX B

Input User's Manual

Ags with every problem, the actual body together with its boundary
conditions, must be moldeled into a system which can be analyzed by the finite
element method. Primarily, this consists of subdividing the axisymmetric solid
into a system of quadrilateral and triangular elements interconnected at
their verticies (see Fig, Bl). This is of course the critical stage at which
the asnalyst must insuré that the model captures the actual kinematic behavior
of the body.

In the analysis of loading conditions which possess only even Fourier
terms, it is readily seen that on the z-axis, r = O, u, = u6 = 0. However,
for a general loading condition containing both odd and even terms neither

u, nor u, need be zero. Therefore, for solids with nodal points located

at r = 0, no boundary conditions should be specified in general.




Input Data

The following is a description of the input data required to analyze an

axisymmetric body subjected to arbitrary non-axisymmetric loads. The

description is by card sections, and where appropriate the number of cards

procedes the name.

*
1. 1- Title Card (12A6)

Columns 1-72 Arbitrary Problem Identification

2. 1- Control Card (7I5, 4F10.0, I3, I2)

Columns 1-5 Number of Nodal Points (NUMNP)

6-10

11-15

16-20

21-25

26-30

31-35

36-45

46-55

56-65

66~75

78

80

Number

Number

Number

Number

Number

Number

of

of

of

of

of

of

Elements (NUMEL)

Materials (NUMMAT)

Pressure Boundary Conditions (NUMPC)
Fourier Coefficients (NUMFOU)

Print Angles (NANGLE)

First Shell Element (NCUT)

Lateral Acceleration (ACELR)

Axial Acceleration (ACELZ)

Angular Velocity (ANGFQ)

Reference Temperature (TO)

Displacement Tape Storage Tag (NTAPE)

Mesh Check Tag (ISTOP)

All material numbers greater than or equal to NCUT are taken to be shell

elements, and any material number less than NCUT is taken to be an elasticity

element. If no shell elements are present NCUT should be set to 26. If no

*Numbers in ( ) indicate FORMAT.



elasticity elements are present NCUT should be set to O.

If NTAPE > 0, then the displacements for each non-zero Fourier term are
stored in binary mode on tape, logical unit 3.

If ISTOP > 0, then a mesh check is obtained, where the mesh is generated
and listed, and the values of all essential parameters are checked against

their allowable values. The program is stopped in MESH and no further action

is taken.

3* NUMMAT - Material Identification Cards

Card 1 (I5, F10.0)
Columns 1-5 Material Number (MTYPE)
6-15 Material Density (RO)

Card 2 (6F10.0) (E-Array)

Columns Elasticity Element Shell Element

Isotropic Value

1-10 C C M2
rr ss
11-20 C C A
rz s6
-30 -
21-3 Cre A
31-40 CZZ C96 21
41-50 CZG - A
51-60 C - 2
1 60 M2
Card 3 (6F10,.0) (E-Array Continuation)
1-10 G, Geg m
11-20 Gro - "
21-30 G - o

z6



31-40 o [¢% (07
T s

41-50 o 0% o
z ]

51-60 o - 17

The values for an elasticity element correspond to the array in Equation
(8) and for a shell element to Equation (35). The isotropic value is the
value when the material is assumed to be isotropic in terms of the Lamé

constants.

4. Nodal Point Cards (I5, F5.0, 6F10.0)

Columns 1-5 Nodal Point Number (N)
6-10 Boundary Condition Code (CODE)
11-20 Radial Coordinate (R = 0)
21-30 Axial Coordinate (Z)
31-40 Radial Force or Displacement (UR)
41-50 Axial Force or Displacement (UZ)
51-60 Theta Force or Displacement (UT)

61-70 Nodal Point Temperature (T)

In general, every nodal point must be defined but since the program has
an automatic mesh generation feature, 2 minimum of 2 nodal points per row
need be input and the intervening points will be assigned coordinates based
on a linear interpolation procedure. For example, if nodal point 1 is the
first point in a row with coordinates (2.5, 5.4) and nodal point 11 is the

next point defined with coordinates (12.5, 10.4), then nodal point 2 will be
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located at (3.5, 5.9), etc, The boundary condition CODE will be set O unless
points 1 and 11 have the same CODE, in which case all intervening points will
be assigned the same CODE as the two end points. The radial, axial and theta
forces or displacements will be set O in all cases. The temperature will be
interpolated in the same manner as the coordinates.

If N is an "exterior shell nodal point”*, then the temperature field on
the nodal point card is interpreted to be the shell thickness at that point
and should not be zero in general. Also, an interior shell nodal point must
not be a sloping roller (Fig, B2) but may have any other boundary condition
code,

The boundary condition code is interpreted in the following manner.

Specified Quantities

CODE Radial (r) Axial (z) Theta (0)
0 Force Force Force
1 Displ Force Force
2 Force Displ Force
3 Displ Displ Displ
4 Force Force Displ
5 Displ Displ Force
6 Displ Force Displ
7 Force Displ Displ
-B Force Displ Force

*See paragraph on shell elements in element card section.



If the CODE is specified as a negative quantity, -B, then the nodal
point is assumed on a sloping roller in the r-z plane as shown in Fig. B2,

B is taken as the angle the roller makes with the r-axis in radians. For
example, if code is ~-.001 then B is taken as .00l radians. This would closely
approximate 2 CODE, if CODE is -1/2 then B = m/2 which is the same as a 1
CODE. The specified quantities become Radial = Fr" Axial = uZ’ and Theta = F9°
A @-displacement boundary condition may not be used with the sloping roller.

If N is an "exterior shell nodal point,” then only two values of CODE
may be used. An ''0" value means that an external moment is specified in the
radial force field. A "1" value means that the slope of the tangent is
specified in the radial force field. The axial and theta force fields are not

used for exterior shell nodes.

5., Element Cards (6I5)

Columns 1-5 ZElement Number (N)
th .
6-10 I Nodal Point (IX-Array)
th .
11-15 J Nodal Point (IX-Array)
th .
16-20 K~ Nodal Point (IX-Array)
th .
21-25 L Nodal Point (IX-Array)

26-30 Material Number (MAT, IX-Array)

In general, every element must be defined but with the automatic mesh
generation feature a minimum of 1 element per row need be input. For example

if element 10 is read with values I=12, J=13, K=24, L=23 and MAT=1 and the



next element read is element 135 with values I=23, J=24, K=35, L=35 and MAT=2,
then element 11 would be assigned values 13, 14, 25, 24 and 1, element 12
values 14, 15, 26, 25 and 1, etc. That is the I, J, K, L values are increment
by 1 while the material number if held constant.

The nodal point array on the element cards must of course correspond to

nodal points on the nodal point cards and the material number must correspond

. to materials in the material cards.
! The I, J, K, L values may be assigned arbitrarly for elasticity elements

except that they must be a counter-clockwise permutation (see Fig. B3). If a

triangular element is desired then K must equal L, and any node may be chosen

for the Kth node (see Fig. B3).

1
i

When MAT = NCUT then the element is taken as a shell element and the
following restrictions hold.

(1) 1&J must be the nodes connected to the elasticity elements
(interior shell nodal points) and K and L. must be the exterior shell nodal
points (see Fig. B4).

é (2) K+ L
5 (3) R(I) = R(L), Z(I) = Z(L), R(J) = R(K), and Z(J) = Z(K) without
exception.

(4) The thickness of the shell at nodal points K and L should be
non-negative. The thickness of a shell element is assumed constant over the

shell length and its value is taken as the average of the thickness at K and L.



(5) The material properties for a shell element should correspond to
the requirements described in the section on the material cards.

(6) The boundary condition code for nodes K and L must be prescribed in
accordance with the procedure outlined in the paragraph on exterior shell

nodes in the nodal point card section.

6. NUMPC - Traction Boundary Condition Cards (215,2F10,0)

Columns 1-5 Ith Nodal Point (IBC)

6-10 Jth

Nodal Point (JBC)
11-20 Normal Traction (PN)

21-30 Shear Traction (PT)

This section is operable only if NUMPC > 0. Nodes I and J must be chosen
such that the body is on the left of the line going from I to J. “This
requires that I and J be in the same sequence on the traction cards as on
the element cards.. Positive tractions are indicated on the diagram in
Fig. BS5, and the tractions are assumed constant over the length of the element
boundary.

If non-constant tractions are desired, then the surface integral in
' Equations (18d) or (23d) must be carried out explicitly for the desired
loading, and the value of the nodal point forces inserted on the nodal point
cards,

The exterior nodes of a shell element should not appear in the traction

boundary conditions. If they do appear, they will be ignored.
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7. Fourier Coefficient Cards (8F10,0)

There are 3 sets of coefficients in this section; the first section
contains the Fourier Force Coefficients of the surface tractions and nodal
point forces, the second section contains the Fourier Displacement Coefficients
of the non-zero displacement boundary conditions and the third section contains
the Fourier Thermal Coefficients of the teﬁperature distribution.

Let

™M=

p(6) = a  cos ng

n=o0

then

21
f p(6) cos ne do n=1, 2,..... n
o]

Al

1 217
ao = E—T-Ti p(8) dg, an =

and denote

}
N

; u(e) = nzg b cos ng
; N
i T(o) = ngg ¢, cos ng

The resulting Fourier coefficient cards are as follows:

Fourier Force Coefficient Cards

, Card 1 Columns 1-10 a,

i 1-20

! 1 a,

21-3

| 1-30 a,
31-40 ag



Card 2 (if necessary) - 1-10 ag
-2

11-20 39

etc

Fourier Displacement Coefficient Cards

Card 1 1-10 bO
11-20 b

1

etc

Card 2 (if necessary) 1-10 b8
11-20 b

9

etc

Fourier Thermal Coefficient Cards

| Card 1 1-10 c

0

1-20
1 c1
etc

é ) Thus the loads in each Fourier term are the product of the Fourier

;é Force Coefficients for that term and the nodal point forces (including all
surface tractions) input on the nodal point and traction boundary condition
cards. The non-zero displacement boundary conditions are the product of the
Fourier Displacement Coefficients and the nodal point displacements input on
the nodal point cards. For most problems this section is inoperable since
the displacement boundary conditions are zero. However, there must always
be the same number of cards in each set even if they are blank (zeros).

The nodal point temperatures are the product of the Fourier Thermal Coefficients



and the nodal point temperatures inserted on the nodal point cards. Again,
the same number of cards must appear in this set even if they are blank.

It should be noted that since the shell thickness is stored in the nodal
point temperature array for exterior shell nodal points a problem occurs when
the temperature (thickness) is multiplied by the Fourier Thermal Coefficients.
What must be done for problems with shell elements is to set the Fourier
Thermal Force Coefficient to 1 for the first non-zero term. If thermal
problems are desired on geometries with shell elements, then the nodal point
temperatures and Fourier Thermal Coefficients must be modified such that the

first non-zero thermal coefficient is 1.

8. 1 or O -~ Angle Station Cards (4F10.0)

This option is operable only under certain values of NANGLE as listed
below. The purpose of this section is to define those angle stations in the

f-direction at which displacements and stresses are summed and outputed by

TSTRES .
NANGLE ACTION TAKEN
1. <0 No cards read. No Fourier summation.
2. 0 No cards read. Summation at 6 = O.
3. 1-4 1 card (1-4 fields) read. Each field is

the angle of summation in radians.

4, >4 1 card (4 fields) read. Same as 3,
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Typical Data Input

On the following pages the actual data input for the simulated lateral
load problem (see Fig. Bl) is listed. The actual modeling and interpretation

of results is discussed in the Results Section of the report.
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' SIMULATED LATERAL LOAD PROBLEM

| 144 119 2 11 5 4 2 0 0 0
) §
17115 16443 16443 17115 16443 17113
336 336 336
3

40300000 17300000 17300000 40300000 17300000 40300000
11500000 11500000 11500000

1 2.5 0
& 5 10.0 0
7 1 10.0 0 0.05
8 2.5 1.5
13 1 10.0 1.5
14 1 10.0 1.5 0.05
15 2.5 3.0
20 1 10.0 3.0
21 1 10.0 3.0 0.08
22 2.5 4.5
27 1 10.0 4.5
28 1 10.0 4.5 0.0%
29 2.5 6.0
34 1 10.0 6.0
35 1 10.0 6.0 0.05
36 2.5 7.5
41 1 10.0 7.5
42 1 10.0 7.5 0.05
43 2.5 9.0
48 10.0 9.0
] 49 10.0 9.0 0.05
| 50 2.5 10.5
| 55 10.0 10.5
56 10.0 10.5 0.05%
57 245 12.0
,; 62 10.0 12.0
| 63 10.0 12.0 0.05
= 64 2.5 13.5
| 69 10.0 13.5
- 70 10.0 13.5 0.05
| 71 2.5 15.0
i 77 10.0 15.0 0.05
1 78 2.5 17.5
: 83 10.0 17.5
; 84 10.0 17.5 0.05
; 85 2.5 20.0
; 90 10.0 20.0
; 91 10.0 20.0 0.05
j 92 2.5 22.5
‘ 97 10.0 22.5
98 10.0 22.5 0.05%
99 2.5 25.0
104 10.0 25.0
105 10.0 25.0 0.05
106 2.5 27.5
111 10.0 27.5
112 10.0 27.5 0.05%
113 2.5 30.0
ii8 10.0 30.0

119 10.0 30.0 0.05



102
103
108
109
111
114
115
11s
119
41
48
55
62
69

8
13
15
20

27
29
34
36
41
43
48
50
55
57
62
6%
69
71
76
78
83
85
90
92
97
99
104
106
113
113
118
120
12%
127
132
134
134

138

140
140
143
48
55
62
69
76

2.5
9.563
9.563

2+5 -
8,290
8.290

2.5
6.293
6,293

2.5
4. 540
4.%540

1 2

6 7

B 9
i3 i4
18 16
20 21
22 23
27 28
£9 30
34 35
3é 37
41 42
43 44
48 49
50 51
55 56
57 58
652 63
64 65
69 70
Tl T2
76 7
78 79
83 84
85 8é
90 91
g2 93
97 98
99 100
104 105
106 107
111 112
113 114
i18 119
120 121
125 126
127 128
128 129
132 133
134 135
135 136
138 139
1

1

1

1

1

30.764
32.924
32.924
31.686
35.592
35.592
33.087
37.772
37.772
34.906
38.910
38.910

9
14
16
21
23
28
30
35
37
42
44
49
51
56
58
63
65
70
72
77
79
84
86
91
93
98
100
105
107
112
114
119
121
126
128
133
128
135
139
135
141
144
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0.05

0.05

0.05

0.05
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j 76 83 1
| 83 90 1
; 0 97 i
~ 97 104 1
| 104 111 1
111 118 1
200.0 314,16

1

1
0.0 0.7853957 1.5707914 3.1415927

133,33 0 ~26.67
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FIG. Bl MESH FOR SIMULATED LATERAL LOAD PROBLEM .
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APPENDIX C

PROGRAM LISTINGS

DECKS
1. NAOS
2. MESH
3. BLOK
4. MODI
5. QUAD
6. NTES
7. INTE
8. NTSC
9. SHLL

10. NSHL
11. NSIC
12. BCSB
13. NSTR
14, NSLS

15. TSTR



$IBFTC NAOS DECKoLIST,REF
1 C
Ceenae MON~-AXISYMMETRIC ORTHOTROPIC PROGRAM WITH SHMELL
€

COMKON /NPELOD/S
1 UR{B0OO}s UZ(800), UT(8CQ0), CODE(800}, TﬁﬂﬂO)g R(800}, Z(800),
2 IX{700,5)s E(12,25), RO(25), MUMNP, NUMEL, TO, ANGFQ, ACELR,
3 ACELZ, NCUT, NANGLE, XANGi4), NTAPE

COMMON /BANARG/
- 1 A{T72,144)y B(144), NNPy, ND, ND2, MCOUNT, MBAND, NUMBLK, NCONTOD.
! 2 NCONTS

COMMON /FORIER/
1 NFOURe NFy NF2, XNF, NFT, NUMFOU, FORCOF(50,3), HED(L2)

REAL
C
Ceanene INITIALIZAYVION
C
’ NNP =24
ND=T72
! ND2=144
| NCOUNT=5184
c
Cesaew SET UP THE MESH
c
| 10 CALL LAYOUT
. TEMP=ACELR
XNg‘“Owﬁ
ACELR=0.0
{ NCONTD=3=NUMNP
f NCONTS =64 *NUMEL
; I {NTAPF.GT.0) REWIND 3
C
Casnas STORE BOUNDARY CONDITION DATA ON DISK
c
‘ REWIND 8
WRITE €8) (UREND UZINI JUTIN] oTIN) ¢Nu1,NUMNP)
{ NFOUR=1
<
Cuoaos BEGIN FUURIER LOOP
c

20 X=FORCOF{NFOUR,1)
IFf {X.EQ.0.0} 60 7O 300
Y=FORCOF{NFOURs 2}
Q=FORCOF(NFOUR,3)
REWIND 9

Ceannes MCDIFY BOUNDARY LOADS FOR FOURIER COEFFICIENTS
1€

00 200 N=]1,NUMNP
] C=CODEIN}
| IF (€} 120,100,450
50 IC=TFIXICH
60 70 (110.1205130,5140,350,160,1700, 1IC
100 URIMI=X=UR{N}
UZEN)=XalUZ (K}
UTIN =X%eUTI{N]}
GO 70 190
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WRITE (6,2000)

,»
o

¢
Censvae D0 THE NEXT PROBLEHM
€

0 70 10
2000 FORMAY (1S5HIEND OF PROBLEN)
END
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LN
.
2 Z

g

MO e

g

3
&y o gt mef P
§

%
éé&@%i&w

2%%ﬁ%

?mammmgmw

=4 U

&W 207

70

90 %ﬁg Cl6,2003) (HLCODEIKDIRIKI pZIK) qURTKDI pUZIR) pUTIR) o TEK) oK=NNL o M)
IF (NUMNP=N) 100, 110, 60

L00 MRITE (6,2030) W
15T0P=1

110 CONTINUE

Y e (T 0D e e £ e T €3 £
SO AN e WO T Y

Cupane READ AND PRINT OF ELEMENT PROPERTIES

HRITE(6,201410
N=0

130 READIS,1004) Mo (1N HMellol=1,81

140 N=iN+l
IF {M-N} 185, 170, 150

150 IXINLi=IN{N~Les00el
ﬁxéMﬁ£§@§&§NME@EE%X
FA(N3)=IX{N~1431¢1

EXiN, %?”3%%%%%%%§%£
IXINSi=TAIN=1,5)

L70 WRITE (6,2004) NolIX(Mo1)oImlo58)
iF {M-N} 185, 180, 140

180 IF (MUMEL-N} 190, 190, 130

i85 WRITE (6,2031) W
ISTOP=1

190 CONTINUE

PN

£
Creeas READ PRESSURE AND/OR SHEAR BOUNDARY STRESSES

IF (NUMPC.LE.O) GO TO 210

WRITE (6,201510

00 200 L=1,NUMPC

READ (5,1003) I8ClLl, JBCIL) s PNIL}, PT(L)
200 WRITE (6,2005) IBCIL)e JBCILI. PNEL), PTIL)

|
! LCassnea DETERMINE THE BANDWIDTH AND COMPUTE THE SURFACE INTEGRALS

210 MBAND=Q
DO 250 N=1,NUMEL
DO 250 I=1:4
IF (MURPC.LE.O}F €0 7O 240
REIED]
?fng {1,041 J=i
XM L
RiMgJdl
3 230 MM=1 NUKPC
F (R NE.IBCIMM]I ORL.NE-JBC(HM]I) GO TO 230
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S$IBFTC BLOK - DECH,LISTREF

€

Ceaesw

C

50
C
Loeaea

€
60

c

Coeaw

"

80
90
100
110

120
€

feens

¢

140

SUBROUTINE BLOCKS

COMMON /NPELD/

1 URTB0GE, UZ({BODY, UT(800), CODE(BOD), T(BOO), R{BCO), Z2(BOO}s
2 IX{70080 £E(12:25)¢ RO(25), NUMNP, MUMEL, TO, ANGEG, ACELR,
3 ACELZ, NCUT, NANGLE, XANG{4&), NTAPE

COMMON /BANARG/

1 A(72514%40, BLLl44), NNP, ND., NDZ2, NCOUNT, MBAND, NUMBLE. NCONTD,
2 NCONTS :

COMMON /7FORIER/

1 NFOURe NFy NF2, XNFy NFT, NUMFOU, FORCOF(50,3), HED(12)
COMMON /JQUADST/

1 S015,1583, PL1B)

DIMENSION

1 LH{4)

REAL

1 NF, NF2

® INITIALIZATION

I15TOP=0
MUMBLK=(O

00 50 M=1.MD2
BiMIi=0.0

DO 50 M=1.MD
A%?%M%*@f*@@@

% FORM STIFFMESS HWATRIX IN BLOCKS

NUMBLK=NUMBLK+]L
NH=NNP e { NUMBLK+1}
M= NH-NNP
NL=NM-NNP+1
KSHIFT=3aNL-3

@ SELECT ELEMENT IN BLOCK

DO 210 N=1, NUMEL

IF {IXIN:3}.LE-Q) GU TO 210
DO 80 I=led

IF (IX{N.T}-LT-NL) GO TO 80
IF (IXIN,T}-LE.NM) GO TO 90
CONTINUE

GO TO 210

IF {IXINSI.LT-NCUTY GO TO 100
CALL SHELSTIN,JSTOP)

GO 70 110

CALL QUADSF(M,JSTOP)
IFEJSTOP.EQ.0) GO TO 120
[870P=1%

IF{ISTOP.EQ-1) GO 7O 210

& ADD STIFFNESS AND PORCE YECTOR
00 140 [=1+4

LE{T)=38IX{Ns1)~-3
DO 200 I=1.4
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DO 200 K=le3

[i=LM{L ) eK-KSHEFT

KK=3&]-=34K

BEELi=BlRL P IRE]

DO 200 J=l¢4

DO 200 L=1¢3

Jd=LBlJpel=-T1¢1l-KSHIFY

Li=3ej-3¢L

IF{Jd-LE-Q) 60 TO 200

IF (NO.GE.JJ) GO TO 199

WRITE (6,2002) W

[570p=1

G0 TO 2
198 AlJdJ, LI
200 CONTINU
210 CONTINUE

IF (ISTOP.EG.1} GO TO 390

14
b=l Jlle T eSEHKLL Y
£

B4y Y

2Ly ADD COMCENTRATED FORCES, MODIFY FOR DISPLACEMENT B. Co

&

DO 300 MN=sNL MM
IF (N.GT.NUMNPY GO TCQ 310
Kz afl-KEHIFT-2
P=URINT
CaCODE LN
IF (€} 270, 29%:240
o 240 I1C=IFIALC)
,ﬁ GO TO (260,270,2304280,29804,250,265), IC
‘ 230 K=K+l
Us=UZ ()
CaLt MODIEYIiK,Ul
Kail-1
| R
| 250 CALL MODIFYIR U
. K=+
| U=UT (n
]

CALL HMODIFVIK,U)
K=K-2
GO TO 299

260 CALL MODEIFY{K,U)
60 To 295

2685 K=H+2
U=UTINTD
CALL MODIFVIK.U)
Ksl-2

| GO TO 299

| 270 UsUZ{N]

| K=i+1

1 CALL MODIFY(K,U)

§ KmK=~1

| 60 TO 295

| 280 U=sUT (i)

K=ie+2
- CaALL HODIFVIK.UJ
i Kal -7

[ 60 TO 295
| 290 CALL ®ODIPYIK.U}
| K41
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MODTEY (KU )

T-HMMY GO 70O 300
@ﬁ@%§

=

DO 400 H=1,ND
MB=NON
BiNI=B (MK}
G{MMI=0.
DO 400 M=1l.MBAND
@%% Wi=pdMmM)
00 A{MEHI=0.0
@@ ?@ 50
900 §§ {I8Y0
sTO®
| 2002 FORMAT (29HOBAND WIODTH EXCEEDS ALLOWABLE 14}
! EMD

ﬁ
x@ga
;1 b =5 { 1 4
TJ 300 CONMTIRNUE
‘;{ {essas REDUCE BLOCK 0F EQUATIONS
- c
- 310 0O 350 N=1,HD
“w IFLA ﬁg%w% -£Q.0.) 60 TO 350
. BIN}=B(N)/A )
| iF GO TO 340
;j C=
| ¥
( Qgt&
| Do 330
/ NERED|
} 330 A{SsEi=A(JI)~CoA{K,N)
Blll=8{Ib~A0LN)eB(N)
- AfLyNI=C
340 CONTINUE
; 350 CONTINUE
s C
| Casoan WRITE BLOCK OF REDUCED EQUATIONS ON DISK
J, c
] 390 IF (MM.GENUMNP] 6O TO 900
! IF (I5TOP.EQ.1} GO TO &0
I NTRACK=40= (NUMBLK~1)
1 CALL WRDISK{NTRACK,A,NCOUNT)
| NTRACK=NTRACK+39
% CALL WRDISK{NTRACK,BoND)
| c
{
| Cenusa SHIFT BLOCK OF EQUATIONS UP FOR NEXT 8LOCK
; ¢

m§@

@ﬁ%@ @5 %!}E‘gg&i@%




BIKI=8IK}~AlH, K)o}

ﬁgﬁﬁﬁgwﬁ 0

5 K=NaM- ]

IF (KaGT.ND2)

G0

T0 25¢

B{K)= %%%ywﬁ%%§%§w%

C-12

SIBFTC MODI - DECKGLISTREF

SUBROUTINE WMDOIFYIN,X}

COMMON/BANARG S

1 Af72:144%), Bil44), NNP, NCON

2 NCONTS

DO 250 M=2,M0

Kap-Mel

iF %%@&g@QE GO TO 235
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fo
i
f]
tR
13
g
e

§? %%ﬁ?
1170
170 EE(#MH}=
| Ci=EFE
) Co=FE]
~m EE(12)
. EE(11l)=C3
) EE(10)=C1
‘*1 FELL13)=RO(MTYPE ) s ANGFO=ANGEQ
| FEL14)e~ROIMTYPE )0 ACELR
~ f EE(LS)=~RO(HTYPE) #ACELZ
‘ C
! Coeses FORM STIFFNESSES OF FOUR SUBTRIANGLES
‘ L
! M=
! IF {K.EQ.L) NM=3
| DO 300 M=1,NHM
[ MMmpe ]

; IF {M.EQ.NM) HMM=1
| LM T7)=300
f LMI4)=LM{T)~1
| LA{L)=LHl2)-1
| LM(B)=3uNH
% LMES)=LM(B)~]
LME2)=LM(5)~1
I=IX{NsM)
@w§%§m@%%z
/ RRELI=R{L}
w%%%g§mﬁgss
ZZZALY=Z41})
22242)=7204)
; IF (NFOUR.GT.NFT) GO TO 250
f CALL TRISTF
§ IF (XI(2)sLE.0.0) 1STOPs]
| WRITE €9) (TAPSTF(K)sK=1oNCONT)
g IF (ISTOP.EQ.0) GO TO 260
WRIVE {6,2000) N
| RETURN
f 250 READ (9) {TAPSTF{K},K=l,NCONT}
CALL TRISTC
260 DO 200 I=1.3
%%gwg

270 SKLLTeddi=Se
300 CONTINUE

“meese SOLVE FOR UNHNOWNS AT CENTER NODE

ﬁf‘%tﬁ”‘%

1S (1asle)aSKI15:1%)-8K{14,1%008K (14,15}




|
|

C

C2=SK{13,13)8SK{15,15)-SK{13,15)eSK{13,15}
C3=SK{13,130e5K{14,14)-SK{13,14)=SK(13,14)
C4=SK{13,15)25K{14,15)-SKI{13,14)85K(15,15)
C5=5K{13:1401e8K{14,15)~5K{13,15)eS5K{14,14)
CE=SKI{13,150125K{13,14)-5K1{13,13)8SK(14,15)
DEN=SK{13+13)}0C1+S5KI13,14)2C6+SK{13,15)+C5
IF IDENNE.D.0) GO TO 320
WRITE (62001} N
18TOP=1 :
RETURN
320 TC=1,.0/DEN
Ci{ls L=l
Cil,2)=CCaC4
Cils3)=L{=(5
Ci2,21=(0Cal2
Ci25:3)=0Calb
C{3,3)=CCel3
Ci2:1)=011e2}
C13,10=0481,3)
Ci2,;21=C{2:3)
oDC 330 f[=1.12
D0 330 J=le3
DIl d=0.0
00 330 K=1,3
1.=124+K
330 DUl 0i=D00e 043K el daCi{Ked)
DU 340 [=1,12
DO 340 K=1,3
L=12%+K
FIL =Fli~DlIl KieF{L}
DO 340 J=1412
360 SKiTsJi=S5Eil e} -D{ToKIaSK{JI,L}
00 350 I=143
CF{I}=0.0
DO 350 J=1.3
L=1244
350 CR{TYy=CFileCildYaFiL)
DO 360 I=lyl2
DO 360 J=f,12
360 SKIJsI=SKI{Ted]

Cavans ROTATE UNKNOWNS IF REQUIRED

C

DO 400 M=l.4

MM=TX (M, M)

CC=~CODE(MM)

iF ICC.LE=0.0) GO TO 400
DX=COS{CC)

DY=SIN{CC)

K=3eM

J=R~1

f=)-1
Fili=F{I)eDXeF{J)eDY
Fibi=0.0

DO 390 Il=1912-3

iF {11-£EQ8.7) GO YO 390
KREIED |

Ki=JJ+1
Cil=DXeSKI{Il,11deDYeSKE{J T}

C-15



390

&00

2000
2001

C2=DX2S8K{lsJJ0¢DYeSK{JdeJdJ)
I=0XwSK{I,KK}+D¥aSK{J, KK}

SK{JsI1)=-DYaSK{I,[IT1JeDXeSK{J,11}

SKETI,J3=SKiJ,11}

SK{Js JJ)=-DYeSK{lo S} eDXaSK{JsLJ)

SKEJI,Ji=5K{dedd)

SKIJ-KK)=-DYaSK{l  KK)+OXeSK(JKK)

SHIKK, J1=SK{J,KK}

SK{Is11)=C1

SK{IT,13=C1

SKilsJhai=02

SK{JJ.10=C2

SK{I,KE)=(3

SKIEK,T11=(3

CONTINUFE

TEMP=SK{ I, 1)eDXaDX42.020XeDYeSK{l,J)+S5K{(JoJ)aDYeDY
SKileJi=DXeDY&(SK{JeJ)=SK(I 1)) +SK{IsJ)e(DXeDX=DYeDY)
SE{I,1)=TEHP

SE{Jel)=5K{Led)

SKiJsd)i=1.0

SK{T,K¥=SK{I,K}=DX+SK{JK}eDY

SEiJelI=-SK{Ke [ )sDYeSK{K,J) #DX

SEiK,I1=5K{T K}

SKIK s JI=SREIK)

CONTINUE

CALL WRDISKINTRACK, EE.NCOUNT)

RETLRN

FORMAT (33H3IZERQO OR MEGATIVE AREA, ELEMENT =14)

FORMAT {2TH3SINGULAR MATRIX, ELEMENT =14}

END
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JIBFTC INTE DECK,LIST
SUBROUTINE INTEGR

THIS SUBROUTINE CALCULATES THE TRIANWGULAR VOLUME INVEGRALS
FOR THE STIFFNESS MATRIX AND 800DY FORCE VECTOR.

COMMON /QADTRE/

1 RiE6l, 206y BF(9)e XI(10%s S(9.9}), Ataya), E(56)
DIMENSTION

1 XMis)

DO 100 I=3,10

100 XI{1)=0.0

naase FORH THE AREA AND VOLUME INTEGRALS USING THE EXACT EXPRESSION

XI(21=0.52(R{1)={Z2(21-2(3))+R{(2)2(Z(3)~Z(2)JoR{(3){2(2)~2¢2)}}
C=X1182)/73.0
K11 1)=Ce{R{1ISREZ2IEREY)
Ki1{4t=C={2113+202342837}
C=0.25%2(
Ria)=0.5=2{R{1}+R{2}}
R{B51=0.5=2{R{2}+R{3})
RI61=0.5{R{3I+RLL1)
Elay=0,5=070134242))
Li8)=0,5(242}+2(3))
I1{63=0.5=02{33+Z2{1}}
D=3.0s(
00 200 I=1,3
JEI43
AM{I}=C=R{1)
200 XM{J)=D=R{J)
| D6 300 I=1,6
. A=AMI1)
B=R{1}
L=201)
| O=4aB
| RE{7i=X1{T}+D
| Xit8)=4fiB8)+ael
Xi1{9)=X1{9)+DsB
KI410=X1010)+D=C ;
iF iBaEQaOmO) SSGGQGOQ!
D=A7{B=sB}
KI(3j=X1{3}+D
Kii5=X1{5+0eC
Kl{sY=xli6}+DaCel
| 300 COMTINUE
RETURHN
END



SIBFTC NTSC  DECK,LISY
SUBRCUTINE TRISTC
C
Coevvan THIS SUBROUTIME PFPORNKES THE TRIANGULAR ELEMENT BTIFFNESS MaTalX
Consos AND BODY PFORCE VECTOR :
"
COMMON J0ALBTRIL/
L Riade 2860y BFE9), XKIUL100y 50(9.9) e Al2:3), E(56)
COMMON JFORIERS
1 NFOUR, NF, WMEP2, NET., NUNMFOU, FORCORISD.,21, HEDILLZY
DIMENSION
1 SUUL343)s SUMIZ:3), SUTI3,3), SHHI3:30y SHWTI3:3),
2 5TTi3:3104 %ﬁ§%95§ TUHIB.3) s TUT(2:3)y TWWI3:3)y THTI3:3)
3 TTT€3:38) BTFRIZYy BTFI(3), BTPT(3Z}
EQUIVALENLE
1 JECLD L 00, (E(2D:C102)y (E1Z0.C0L30s (E(&14C22)s (E(B8)eC23),
2 (Bi61,033)s (E(TIeCha), (E(B)CE%5)y (B(9)oCHE)y (E{L0)TLR),
3 IECLLsTLE g@%ﬁ??@?%?%@ [E(L30,BFR) s (E(141BFCHy
% (EL15 %@%?%%% (5010 ,5Uls (5007 hs8UMI, (STLeB)8UTE,
8 ({8581,20.5WHE, 15¢ Ls9b, g%@?@% {98131 e8TT Y, (81T:40),0TERY,
& @@%?@%B@ﬁ@?ﬁ bo E56706),8TFET)
REAML
1 NFy NFZ
¢

Casnae FORM THE STIFPHESS MATRICIES I6 THE GENERALIZED COURDINATES
0
AnC33eNFE2el85
SUULLLi=nalils}
SUULL,27=l00 3% eXI(2)
SUBL L3 laHaXi{9)
SUUTZ2, L3=8UU .20
SUUI2,21=(01142.000094¢0 0l
SUUEZ,30=0C13%X X4}
SUUT 3,1 i=50U L3
SUUL3.25=8UU02,3)
SUUE3 .3 i=dell (64044251010
YaMNF2el 66
SHH{ L, LimVYaXi(n)
SHHlL,2)=YeXI{2}
SUH{Le3bnvedIl5}
SHU{Z L i=8HUIL 20
SHHIZ: 2)={(C o949V )eX]T{L1}
SHH{Z: 3 =YeXi{4)
SHMI3: 1 beSUHT 1,3
SUHWII,20=8UMI2,:,3)
SHHIZ B l=Ve li6) 202208000}
R=08%+HF 2033
¥Y=033aNF2
§TTilelindell
STV 1,2 i=V¥eR]
$TTiL9 =80}
STTL2,L0=877
ETT(2:20m¥u Y
STTi2:3)=Vel]
STT(3.1) %%??3
ETT(3,2=8T742
7743 §§§m£%%3§é§%%@%%ﬁ§§§§

MMMMW



C
Censaw FORM BODY PORCE VWECTOR
T
BIFR{LI=TLTedi02}
BTFRIZi={TLR+TLT YoMl L1
BYIFR{AI=TLTeXI(4)
BIFZ{1}=0,0
BiFLiZi=0.0
BIFZi3=TLi#XE01}
K=TLTeNF
BIFT{Li=ueXii2)
BTIET(2 =HaX i1}
BYFT{3l=%2X11{4])
C
Casnee TRANSFORM THE STIFFNESS MATRIX AND BOODY FORCE VECTOR TO
Cevean GLOBAL COORDINATES
C
DO 1L3G I=l.3
DO 130 Jd=1,.3
TUUL L, 0)=0.0
TWHEL s L0 =0.0

TTTilsdim0a0
DO L3230 Ksle3
Caplled )
TUUG Lo S =TI
THHLL s b=
130 T7T{Eedi=
D0 144 iI=
iH=1+3
IT=1HW+3
BFE{LI=0.0
BEIIWI=0.0
BFIITI=0.0
G0 140 J=1,3
NLENEE
SEEN] Lo
${Ee0i=0.0
SLiW JHI=0.0
SliT:dT im0
C=fida 00
BEEI I =BFRLli4C«BTPRIJE
BFEIIWI=BF{IHISCaBTRELJ)
BELEITI=BFRL{IT 1+C=BYFTLJI
DO 140 K=1.73
T 18 RS
S{Eedi=S{loJi4CuTUUIR,J)
SUIW SWI=S{TWH W sCoTHHIK ]
140 SUIT 7 =8IV T 4CaTTT K Jd}
RETURN
. END

SIeSUUIT K} 80
JI+SUW(I K)ol
JI+STTi{IsK}aC

¥

§§§

il
(i
(I

THWH
TTTLL,
<143

C-22
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EIBRPTC SHLL - DECH,

SUBROUT INE

COMMON FNPE

I UR{80001, ! 2{80
2 [ELT00.%), E 08
3 ACELZ, NCUT, N

COMMON /FORIER/S

1 NFOURe NF s MF2e NNF, NFT, NUMFOU, FORCOFI(SO,31, HED(L2)
COMMON /7QUADST/

1 SKELS,150¢ FLLS)

COMMON /NSHELN/

1 IGU10Ys JGUI0Y, KGIL0), IME12)s JMULZ), KHIL2), HIL2), X5
2 XWIL0), Y(10), ST(8,10), B1{5,5), B2(5:5)y AlBs11)s XI(10,
3 NCOUNT, NTRACK

REAL

I WPy, HFZ

DATA

I @/2*&*? ‘%gﬁ*ﬂmy*g@%&%@%g% J f&@aﬂ ?@%ggs%@;}\&@ iy

2 UG 42 le2eB0%s8eb4 7, ﬁs B 70:1429303:3:%

3 JH fﬁ@%@ﬁ@@gﬁwﬁg?@@@?@@@ s 107 KM FTeBebsbsTeh % T

5% %“5 ﬁgwf;@;m%g«@@ﬁagaf%% i@ﬁ«iw*}g@;@%@@%@@i&fﬁﬁ f@ ég‘% ﬁ@{} A uf;%’ b g@ \/
5 RS /973906539~ .865063379-.67940957:~.42339%39 ,~. 14887436
& @é%ﬁ%g%@%?@%%Eﬁ@%ﬁ@@wﬁégéﬁﬁﬁf@m%éﬁﬁﬁﬁﬁ?g@@?ﬁ%@@wﬁﬁg

T KW 7.066671345.14945135,.21908636, .269266720.29552422,.295
8 269266729-219086364.14945135,.0666T134/,

9 NCOUNT /188/

C

Lasasn INITIALIZATION

C
I157T0e=0
NTRACK=1319+NN
D0 100 I=1.12
Fili=0.0
DO 100 J=1.12

100 SK{I,Ji=0.0
€

Ceesesn CALL APPROPIATE SHELL STIFFNESS SUBROUTINE
£
IF (NFOURGT.NFT) CALL NSHELC
IF (NFOUR-EQ. %??% CALL NSHELL(NNgISTOP)
IX(NNS)=~IN{NN,5)
RETURN
END
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Covnean COMPUTE THE YOLUME INTEGRALS

DO 850 I=1.10
DO 50 J=1.10
50 HIll,J0=0.
00 100 K=1,10
=1 . ¢+XS (K}
S=RelX
BS=RI+NBuXX
RS=L./RS
Yi3i=5eRS
Y{4)=5a¥({3}
¥{8i=5%5aY{4)
Y{Ti=RSsRS
Yi81=SavVIiT}
¥Y{9l=%eY{8}
Y{10i=5+v{9)
KA=RIRSE
D0 100 T=1,10
DO 100 J=1¢ L0
100 %i{lsdiegitiedi e axl{Klev{lley {4}
Do 180 i=2,10
80 150 J=141%
150 XI{f.Ji=X00Js 1)

¢
Creaes FORM THE STIFFNESS MATRIX IN GENERALIZED COORDINATES
C

] Ché=XNF#T44
1 Bl{l,11=C11

@§§R§Egmﬁ®

B1{1,3)=CSeC12

7 Bl{l,4)=NFaC12

| BL(l,51=582C12
B1(2,231=0C44
B1{2,3)=~NFaCas4
B1{2;4)=~C5alh4
B1(2,51=0.
B1{3,31=C5eC58C224NF2C44
Bl{3,4)=NFaCSa{C22+C44)
BL{3,5I=5SaCSeC22
Bllb,6)=NF2e0224CSaCS8044
BL{4e5 )sNFeSS8C22
Bl{S,5)=85e85a(22
KaXTeXT/12.

Cll=XeCl1

C12=%sC12

C22=XuC22

Cob=Rnl 44

B2(1,13=C11

B2(1s2)=0.

\ B2{1,3)=CSaC12

{ B2(lob)=-NFeSS5eC12

L B82(1,5)==NF2eC12

F B2{2,2)=55855eC44
B2(2,3)=NFeSSsC44
B2(2:4)=-55e850CS»C4%
82(2,5)=~NFeSSeLSeC44
B2(3,3)=CSeC5eL224NF22C44



B2{ 394 =-NFeSSeCSe(224+044)
B213, 5 )=~NF2eCSa{l224C44 )
B2l4,46]1=58a88e{NF2e0224052(Sul44 )
BZ2(4+5 j=NFeSSe(NF2:C22¢CSeCSeC4e4 )
B2I8, 81 =NF2e{NFZeC 2240 SeCSels4)
DO 200 =248
DO 200 J=1,1
BLET,J0=B18d: 13

200 B82(L,J)=B2(Js 1}
DO 300 NG=1,10
I=KGING]
K=JB NG
M=1GING
DO 300 MG=1,10
JERGIMG )
L=JGing)
N=[GIMGI

300 SKEL,J)eSK{TJioBL (M NIaXI{K L)
DO 400 NGs=s1,.12
I=KHING
K JHING)
M IH{NG)
DO 400 MG=1,12
JaRH MG )
LaJHIMG)
NalHiMG)

400 SK{IoJdi=SK{lsJ)+H(NGIaB2(MN) sHIMGIaXT (KL}

C
Covnbn FORM DISPLACEMNENT TRANSFUORMATION MATRIX

Lha=RaThs
Al=i . %80

DR=DR» XL,

DZ=DZ aii,

=KL e XL,

AlLo1 1=0R
Bl1,21=02
Bl2:L=-0Re XL
4822 ) =-DZu KL
Bl2:40m=84(2,1)
A{245)5=A12,2)
Al3;,30=1.
Al 3 m-¥i
Alas6)=XL
AlSeLi=m-DZ
BLS,2=0R
£{6,10)=1.
BlT,1in3,8000Y
AilTe2)m=3.2DRaeX
BlTodbtm=R1T,11

Al Te5le~807:2}
A{TF T t==¥L

B T L0 =2, 0817, 79
AlBslls=2.002u)all
AlBy21=2 . 2DRuNelL
i IR FERELT SR -FOD

' AlBS)m-Al8,2
AlB,Ti=X




AlBs10)=X
DO 500 I=1.8
00 500 J=1,10
STlleJdi=0,
0O 500 K=1,8
500 STURed)=STIIoJI+SKITsKI®2A(K,J)
DO 600 I=1,10
DO 600 J=1510
gﬁgg@égm(}@
DO 600 K=1,8 ~
600 SKELoJi=SK{EoJ)eA(KIIaSTIKed
€
Ceueua STORE INFORMATION FOR STRESS CALCULATIOM

A=l /XKL
CALL WRDISKINTRACK,DISSTF,NCOUNT)
RETURN

2000 FORMAT (23H3BAD SHELL ELEMENT, NO. 14}
END



$IBFTC NSLC DECKLLIST
SUBRODUT IME NSHELC

COMMON FNPEL
1 URt800), UZ
2 FRIT700:5)
3 ACELZ, NCU

COMMON /FOR
1 NFOUR. NF,
COMKON /7QUADS

ﬁﬁi%%g%%%g
COMMON /NS
1 161100,
2 AHL{10D,

3 MCOUNT,

DIMENSION
1 DISSTF(lg

EQUIVAL ENC

R{BO0), Z(BOOD,
ANGFQ, ACELR,

UT{800k, CODE(BOO),
She RO(Z281), NUMNP, MUMEL,
3 By RANGI4), NTAPE

748001,
TOy

ns
%%
&

%m@

Ts
Ie

o AWFy NFT, NUMFOU, FORCOF(50:3), HED(12]}

831
e

i

B oem e T
M%QWQ%ﬁéxdﬁwﬂﬁ

P

100 IHE{LZYs JH{L12}., KHI{L1Z2),
9i0%e BLIB,5)y B2(5:50,

G

tﬁ % é’
(8

Yii
NTRS

Gt

§,$

e

H{12
A(Bs 11D,

mm
Q&@@‘ﬁm’”ﬁu@ﬁiﬁ“’% i

(2

)
X

S
% o
o

(DISSTEIBLI LS
SSTFEB%) XL Y 4
ISSTFIBTYC220

1 Qﬁ@%%f
{0Iss7

BT,
ﬁ:;%@

LE
F
&

o

i
B

L P

(DISSTE(B2) 385),

(DISSTFI85) 4011}y

(DISSTFiBB);Cadl,

{
{a
IDISSTFIT
& ﬁ%‘%&%ﬁ& :35%{%
REAL

B8y ¥
»¥% g A B

SSTF,NCOUNT )

ESS MATRIX

3?%@3@@g}

%é LGr=-NEa580(12
BZ2lleSla-NFZeCl2
B2{2,21=550554044
B2i2: 31 =NFass«(44
B2i2:4)e=-55288e20 %044
B2iZ2y8l==HFasSiel SeC44
B2(3,3=05205+0224MF 26044
B2(3,4 =~NFes8el52(0224044)

B2{3: 5 ==NF2aCSe (224044}
B2{4,41=8528382iNF2e0224050 0544
B2(4,8 1=l el @%%%“ﬁﬁg 240 58l S2044 )
B2{5 .8 aNF2e{NF2eL2240856050¢044 )
Kel2. {hT=HT}

Cli=¥=011
Cil2=42C12
L22=Rel22
Chbule(6bh
| B1(1s1}=C11
: BLi{lq.2 j
BLil,
%%gggl f
@E§§@§%%%@w€&é
Bliz,20=044
BilZe3)n-lFeCaeq

&
¥




BLIZo4i=~L50044
Bil{2,9)=0.
Bl{3:,3)=Coe(Sel22¢+NF2a(44
Bl{3,4)=NFeCS«{C22+C44)
BLI3,50=535eC5=022
Bll4, 4 i=NF200224CS5e(5e044
81{4,5=NFe55eC22
BL{%,51=5856e55e022
DO 200 I=2+5
DO 200 Jd=1.1
Bl{IsJdi=B1{
200 B2{I.Ji=82(
D0 300 NG=1
I=RGING T
K=JGING?)
M=1GINGD
DO 300 MG=1,10
S=RGIMG )
L=JG NG}
N=I1G(NG]
300 SK(LoJi=SKETJ)¢BL{MN)aXI{l,L)
DO 400 NG=1,12
I={HI{NG)
Ka=JHINGD
M= THIRG D
DO 400 MG=1,12
J=KHIME )
L=JH{MG?
N=TH{MG?
400 SK{I,Ji=SK{foJ)+HINGI»B2{MN}eHIMGIeXI (K, L)
DO 500 I=1,8
Do 500 J=1,10
$STlieJ1=0-
DO 500 K=1,8
500 STLTpdi=ST{L ) eSKLTHInAlKSJ)
D0 600 I=1,10
DO 600 J=l.10
SK{EeJd =0,
DO 600 K=1,:8
600 SH{LoJl=SKIT,JivA K, I1)28T(Ked)
RETURN
END

Jo 1}
dell
510




$IBFTC BCSB  OEBECK,LIST.REF
SUBROUTINE BACSUB
COHMON /NPELD/
1 UR(BOOYs UZ(BOO0), UT(B00), CODE(BOO), T(BDO), REBOOI, Z2(8BOO),
2 IX(700:5)s E(L202%5), RO(25), NUMNP, NUMEL, TOs ANGFQ, ACELR,
3 ACELZ, NCUT, NANGLE, XANG(4), NTVAPE A
COMMON /BANARG/
L A(72144) B{1le4), NNP, ND, NDZ2, NCOUNT, MBAND, NUMBLE, NCONTD,
2 MCONTS ‘
NUsNDeaNUMBLK o]
NE=NUMBLK
400 DO 450 WM=1,ND
Ne=ND+1-H
DO 423 K=2,MBAND
LaNeiK-1
425 BIM)=BINI-A(K,N)=B(L)
MM=NeND
BINMI=BIN)
NU=RU-1
450 UR(NU)=BIN]
NB=NB-1
IF (NB.LE.O) RETURN
NTRACK=402(NB—-1)
CALL RODISKINTRACK A, NCOUNT)
NTRACK=NTRACK®39
CALL RODISK (NTRACK.BoND)
60 7O 400
END




$IBFTC NSTR ~ DECK.LISY

¢

SUBROUTINE STRESS

COMMON /NPELD/
1 UR(B00)}, UZ{8B00), UT(800), CODE(BOO), TI(BOC), R{BOO}, Z(B0OO),
2 IX(T00:5)s EQ12:250, RO(25), NUMNP, NUMEL, 7O, ANGFQ, ACELR,
3 ACELZ, NCUT, MNANGLE. XANG{4}, NTAPE

COMMON JBANARG/

1 0(72:,144), Wll44), NNP, ND, ND2, NCOUNT, HBAND, NUMBLK, NCONTD,
2 NCONTS ‘

COMMON /JFORIER/

1 NFOUR, NFy NF2, XNF, NFT, NUMFOU, FORCOF(S50,3}, HED(12)
DIMENSTION

1 DE12,3) ULLZ2)e EE(56), SIG{6,7000y ORD(2,700)

EQUIVALENCE

L (EE{18).001,100 s (EE(S4),UK)s (BE(SH),WK)y (EE(S56),TKI,
2 (EE(LE) BRIy (EE(L7)o2K)y (SIGILo00,0(1e00)s (ORO(Le1),0(15200))
DATA

1L NCONT /567, PI /3.1415927/

REAL

1 NF, NFZ

Conaos PRENT OF NODAL POINT VARIABLES

C

¢

30

40
50

NFOUR=NFOUR~1

MPR INT =0

DO 50 N=1,NUMNP

IF (R(N}.LT.0.0) GO TO 50
C=~CODE(N)

iF (C.LE.0.0) 6O TO 30

DX=COS(C)

DY=SIN(C)

A=UR (30N~2)eDX~UR { 38N=1)#DY
UR{3eN=-1)=UR (38N~-2)sDY+UR{3aN-1) 20X
UR(3eN-2)=A

M=3eN

IF (MPRINT.GT.0) 6O TO 40

MPRINT=50

WRITE (6,2000) HED,NFOUR

WRITE {6,2001) No R(NDs Z(NI, UR{M=2), UR(H-1}, UR(M)
MPRINT =MPRINT-1

MPR INT=0

Coenes CALCULATION OF CENTER NOUDE VARIABLES

C

DO 300 N=1l NUMEL
MTIVYPE=TABS(IX(Ns5)]
IR, 5 1=UTYPE

IF {(MTYPE.GE.NCUT) GO YO 300
NTRACK=1319+N

CALL RDOISKINTRACKEE,NCONT!

IF (NPOUR+1.LT.NUMFOU} 60 TO &0
ORD{1oN)=RK

ORD{2sNb=ZK

60 I=IX{Ng1}

J=IX{Ns2)
K=IX{Ng3}
L=iX{Ns4%}



C-32

C=0.2%

IF (B.BQ.L) C=le/3.
[iI=3e]
Jf=30]
KR=TFai
Li=3al
UtLisUR{IT
Ue2)=sUR{ii-
Ui3i=UR{ETD
Ulel=sUR{JJI—2)
UlBi=UR{Jdd-13
Uiel=UrtJddd

{7 )sURIKK-2]

Ui i=UR(KK-1)

U9 i=UR{KK]

L0 =UR(LL~-2}
Ulili=URILL-1}
U{Ll2=URLLL D

00 70 Jd=1l,12
UK=UK~0{JJdeLialldd)
W=RK-D{JJo200U(JJ}

-2}
iy

!
;— 70 TH=TK-D(Jde3baUId)
. c
Cesnes CALCULATEON OF STRESSES AT CENTER NP
C
ERR=0.0
J EZ250.0
ERZ=0,0
} ERT=0.0
i Eg@vm@@@
| C
} Cenaas COMPUTE STRESS AT NODE K OF TRIANGLE
C

DO 200 NN=1l.4
GO TO (130,140,150,1600 ¢ NN
| 130 Li=1
‘ ‘ Jd=J
Ul=Ul1d
Wi=Ul2}
Ti=u{3)
Ud=Ul4}
Wi=U(5)
Td=ul6)
60 T4 170
140 Ii=J
Jd=i
Ui=Ul4)
Wi=yis)
Tisulgl
Ud=U( 7}
W= (8])
Td=Ui9}
GO T4Q 170
150 IF (K.EQ.L) GO TC 200
[ I=K
Sl
U=y (7}
Wi=ul gl
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SIGL=CCeCR

EPSI=D0.DR

S1Gd=CL~CR

EPS2=0D-DR

ANG=0.0

IF (SIGRL.EQ.0.0-AND-SIGRR.EQ.SIGZZ) G0 TO 250
ANG=28.6488ATAN2(2.2SIGRZ,{SIGRR-SIGZZ))

C
Ceanas CALCULATE STRESSES PARALLEL TO LINE J-K
¢ .
250 JsIX{N.2}
K IXEN3 D
ANGLE=2 .02ATAN2IZIK}I~Z{J) RIK)=-R{J))}~PI
COS2A=CUS{ANGLE}
SIN2A=SIN{ANGLED
CX=0.58(SIGRR-SIGZZ
SIGJK=CRaCOS2A+SIGRZeSTIN2A®CT
TAUJIK==CHeSINZA+SIGRI+C0O524
C
Cenace STORE STRESSES
C
SIGUL.N1=8IGRR
SIGI2,N=816G2L
SIGE3:N=SIGTT
SIGlasN)I=5EGRE
5IGES,N)=SIGRT
SIGE6,NI=SIGLT
C
Cenawe PRINT STRESSES FOR EACH FOURIER COEBFFICIENT
C
IF (MPRINT-CGT.0) GO TO 290
WRITE (6,2002) HED,NFOUR
MPRINT=25
290 WRITE (64,2003}
1 NoRK,ESIGII N} olmlob) o SIGLSIG2,ANGSIGIR s TAUJIK;ZKLERR,EZL ETT o
2 ERZJERTLEZTEPSLL,EPSZ
300 MPRINT=MPRINT-]
C
Leesovae STORE STRESSES AND DISPLACEMENTS ON DISK
C
IF (NANGLE.LT.0) GO TO 350
NTRACK=2040+420sNFOUR
CALL HWRDISKINTRACK,SIG,NCONTS)
NTRACK=NTRACK+25
CALL WRDISK(NTRACK;UR,NCONTD}
350 WMEOUR=NFOUR<]L
RETURN
G
Conaaa FORMATS
C

2000 FORMAY (1HL1,1246, 39H DISPLACEMENTS FOR FOURIER TERM, NUMBERIZ/J
1 82H NP R-0RODINATE Z-0ORDINATE R-DISPLACEHMENT I-DE SPLAREN
2ENT T-DISPLACEMENT// )

2001 FORMAT (I5.2F13.2,3E17.5)

2002 FORMAT (1M1,1246, 34H STRESSES FOR PFOURIER TERMe NUMBERI3//132H E
iL# R-0RD R-STRESS I-STRESS T-STRESS RI-STRESS RY-STRESS
2 ILT-STRESS MAX-STRESS MIN-STRESS ANGLE IN JK~STRESS JE~SHEAR S
368, L0ZHI-ORD R-STRAIN Z~-STRAIN T-STRAIN RI-STRAIN RT-STRAI



C-35

; 4N  ZT=-STRAIN MAXN-STRAIN MIN-STRAIN RI-PLANE//)
} 2003 FORMAY (15,0PLlF8.2+1PB8EL1-2,0P1F9.2,1P2E11.2/5%,0PLFB8.2,1P8E1L.2)
, END

|
%
|
i
|
|
|
!
|
|
|
|




$IBFETC NSLS  DECK,LE

C

C-36

i
SUBROUTIKE SHLSTR
COMMON /NPELD/

1 UR{ACO), UZIBOOI, UTIBOO), CODELBOO), TI(B00), RIBOO), Z(8B0OOI,
2 IX(T00:5), ?i??gﬁ% ROI25) , NUMNP, NUMEL, TO, ANGFG, ACELR,
3 ACE NCUT, W&%@igg AANG{4) s NTAPE

%?gaﬁﬁgﬁ AMF s NFT, NUMFOU, FORCOF{50,3), MED{L12)

¢ AAL8BYy ULL0), DISSTF(BB), SIGLLGY)

a2

B v o o g o £ Ve pw g

bie (DISSTFIBLICSle (DISSTFIB2),58),
» (DISSTFI84) 8L Y, %@§%$?$§@§?@§§§§@

CE20y (DISSTRIBT)C22), (DISSTFIBA)CS4)
mﬁﬁaﬁ@Q?E%@ (VI ABL3E 0, (ETT 88047, (HIAR(B Y,
GEILIsREIT, (SIGI9I,RSJ)D

G AN L e 2

e
B pome wem
W m

g
s
@*ﬁ;

S@N” F887, ULBY /0,070 UL9Y 0.0/
AL

MEOUR=NFOUR-1
MPRINT =0
Do 500 N

&
-
=
i%
=

MIYPE=IXI{N, 3}
IF (MTYPELLT-NCUY) GO TC %00
NTRACK=1319+H
CALL RDOISKINTRACK :DISSTF,NCOUNT)
I=ix %@E%
JELH LN, 2]
H=lXiNy, 3}
h 4

e
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C-37
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50

90
100
€

€

150
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C

220

TSTR DECK,LIST.REF
SUBROUTINE TSTRES
COMMON /HNPELD/

UrR{800}, UZ{BOO}, UT(B00}, CODE(BOOD), T{(B00)}, R{800C}, Z(8BOQ),

IX{700,5)e E(12:25)9 RO{25), NUMNP, NUMEL, TO,

ACELZ, MCUT, MANGLE, XANG{4), NTAPE
COMMON /BANARG/

AlT2:14%)s B{144)y NNP; NOs ND2, NCOUNT, MBAND,

MCONTS
CoMMON /JFORIER/

MFOUR, NF, NF2, XNF, NFT, NUMFOU, FORCOF(50,3}),

DIMENSION

Ui2400)y SIGI{6,700), TEMP(6,700), ORD(2,700}
EQUIVALENCE

{U,51GsA)s (TEMP,UR}y (ORD,A{1,100))
REAL

MNFy NF2

SUM THE DISPLACEMENTS

DO 200 MA=1,NANGLE

00 50 N=1,NCONTD

UiNI=0.0

00 100 NFOUR=L,NUMFOU

IF (FORCOFINFOUR,1).EQ.0.0) GO TO 100
NTRACK=2065+40e (NFOUR-1)

CALL RODISK{MTRACK,UR,NCONTD)
NF=NFOUR-1
C5=COS{NFsXANGI(NA})
SE=SINI{NFaXANGINAL Y

DO 90 M=1, NUKNP

M=3eN

UlMi=U{MI+S5S=UR(H}

M=

UiRj=U(M)+CSeUR(M)

Mazp 1

UIHI=UIMI+CS2URIHM]

LONTINUE

Caaass PRINT THE DISPLACEMENTS

HPRINT=D

DO 170 H=1l,NUMNP

iF (RINI.LT.0.0) GO TO 160
LEXES

IF (MPRINT.GT.0) 60 T0O 150
MPRINT=%0

WRITEL{6,2000) HMED, XAMG INA)
WRITE (6520010 NoRIN)oZIN) UIM=-2)oU(M-1),U(HM)
HPRINT=MPRINT~1

CONTINUE

CONT INUE

SU#M THE STRESSES

DO 500 NA=1,NAMGLE
00 220 N=1,NUMEL
DO 220 HW=1,6
SIGIM,NI=0.0

ANGFQs ACELR,

NUMBLKy NCONTD,

HED{(12}



C

{enaas

C

00 300 NFDUR=1,NUMFOU
If {FORCOFINFOUR,1).EQ.0.0} 60 YO 300
NTRACK=2040+460e (NFOUR~1}
CALL RDDISKINTRACK, TEMP,NCONTS)
MF=NFOUR-1
CS=COSINFaXANGINA] )
SS=SIN(NFeXANG{NA])
DO 270 Ns1,MUMEL
IF (IX{N:5).GE.NCUT) 60 TO 270
DO 250 H=1,4
250 SIG(MN)=SIG{MNI+CS=TEMP(M,N)
DO 260 M=5,6
260 SIGIMNI=SIGIM;NI+SSeTEMPI{M,N)
270 CONTINUE
300 CONTINUE

PRINT THE STRESSES

MPRINT=0

DO 400 N=1,NUMEL

IF (IX{N,5).6E.NCUT} GO TO 400

IF (MPRINT.GT.0) GO TO 350

MPRINT=50

WRITE (6,2002) HED, XANG(NA)
350 WRITE {6,2003) NoORD{1:N) ,ORD(2:N}(SIG(M,N),M=1,6)
400 MPRINT=MPRINT~-1
500 CONTINUE

RETURN
2000 FORNMAYT
15//782H
2EMENT
2001 FORHAT
2002 FORMAT
i EL#M
2RESS
2003 FORMAT
END

{1H1,1246,31H TOTAL FOURIER DISPLACEMENTS AT F6.3,8H RADIAN

NP R-ORDINATE I-ORDINATE
T-DISPLACEMENT//)
£115,2F13.253E17.5}

R~-DISPLACEMENT

I-DISPLAC

{1H1,12A6,26H TOTAL FOURIER STRESSES AT F6.3,8M RADIANS//93

R~0ORD Z~-0RD RR~-STRESS
RY-STRESS ZT-STRESS//}
{1i5,0P2F8.241P6EL1Z2.3)

ZZ-STRESS

TT-STRESS

RZ-ST





