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ABSTRACT

This report presents the development of a computer program, ALSHEL,
which calculates the discontinuity stress resultants in axisymmetric
shells of revolution of various geometries and loading configurations,
Also included is program GRAPH which displavs the effects of the

discontinuity stress resultants as a function of meridional lengths.
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I. INTRODUCTION

In many problems of deformation of axisymmetric shells of
revolution, the bending stresses can be neglected and only stresses due
to strain of the middle surface need to be considered. An example of
this would be a cylindrical shell submitted to an internal pressure.
Under this action, the middle surface of the shell undergoes a uniform
strain and since the thickness is small, the resulting hoop stress may
be assumed as uniformly distributed across the thickness. For a general
case under such conditions, only three unknown in-plane stress
resultants exist and the problem is statically determinate. The theory
based on the omission of bending stresses is called membrane theory.

If the edges of the cylindrical pressure vessel are fixed, the
shell is no Tonger free to expand laterally and bending will occur. In
problems where the Tload is distributed symmetrically with respect to the
axis of revolution, the three equilibrijum equations which can be written
will contain two in-plane normal stresses, a transverse shear stress and
twe bending moments. Hence, the problem has become statically
indeterminate. The transverse shear and bending moment which are
applied at the fixed end are called generalized discontinuity stresses
or stress resultants if they are taken as stresses per unit length.

In a structure comprised of axisymmetric shells of various
geometries and loading configurations or multishell structures,
generalized discontinuity stress resu]taﬁts exist at each junction. A
more detailed investigation of the theoretical results shows that the
effects are Timited only to a narrow:region near the junction. However,

their presence will govern the design of a multishell structure.




For the indeterminate multishell structure, additional equations

must be provided by considering the geometry of deformations.
Continuity, or compatibility, at the Jjunctions leads to additional
equations. To relate deformations to forces requires a
force-displacement law be specified. For conventional elastic
structures, this is Hooke's Law. These conditions combined with
equiiibrium of forces form the basis to the solution of the
discontinuity stress vresultants (and the majority of practical
engineering structural designs). These principles have been applied to
develop the force or flexibility method.

The purpose of this project was to write a computer program which
employs the force method to determine discontinuity stress resultants
for multishell structures comprised of varied axisymmetric shells of

revolution under varied Toading conditions.




II. THEORETICAL BACKGROUND

Force Method--Matrix Formulation

Individual axisymmetric shells of revolution many times can be
analyzed without considering bending stresses. This is true in cases
where the stresses are caused by a strain in the middle surface of the
shell. Take, as an example, a thin spherical container submitted to the
action of a uniformly distributed internal pressure normal to the
surface of the shell. Under this action, the middle surface of the
shell undergoes a uniform strain, and since the thickness is small, the
tensile stresses can be assumed as uniformly distributed across the
thickness. If the edges of the spherical shell are built in, the shell
is no longer free to expand, and bending must occur. The theory based
on the omission of bending is called the membrane theory of shells. In
membrane theory, only two unknown in-plane normal stresses and one
in-plane shear exist (this will be addressed in detail later); thus, the
problem is statically determinate. In cases where bending cannot be
neglected, there will be more unknowns than available equilibrium
equations; hence, it is statically indeterminate.

For structures comprised of several axisymmetric shells of
different geometries, the problem of deformations of the shell
components is similar to the spherical shell with built in edges. The
edges of each different geometry will deflect differently when submitted
to an externally applied load. At a junction, the relative deformations

must be zero. Therefore, a bending stress resultant and a transverse




shear stress resultant are introduced. Since they occur at a point of

discontinuity, they are <called generalized discontinuity stress
resultants. Discontinuity stresses are caused not only by changes in
geometry, but also by rapid changes in loading, shell thickness, and
material properties. The effects of the generalized discontinuity
stress are usually more severe than membrane stress resultants and will
govern the shell design.

Since the problem is statically indeterminate, the equilibrium
equations are dinsufficient for calculating the discontinuity stress
resultants. Additional equations must be provided, and these arise from
consideration of the geometry of structural deformation. Continuity, or
compatibility, at the Jjunctions provides the additional required
equations. The ability to relate deformations to stress resultants is
dore so by the use of Hooke's Law. All these conditions must be
utilized to analyze any elastic indeterminate structure.

The force, or flexibility, method of analysis rests on the basic
principles described which are (1) equilibrium of force, (2) continuity
of deformations, and (3) assumption of a linear force-displacement law.
To develop the force method, each principle will be addressed to show
its sianificance. However, hefore proceeding, a global sign convention

must be established. . The convention to be used is:

(1) Deflections (A) are positive in the direction of the outward

normal tc the shell surface.




(2) Rotations of'the meridian are positive if the vector produced

by crossing the axis of revolution into the axis perpendicular
to it and in the radial direction is out of the plane of the
paper, i.e., follows the right hand rule.
(3) Moments are positive in the same direction as positive
rotations.
(4) Shears are positive in the same direction as positive
deflections.
Figure 2-1 shows an exploded view of a containing vessel comprised
of two hemispherical shells connected to a circular cylindrical shell
submitted to the action of positive generalized discontinuity stress

resultants. Summing forces and moments at each junction gives

My = M, (2-1)
Hy = -H, (2-2)
My = -M, (2-3)
Hy = -H, (2-4)

Figure 2-2 shows the deformations that can'occur due to some type
of external load. The external lcad is called the primary load and the
resulting deformations of each individual shell component are called
primary deflections. Note that since the shell components have been
separated and their respective edges are free to deform, the primary
deflection can be calculated using membrane theory.

Continuity at the Jjunctions not only requires that the primary
deflections and the deflections due to the action of the generalized

discontinuity stress resultants be compatible. If the deflections of




Figure 2-1. Containing vessel submitted to positive generalized
discontinuity stress resultants.

Figure 2-2. Primary edge deformations.




the shell edges due to a discontinuity stress resultants of unit
magnitude are known, then the deflections of the edges could be written
in terms of the unknown discontinuity stress resultants. The
deflections due to unit discontinuity stress resultants are called
influence coefficients. Their development incorporates the use of

Hooke's Law. The notation to be used for the influence coefficients is

eiMj = Rotation at edge 'i' due to unit bending stress resultant at
edge 'j'.

eiHj = Rotation at edge 'i' due to unit shear stress resultant at
edge: 'j'.

AiMj = Translation at edge 'i' due to unit bending stress resultant
at edge 'j'.

A1-Hj = Translation at edge 'i' due to unit shear stress resultant

at edge 'j'.

For the primary deformations

A translation at edge 'i',

oi

i'.

601 rotation at edge

Now the continuity of deflections at all edges can be enforced.

For the vessel shown in Fig. 2-2, the compatibility equaticns for edge

i' of the spherical cap and edge '2' of the cylinder are

Sp * (My)ogMy + (Hy)eqHy = gy + (M5)8,M, (2-5)
- (H2)92H2 + (M3)62M3 + (H3)62H3

Bgp *+ (MDaMy + (Hy)agHy (2-6)
= o (MZ)AZMZ + (H2)A2H2 + (M3)A2M3 + (H3)A2H3




For the junction of edge '3' of the cylinder and edge '4' of the second

spherical cap

803 * (My)8gMy + (H))8H, + (M3)8My + (H3)O4H, (2-7)

=0 .+ (M,)6,M

og * (M8 My - (H

484y

2)a3H, + (M

B)0qMg + (Hp)agHy -

AM, + (H

Bg3 + (My)agMy + (H 3)85M5

31 3)43H;

= Sgq - (M

Equations (2-5) through (2-8) contain eight unknown stress resultants.

Substituting Eags. (2-1)-(2-4) into (2-5)-(2-8) and rearranging

MZ(-elM1 - ele) + H2(- elH1 + 62H2) + M4(62M3) + H4(62H3) (2-9)
= %2 " %01

MZ(' AlM1 + A2M2) + H2( - AlH1 - A2H2) + M4(A2M3) + H4(A2H3) (2-10)
= %02 " %01

M2(e3M2) + H2(92H2) + M4(-e3M3 - e4M4) + H4(-e3H3 + e4H4) (2-11)
= %04 " %03

M2(A3M2) + H2(A2H2) + M4(-A3M3 + A4M4) + H4(-A3H3 - A4H4) (2-12)
= L04 7 %03

Using compact matrix notation
[(fI{FY = {a} (2-13)




where B
[f]
{F}

the global flexibility matrix

the generalized force vector

fa}

the generalized deformation vector.

The solution is given by
F3 = [F17 Ly - (2-14)
A close look at the system of equations in (2-9) thru (2-12) shows that the
flexibility matrix for the first spherical shell element is

- 0,M, - 6,H
[f]e - [ 1" 1 l] . (2-15)

AlMl - AlH1

The superscript 'e' denotes that it applies to an individual shell

element.

The element deformation vector is

-8
{3® =[ 01] - (2-16)
- %01
For the second spherical cap element, the flexibility matrix is
- 6,1.9,H
. 44744 (2-17)
(£l = AM, - 6, H
474 44
and the deformation vector is
[904} .
{a} = ‘ . (2-18)
S04

Equations (2-15) through (2-1€) hold true for any end closures.



The flexibility matrix for the cylinder is

O,My  BoHy  0My 8,H,T

AMy  =BpHy A Mg AM, (2-19)
93M2 93H2 -93M3 -63H3

L A3M2 A3H2 -A3H3 ~ALH

and the deformation vector

%02

{a}e] 29
%03
~Bp3

(2-20)

Equations (2-19) and (2-20) hold for any shaped shell element which is

open at both ends.

Equations of Equilibrium

R surface of revolution is obtained by rotation of a plane curve,
called the meridian, about an axis lying in the plane of the curve. The
plane containing the meridian and the axis of revolution is called the
meridian plane. An element of a shell is cut out by two adjacent
meridians and two parallel circles (see Fig. 2-3). The position of the
meridian is defined by the angle 9, measured from some datum meridian
plane. The position of the parallel circle is defined by the angle made
by the normal to the surface and the axis of revolution. The meridian
plane and the plane perpendicular to the meridian are the planes of
principal curvature and r and r, are the corresponding principal radii

of curvature. The radius of the parallel circle is denoted ry SO the
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Figure 2-3. Free body diagram of a differential shell element with
curvature in two principal planes.
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length of the meridian is r1d¢ andvthe parallel circle is
rode =T sing de . The area of the element is then r{ro sine dédo,

Now consider a free body diagram of an arbitrarily shaped shell
element subjected to a load symmetrically distributed with respect to
the axis of revolution (see Fig. 2-3). From the condition of symmetry, it

can be concluded that only normal stresses act on the sides of the
dqQ
)

element lying in the meridian planes. Thus Ne¢’ N¢e’ M¢e’ Me¢’ _H; and
fﬁg_ equal zero. After these simplications have been made, the equations
de

of equilibrium can be written by first considering the forces in the
direction of the tangent to the meridian. On the upper side of the

element, the force

N¢rode =‘Ner251n¢ de . 5(2-21)

is acting. The corresponding force on the lower side of the element is
dN dr
0

(N¢ + —a% do) (r, + ey dg)ds . (2-22)

Expanding Eq. (2-22) neglecting second order terms and combining with
Eq. (2-21), the resultant is
dr dN .
_0 —4 =_d
N¢ 30 d¢do + & r0d¢d6 i (N¢r0)d¢de . (2-23)
The component of the external force in the same direction is
Pyrqrodeds . (2-24)
The forces on the lateral sides have a resultant in the direction of the
radius of the parallel circle equal to Ner1d¢d6. This has a component

of force in the direction of the tangent to the meridian of

-Nyricoss deds . (2-25)




Summing up Eqs. (2-23), (2-24), and (2-25), the corresponding equation

of equilibrium is

d - 5
% (N¢ro) - Nerl cos¢ + P¢r1ro =0 . (2-26)

A second equilibrium equation 1is obtained by summing the
projections of the forces in the direction normal to the differential
element. The forces acting on the upper and lower sides of the element
have a resultant in this direction equal to

N¢roded¢ . (2-27)
The forces acting on the lateral sides of the element have a resultant
of Ner1d6d¢, which has a component in the direction of the normal to the
element of

Ner1 sing dede . (2-28)
The external load on the element has a component in the same direction
of

Prrlroded¢ . (2-29)
Adding Egqs. (2-27), (2-28), and (2-29) gives the second equation of

equilibrium

N + Nerl sing + Prrlro =0 . (2-30)

s 0

The third and last equilibrium equation is obtained by considering

moments with respect to the tangent to the parallel circles:

dm dr
M o+ —2do)(r +—2ds)de - M

- Merl cos¢ dode - Q¢r2 sing r1d¢d6 =0 .
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Simplifying, this equation together with Egs. (2-26) and (2-30) gives
the system of three equilibrium equations for any shell with two

distinct principal radii of curvatures.

d =
g (Ngro) - Ngry cos o= rQ, + roriP. =0 (2-32)
_ d(Q,r,)
N¢ro *+ Ngry sing + 4y T Perirg =0 (2-33)
. (2-34)
HE'(M¢ro) - Mer1 cos¢ - Q¢r1ro =0 .

Considerable simplification of Eqs. (2-32), (2-33), and (2-34) can
be obtained by introducing two new variables. Take as the first
variable the angle of rotation of a tangent to a meridian. Denoting

this angle V, the quantity is

V== (v+ HE) . (2-35)

U= er¢ . (2-36)
Replacing Eq. (2-32)

ZTrrONqb sing + 2wroQ¢ cosé = 0 | (2-37)
which is the equilibrium equation for a portion of the shell where
05?592 with no external load applied. Rearranging, one obtains

- =..—]L . '
N¢ Q¢ cote > U cote (2-38)
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Substituting this into Eq. (2-33) and taking P. =0,

d(Q.r.) (2-39)
. _ 0
rlNes1n¢ = -N¢ro - ——ai——— >

and noting o = T2 sing,
(2-40)

The membrane forces have been successfully represented in terms of U
which is dependent upon the transverse shear stress resultant Q¢ . Now
V and U may be connected by relating the membrane stress resultants to
the displacements of the element by Hooke's Law. The resulting

equations are

r r r
2 d“U l[d 2 2dt]dU
=== |a (5) coty - S &
1 de ry Lde (rl) e rit de| do (2-41)
_ 1[0 cotly - v - 29 o]y = EtV
A ¢ - v -3 5 ¢ R
and
r 2 r r r
2 4V 1[ d, 2 2 2 dt] dv
5t |37 (7)) + = coty + 3 = 2| o+
F1de? Tplde vy oy r, do| ¢
(2-42)
1 3veotp dt . "1 .2 _ U
rl["' t d¢+r2C°t¢]V“§'
where
g3
i
12(1-v°) (2-43)
E = Young's Modulus
v = Poisson's Ratio
t = shell thickness
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Introducing the notation

r 2 r r
. 2d°(C..) .1 [d 2 | 2 d(...)
L) SPTY: ' [‘”’ ('”1) T Cth’] do (2-44)

Eqs. (2-41) and (2-42) may be represented in the following simplified

fashion.
L(U) +=>U = EtV (2-45)
r
1
L(V) -r—:v - % (2-46)

In the previous discussion, the equations were developed for a
shell with curvature in two principal planes. For cylindrical and
conical shells, curvature is only in one principal plane and r{ goes to
infinity. Introducing the change of variable

dX = r1d¢ R (2-47)
the equilibrium Egs. (2-32), (2-33), and (2-34) become

r.d
1
Tdx (ero) - Ngry cose - rgQy +rgriPy = 0 (2-48)
. rid(Q,rg)
ero + Ner1 sing + Ix + Pzrlro =0 (2-49)
r,dM.r_)
1 X 0
| dx - Ngry cose - Quryry = 0. (2-50)

(See Fig. 2-4.)
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1
Multiplying Egs. ( 2-48), ( 2-49) and (2-50) by ;I, letting r, approach

infinity and noting ¢ equals =/2, they become

an,) +P =90 (2-51)
dx 9
d(Q,)r

N + =g+ Ppro = 0 (2-52)
d(M,) ]

x "% =0. (2-53)

Influence Coefficients

The equations of equilibrium can be solved to determine the
necessary elements of the flexibility matrix. The elements are commonly
called influence coefficients. They will be developed for the same two
general cases for which the equations of equilibrium were presented.
The first case will be for shells which have only one principal plane of
curvature, i.e., cylindrical and conical. The second case will be for
shells with two principal planes of curvature, i.e., spherical and
ellipsecidal.

Cylindrical and Conical Shells. The equations of equilibrium for

cylindrical shells are

d(N, ) :
+ =
dx g = 0 (2-54)
d(Q )r
Ve =g P,re =0 (2-55)
d(M, )
x "% =0. (2-56)

18



Assuming that the external forces consist of only a pressure normal to

the shell (Egs. 2-54, 2-55, and 2-56) reduce to

d(NX) -

dx (2-57)
4(Q,) ]

Ng + —— * Pyry = 0 (2-58)

d(MX) i

dx - QX =0. (2-59)

Equation (2-57) indicates that NX is constant and assumed to be zero.
If Nx is other than zero, the deflections and stresses can be easily
calculated. The remaining two Egs. (2-58) and (2-59) contain three
unknownss Ne ,QX , and Mx‘ Since the problem is indeterminate, the
deflections of the middle surface must be investigated. This problem
can be simplified since the displacement in the circumferential
direction 6 (Fig. 2-4) vanishes because of symmetry. Thus only the
components in the axial and radial directions, u and w respectively,
must be considered. The expressions for the strain components are:’

e, =y (2-60)

=W
b r (2-61)

where r = rs for cylindrical and conical shells. Applying Hooke's Law,

_ Et _ Et du w _
Nx = ) 5 (ex + V€¢) =T (a; T v) =0 (2-62)
-V 1-v
= Et = Et - ﬂ d_u ’
Ny 12 (€¢ +vey) I (- %+ dx) : (2-63)




From Eq. (2-62)

du _ ww _
dx r (2-64)

substituting Eq. (2-64) into Eq. (2-63) gives
- _ Etw .
N¢— - (2-65)
Again from symmetry, it.can be concluded that there is no change in the
curvature in the circumferential direction (6). The curvature in the

2
axial direction is --QJ% .1 The expressions for the bending moments

dx
become
M = W (2-66)
8 X
d2w
Mx = -D . . (2-67)
dx

where D is given by Eq. (2-43). Solving Eg. (2-59) for Q, and
substituting this quantity along with Egqs. (2-67) and (2-65) into
Eq. (2-58) yields

2
¢ o dM LEE, p . (2-68)
dx2 dx2 r2 2

If the thickness is constant, the simplified notation can be introduced

4 _Et
5 TED T 2.2 (2-69)

and Eq. (2-68) becomes

4 P
W + 484W = i; . (2‘70)

[oN

~

dx

Hence, all problems of symmetrical deformation of a circular cylindrical
shell are reduced to the integration of one fourth order nonhomogeneous

differential equation.
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The general solution to Eq. (2-70) is

W = eBX(A1 cos BXx + A2 sin B8x)

-B8X (2-71)
+e (B1 cos Bx + B, sin gx) + f(x)

where f (x) is a particular solution dependent on the load term Pz’ and

Al’ A

conditions.

0 Bl’ 82 are constants of integration dependent on the boundary

As discussed earlier, the influence coefficierts are the effects of
a uniformly distributed unit moment and unit transverse shear stress
resultants. Assuming that the shell is sufficiently long so that the
end effects are independent of each.other, the boundary conditions which

must be satisfied are

4w

MX=-D?=MO, (2-72)
3
_dMx) _ 9wy
Q, = 45 D€ = Qg (2-73)

at x = 0. Therefore, the influence coefficients are independent of any
external load. Substituting Eq. (2-72) and Eq. (2-73) into Eq. (2-71),

and setting A, = A, = f(x) = 0 gives

(@]
w
#
wlo—-
—
O
(o]

+
>
=

o
s

(2-74)

cy =ty (219
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The final expression for w becomes

-8X
W = & [BMO(sin BX - COS BX) - Qo cos BX)-I . (2'75)

28%
The slope of the meridian is given by differentiating Eq. (2-76) with
respect to x. Substituting x = 0 into Eg. (2-76), and into the

derivative of (2-76) with respect to x along with alternating Mo = 1,

Q, = 0, and then M= 0 and Q_ = 1 gives

oM. = =5 (2-77)

8.0, = — (2-78)
iti 282D

b M. = ——%;— (2-79)
28%D

8,05 = EE%E (2-80)

which are the respective influence coefficients for a circular cylinder.

Conical shells also have curvature in only one principal plane.
Thus, the results obtained in Eq. (2-76) through Eg. (2-79) can be
extended to accommodate them. Figure 2-5 shows the notation used to
define open and closed conical shells. Noting that the principal radius

of curvature can be expressed by o =X cot o, then

G4 - 3(1-v9) i
=2 2 .2 . (2-81)
X~ cot at

Substituting Eq. (2-81) into Eq. (2-77) through Eq. (2-80) gives the

influence coefficients for a conical shell.
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Figure 2-5. Notation for conical shells.
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Spherical and Ellipsoidal Shells. The most common geometric shape

of a shell with curvature in two principal planes is the hemisphere. It
is used extensively in pressure vessel design and to enclose large
structures. Accurate solutions to the governing equations can be very
laborious; therefore, several approximate procedures have been developed.
Because of simplifications introduced in these approximate methods, the
results are not accurate for all types of spherical shells.?

One of the approximate procedures is the method of asymptotic
integration.? This method combines the two second order differential
equations (2-45) and (2-46) into one fourth order equation which has

solution given by:?!

-1 B9 :
Q¢ SN & (C1 cos B¢ + C, sin Bd )
(2-82)
+ e'8¢(C3 cos 8¢ + C, sin o)
where
4 2 12r2
487 = (1 - ve)(1 + 5 ) (2-83)

t

Noting that the equilibrium equations (2-45 and 2-46) can be rewritten

as
2
d=q dqQ
® 4 cot¢-——9 - (cot2 6 - v)Q, = EtV (2-84)
' 2
2 rQ
g~% + cote %M - (cot2 b + v)V =-754£ . (2-85)
do ¢
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For thin shells B is very large; therefore, successive derivatives of
Eq. (2-82) become very large. This indicates that a satisfactory
approximation can be made by neglecting the terms containing 0¢ and V
and their first derivatives. The simplified equations can be combined
eliminating V which gives
4
— 4"Q =20 (2-86)
dé ¢
where
4 _ 2y 0\ 2
The general solution is similar to Eq. (2-71) and is
Q = Cleu cos u + C, e sin u + Cy e™ cos u
- (2-88)
+ C4 e " sin u
where
o= A0 (2-89)
and Cl’ C2, C3, C4 are constants of integration dependent on the

boundary conditions. This method is good for large values of g and is

commonly referred to as Geckeler theory.®
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For small values of g or 95 Fig. 2-6, the accuracy of the above
procedure diminishes., Shells of this nature are referred to as shallow
spherical shells. Accurate solutions can be obtained to the governing
equations by use of hypergeometric series.? However, it is cumbersome
to use for this type of shells because of slow convergence. Therefore
Baker and Cline® developed one approximate method which gives accuracy
comparable to the Geckeler theorv for nonshallow shells and to the
methods by Flugge? for shallow shells. The total development of the
method will not be described, but only the necessities for its
application.

Introducing the variable

W =v(¢) n (&) (2-90)
where

2 r |
£(o) = [ﬁ(l—zv—l] [° wtig o (2-91)
u
t 0 2
1 r
- o _1(u)
¥ - d -
(¢) [FET$7—§THE_ ]2 Pz(u) u] (2-92)
allows the U and V to be written as
U=v(s) [AR" +8BI"] (2-93)
V= k7le(e) [AL - BR7] (2-94)
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Figure 2.6. Notation for Hemispherical Shells.
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where B
2
Et
k = ——rn (2-95)
and R = berg, I = bei¢ for a "closed" shell and R = kerg, I = keig for

an "open" shell. R and I are called Thomson functions and are discussed
in Appendix B. Substituting Eqs. (2-91) and (2-92) into expressions of
the transverse shear stress resultant Q¢, the radial displacement A and
the meridional bending moment resultant M¢, which are in terms of U and

V,? one can obtain the following quantities for the influence

coefficients
r23/2 sin2¢
T e 72 fu (2-96)
rzsin¢ :
eiHi =AM, = Koo (2-97)
oM - Etr2

" = 7372 K20 (2-98)
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K's are only dependent on and which are the only parameters which
must be specified for different geometries.

For spherical shells ry = r, = r; ¥(¢) = 1 and

Etr'l/2

ko

[

g (2-103)

Figure 2-7 shows the notation used for ellipsoidal shells. The

required parameter &, is

Etrob
£=—— atE(n,a) ~ (2-104)
k-a
where
a2
2
nf=1-2 (2-106)
a
tana = %-tan¢ (2-107)

and E(n,q) is the elliptic integral of the second kind (see Appendix C).

Stiffening Rings. Stiffening rings are widely used as an integral

part in multishell structures. They reduce stresses in domes when
support tangent to the meridian is impossible and prevent buckling in
vacuum or externally loaded vessels.

Figure 2-8 shows a portion of a stiffening ring subjected to a
uniformly distributed radial force and moment. The radial force Ho’
acting through the centroid, causes a constant circumferentiai force, T,

in the ring of
m/2

T = H, j rcos dg = Hr (2-108)
0




et " — ]

Figure 2-7. Notation for Ellipsoidal Shells.
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Figure 2-8. Free body diagram of a stiffening ring.
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and a circumferential strain of
_ T -
€ TR (2-109)
r
which gives a radial deflection of
2
r© H
bt =0 (2-110)
A r
r
For a uniformly distributed radial moment My, acting about the
centroid, the reaction is
/2
MX=2£ Mgr coso ds = 2 Mr . (2-111)
The circumferential strain is
M.ry
8
e. = (2-112)
c E Ir
where y = d/2
which gives a radial deflection of
r?y Me
b= FT (2-113)
r
and a rotation of
2
rm
_sr L9 _
6 = y £, . (2-114)

Figure 2-9 shows a ring cross-section subjected to positive
aereralized discontinuity forces. By observation, one may conclude that

the rotations at edges 1 and 2 caused by M1 and M2 are

§.. = =——L . i, j=1,2 (2-115)




Y2
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M

/ 1
< \
IDEALIZED

ia) ’ JOINT

(b}

Figure 2-9. Cross section of a stiffening ring subjected to edge
discontinuity forces.
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If the shear force, Hl’ is replaced by a force and couple at the
centroid as shown in Fig. 2-9(b), the resulting rotations and

deflections are

Hl(d/2)r2

2
r H1 Hl(d/2)(d/2)r

T ER R (2-117)
H, (a/2)r?
%17 " TET. (2-118)
.
rH, Hl(d/Z)(d/Z)rz
‘20 TER T ET (2-119)

If the shear force at edge 2 is replaced by a force and couple

acting at the centroid, the corresponding rotations and deflections are

2
8, = Hay ot (2-120)
E I
Hzr szzylr2
A, = - (2-121)
12 E Ar E Ir
2
sz r
_ 2
Y227 E I, (2-122)
r H2 szzylr2
boo TFE. T ET (2-123)
] r r
If H = H, =My =M, =1, then Eqgs. (2-115) through (2-123) yields the

influence coefficients.




Closed Flat Circular Plates., Since a shear perpendicular to the

axis of revolution has a negligible effect on a flat plate, only the
effects from the bending moment need to be calculated, Fig. 2-10. The

rotation of the edge of a simply supported circular plate® is given as

N (2-124)
- D(1 + u
|
ro—
yAY JAN M.

Figure 2-10. Flat circular plate subjected to edge moments.




IIT. PROGRAM ORGANIZATION

Subroutine Functions

ALSHEL is a series of subroutines which will calculate primary
displacements and influence coefficients, assemble them into a global
system of equations and solve for discontinuity forces. The geometries’
included are circular cylindrical shells, open and closed hemispherical
shells, closed ellipsoidal shells, open and closed conical shells,
stiffening rings, and flat circular plates. GRAPH takes the output from
ALSHEL and plots the meridional deflection and rotatior, and the appli-
cable force resultants as a function of the respective meridional
length.

A11 subroutines in ALSHEL and GRAPH are named for the function that
they perform. For example, subroutine CYLIND calculates primary dis-
placements and influence coefficients for a circular cylindrical shell
and subroutine ASSEMB assembies the individual displacement vectors and
influence coefficients into a global system of equations. The following
is a complete 1ist of the subroutines in ALSHEL and their function:

(1) MAIN Reads the necessary data to describe a structure and

determines the order of operations.

(2) CYLIND Calculates influence coefficients and primary

displacements caused by hydrostatic pressure and
uniform pressure loads for circular cylindrical

shells.
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(5)

(8)

SPHERE

HEMI

CLSCON

OPNCON

PLATE

ELLIPS

ASSEMB

(10) INVERT

(11) RITEIT

(12) GAUSS
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Calculates influence coefficients and primary
displacements due to uniform pressure for open crown
spherical shells,

Calculates influence coefficients and primary
displacements due to uniform pressure, horizontal
projected and weight loadings.

Calculates influence coefficients and primary
displacements due to uniform pressure for closed
conical shells.

Calculates influence coefficients and primary
displacements due to uniform pressure for open
conical shells.

Calculates influence coefficients and primary
displacements with uniform pressure loading for flat
circular plates.

Calculates influence coefficients and primary
displacements with uniform pressure loading for flat
circular plates.

Assembles the element influence coefficients and
primary displacements into a global system of

equations. ASSEMB is called by subroutines (2.)- (8.).

~ Inverts the global flexibility matrix and multiplies

it by the global displacement vector.
Writes the results into RESULT.DAT and GRAPH.DAT.

Evaluates the elliptic integral of the second kind

by the six point Gaussian Quadrature method.
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(13) KELVIN Evaluates the Thomson functions. KELVIN is called
by subroutines SPHERE, HEMI, and ELLIPS.
A1l subroutines which calculate influence coefficients and primary
displacements write the element results to files with the same name as

the subroutine with a .DAT extension.

Program Usage

A structure's geometrical and loading configuration is described by
four letter words in a file called ALSHEL.DAT. This file is used by the
main parts of ALSHEL and GRAPH to determine the order of necessary
operations.

A minimum of nine (maximum of ten is available) four letter words
is necessary to describe a structure. They are followed bv a line of
data which describes that particular feature of a shell. The following
list gives the four letter words and their duty (they alsc appear in the
recommended order in which they should be in ALSHEL.DAT):

(1) TITL - job or structure title
(2) NUMB - total number of individual elements
(3) TYPE - the type of elements that comprise the structure
designated as
1 - open spherical shells
2 - circular cylindrical shells
3 - closed hemispherical heads
4 - cpen conical sections
5 - flat circular plates

6 - closed conical heads
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7 - closed elliptical heads

8 - stiffening rings

(4) RAD1 - larger radii measured perpendicular to the axis of |
revolution
(5) RAD2 - smaller radii measured perpendicular to the axis of
revolution (note that this module is necessary only
for open spherical and conical shells)
(6) LENT - axial length of a shell element
(7) THIC - shell thickness
(8) LOAD - type of loading designated as
1 - uniform pressure
2 - hydrostatic pressure
3 - weight
4 - horizontal uniform Tload

(Note 1 is applicable to all shell elements while 2
is only applicable to cylindrical shells; and 3 and
4 are only good for closed hemispherical heads)

(9) PRES - maximum pressure

(10) MATR - is followed by two lines of data, the first of
which is Young's modulus and the second is
Poisson's ratio.

Each of the data is stored in an array of the same name and the

results are contained in RESULT.DAT. Several examples have been

provided for clarification.
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Example Problem

Example 1. Determine the generalized discontinuity forces
shown in Fig. 3-1. The vessel is all steel with a Young's Modulus of
30 X 106 psi, Poisson's ratio of .3 and a uniform internal pressure of
500 psi.

Solution: The vessel is comprised of seven different types of

be input into ALSHEL from left to right, but since they are
vertical, they must be input from bottom to top. The
following is the required data file:

TY ALSHEL.DAT

TITL

**********EXAMPLE NO. 1*********
NUMB

7.
TYPE

7212426

RAD1

24 24 24 12 24 24 24

RAD2

12

12

LENT

12 50 20.8 30 30 50 15

THIC

.75 1.5 .75 1 1.25 1.5 1.875

LOAD

1111111

PRES

500 500 500 500 500 500 500

MATR
30E06,30E06,30E06,30E06,30E06,30E06,30E06
3.3.3.3.3.3.3

|
|
|
|
|
shells. If the axes of revolution were horizontal, they would

Note that only two values are needed for the RAD2 modulus for the open

conical and hemispherical shells and are input in a column instead of a

row.
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Figure 3-1. Pressure vessel comprised of various shell
geometries.
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The following are the results calculated by ALSHEL:
TY RESULT.DAT
*kkk kX EXAMPLE NO . 1*dodskokdoksk
ALL MOMENTS AND SHEARS ARE IN GLOBAL X-Y COORDINATES
MOMENTS ARE IN (IN-LB/IN) AND SHEARS ARE IN (LB/IN).
ELLIPTICAL END
MOMENT SHEAR
940.7 -434.6
CYLINDRICAL SHELL

END 1 END 2
MOMENT  SHEAR MOMENT  SHEAR
-940.7 434.6 73.7  68.0

OPEN CROWN SPHERICAL SECTION

END 1 END 2
(LARGE END) | (SMALL END)
MOMENT  SHEAR MOMENT SHEAR
-73.7 -68.0 -4042.3 -6412-4

CYLINDRICAL SHELL
END 1 END 2
MOMENT  SHEAR MOMENT  SHEAR
4042.3 6412.4 89.2 -2.2
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OPEN CONICAL SECTION

END 1 END 2
(SMALL END) (LARGE END)
MOMENT SHEAR MOMENT SHEAR
-89.2 2.2 -127.0 -107.4

CYLINDRICAL SHELL

END 1 END 2
MOMENT SHEAR MOMENT SHEAR
127.0 107.4 1090.1 99.5

CLOSED CONICAL HEAD
MOMENT SHEAR
-1090.1 -99.5

Figure 3-2 shows an exploded view of the structure with the moments
and forces acting 1in the proper directions. The maximum shear and
moment is at the junction of the small end of the open crown spherical
shell and the cylindrical shell. Figures 3-3 through 3-15 show the
effects of the discontinuity forces for the two respective shells.

These plots are available for all geometries except ellipsoidal heads.
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Figure 3-2. Free body diagram of example one.
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Example 2. Determine the discontinuity forces in the water
storage tank shown in Fig. 3-16. All componerts are steel with a
Young's Modulus of 29 X 106 psi and a Poisson's Ratio of .3.
Solution: The vessel is comprised of a cylindrical shell
connected to a stiffening ring and closed hemispherical head.
The primary Tloads are a distributed weight over the
hemispherical head which is reacted to the stiffening ring and
a linearly varying water pressure acting on the cylinder. The
weight of the hemispherical head is 1000 1b/ft2. The
following is the required data file for ALSHEL (note the units

and the load type number):

TY ALSHEL.DAT
TITL
*xkkkkREXAMPLE NQ. 2%%kkkxx

NUMB

3

283

RAD1

531 531 531

LENT

264 17.5 132

THIC

586

LOAD

223

PRES

9.53 6.94 6.94
MATR

29E06 29EC6 29E0Q6
.3.3.3.3.3.3.3

Figure 3-17 illustrates how ALSHEL models the dome-ring-cylinder joint.
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The following results were calculated by ALSHEL:
TY RESULT.DAT
*******EXAMPLE NO . 1*******
ALL MOMENTS AND SHEARS ARE IN GLOBAL X-Y COORDINATES
MOMENTS ARE IN (IN-LB/IN) AND SHEARS ARE IN (LB/IN)
CYLINDRICAL SHELL

END 1 END 2
MOMENT  SHEAR MOMENT SHEAR
-8876.2 -413.0 6549.4 -136.6

STIFFENING RING

END 1 © END 2
MOMENT  SHEAR MOMENT SHEAR
-6549.4 136.6 16019.1 -1717.0

HEMISPHERICAL HEAD
MOMENT SHEAR
-16019.1 1717.0
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IV. CONCLUSION

ALSHEL AND GRAPH have proved that they can determine the
discontinuity forces 1in a wide variety of multishell structures.
However, several improvements could be made that would improve their
computational efficiency and applicability.

The most obvious addition would be to expand their geometric and
loading capabilities. For instance, open crown ellipsoidal shells,
plates with holes in the center and parabolic shells are commonly used
in practice. The ability to allow for more than two shells at a
junction would also be helpful. Additional Toading configurations might
include wind loading, thermal loading, support considerations, and the
ability to perform dynamic analysis.

To improve computational efficiency, the method described by Baker
and Cline could be incorporated for cy11hdrica1 and conical shells,
This would decrease the number of subrodtines. Also, the ability to
analvze shells of variable thickness could be easily added. The ability

to input multiple data in a single statement would also be valuable.
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APPENDIX A
EQUATIONS FOR PROGRAM GRAPH




The equations incorporated into program GRAPH are based on the
solution to Eq. (2-70). With the appropriate change of variable [6],
these can be applied to all geometries with sufficient accuracy for
plotting purposes. The general solution to Eq. (2-70) can be written as
combinations of trigonometric and hyperbolic functions. The necessary

combinations have been tabulated for convenience in Table A.1.

Table A.1. Trigonometric and Hyperbolic Functions

i F_i

1 sinh (n) - sin (n)

2 sinh (n) + sin (n)

3 sinh(n)cosh(n) + sin(n)cos(n)

4 sinh(n)cosh(n) - sin{n)cos(n)

5 sin (n)

6 sinh? (n)

7 cosh(n)cos(n)

8 sinh(n)sin(n)

9 cosh(n)sin(n) - sinh(n)cos(n)
10 cosh(n)sin(n) + sinh(n)cos(n)
11 sin(n)cos(n)

12 sinh(n)cosh(n)

13 cosh(n)cos(n) - sinh(n)sin(n)
14 cosh{n)cos(n) + sinh(n)sin(n)
15 cosh(n)sin(n)

16 sinh(n)cos(n)

17 exp(- n cos(n))

18 exp(- n sin(n))

19 exp(= n(cos(n) + sin(n)))
20 exp(- n(cos(n) - sin(n)))
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Cvlindrical Shells

Equations (A.1) through (A.11) show the appropriate solutions for
circular cylindrical shells with positive edge disturbances, Figs. A.1l
(a) and (b). For cylindrical shells |

n = x8 (A.1)
where x = 0 at edge one and x = L at edge two. When the trigonometric
functions are not shows as a function of n, then x = L has been
substituted.

For loads applied at edge one

M8 v Fa(n)T
N6= - ? - F2F7(n) + F3F10(n) °TF. (AZ)
1
H128r r 1
M . F,(n)
Moo= 1 [ Z
Hx = Fl F2F8(n) - F3F9(n) - F1 J (A.3)
H1
Y {'F4F10(”) - Fgfyaln) + F6F15(”)]
BM1
Q, = —F; [FZFIO(n) - 2 F4Fg(n) + F8(n)] (A.4)

H
YE, [F4F1o(”) * FgFygln) - F6F14(H)J

Fy
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Figure A-1. Circular cylinder with positive discontinuity
forces.
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M)
A = - 2
X 2D g°F

{- FoF(n) + FoFyo(n) - —F
1

H
1
+__?,_[Fzﬁ(") - FgFys(n) - FeFygln) ]

8%,

M Fonn)
| 100 A.6
8, = 7 BFl{FZFg(n) + 2 FoFo(n) - F ] (A.6)
My
- “"—2_{F4F9(”) + Fgfpgln) + F6F13(”)]
2D 8 F1 :

For loads applied at edge two

?
M, 28°r
M A.7
Yo~ =, [‘ 2 FgFyln) + F10F10(")] (.7)
H, 28r
* —F—I—[' Faf(n) + F8F1o(")]
M

Mo=L1l2F Fa(n) - FlOFg(n)} (A.8)

X F 8




(A.11)
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Open and Closed Hemispherical Shells

Equations (A.16) through (A.33) are the appropriate solutions for
open and closed hemispherical shells with positive edge disturbances

(Figs. A.2-a and A.2-b). For spherical shells

8% = 3(1-18) (r/1)? (A.12)

n = ga (A.13)
and

‘s oy - 4 (A.14)

For factors not written as a function of n
O =6y - by - (A.15)

For loads applied at edge one

Hlsin¢1cot¢
s [F1F o) - Ff ot + FoFg(n)] (A.16)
M,2scote
- [F6F15(n? + FeF o(n) - F3F8(n)].
Hlesin¢1
Ny = [: FiFg(n) = 2F,F (n) + F2F10(n)] (A.17)
et T (n) + FeFoa(n) = FoF. o
rF [ F6F1a 513"'310”)].
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Figure A-2. Open crown hemisphere subjected to positive
discontinuity forces.




le sinq)1

M, = T[ FLFyo(n) + 2 Fyfgln) - F2F9(n)J

=

‘ F—i [F6F13(n) - FgFpgln) + F3F9(n)]

Mg = VMo
Hlksin¢ sing,8
M 282 sing
bR E () + Fofpa(n) - FoF (0]
EtF, 614 5713 3710
H1282 sin¢1
TR [F1F8(”) " Foyrrs(n) - F3F7(”)]

Mag3

For loads applied at edge two

i M22 cote

-=— Voo
Y =T [F8F1o(”’ FlOFS(H)}

H2 cote sin¢2 r
- 2 [FgFlo(n) - 2 FgFgl(n)

| IR |

M28° ¢
Mo = TrF [‘ 2FgFy(n) + F10F10(”)}

F

| H22851n¢2
1

F9F7(n) + F8F10(ni

(A.19)

(A.20)

(A.21)

(A.22)

(A.23)

(A.24)
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M, = vM

A(b:.-

+

M

2

4 63

1

2
H251n¢22 B

ETF [FgFg(”)

1

(n)J

+ 2 F8F

M,28
rFl (T F8F10(n) + F10F8(n)]
H251n¢2
F [F9F10(n) -2 F8F8(nﬁ
M= =22 FoFo(n) - FroFoln)
F 1% Fafs 1079
H, sin¢
2 STN%,
F e [Fng(") - F8F9(”)}
M,28%sins
EtF, [‘ 2 Fgfzln) + F10F10(”)}
2H2 sin¢2r Bsing
EtF, [F9F7(”) - F8F1o(")J

7(n)]

(A.25)

(A.26)

(A.27)

(A.28)

(A;29)
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Open and Closed Conical Shelis

The solutions for open and closed conical sections are given by
Eqs. A.30 through A.42. For conical shells, n is given by Eq. (2-82) and
n = X8 (A.30)
Again, factors not shown as a function of n have been evaluated at x = L

(see Fig. A.3).

M12 gcota
Mg = +-——7;;———— [F6F15(n) + FeFogln) - F3F8(nﬂ (A.31)
H1COSa r
- - )
o [Ff(n) - Fafplm) + Fst(")]
M126271 cota A3
, 2
Ny = - . [F6F14(n) + FgFya(n) - F3F10(n)] (A.32)
H1Y1C05a
- [Fng(n) £ 2 FyFo(n) - FzFlo(n)]
"
" [F6F13(") - FgFyqn) F3F9(")]
H1 sina
M, 28
0 = +-7;I—— [F6F15(n) + F5F16(n) - F3F8(n)]
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Figure A-3. Conical shell subjected to positive
discontinuity forces.




For loads

Ml Sina
- ——— |F_F,,(n)
2% | [ 6 14
H1 sinza
S
4Dg F1
M
T [F6F16(n) -
H1 sina

2Dg 1

applied at edge two

+ FoF

MZZBCOta
[ 8 10

910!

2 F

+

) o+

FeF

5

(n)

n)

8ty

F5F13(n) - F3F10(n)]

2 F,F,(n) - F2F10(n)]

15(n) - F3F7(”)}

- [ FiFa(n) + FyFgln) + F2F7(n)]

-

- F1oFgln)

-

+ 2 F8F8(n)

-

-

(m) - Fygfyoln).

-

cosa
F [‘ FgFy(n) + F8F10(")]

(A.35)

(A.36)

(A.37)

(A.38)
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(A.41)

(A.42)
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APPENDIX B

THOMPSON FUNCTIONS




Equations (2-46) and (2-47) can be written in the following form
[21:
o]
LIL(U) + iw2U] - 1u2TL(U) + i)

it
(e
—

o

—
~—

LIL(U) - ix2u] + iu2LQ) - iu2u]

H
o
—
(o]
N
~—

which indicates that solutions to the second order equations

L(U) + iuU

L(U) - iU

] H
(an] o
— —
oD (o]
= w
~— ~—

are also solutions to (B.1) and (B.2).

Introducing the variables

n=yyi = 24 -% (B.5)
= X
m=Uqf (B.6)
Eq. (B.3) can be written as
2d%n  dn, 2
nt = +n gt (hn“-1)m=20 - (B.7)
dn m

The solutions are Bessel's functions of the first order of m

i - (5.8)

m = AJl(n) + BH




These are related to the zero order functions by

3 (n) = d—jgiﬂl (8.9)

Hi = d o' (n (B. 10)

The real and imaginary parts of Jo and Ho(l) can be considered as real

functions of y, or
Jo(n) =Jo(y 1) = ber(y) - i bei(y) (B.11)
HoM (n) = HolM(y 1) = - 2 (keiy) + 1 ker(y) (8.12)

Differentiating with respect to n and separating real and imaginary

parts gives

Jy(n) = l-(bei’(y) - ber”(y))+ i(bei“(y) + ber-(y)) (B.13)
Hl(l)(n) = % (ker”(y) + kei“(y)) + i(ker-(y) - kei“(y))  (B.14)

where bei, ber, ker, and kei are the Thomson functions and the prime

denotes differentiating with respect to y.
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The Thomson functions can be represented by the following series

ber(y) = 1 - (@t @° @,
(1) (an)? (6)?
2 6 10
: _ (9) (g)
b = - + -
T 0 T 2 ()2
ker(y) = - (In(g) + C) ber(y) +-% beily) - ay + xg + - - -
kei(y) = - (In(g) +C) bei(y) - 7 ber(y) + 2 - g =+ -
. 2(9)3 4(g)” (g 1
b - - + - +
W T a2 (e
I ) M 10 L1 () R
P2 T a2 ()2
ker“(y) = - (In(g) + C)ber”(y) - (Fber(y) + 7 bei(y)
SRIPI IS
kei“(y) = - (In(g) +©) bei(y) - (Hbeily) - § ber(y)
AT - AT

(B.

15)

.16)

.17)

.18)

.19)

.22)



>
\
L]

(gp]
]

o]
n

2k
A =Lﬂ_(1+%+%+.,,1) (B.23)

0.57721

Y
2

Figures B.1 through B.4 show the characteristics of the Thomson

function.

This series is taken out to K = 8 in subroutine KELVIN.
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Figure B-1. Characteristics of ber(y) and bei(y).
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APPENDIX C

NUMERICAL INTEGRATION FOR ELLIPTIC INTEGRALS



In the solution for the influence coefficients of ellipsoidal
shells, evaluation of the elliptic integral of the second kind is
required. One of the most accurate and simplest rumerical schemes is
the method of Gaussian Quadratures. Instead of dividing the region into
several intervals and approximating the area of each interval, Gauss
considered the problem of determining which values of an integral should
be chosen to give the greatest possible accuracy. For example, for a

given definite integral

b
I = J’ f(X)dX C.1
a

what values of X should be chosen and at what intervals to give the
greatest accuracy? Gauss determined that if "n" points were chosen,
they should not be equally spaced but should be symmetrically placed
with respect to the mid-point of the region. If the region fs the
svmmetric, then the ratio of the spacing would also be syhmetric.
Therefore, the limits of integration are taken from -1 to +1 for any
function. For instance, if a change of variable of
x(r) = 1/2(b-a)r + 1/2 {(b-a)
is introduced, then
f(x) = £ [1/2(b-a)r + 1/2(b-a)]  (r)

and noting from C.2

dx = 1/2(b-a) dr

then C.1 becomes

+
1= 1/2(b-a)f1 f(x{r))dr
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Gauss showed that

+1 n
[ f(x(r))dr = ¥ W. @ (r.) C.6
V-1 i=1

where W, are weight functions (or ratios) and r; are the associated

abscissae for n points in the interval (-1, +1). For n =6

17T

0.9324695142

0.6612093865

0.2386191861
and

0.1713244924

=
1

=
1

0.3607615730

=
i

=
1]

Wy = W 0.4679139346

4
The elliptic integral of the second kind is
Ek,8) = [® 1-k%sin%p dp e

0
where

k = sinw . C.8

If the change of variable

X+1
¢=£T& ‘ C.9

is introduced, Eq. C.7 becomes

1
E(k,0) = /~ 1-k% sin iﬁiégl«% dx C.10
L

which is in suitable form for Gaussian Quadrature.




APPENDIX D
FORTRAN LISTING OF ALSHEL
AND GRAPH



ubeCquLLyb;LucCuLCLCLCC-LyuLLCCCCCCCCCCCCCCCCCCCLCCCCCCCCCC

PRToRAM ALSHECL 9Y: BRIAN G. SMITH

OO0 o0

ALSHEL IS A MULTY PURPCSE PRUGRAM T3 CETZRMINE
JISCUNTINULITY FORCES IN MJULTISHELL STRJCTURES.

[aNaN e NN aNaN al el

;LCCCCCCCLCC»CLCLCCLCCu»CLCCCC»CCCCCCCCCCCECCCCCCCCCCCCCCCCC

OO OGO OO OO0 OO

[4

oo

CAMINS LT JTFMAT(DJvSJ)vJEFLEC(SO)1(9(50)12”(5002)0?[E(50)
C;V4uh/;~nAYi/lTYPE(lO),RADL(LO)yRADZ(LJ).XLENT(LJ).LQAO&LO).
b4 PRES(LJ).THIC(SU),xNu(LO)yE(LO),ELJ&LF(4),C(SO),

$ FLEX (994
CQM*;M/CLATS/HI;:CAQER,NJ?ELE,C:UNT,IUIH
CEMINSIC, NAMES(LO,TITLE(20)

JATA xA?ES/»ﬁTiTLthNuMByﬁHTYPE.&HRLOlr#HQADZ,

5 +ALENT y4HTHLIC y 4AL0AD » 4HPRES y 4HMATR/

Gy F il Z=  ALOHEL L UAT L OEVICE='ISK )

-~

JPZiN{gi

T=24,
JPEW\UNAT=Lle1LE='CYL1NJ.JAr'DDEVICE=‘JSK')
uJEu(Jn1T=L1.FIL£='3PH¢RE.JAT',DEVICE='DS&')
;PEJ(UN{T=ZL,F£L5='AsSEMa.DAT',OEVILE='USK')
AR:N(UNIF=ZJ,F1LE=‘HE*l¢JAr'vQEfxC5='aSK')
uPEh«JkIT=Z»yFILE='[NVEAT.J&T'1JEVICE='DSK')
VHEh;uniT=25yF{LE='LPNC;H.DAT',OEVKCE='DSK')
JPEH(JHIY=ZQ,FlLd='PLATé.DAT',OEVICE=‘OSK')
JPEA‘J“1T=27vrlLE='LL5;QN-DAT'yOEV[LE='OSK')
QPEH&JmiT=2o,FiL5='RIAG.JAT',JEVIC&=‘OSK')
VPEwtthT=EJ,FiL£='RESULT.JAT',JEV[CE='JSK')
gPiW(JNLT=31,FiL:='uAAPH.JAT',GEVICE=‘QSK')
uPEN(JNIT=321FILu='iLLIPS.3AT'1OCVICE=‘DSK‘)
:95«(JALT=33,FILE='qAJSS.JAT',OEVICE='DSK')
QPEu«uNLT=34,FILE=‘K£LV1N.JAT',DEVICE='DS&')
Pl=5.lal3%20354

“udNT=0.2

Ypos3r3 2219
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~OOOOOC

220

IR OOOOOOO0
5«

-

2uad
23029

NGOV O ¢

OGO

J790

W N OO
9]
(2
(@]

[3Y]

Y ¢

READING JOB TITLE

RZAD(23,45010) TITLE
~RITE(24,5020) NaME
~RITE(30,5330) TITLE

K& ADING NUMEER COF SHELLS

CONTINUE

REAL(20,%) NUMELE
[OIM=2 e FnUMELE+2,
MN=T

A=

A=K +]

{FIR.GTORN) 3CTG 214w
REAL(20,30C0) NAME

330 2040 Il=3,10

IF{NAME.EJ.NAMES(I])) GGTQ 2050

CUNT iNUE
M=[[-2

oo TU(2063+2070,2080,2C909210052110,212092130)+M

(le) READING THE SHEZLL TYPES

CONTINUGE :

REAU(2Us =) o (ITYPE(J) yd=1 NUMELE)

sCTC L

(2.) RARZACING THE PRIMARY RACII

CUNT [NUE

REAS(20,2) , (RADL(J)yd=1,NUMELE)

SO0TC L

{3.) KEADING ANY SZCUNDARY RADII (RAD2)

CINT INJUE
NN=3
wQ 2 J=L1aNUMELE

IF{ITYPE(J)eEQeleTRITYPE(U) cEQatd)

CONTINUE
SOTC L

(RADL)

READ(20,=)

RAD21(J)
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OO

usQ

[ YN S & I oY

lud

nNOCOO

OV OYVO O

1493

OOy OY Oy

21-3

86
(4e)  REAJING AXIAL LENGTR OF THE SHELLS .
CUNT INUE
READ (201%)  ( XLENT(u )y d=L sHUMELZ)
307C 1

{5.) RKEAZING THE SHELL THICKANESSES

LCNTINUE
REAC(20,*) ,(THIC(U),Jd=1,NUMELE)
wJTC 1

(0e) REAJING THE TYPE CF EXTERNAL L3ADING

CONT INUE
REAU(204#) ,(LJSAC(J)yJ=14NUMELE)
Sull 1

{7.) READING THE MAX1MJM PRESSURE

CONT [NUE
REAL(204+%) »(PRES(J) =1L, NUMELE)
SCTC L

(8+4) READING MATZRIAL PRCPERTIES [.E£. & AND NU

CINT [NUe

REAS(20 931 g (E(J) vJd=L ) NUMELE)
READ(ZUr®) p {XNULd) 9d=1 s NUMELE)

wll | '

CINTINUE

LICROER=D

SU L5 I=l,NUMELE

{URDER=[UKCER*]

KK={TYPE(I])
G0TO(10u,2C5,30C,2900950049000,700,8001},KK
CALL SPHERE(STFMAT,CEFLEC,IP,IN,PIE)
JuTC LS

CALL CYLIND(STFMAT,DEFLEC,IP,IN,PIE}
SGTC L3

CAbLL mAEAT(STFMAT yOEFLEC, [P, INyPILE)
SOTC L5

CALL CPNCCSN(STFMAT,,0EFLEL, I[P, INsPILE)
SUTC 15

vAabll PLATE(STFEMAT,CEFLEC, [P, IN,PIE)
il 13

CALL CLSCUN(STRMAT OEFLEC,IPyIN,PLE)
woT3 LS

CALL SLLIPS{STPMAT,JEFLEC, P +IN,PIC)
3378 15

CALL RINSISTFMAT,CeFLeC, (P, IN,PLE)
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JUTC 15
i5 CANTINUE
GUTC lovo
509U0 FOPMAT(A+)
5C¢1J FURMAT(20A4)
302) FORMAT(/LlX,A%)
5330  FIRMAT(/1X,20A4)
2010 WwWRITE(5,5040)
5040 FURMATI(//2X,'0ATA MCOJLES ARE CUT QF ZROER!')
1o¢3 CUNTINUE
3TCP
END
C
C
<
C
C
cLollivcllolltuLcLocooLilcceraececoeccteLcLngeccaceoceecceeceec
C C
¢ : c
" SUBRCUTINE LYLINDC CALCJLATES THE [NFLJUENCE C
C Fuer SHIART AND LuUNG THIN CIRCULAR CYLINURICAL SHELLS C
C THIN SHELLS RAVE ARADIJS TO THICKNESS RATIC LARGER c
< THAN lue LONG SAELLS ARE DEFINED AS BETA=LENGTHDS. C
< ALL ENOS ARE AD3JUMED TG BE FIXED. <
C : C
< C
ORURGPORE I3 of o o oY U ol o} of of 5 of X V1 o 61 of VY VR O o ulf oV of of o o o o of o o SN0 o o of o0l SOA off o of o o e SRURRY ¥ o A Y W WA &
C
SUBKULUTIMNE CYLINO(STFMAT,0EBFLEC,[P,INyPILE)
L SOMMUN/ARKAYS/LTYPE( L0} sRADLI L) »RAV2( LI} 9 XLENTILQ) +LCAJ(L Y,
S PRES(10),THICES) ¢ XNULLI) 4 E(LJ),ELDELF(4),L(5D),
5 FLEA{wq94)
COMMUN/CONTS/P L, IURDER yNUMELZ JCOUNT, ICIM
CIMENSIUMN STFMAT(ICIM, [ulM)OEFLEC(IDIM) fIPIIOIM) INCIDIM,2)
JIMENSIUGN Pl LOIM)
c INITIALIZING FLEX
S0 li NI=sl y &
30 1L NJ=1,4
il FLEX(NT,id)=0a0




[aNa¥ el

C OO OONC. O

W

— O OO

— OO0 O0C
m
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CALCULATIAG GEUMETRIC AND MATERIAL CINSTANTS

AK={{3+*(1lo~XNUIICRDER ) *%2,) )*%,25)/(RAUL(ICRIER)I=*THI
${ICRUER) ) *%,5

SETA=XK®ALENT{ IQRIER)

It ICROERI*THICITQRVER)I*%3,) /(12 .%( 1 .~XNU(ICRDER}**2.) )
IF{LCAD(IORDER)«EQ.1) GOTS 5

[FILCAD(IURDER).EQ.2) GQTC L5

PRIMARY SULJUTICNS

JN1FCRM PRESSURE >SCLJTIONS

CONTINUE

ZLJELF(L)=0.0

SLOZLF (&)= (PRESTILAIER I *RAJL(IURDERI**2, i/ (E(IORUCR)*THIC(IORIZR)
SIF{le={XNU(ISROER)/241)

CLUELF(3)=Cau

SLUELF (%) =(PrESIIURCER)®RADL(I0RCER) *%2, ) /( El LICRUERI*THIC(IORDER)
SIT(la=(XNUIITJRIER)/2.))

oo T3 1o

AYDRISTATIC PRESSJRE SLLUTIUNS

SoNTINJE
CLOELFL)={PrES(IVAIER ) *RADL(IOROGR)*22) /{ S{IGAJERI*TRIC (I CASER)
FXLENTUIIROERY))
CLOELF(2)=(PRESIITFIER)=RADL(ISRIERI*%2) /(E(ICROERI*THIC (1 CRJER))
SLOCLF(31=(PRES({URJER I ®RAOLI IQRCER ) *22) /(E(ICROERI*THIL ([ CRDER]
FXLENT{[CRCER) )

SLOELF(21=0

o

o

COUNCARY 3CLUTICNS

coNT INUE

FL=3INH(2ETA)*22,-SIN(BETA) ==,
F2=51wm{C3TAI*=22.+35[N(3ETA}*32,
F3=SINH(BETA)*CO3~(BETA)+SINISETA) ®CCS(BETA)
Fae=SINH(GETA I *LO0SH(3ETAI=SINISETA)*®CCS(3ETA)
F3=SIMH{3ETA)*SIN(3ETA)
FI=CUSH(BETA)*SIN(3ETA)=SINH(BETA)*CIS{aETA)
FLO=LOSHI2ETAI*SIN(BETA)+SINH(BETA)2CCS(BETA)
FALTL=(2.*¥RASI(ICACER)##2 . %XK)/(E( [CRDER) = THIC (1 SROER) }
FACTZ=(2.=RAOL(ICRDGR)*‘Z.‘XK**Z.)/(E([CRDERJ'THIC(ICROER))
FACT3=(2.=PA0L{[CRCCR)I =*2,%*XK**3,)/(E( [ORDER)*THIL (IUAJER) )
FLEXUL, L) =FACT3*(2,2F3/F1)

FLIX{Ly2)=FACT2%(Fc/FL)
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FLEX(1,3)=FACT3*(2.%FLJ/FL)
FLEX(Ll,4)=FAClT22(2.3Fd/F1)
FLEX(2,L)=FLEX(1,2)
FLEX(2,2)=FACTL*®(F&4/Fl)
FLEX(2,3)=FACTZ=(2.%F8/F1)
FLEX(2,+)=FACTL*(FS/F1)
FLEX{3,L)=FLEX(]l,3)
FLEX(3,2)=FLEX(2,3)
FLEX(343)=FACT3®(2.%F3/F1)
FLEX(3¢4)=FALT2=(F2/F1)
FLEX{49L)=FLEX(Lly~)
FLEA(%92)=FLZA(2,4)
FLEX(433)1=FLEX13,4)
FLEX(wy%)=FACTL*(Fa/Fl)

ENFCACING COMPATIGILITY

FLZAtGL 1) ==FLEX (L 1)

FLEA{L 2) ==FLEX(L 2)

FLZAl2,L)i==FLEX(2,1)

FLEX(Zy2)==FLEX{2,42)

FLEA{343)==FLEX(3,3)

FLEX{344)==FLEX{3y9)

FLEX{443)==FLEX(%243)

FLEX( G+ )=3=FLEA(4y4)

SLOELF{LI=ELDELF(L)

ZELOELF(2)=ELIELF(2)

ctLCELF(31==-ELDELF(23)

CLDELF(4)==ELIELF{4)
wRITE(LZs*) [TYPE( [CROER) yRADLIICKRDER) yXLENT(ICRVER) RADLIICADER)
wRITZ(L29%) RAC2([GRIZER) $XLENT(ICRDER) y THIC{LCRIER) yPRES(LCRDER)
AR[TE(L12,%) ANU(LICKDER) JE(IURUER) yP 1y LLRDER,NUMELE,COUNT
ARITE(LR2s%) XK9BETA,ELDELF L)y ELUELF(2)ELDELF(3)ELDELF(4)
nRITE(L2,%) FLlyF2,F3,FasFB84F9,FL13,FALTL,FACT2,FACTI

20 1J [=1,4

nRITE(L2y=) (FLEX(Tyd) sd=1y4) -
CONTINUE
CALL ASSEMB(STFMAT ,0EFLEC,IP,IN.PILE)

~ETURN

END
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C
. . C
SUBROUT INE SPHERE CALCULATES THE INFLUENCE C
FOR THIN CPEN CRUaN SPHERICAL SHELLS. C
THIN SPHERICAL SHELLS HAVE A PRINCIPLE RADIUS C
/THICKNESS LARGEX THAN TEN. C
C

c

C

Cub;~;CCCC;CLQCCGCLCCCCL&CCC»CCCCCCCLCCQCCLCCCCCCCLCCCCCC

SUBRCUTINE SPHERC(STFMAT,UEFLECIP,IN,PLE)

DIMENSICH STFAAT (ICIM, IDIM)yOEFLECLIDIM)

JIMENSIUGN [P(IUIM),INUIDLM4,2),PIE(IDINM)

COMMON/ARRAYS/ ITYPE(LQ) ,RACL(L3) sRAS2(L10) » XLENT(10) ,LCADILD!,
3 PRES(LO) yTAHLC(S5G) 9 XNULLO) yELL0) yELUELF =) ,C(50),
$ FLEX({4y4)

COMMON/CONTS/P iy [ICROCR y NUMELE,COUNT, IDIM

JC Ll Ni=l,4
G L1 NJ=1,+
FLEX(NI PNd 1=0.0

CALCULATING SHELL JSEGHETRY

AL={(RAJLIJCROER)=RAD2(IGRUER)} )* =2, # XLENT(IQROER) ®x=2 ) 2=, 5
AL PHAZLUTAL((RASL{ [CRUER)=RAD2(ICARDER} )/ XLENT(ICRUER) )
THETASP[/2.=~ALPHA

XI= o532 XL =T AN( ALPHA )

XM=z2raud (ICROCRI/ (SIN(THETA))

T=xM+x2Z

ARALZ( XL/ 2. 1%%2 ,+TEx2,)8%,5

[FIXRADLLE .RAQL{ICRDER)} XRAUC=RACL (IGROER)
PHICNE=ASIN(RACLICRUER]) /ARAD)
PHITAUSASIN(RAC2(ICRUER)/XRAL)

SIFANGSPHICNE=PHIT NG

SETA=XK*®J[FANG .

ARZ (3 e*®{La=ANU{IORDER) *%2, )= (XRAC/THIC(ICRDER) )*%2,)=%,25
CJtF=l.—((l.*XNd(ICRDEK))/2.J‘(l-*‘SIN(PHLTAC)‘*2./SIN(PHICNE)"Z
3))

PRIMARY SCLJUTICNS
iFILCAGUICRUERT «ECei) GSuTT 3
[FILLCAVIILADER I o Cwaldi SLTC 25
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CONI [NUE

SLOELF(1)=0.0

ZLOELF(3)=C.0

SLOELF(2)= ((XRAD=®2%PnES(IGROER) *SIN(PHIONE) )/ (E{IOR3EA) *
STHICUICROER) ) ) =CQEF

ELOBLF (4)= ((XRAD*=2%PRES{IICROER) *S[N(PHITwL) J/(E{ICRIER) *
STHIC{ICROER) })

IF (RALZ{IURDER) «Ex«RAJL(ISRIER=L)) ELOELF(2)=(XRAD**2=PRES([JKDER)
S5*%SIN{PHITWC))/(E(I0RIER)=THIC ICRDER) )
iIF{RAC2(I3KOER)«EQRADLIICROER=1)) ELIELF({4)=((XRAD®®2%PRES
S(IORCERIBSInN(PHICNE) )/ (E(ICROER) *THIC { IGROER] ) J*COEF

GCTC L6

JHIFCRM LINE LCAO ARGCJND CRGWN UPENING

CONTINUE

CLOELF(1)=Q
ELDELF(Z)=((PRES(KCRDER)‘XRAD)/(E(IORDER)*THIC(IORUER)))
SELL.PXNUCICRIER) )= (SIN(PHITWO) /SIN(PHIONE) )

SLOELF(3)=0

éLDE;F(»)=i(PRES(ICRDER)‘XRAO)/(E(leuER)‘THlQ(ICROER)))
S¥(1la+XNU{ICRDER) )
GCTL lo

SECONUARY SCLUTIONS

CONT INUE
G3TC 17
FL=SINH(3ETA) =32, ~S[N(3ETA)**2,
F2=SINHISETAI®=Z, +SIN(3ETA)2=2,
F3=SINR(BETA)®CSSH(BETA)+SIN(BETA)I=COS(8ETA)
Foe=SINHISETA)=COSH(BETAI=SIN(BETAI®LOS(BETA)
F3=SINR(BETA)*S[N(ZETA)
FI=CLSH(BETA)*SIN(SETA}=SINH(BETAI=COS(BETA)
FLlI=CCSA{BETA)*SIN(BETA)+SINH(3ETAI*COS(BETA)
FACTI=(2.*XRAU=XK )/ (E(IURDER)*THIC{IORDER) )
SACT2=(2.%XK#*2,) /(Z(ICROER)*ThIC ( ICROER) )
FACT3={2.3XK®%3,) /(E(ICROERI=THIC{[GROER) *XRAD) -

FLEX(LyL)SFACTI=(2.5F3/F1)
FLZALL21=FACT2=S LII{PRIUNEI=(F2/F L)




—OO0OCOO0. OO0 o0

OO OO0

Cr Y OYOY @,

€Y ey ¢

92

FLEX(L3)=FACTI=(2,5FLJ/FL)
FLEX{Lp»)=FACT2*3IN(PHITAC) %(2.%F3/F1)
FLEX(2,1)=FLEX(Ly2)
FLEX(Z2,2)=FACTI=®SIN(OMIONE) **2 . 2(F&/F1)
FLEX{2,3)=FACT2*SIN(PHIONE) 3(2.%F8/F1)
FLEX(244)=FACTL=SIN{PHIOMNE) S IN(PHITWO)=(FS/F1)
FLEX(3,L)=FLEXTL,3)

FLIX(342)=FLEX(2,23)
FLEX(3,3)=FACT3=(2.%F3/F1)
FLEX(399)=FACT2%SIN(PHITAG)*®(F2/F1) °
FLEX{4yL)=FLEX(Ly=)

FLEX(4,2)=FLEX(2,4)

FLEX{493)=FLEX{3y=)
FLEX(@4ya)=FACTL®SIN(PHITAQ) *%2,%2(F&4/F1)

CONTINJE
XK=(E(IURJERIETHICLIORIER) *%2) /{12 ¥{ [ =XNJ{IGROER) *%2) ) =% 5
CETA=((E({CRVUER}*THICIICROER)*XRAD/ XK} %%,5 ) *PH[ONE
ZETAL=ZETA
CALL KELVIN(XRER,XKE13ER43EI,DXKER,DXKEI,08ERyudEL,2ETA)

|

LAP

Jl=BER*0BEI-3cI*U3EZR~(((l.=XNU(ICRDER))/ZETA}*(D3EI*%2
S+UBER=%2))
KL1l={1./01)*(BEI*=*2 +8ER*=22+( (2,/2ETA}*(83E[I*UBER~-BER™
SCBELI ) +{(Lo=XNU{ICROER)**2) /ISTA®%2)={SEEI*%®2+UBZR%%2)))
AK121={3EI*D8EI+8ER2IBER) /DL

AK221={D3c=#2+08ER®=2) /D1

COMPLZMENT

IZTA=((E{(CROERI=THIC{ IORIER I ¥XRAD/XK) #%,5)#PH[TW]

CETA2=ZETA

“ALL RKEL/IMIAKZIRyXKEL,3ER,BEL)OXKER,DXKE[4OBER,OBEL yZETA)
S2=ARERFUXKEI-XKEL #JXKER=( ({ loa=XNJ( L[URDER))/ZETA)®(DAKEL =% 2+
SUXKER®=2))

ARL12=(1e/02) % (XKE1#32+XKER®®2+( (2./15Ta) * (XKE I*DXKER=XKER®IXKEL )}
S+l Le=ANU(ICRDER) =22}/ ETA**2) = (OXKE] 32+ JXKZR*=2) ) )

XK122=2( XREI*®UXKE I+ XKER®UAKER) /D2

AK222= (JXKEI #= +JAKEDP==®2) /02

IFIRAQZ2UICKCER ) « 22 ¢AASL ([URDER=1)) GGTY 19

FLEX(Llp )= ({20 IQRCERISTHIC I ISROER) *#XRAS) %% .5/ (XK #%1.5) ) #XK221
FLEX(L12)=tXRASGFSIN(PRICNE) ®XKL2L) /XX

FLZX(291)=FL2X(1,2)

FLEALZ2) = (ARADE*] 5=SIN(PHICHE)=22%xK1i1}/{{E{I2RDER)*
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STHIC(ICRIER) =2XK}*%,.5)
FLEX(343)=((E(IQRJERI*TriC (I JROER)SXRAD) *%,5/ (XK*%],5) ) %¥XK222
FLEX1344)=(XRAC®SIN(PHITAS)*XK122) /XK
FLEX(493)=FLEX(3,4)

FLEX(wy4)3(XRAJ®*] S4SIN(PHITAQ}*%x23XK112)/({S{IQRDER) *
$THIC(ICROER) 2XK)*x,5) -

w3TC 138

CONTINUE
FLEX{Lyl)={{ECICRIER)I*®*THIC(ICROER)*XRAD)**® .5/ (XK**].5) ) %XK222
FLEX{L92)={XKAUBSIN(PHITAG) 2XK122) /XK

FLEX{2,1)=FLEX(1,2)

FLEX(292)=(XRAD®X®| ,SHSIN(PHITAC)2*2*XK112)/(E({ [CROER) *

$THIC{ICRUER) *xXK) #x .5
FLEX{3,3)=((E{TCRUERI*THIC( [CRUERISXRAD) #% 5/ (XK*%|,5) )% XK221
FLEX{(3y4)=(XRAI*SIN(PHIUNE)*XK121) /XK
FLEA(4,3)=FLEX(344)

FLEA(4+4)= (XRAD*®] J5%S IN(PHIONE)}*=2235XX111)/{E{ [URJER) *

STHICI(ICROER) #XK) =%, 5
CUNTINUE

ENFORCING CCHPATIBILITY

FLEX(LlyL)==FLEX(Ll,1)
FLEXUL1e2)==FLEX(1,2)
FLEXK(2,1)==~FLEX(2,1)

FLEX(2,2)==FLEX(2,2)

FLEX(3,3)==FLEX(3,3)

FLEX(3,4)==FLEX(3,4)

FLEX (49 3)==FLEX(4,3)

FLEX{ @yl ==FLEX(9,4)

cLCELF(L)=ELDJBLFI(1l )

SLOELF(2)=CLDELF(2)

SLOELF(3)==ELOELF(3)

SLUELFl4)=~cLDELF{4)

AR[TE(LL,*) [TYPE(IGRUER) yRADL ([ CRUSR} 4 RAD2{ICRDER)
SaRITCiLlL,=) XLENT{ [ORDER) » THIC(ICRUER) yPRES(IORDER) y, XNJU{ LORDCR )
AR[TE(LL,=) SOIGRDER) »PIyNJMELE, XLENT(IGRDER) »IDIM N
nRITE(LLy=*) CSUNT, JORDER

AR ITE{LL,*) AL

AR[Tc(lL,=) ALPHAY THETA X2 3 XMy T3 XRAD s PHIGNE s PHITals XK ,COEF
wRITE(LLl,®) CLUELF(L) ELDELF(2)ELOBLE( 3 ,EL0ELF )
ARITE(LLl,%) JIFANG,8ETA

wRITELLLs®) FLIF2,F34F@y78,F9,F13

AR [TE{LL,y*) FACTL,FACT2,FACTS

20 19 [=l,4

ARITc{LlLle®) (FLEX([yd)eu=l,)

CANTINUE

ARITE{LL,*)LZTAL,2ZETA2

AR ITE{LlLy*) 31,02 ’

ARITE(LL,#) XKLL1Ll,XK121,XK221

ARITZ(ll,%) XXL1L12,4K022,XK222
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wALL ASSEMB(STFMAT,0EFLEC,IP,IN,PIE)

XKETURN
END
C
C
c -
C
c
c
C
C
C
C
c
VTV TVEUIV VWL oR G YUY U o o STOR U oR 0 o ol Y WI IO o o e oYY o o oY o o ol f X BRWT o o o ot of o Y Lol of ST Sul W od o o'
C C
C <
. SUBRCUTINE ASSEMB ASSEM3LES THE INOIVIDJAL C
C FLEXIBILITY MATRICIES AND JISFLACEMENT VECTCRS c .
C INTLU A GLUSAL FLEXIBILITY MATAIX ANY c
< CISPLALEMENT VECTGR. C
" {T IS CALLES 3Y 3JBRTUTINES CYLINUG, SPHERE,HEMI [
< CCONEy PLATE, RINGy ELLIPS. c
C c
C <
C;-CCCiLCCLCCLCLCLLLCCC;CbeC;CLCCCLCCCCCLLCCCCCCLCCQCCCCCQC
o
C
<
C

SUBRLUTINE ASSEMB(STFMAT,UEFLEC,[P,IN,PIE)

CIMENSICN STRMAT(ICIMyIDIM)OEFLECIIDIM)

GIMENSIU, IP{ICIMILZIN(IDIM,2),PLELIDINM)

CJFNLN/;RRAYB/ITYPE(lO)yRADL(LJ)vRAOdllO)yXLENT(ld)yLCAD(lJ)y
PRES(lO)'THLC(50)vXNd(lOJyE(10)'ELDELF(4)'C(50),

3 FLEX(":“)

COMALN/CCNTS/P L, [CROSR yNUMELZ ,COUNT, IDIM

NIMICN=[CRCER

OO

L0 I=1,2
A=2 = (NUMJONI~-L)+]
KK=2.3(NUMJONI +1

0C 20 J=1,2
L=2.%( NUMJGN=1 ) +J
LL=2.3(NUMJCN) +J
3TFMAT(K,LLJ=FLEX(I:J*Z)*STFMAT(K'LLJ
STFHAT(LL.&)=FLEX(J*2,I)+STFMAT(LL1K)
STFMAY(KQL)=FLEX(IvJ)*STFHAT(K'L)
STEMAT (KK LLI=FLEX([+2,J+2)+STFHAT{KK,LL)
27 CONTINUE
JEFLECWK)=ELSELF{l)+0EFLEC (K}
SEFLECIKRI=ELOILF( [#2)+QEFLECIXK)
1) CUNTINUE
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COUNT=CUUNT+1.

IFLUOUNTLLTONUMELE) SGTU 50

08 30 I=L,101IM

wRITE(2L,#%) COUNT

WRITE(21,%) (STFMAT(1l,4)sJd=1,101M)
3J CONTINVE

S0 L I=1,ICIA

aRlTz(21l,%) VEFLEC(])

l CINTINJE
C [O0IM=([0IM=2,)72.
C
C

CALL INVCRT(STFMAT,SEFLEC, 1P, IN,PIE)
5d nZTURN

cNU
C
C
C
<
<
C
C
c
C
[UTUSCTURVE ST 0 YOOI oY F Wio vl SOTON SReTo el ShUY YUY X of of ol SR oY oRu ol Sl SR Y oF SESY SRORUY o} of Y oY o o Y sl oY e S o el
< c
C C
< SJBRUUTING meMI CALCJLATES THE IWFLJENCSE c
< CCEFFICIENTS FGR NONSHALLOw CLLSED HEM[- C
c SPHEX I CAL mEADS. NONSHALLCW MEANS THAT THE C
< SISTURBANCES AT THE EDGES 30 NGT [NTERALT WlTH ¢
c ZACH JOTHZIR. c
< C
< ) C
colecllooliiecatoccoecuiceceLecooececccececrceceeeecececeececeoeecoeeceecece

¢

SUBROJITIME HEMI(STFMAT,JEFLEC,1P,IN,PLE)

COMMUN/ARRAYS/ ITYPE{LQ) yRACL(L10) ,RAD2{ 10y XLEMT(1C),LCAD{LD),
§ PRESI(LU)yTHICISY) 1 ANU(LIJE{LQ) ,ELOELF (=),C(350),
3 FLEX (44 4) :

COMMCN/CINTS/P 1y IGRCERyNUMELE,LCUNT, [0 1IN
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OIMENSICN STFMAT(IOLA,I0IM)4JEFLEC(IOIM)
JIMENSICHN IP(ISIM) JINCIOIM,2),PLE(ISIM)

INITIALIZING FLEX
JU Lli7 Nl=l,4

T LLT7 NJ=ly4
FLEX(NI,NJI=0.0

CALCULATING SHELL GEOMETRY

AL=(XLENT{IURCER ) =32 . +RADL I IQRDER ) =%2, ) =x,5
ALPHA=ATAN(XLENT(ICROER)/RAVL{ICRDER))
AM=(XL/2.) /CCSLALPHA)

XZ=RACL{IQRDER }=AM

o T=CoTAN(ALPHA) =X

AR AQ=(T*%2 . +rACL{ICROER) ##2,)%%,5
PHISWE=ASIN(RACL (ICRDER)I/XRAD)
AR= (3ot Le=ANU(TCRIER) #% 2, ) # (XRAC/THIC(ICRDER) 1*=%2, ) *%, 25

PRIMARY SCLJTICNS

IFLLCAU(IORDERI«EQWL) SCTO S

IF(LCAD(ICROER)4EN.2) GATC L5
[FILUAC(ICROER).EQ.3) GQTQ 25
LFILLAS(ICROZR) eCaer) GUTO 35

UNIFSRM PRESSJRE

CUNTINUE
ELOELF(1)=0.3
ELJELF(2)=((XRAO**Z.*PKES(IORDER))/(Z.*E(KURUER)‘THIC(XDRUEK)J)‘(
SLe=ANJUICROER) I*SIN{PHICNE)

SLOELF(3)=0a.0
SLOELFR(+)=ELDELF(2)
5w TG lo

HYJSRCSTATIC PRESSIURE

CONT [NUE
SLOELFUL)=={(PRES(ICAROER)*XRAL**2) /(E( ICROER)*TH[C([GRCER) )]
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535 INIPHICNE)

SLOELF(2)==( (PRES(ICRIER)*XRAD**3} /(5. #E([ORDER} *THIC ([CROER) ) )
SFSIN(PHIUNE) #(2.-3 .2COS(PHIONE)+2. *(LOS(PHICNE )} **2/(1.+C0S
S5(PRICNE) ) )*{ L +XNULICRDER))

CLOELF(3)=ELDELF (L}

ELIELF{4)=ELDELF(2Z)

w3TC leo

WwEIGHT L0AD

L O OO OV OV OO

> CunNTINUE
CLOELF{L)==( XRAC®*PIES{ [ORUERI=( 2. +XNU(ICROER) ) *SIN(PHICNE) )
S/{SUICROERI*THIC(ICKROER) )
ELDELFL2)=({ XRAU=* 2P ES(ICRIER) #SINIPHIONE) )/ (ELIGROER) =
STHIC(IGRUER) ) 1 #(~CC3(PHIGNE)+( {1+ XNU(ICROER)} )/ (Lo+COSIPHIUNE)) )}
CLOELF{3)=ELDELF (1)
ELOELF (4)=ELDELF{2)
wuTL 16

HURIZONTALLY PRUJECTED LCZAD

LV OV OV Oy

[ 4

CCNTINUE

SLIOELF )= ({XRAU*PRES( [ORJIER) J/(Z{ ICRIERI* THIiC {ICROER) ) }
{2+ Xnd ( ICADER) =S IN(PHIONE))
ELOELF(2)=((PRES(ICRDER} =XRAD**2*S [N (PHIGNE))/ (E(IGRDER) *
TrilCOIOROER) JI=(=CI3(PHIGNG ) #= 2+ ( (L. +XNU(ICRDZR)II/24))
ZLOELF(3)=ELJELF (L)

SLDELF (@) =ELDELF(2)

SCTC le

n
u-

v

[

SECLNCARY SULUTICNS

Lol SO N S N G W ]

E “ONTLINUE
sGfo L7
FLEX{LyLl)=(48XK®=3,)/(E
FLEX(LyR)=((2.3XK*=2,)/(
FLEX(L1,3)=C.0
FLEXA(Ll,+1=C.2
FLEA(Z LI=FLEA(L,2) :
FLEA{Z9 2= ({ JeFXRALTXK I/ LU ICADERIFTHICIICRIER) ) )5S N (PHILNE) =22,

{ {CROERI=*ThIC({ [CROER) *XRAD)
S(IJROER)*THICIICROER) })*SIN(PHIUNE)
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FLEX(243)=CaV
FLEX{2,4)3040
FLEX(3,1)=FLEX(1,3)
FLEX(3,21=FLEX{243)
FLEX(393)=FLEA(L,1)
FLEX(3,4)=SIN(PHIONE) *(2.#XK*%2, )/ {E{ LOROERI*THIC ( [QRDER) )
FLEX{4,11=C.0
FLEX(4,2)=FLEX(2,4)
FLEX(433)2FLEX(34%)
FLEX(4,4)=FLEX(2,2)

CUNT [NUE

XK=\E(ICFJEK)‘THIC(IUROER)‘*Z)/(lz*(l'XNJ(IORDERJt*Z))**-5
ZETA=(((El[CRJER)*Tth(IORDER)thAD)/xx)t*.i)¥PHIDNE

CALL KELVIN(XKERvXKEl'dERyﬁslvDXKERvJXKEIvDBER703511ZETA)
O=5€R*DBEI‘SEI3DdER‘(((l'XNU‘IOROER))/ZETA)‘(OBEZ**Z

S+0BER=E=?) )
XKLLl=(l/O)*(bEI‘*Z*ﬁER"Z*((Z/ZETA)3(dEI‘DBEﬁ'BER=OBEI))

5+(((l‘XNU(lQRDER)‘*Z)/ZETA‘*Z)*(CBEI“Z*DBER**Z)))
XK121l=(8E[*03&[+3ER*00ER)/D

AK22),=(C3E{=*2+0pER%*=*2)/D
FLEX(1-1)=((E(IGKDER)*THIC(ICRDER)*XRAD)3'-5/(XK**L.S))‘XKZZL
FLEA(L22)=(XRAO®SIN(PHIONE ) *XK 121}/ XK

CLEX(224)=FLEX(1,2) .
FLEX(E12)=(XRAO“1.5‘SIN(PHICNE)**Z'XKILL)/((El[ORDEKl*THiC

S{ICRCER)I*XK ) *%,3)

FLEX(3,3)=FLEX(L1,1)

FLEX(3,4)=FLEX(1,2)

FLEX(4+31=FLEX(2,1)

FLEX(4,4)=2FLEX(242)

SNFSRCING CCMPATIBILITY

FLEX{L,yl)==FLEX{L,1)
FLEX(L,2)==FLEA(L,2)
FLEX(2,l)==FLEX(2,1)

FLEX(2,2)==FLEX(2,2)

FLEXR(D, 3)==FLEX{ 3, 2)

FLEX(3¢a)==FLEX(39=)

FLEX(4,3)3=FLEX(4,3)

FLIX(@y4)=2=FLIZX(4y%)

SLOELF(L)=ELDELF(L)

SLDELF(2)=ELIELF(2)

SLOELF(3)==SLDELF(2)

ELOELF (4)==EL0ELF(~)

COUNT [NUE

JC 10 [=1,4
ARITE(259%) (FLEX(14d)ed=l,4)
CONTINUE

" iTE(R234%) ZLZELE(L),

m

LUCLF(2),SLIELFI3) 4 ELOELF(4),T




OGO OCOOO0OGO00

OO Oy e

V- e O

--

ARITE(23,%) RAODL(ICROER) yPRES{IGKRIER) s THIC(IURDER) y XNJ(IOKDER)
«RITEL23,%) AL ALPHA,AM,XZ,T,XRAS
WRITE(23,%) PHIONE

8=RAJL (TURDER) *%x2,

ARITE(23,%) ZETA

nRITE(23,%) XK

ARITE(23,%) XKLl1,XK121,4K221,D
nRITE(234%) XKRERWXKZI4BER,BE]

AR [TE(23,%) UXKER,CXKEI,DBER,D3E]
CALL ASSEMB(STFMAT,S&FLEC,IP,IN,PIE)
RETURN

END

<wLlieeligoceooeccoeccoocoeoLcoceecerecceeiconacccceoLcceeeeea

\o

C

SUBRQUTINE INVERT INVERTS THE GuUBAL FLEXIBILITY c
MATARIX ANC MULTIPLIES IT 8Y THE GLOZAL DISPLACE- C

MENT VECTCR TC, DETERMINE THE DISCCNTINUITY FCRCES c

iT IS CALLED 8Y SUBRUOUTINE ASSEMB. C

C

c
clocoolcecooeaccicooocoeoeeocceeeccecaceoceseoeocceatceeeeec

SUBRLUTINZ INVERT (STFMAT,DEFLEC,IP,IN,PIE)

JLMENSIUN STFMATUIDIM, IDIM), IP(IOIMY, INCIDIM.2),PIELIDLN)
JIMENS LN CEFLEC(IOIM)
;JHﬂUNIARRAYS/ITYPE(LO),RADL(LG)vRAU2(LJ)yXLENT(lO)aLJADlLO)y
s PRESULO) yTHICI3G) s ANU{LI) 4 ELL10) s ELIELE(4) 4G50,
5 FLEX{994)
COUMMUN/CONTS/PL, TURDER ¢ NUMELE  CCUNT,IDIM

Sl FCRMAT {200 MATRIX IS SINGULAR )

TG INNING TC [NVERT
2C 3L [=1,101™M

i WRITE(24 %) (STFMAT{L43),d=L,1D0M™)
cu L J=1y[2I
[(PlJ)=0
20 14 [=1,101M4
AM=9,
S0 & J=1,[DIM
FOUIPLLI=1)256&42

7
I
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2 0C 5 K=1,101IM
IF (IP(K)=1)34+5,19

3 [F (ABS(AM)=ABSISTFMAT (JyK))l4y4y5
4 IR=y
fc=x .
AM=STFMAT (J,K)
5 CNTINUE
5 CONTINUE

[PCICI=IP(ICI+1

[F (IR=-IC)7,9,7
7 JC 8 L=1,IDIM
Sa=STFHAAT([R,L)}
STEMAT(IR,L)=STFMAT(IC, L)
STFMAT(ICs+L)=Sn
3 INils,l)=IR

IN(I,2)=1C

Pla(l)=STPFMAT(IC, IC)

[F PIE{I))1O+18,410

&

Y STEMAT(IC,IC)=1.
JC L1 L=1l,101w~
L STRMAT(IC,L)=SSTFMATUIC,LI/PIE(L)

SU 14 LL=1,i0IM
TIF iLl=IC) 12414,12
e T=STFMAT(LL,IC)
STEMAT(LL,IC)=0.
JG 13 L=1l,101™
13 STFMATILL LI=STFYAT(LL ) L)=STFMAT(IC,L) =T
ia CCNTINJE
J0 17 [=1,101W
L=isimMel-1]
PP (DGl LI=IN(Ls2)) L34L7,15
i JP=INIL, L)
JC=IN(Ls2)
SO lo K= ,[0[#~
Sa=3TFMAT (K, JR)
STF"‘AT(K;JK)=STFHAT(K1J;)
STEFMAT(K,dC)=Sm

lo CUNTINJE
17 CCNTINUE
G 23 I=1,101IM
2v Af ITC{29y %) (STFYATULsdlyu=L, 101 M)
<
C MILTLIPLYING 3Y J13PLACSHENT VECTGR
-
C
C
20 59 IRuwW=l,ICIM
SuM=U. 3
JC 40 K=1,[01M
aJ SUM= SUM+STFMAT ([ROweK) #DEFLEC (K)
54 <(IRCw)=SUW¥

AR 1T2(day®) (CUI1),I1=L1,101M)
wall RITEIT
FETURN
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18 ARITE(24,1CL)
lJ RETURN
END

<

o

C

c

v

CucllCCCLCLCCLLCLClLiCCCeCCleil Lttt Cieocecceoceccec

%
c
SJSRLUTINE OPMCUN CALLJLATES THE INFLUENCE CCEF= ¢
FICIENTS FOR  TRUNCATED (LONG AND SHURT) CONICAL ¢
SECTICNS. ) c
C
c
c

'

R g A dd i dd W A o o AR S o A A A S AN A A AR A A A A AT A AT A A ] o

(1(‘.(“:(‘l(\(.ﬁ(ﬁ(.(‘\r\r\ﬁ(\()(‘,('l(nﬁﬁ

SUBROUTINE UPNCONISTFMAT,CEFLEC,IP,IN,2IE)

UIMENS [ON STRMAT (1 3IMy [OIM),CEFLEC(IDIMI L IPLIDIMI,INCIDIM)
SIMENSICN PIE(IDIM) '
C:HMCN/A&KAYS/ITYPE(LO);RADL(LQ)yRADZ(lO),XLENT(lJ)yLUAD(lOIy

3 rRES(ld)yTHlC(SO);XNU(lO)yE(lO),ELDELF(é):C(SJ)'
5 FLEX{4y4)
COMMON/CLNTS/P Iy [URJER yNUMELE ;CCUNT, IDIM
c
C (NITIALIZING FLEX
SC Ll NI=ly«
JC L1 NJ=1,4
L1l FLEXINT U I=0.0
-
C
“ CALLULATING 3SnELL GECHETRY
c
<

ALPHA=47AN(XLENT(iGRDéR)/(RADl(IORDER)‘RADZ(ICROER)))
XL=RADZ2(ICRUER) *TaAN(ALPHA)
AL={XL*%2, +RAD2( [CROER) #%2-, ) %%, 5
12=((XL+XLSNT(I:AOER))*‘2.«QAUL(ICRDER)**Z.)**.S
AL?HA2=ASIN(RACI(ICRJER)/XZ)

wAMMAS(P]/2, 1=ALPHA

FAOG=KAULUIORUCR I/ CL3(5AMMA)




OHOOC OO0 COOOEcCO

OO0 (1O Oy

«

rrl=P-aALPrA

PRIVARY SCLUTIONS

UNIFORM PRZSSURE

AM=X2
IF(RKALZIIURDER) «C2RAJVL(ICRIER=1)) xM=x1
ELCELF(L)==((PRES(IORDER)=XMRCITAN(ALPHA)*=2) /{E( [QROER) &
STHICIICRIER)®L. ) )= (3 +(XL/XM)2%2)
CLOELF{2)=((PRESIICARIER ) ®XM*«222C S (ALPHA ) =COTAN( ALPHA})
5/(E(ICROERIFTHICIICRIER) ) I ®( La={ {XNU(I[ORDER/ 21 *(La={ XL/ XM)ES2))))
[F{RAD2(ICRUER) «2Q.RADLIICRIOER=L)) XM=x2
[F{RAJ2(IORDER ) «NEoKADL{ICROER=1)) XxM=xl
[F{PAJ2(IJRDER )} 4EQRADL(IQRDER=L)) ELDELF(LlJ)==ELJELF(L)
ELUBLF{3)=={(PRESIICRIER)*XM®CUTAN(ALPHA J*=2) / (E(ICRIER)*
BTHICIISRIER)I#2.)11%(3a+{ X1/ XA )==%2)
SLOELF(4)=((PRESIICROER) *XM**2¢C S (ALPHA ) *COTAN(ALPHA) }
5/(E(IGRDER)*TdIC(LCkDER)))ﬂ(L.-((XNU(IORDER/Z.)*(l.-(Xl/XM)=*2))))
[F{RAD2(ICRIER)«EC.RADL{ICROER=1)) ELDELF(3)==ELDELF{3)

SECLNOARY SCLUTICNS

Al’!:KZ

[IFARAUZ(IORDER ) e 1 4KADLLISROER-11)) xM=x]
XK=(3.=(l.-XNu(ICRJEA)3=2))‘*.25/(THIC(ICROER)*XM*LOTAN(ALPHA))
FES ]

SETA=XAFXM :
Fl=SINM(GETA)®x=2=-S[N(oETA)} =%

F2=SINA(SETA)®Z2+S [N(DETA) =22

F3=5 INH{AZTA)®LOSH(GETA) +5IN(BETA} ®=CAS(3ETA)
Fe=3iNH{3ETA)*COSH(3ETA)=SIN(BETAI®CIS(ETA)
FISSINAI3ETAI=SINI3ETA)
FI=CUSHIGETA) =S IN(aSTAI=-SINH(GETA) =C3S(3ETA)
FlO=C3SA(3ETA) ®SIN(EETA)+3[NH(BETAI=CIS(8ETA)
SELEUICRUER)I *TRICI [CrRUERIF*I)/ (L2 %( La=XNJ(ICARDER) =22 )
FACTL=La/(2.50%XK}

FACTR2SSINTALPHA) /(2o 2D2XK==E2)
FACTI=350. [ ALPHA) =%/ (2 255 AK==13)
FLEX(LyLI=FACTL*(2.%F3/F1)
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32

CLOv OO ¢

O

FLEX(L122)=FACT2%(F2/F1)
FLEX(2pLl)=FLEX(L1s2)

FLEX(2,2)=FACT3*(F4/F1)
FLEX(341)=(1e/(2.%0%XK ) )% (2.%FLO/FL}
FLEX(3,2)=FACT2%(2.%F8/F1L)
FLEX(4,l)=FACT2%(FS/F1)
FLEX(492)=FACT3*(F9/FL)

[FIRAD2{10RDER)LZS.0) GOTO 32

AM=x1

[F(RAUL(IQROCR) «EQ.RADL{[URDER+1)) XM=x2
CONTINUE
XK=(3.‘(l.-xNu(ICRDER)#*2))**.25/(TH1C(IUROER)*XM*COTAN(AQPHA))¢=
5.5

BETA=ZXK*XM

nRITE(25,%) xM

AR [TE(25,%) X1

aRITE(25,%) X2

nee [TZ2(25,%) 3ETA
FL=SINH(3ETA)*#*2<-SIN(BETA) =%
F2=SINH(SETA)*=2+S [N(BETA) *=2
F3=SINH(BETA)SLCSH(BETA)+SIN(BETA)}*COS(GETA)
Fa=SINH(BETA)*COSHIBETA)=SIN(3ETA) *COS(3ETA)
F8=SINH(BETA)I®=SIN(BETA)
F9=LOSH(BETA)=SIN(3ETA)-SlNH(bETA)*COS(&ETA)
FLO=COSA(3ETAI *SIN(BETA)+SINR(BETA) *CCS(BETA)
FACT1=1./(2.70%XK)
FACT2=SIN(ALPHA) /{ 2. %x0%xXK*=%2)
FACT3=SIN(ALPHA)**Z/(Z.*U*XK*‘&)
FLEX(lo3)=‘l./(2.*U3XK))’(2.*FLO/F1)

FLEX{ Ly« )=FACT2=(2.25F3/F1)
FLEX(2,3)=FACTLI*(2.%F8/FL}
FLEX(2,4)=FACT3*(F5/F1)
FLEA(Iy3)=FACTLI®{ 2, %F3/F1)
FLEX{3,4)=FACT22(F2/F1)

FLEX{443)=FLEX(3,4)

FLEA(4 9 1=FACT 2%F4/FL

RAO=RAC2(ICRDER)
IF(QAUI(XURDER).&Q.RADI(IGRDER+1)) RAJ=nADLl(ICRDER)

ENFURCIAG COMPATIBILITY

FLEX(LyL)==FLEX(i,1)
FLEX(Ls2)2=FLEX(1,2)
FLEX(2,1)==FLEX(2,1)

FLEX(2,2)==FLEX(2,2)

FLEX(3,3)==FLIX(3,3)

FLEX(3,4)==FLEX(3,4)

FLEX(4y4)==FLEX(4,4)

SLOELF(L)=ELOELF (L)

ELCELF(2)=ELDELF(2)

SLOELF(3)==EL0ELF(3)

SLOBLF (=) =<ELDELF ()

I3 13 I=1,4
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W IT 202395} (FLEX(Leadsd=le)

i CONTINUE
R ITE(Z2Sy*) KTYP&(leDEkaRADl(ICRDiR)1XLENT(ICRDER)v%AJL(ICRDEK)
ARITE{25,%) RAJZ(lCRDER),XLENT(ICROER)vTHxL(ICROER):PRES(IGROER)
wRITE(25,%) XNJUCTORUER) sE(TORDER) 4P s [ CRUERyIWUNMELE, CLUNT
WRITE(25,3%) AN'BETA'ELDELF(L)yELCELF(Z)yELOELF(3)yELDELF(#)
nRITE(25,%) Fl’F21F37F41F6vF91FLQ|FACTlrFACTﬂoFACTB
Al [TE(25, %} ALPHA» GAMMA RADI g ALy XLy A2y XM, D
RITE(25,%) ALPHA2,Gy214A
R [ITZE(25,%) ALPHA,PHI
CALL ASSEMEISTAMAT,,CEFLEC, 1P, IN,PIE)
RETURN

=XND

P Ca O 0L €

'

» L

_Lv-yCCCQCCCCCCCCCCCCCCCCLQCCCCCCCCCLCLCCCCLCCCCCCCCCCC'C
< C
N C .
C SJBROCUTINE PLATE CALCULATES THE INFLJENCE C
- COZFFICIEINTS «NO PRIMARY DISPLACEMENTS FOR FLAT C
- ClnLULAn PLATEZS. PLATES ARE ASSUMED TG BE SiM~ C
< PLY SUPPCRTZD watA CALCULATING THE PRIMARY C
- SISPLALEMENTS. C
< c
< : o
uVC;;LCCCCCCCLCCCCCCCCCCC'CCC'CCCCCC:CCCCCCCCCCC&CCCCCCLC

I

o
SUOFCUTIIE 2LATE(STFM AT, OEFLECyLP,y IingPIE)
JEASNSICH STRYAT (LM, LO1M),SEFLELLLIOIM), [P [0, INCIOIM)
JIMENSIGH PIELIDIM)
o MMM/ Ane AYS/ ITYPZ{LC) yRnlLl(Ld) sRAS2(10) t XLEMT(LO),L340(101,
s PREj(lC)vTHlL(5J)1XNU(LJ)vE(LQ)yELCELF(»)vC(SJ)y
H FLeXia,4i
oM/ CLNTS /P, TGRDER ¢y NJMELE, COUNT, [0

- LNl TiallZING FLEX
30 liL Ni=l,~
o Ll vu=l,4

ol FLZ XN NJ)=UL0

ol PRIMARY SCLJUTIUNS

I*THKC(ICROER)==¢)/(12-=(L.-KNQ(ICRDER)“Z))

{PRE50V ZROGR)I =RADLILCRSER) ) /( Loa®3 ) )




(CRR VR oo of DY ehuaul ot w ool o¥ed of of of of ol (Y o BX of o of SRR WY UUY o o Y W oR o el sRutol o o of o oRuE o of S o f S X R W
C C
C o
< S CALUULATES THE INFLJENCE CCEFFICIENTS &

¢ AlID PRIMARY UISPLALEMENTS FCR RECTANRGULAR STIFFENING c
< RINGS. C
. C
¢ C
CocueLtirreLLdocoenccceoecoecoeoeoeceLceeeeeecccecoceiececceccece
-

C

C

C. Y.

—

(@)

Cr O

L0

o

A}

SUBRULUT ING KINGISTFMAT,CEFLEC,IP,IN,PIE)

WINMONSICHN STRMAT(ICimy ISl yuEFLECLIDIVMIZIPIIDIMI JINILIDIM,2)

ULMELSION PISLIOIM)

CCMMUEN/ ARRAYS/ITYP{LU) ,RACL(L10),RAL2(
5 PRES (LU »THICISU ) yXNUL LS
z FLEX(444)

o MMLN/CCNTS/P Ly {CROLER yNJUMELE,CCUNT, ID I

P XLENT(LI) 4y 0AD(LD),

1C)
Vo EVLO) 9ELOELE (4) 4 C(50),

LNnITIALLIZING FLEX
Jo L N[=1l,4
SC Ld Nusl,a
FLLX(INT, g 1=2.2

ARCA=XLENT(ICROER) *THIZ (IGRDCER)

AL=(XLENT( IORDER+L)==2 ,+RADL ( [CKOER+L) =22, )%x 5
ALPHASATAN(ALENT U [ CAVER+L) /RACL{ICRCER+L1})

KM= {AL/24) /055 (AL2RA)

(L=FALLITLRUER+L ) =AM

fsLcTA(aLPHA) EX L

ARACE(T®=2 (+RADL ([ CRUER+L) =%2 )33 5

2AluNE=ASIA(PAadL ([CRIZR+L)/XRAD) R

Sas (THIC{ICRIER)I/2)=(THICICRISR=-1)/2.1
Ir=(TAICIICROEX]I /20 =( {THICIICRDER+1)/2.)=2SIN(PHIUNE) )
U= (ALCNTUICRUER I/ L= {TRICIICRUEAR* LI /2.1 2#CSSI{PHICHED )
(AYP=2Y T =CHRETIN(PRICNE)

SF=anYP={2S(PHiCNE)

KL= (ALCNT(ICROER)*#35TH{(CROCRII/ L2

—H=y

APrlMARY SCLUTICNS

IFLLCAS(IGROER} «&w.l) GJTC

L
IFLLLAUCICRDER) W E02) SuTC Lo

W

shvairiad PRESSURE
CSIVTINUE

LOCri=dad
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SEL L (3« +XNULICROEK)I*%2) /(L. +XNU(ICRDER)}))*RADL (ISROER ) ®=2~
»RADL(ICPDER)*%2)

ELOZLF(3)=ELDELF(L)

ELDELFL4)=C

FLEA(Ls L)=RAJL(IURCER) F2/ (I*RAJL(ICRIER)I* (L. +XNU(K) ) )
FLEX(L492)=G

FLEY(L,3)=0

FLZX(l,41=0

rLEA(2,L)=C
FLEX(292)=(KADL{ICRIUER)I /U S ICROER ) *THIC(IQRDER) )
Flle=XNJIICRIER))

FLEX({2,3)=C

FL3A(2,4)=C

FLEX(3,L)=FLEX(L,3)

FLLA(3,2)=FLEX(43)

FLEX(343)sFLEX(L,L)

FLEX{3y%)=C

FOEX( 4y L)=FLEX(L,%)

FLEW 992 =2FLER(2,4)

FLEXK(@y2)=FLEX(3,4)

FLEX(@yai=FLEX(2,2)

SLEZALD 3 )=FLEX(L L)

FLEX{@re)l=FLEA(2,2) .

o

it

NMFCRCING CuUMPATALILITY

Cr VO O O €0 (T

FLZX(L,L)==FLEX(L,1)
FLEAl L y2)3=FlLz&(ise)
FLZXA(2,y L) a=FL3X(2,1)

FLEX(Q,2)1==FLEX(2,2)
FLEX( 3431 ==FLEAL 2,2

FLEX(3,9)==FLEA(3,=)

FLEALG p3)==FLZA(4y3)
FLEXlay 2l 3=FLZA{4y)

SLIJSLF({L)=eLOBLF L)
cLouclFl2)=ELoeiLr(2)
LICLo(2)==8L0E0LF(3)

TLOELF (@) ==CL2ELF (=)

(e

ARITE(20s%) (ELDEZLF(J) sd=l, )
Sw L3 i=l,4
ARLITE( 200 #*) (FLZX(L9d)sd=194)
L3 CINTINUE
Akl ASSCME(STFAMAT,CEFLICyiPyltiePIZ)
RETJRN
ZND

N

o

O
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'
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SLCELF(2)=(PFES{ICRDER) *RADLI[GRCER) ** 3. )/ (E(ICROER)I*AKEA)
ELDELF(3)=Cad
ELUELF(4)=(PRES{ICROER)I=RADLI{CRUOERI**3.)/(E(ICKIER) *AREA)

SUME LCASS

CONTINUE

XMURM2 (XARAD*PRESIICARSERI I/ (La+CCSIPHIUNE) )

Xh= XNORMECES (PRICNE)

AVERT2XNURAM®ESIN(PHICKE)

KAOMET=XH®*YO+XVERT*(n=EH)

XMUMET =0

ELOELF (L) ={XMUMETERADL(IORDERI**2)/ (E( [CROER) *X )
SLOELFU2)=(rASLUIUnUER ) #32 /2 ICROERI I & ( XH/AREA) = ( XIOMET *
XLENTUIQRIER)/Z(X[%2))) '
SLOCWFI3)=ELIELF (L)

ELCELFL31=0

ELOCLF(4}= (nACL(ICARDER) *#=2/E(JCROER} )= { (XH/AREA) +{XMOMET=YC/X1))

o

SECCONUARY SCLLUTILNS

FLEX(L 2213~ (RaCLIICUZR ) == 2% (XLENT{IORCER) /240 )/ LELIGRDER) =X])

FLzX{ly3)=radl{[CrCERI®=2/(E([CRIER)=*X])

FLEX Lyl =(aA0 LU [CRCeR)I*=22Y0 ) /(E{ [URAJER) X))

FLEALZy L=~ RACL(ICAUER ) =222 (XLENT(IQRJER)/ 2.} )/ (ELIGRDER) *#X|)

FLZX & )={RAG L IUnSEn 1222} /(S ICROER) *AREA) ’

S3#((XuaNT(ICROER)/2)=222RA0 L ( [CROERI=®=2)/(E{ [CRVDER I ®X 1)
FLEA(2,3)==(YJ*KADL({[CKOER)**2)/(E(LCRDER)*X[)
FLIX(2,4)=2({RACLIICRSERI*=2) / (EI[CRTEK) ®RAREA)

S={{ALENTUICRIER)/2)2YC*RADL(ICKDER)®22 )/ (E( [QRDER) *X 1)

FLEXI 3 LI=RACLIILCALER 1322/ (S ICRIER =X

FLEX(392)1==(RACL(ICROER)==22Y0) /(S (ICKIER) *X])

FLEX(3,3)=2RASLITURCER) ==/ (E(IQRDERI*X])

FLEX{392)=(RAJLI(ICRCER)I*=22YC)/(2{ [URJDER)=X])

FLEX (@, 1)=(XRADL{[CROER)==223YC )}/ 2{ [CROER) *X])

FLulX{2,2)=(nadl([CROcI*=2) /{2 ICRUER)®AREA)

3=({XLENT{ICASER)I/2)*YC*nADL( [CRDOER)*%2)/(E{IQRDER)*X )

FLSA(4,3)=(RACL(IGRUER)==2%Y(0)/{E(ICRDER)*X])

FLoAl @y} S (L Lo/AREA)+YC*=2/ X J*(RAOL(ICACER)®=®2/Z( [CROEA))
SLIELF L) =(RACLIICRIER)®#2FET*XNIRAI/ (E( I ZROER) #Xi )
TLOELF(2)=((RADLIICROER ) =22 2C 5 (PHICNE ) /AREAI=(RAULI{JRICR ) *=.3

3{0e i FCT/ XM IF{XlaM/ T [LRIER))

FLEX{Ly )= (Al l{ICAZLX)®=2 ) /(2( [ChkDER)*XI)
[V




cCoOooOcc.

'

N

enFUrCING CUMPATISILITY

FLEA(L L) ==FLZX (i, 1)
FLEX{Z,2)==FLEXx(2,2)
FLZX(3,3)=s=-F0LZX(3,3)
FLEXL3y+)==FLIX{3,4)
FLCX {4y 3)==FLEX(4, 3
FLIX(4y@)==FLEX{4y%)
ELUSLFIL)I=ELDELF (L)
SLOSLFI2I=8LIELF(2)
=LJOELF(3)==SL05LF(3)
ELOELF{wi==cLOcuLF (%)
N W’ TZ(23,

Y OLTYPS{ICROER) yRADL(ICROER) y KLENTI I CRUER) yRADL(ICRIEK)
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L0l

(R SR TR I S G S S ¢

(VO

Ak [TZ(20,
anlTc(23,
fx (TS oy
we IT2(Z3,
od LS I=l,

wRITo 125,

mAC2ULCROEK )y XLENT(ICRDER) , THICI[CKOER) »PRES({CRDCR)
ANGULURUZIR) 9 Z{IGACERY s Pl ICROERyNUMELZyCOUNT

KKy 3ETAGELOELF (L) ELOELF(2) yELDELF (3) 4ELOSLF (=)
FLyF2yF34Fay)F3,4F9,FLC,FACTL,FACT2,FACT3

[ TR | B [T S

—_— e e~

(FLEX L 9pd)yd=l,4)

‘v ol T INJE
WRITE(23,%) AlEA
ark [ Tz{23,%) Xi
an ITE(23,2) X1
ARITE(25,%) Zha
AR [TZ023y%) Zn
an lTZ(23,%) v
R {TE{2a,%) K1YP
R ITZ{23y %) PHICNE
WRITZ2(23,%) 27
AR ITE(L2y5) XNCRYM, XVERT, XA
ARITE023,7) KMCMET
CALL A0 SZ43(STEMAT ,OEFLIC, [P, INyPIE)
FETdnn
)
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SJUACUTINE RITEIT

CUMMON/ARRAYS/ITYPE(LO) yxAOL(13)yRAS2(10),ALENTILQ) 4L JADI(LO),
5 PRESULII $ THIC(SD) y XNULLI) 2 E(L0) 2 ELICLF(4),C{50),
$ FLEX 4yl

COMMUN/CLNTS/PLy [UROERyiNJMELE, LOUNT L IDIM

{ORCER=0

[C==2

R ITE(30,39)

arRITE{30,30)

[SPOER=[CACER+]

fe=[C+]

(FICROEr«GCT . WUMELE) GOTO 2

<L=ITYPE(ICARZER)
weTC{ZQ0Ur2500,330¢,4003y3C0C,00C0+7200,3000) 4L

CONT INUE
XKL=ARKADL{ICROER) == 2rX LENT ([ GROER) 222 ) a2 3
ALPHA= AT AW(RAS LI LLRIEAI/ZXLENT{IGROGA) )
XLl=zo58XLFTANLALPRA)
ARAC={(XL/ 2. )*%2+L.%02 ) 2% 5
[FIXAASeLZorASLIICRIER)T) XRAQJ=RAD1{IQRDER)
PRIl aE=ASTN(RACL i I CX0ER)/XRAL)
[F{rau(ICRIZR)IWNELI) SuTT Lo
ARITE(50,1C)

wR [ TE(39,20)

(FLILRCZAR G Ewall Xv==C( 4

LF (IR UER EwetiUMELZ) Xv=l ([0 IA=2)
AEPRCcS(ICRIOER)®XRAU/ 2.

S AV=XNFLCS{PHICNE)

IFllurUCReCuell) AM==C(3)
[FOICKOEP e BwoMUMELZ) AM=C{ [D[n=3)

AR ITE(30,3C)AM, XYV

WRITE(3L,®) M,y XY

STl L

CINT INUE

RITE(30,15)

ARITE( 303}

LF{RMOLUICROER 1 aE3eAnCLIIORIEA=L)] mRITE(30,461
IF{RAL2IICROCR I 83 oRAOLIICROER=L)) #RITE(30,47} |
WRITE(3G,350)

W3==C([CROER+3+IL)

Ces=C{ [CRDER+a+1C)

R ITE(3093%1 ClLLASER+L#ICI,CLICROER*2+1C) ,C3,304

SR ITE(30s%) CUICAUERL+1C) yo(IGROER+2+10),03,0
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NOOOC

Jud Ak [TE2(3),40)
ar[TE{30,45)
nRITE(336,5Q)
C3==-C{ICTnRIER*3+]IL)
Ca==C{ ICROENn+=+[C)
AR ITZ(3393%) C{IURIER*L+[C)yC(ICRIER*2¢+iC) 03,04
aRITel3ls#%) CIICRIER+L+ILC),LIICRDER+2+1C)234C4

30T2 |

4 OO OC O

S0 CuinT INUE
ARITE(30,08)
wn Tl 30,48)
(FORACLUIUARCZR) e EweRAZLIICRIER=L}) nmrRITE(30,40]
[FURACZUICRIER )}« 234 RADLUILROER=L)) wWRITE(304%7)
AR 1TE(30,3Q)
W3==C{ [ZAOER+3+[L)
Ca==C([CFOER+4+]Q)
an[T2{30+323) ClIGRCER+L*iCJIC(ICRIER*+2+[C) 1C3,C%
ARITE(SLy=) COICROUCR+#L+I{C),L(ICROER*+2+1(C),L3,C4

Nl o

sGTC 1

Suva LT INUE
/.KLTE(JQ)LCI)
[ TE(3C,2¢)
(FUICRGERLETWL) XVz=L{4)
[FUICROFRLEeel) Xid==((3)
LFLIGAOER«BwehUMCELZ) XV=C( D (M=2)
IF{ICURIER e B elsu™MELS) XM=C 10 IN=1)
ARl TZ03093C) XM, &Y
AR ITZ{3L,%) XM,XV
suTC |

<

Soud wo it TINUE

nfITE(33,4C)

Ak [TE( 30,42C)

IFUICRDEREwel) AV==_{4)
[F{IURIER «EQNUMELE) XV=C{[u[M=2)
r L LICRTCEnR«Swel) XM==_(3)

[F( L RPUERCCSenUMELS) XM=C{[D[M=3)
Ak TEL30,3C1 AMyav

ARITZ(3Ls%) AM,XVP
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COMT INJE

wnlTE(30,105)

R ITE(3G42C)

iF{ILABERCEGQL) XV==((4)
[FIICROERCEQal) XM==_(3)
iFUICRDER o EQeMUMELZ) xv=C (10 IM=2)
[FIICKRUOERCEQLNUNMELE) XM=C([D[¥-3)
aRITE(30,30) XHM,44V

ARITEL3L,%) AMy&AV

SGTe 1

CounTINUE

na lTE(3U,12G)

aR1TZ{(30,45)

arRITE(30,350)

Co==-C{ICROcR+3+iL)

ca=s=L{ {CROER+4+[L)

AR ITE(32+5%) C(ICKIE=+1+IC),CIICROER+2+{()}C3,C4
ARITEI3L,*) C{ICKIEA+L+#iC) »CUIURDER*2+1C) (3,04

SoTL 1

FORMAT (/7773 154, "HEXISPHERICAL HEAQ')
FCRHAAT (/7 /79y 15Xy 'O PN CAOWN SPRERICAL SSECTICN')
FOR™AT(// 3 LRy "MLMENTY 10K 4 ' SHEAR)

FCXAT (/) 3XyF3 0l 02XsF31)

FURMATI{/// /74134, "CrLilNCRILAL SHELL'Y)
FUSMAT (/70 LIXyTEND L'y 20Ry'END 21
FUrRMAT [ TXy "{LARGE SNCI ' L7Xy ' (SMALL ENS)')
FURMAT (77X, " { SHAALL &NUI'",LTK, ' (LARGE ENDI) ')
FORMAT(// 43X g " MOWENT Y 33K, SHEARY 3 LOA s "MUMENT?Y, 2X,"SREAA')
FCRMAT [/ 13X325 1041 93Xy2F10a1L)

ECRMATU/// /743134, "CLUSED CONICAL mEAD*)
FIRMATU/ /774 L5Ke 2R3 CONICAL SECTICN')

FORMAT (/// /415X, 'CLESED CINILAL REAU!')

FORMAT /42X, "ALL MIAENTS LNU SHEAKS AKE [N GLUBAL X=Y LILRUINATES!

S

FUPMAT(/ 2%, *MCMENTS ARE IN (IN=LB/IN) AND SHEARS ARE IN
FURMAT (/// /74 L3Xy 'STIFFENING RING')

FURMAT(/// /74 'FLAT PLATE')

SORMAT(/// /79 L5K 'ELLIPTICAL ENOY)

CIinT INUE

RETURN

ZND

Lo/ N
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C
SUBARCUJTIIvE ELLIPS ESTIMATES THE PRIMARY 9
WCFLZCTICNS ANu THE [NWFLJENCE COEFFICIENTS C
FCR FLAT ELLIPSCICS. C
C

C

C

[UYUN U UL YOS SO U O VS O 66 U VRV O U R UK O G UL o 08 o O3 G VY o of o o of o o oo oF DR WY ol ST oY S 8

SIBRUUTTINE CLbLiPSOSTFAAT yOerLEC,IP,INSPILE)

SIS ILde STRAAT(ICIM, [OIM),08FLEC{IDIM)L,IPUIDIA) INCLIOLA,2)
JIMENSIG, PLECICIM)
COMMON/ARRAYS/ZTITYPE (L) yRAUL(ILO) yRAD2( LU s XLENT{ LI LIAD(LO),
3 PRES (LO), THIC(SO) s XNULLQ) 9 E(LO) yELOELF(4)4L(50),
3 FLEX(%,y4)

e AL L GNTS/P Ly IORICR ¢ NUMELESCOUNT, LD ™

INITLALTIZING FLEX
D0 Ll Nl=1l,4+

SO Ll nNd=l,e
FLEXINL b )=04C

CALCLLATING LSEGMETRIC PARAMETEKS

“ATKAQLIICROER)**2/XLENT ([ CRDOER)
PRI=ATANIRADLLICROERI/{RA=XLZNT(ICROER) ) )
RPL=RAGL(ICROER) =#2/ (ALENT([GROER) ®LCS(Ph] )»%x 3%

SUULe v {=ASLITCROER) #32/ XLENT( [LROER ) ==2) S TAN(PHI ) =%} 25| .5 )

KPZ=RACLUICROER) #= 2/ (AL ZNT{ [CROERI *CUSIPHIIF( (Lo +{RADL([CROER) ==

S/XLENTUIUWRLER) #%2) = TAN{PH] ) ==2)%%.5))
AR LELIUROER) *THIL{(ChUER)IFE2) /(L2 ( 1. ~ANU(IGROER}®=2) )%= 5

CALCULATING HUMZR[CAL PARAMETERS

e {Le=(XLENT{IiCRUER) *=2/RADL(ICROER)*=2) ) #x,5
AP HAZATAN{RACLUISRIEAN/ALENT L LCRUER ) ) = TANI(PHI) )
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IVALJATLG CELLIPTICAL INTEGRAL GF Trde 32C0ND KINJ
CALL GAUSS{XNpALPHA,CLPINT)

[CEDERI=THIC( IORDER) *RADL ( [QRUER ) **2 )
(ICASER}II®*F .53} (5% (XLENT(]{URDER)/RADL{ICRIER))
PINT )

ICTA=(((E
/XK EXLEN
F{ALPRA+E

{
i

L
VALUATIﬁG-KELVlN rUNCTIUNS

CALL ANZLVIN(AKER)XKE],3ER,BEI,CXKER)OXKE[,0BER,JUE[,Z2TA)
w=3ZR=UBE] =3[ #T32P=( ((Le=ANJIIORDERII/ZETA)F{SDEI®=2+

S+JELZR*®2))

5

Vi

$

]

ANLL=( /01 #(3E #5240 R*22+(2/ETA)* (8E[*CBER-EBER=0OBE]L )
+{Le=ANJ{[CRUERI®*2}/1cTa®x2)a(LEE[*®+U3CR*>2))
AK1e=s{oEI=LE8S1+dER*COERI/D

AK2£=(08E]l =% 2+03ER®*2) /0

{MARY SULEUTIUNS

SLDELF(L)==((PRESIIUNOER)I*RP2)/ (2. *C{ [CROER) *THIC{ IORIER])
ETANIPHINI ) #({rP2/RPLI=LI®((RP2/RPLI+3)
CLOELF{2)=((PRESUICRDLER) *RP2*=2*SIN(PHI I/ (2.%E{[0QROER)=*
THICUIGROEFR) ) ) #{ 24 =ANULICROER)I=(RPL/RP2})
SLIebF{2)==((PrE3{IURIERI*RP 2] /(2.#S{ {LROERI=THIC(ICRIER)
ETANIPAL)) I®((RPL/RPLI=L)*®((RP2/&PL)+3)
ELCESLFlei=ELSeLF (2]

NECJENCE CLEFFICIGNTS

FLEY(2,2)=(RPZ=F | ,3#3(N(PH1)2=23 /KL )/ (S{ICROERIFTH{C(IGRCER) =Xn)
x5

FLEAK(L )=(RP23S [N (PAHI)®XKL2)/ XK

FLEXI(2,L)=FLIX(L42)

SLZAL )= (0 (S{ICRICA)I*THIC{ ICRUER) *RP2) *3,5) 2 XK22)/XK*% |, 5
FLZA(3,Ll)=0C

FLEX(3,2)=C

FLEX(3y5)=FLEX{L, L)

FLEX(3,9)=FLEX(L1,2)

FLEX13,1)=C

L Al&y2)=C

FLEX %y 3)=FLEA(2,41)

FLZXley @ )=2FLEL(LZ,<)

tn

1
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SNFCRLING LCHMPATABILITY

FLEX(l:l)=‘FLEX(Lvl)
FLEA{L,2)=FLEA(]1,2)
FLEX(2,0i)=FLEX(2,1)
FLEX{Z42)==FLEX(2,42)
FLERALSy 3)==FLEX(3,2)
FLEA(3y4)==FLEX(3,4%)
FLER(@y3)==FLIx(+,3)
FeEX(eys)==FLEX(444)
zLOELF{Ll)=ELJELFI(L)
SLOELF(2)=ELDELF(2)
cLrtF(3)==cLUBLF(Z)

SLJELF{4)=-CLoELA(4)

WRITE(32,%) cCLLELF(L)sELOELFA(2),EL0ELF(3),ELJELF (@) ¢
IS wd [=144
ar iTE(32,%2) (FLEX(I)J),J=114)
4 l-ul\TlN'UE
ARITE(32,%) XKexR11yAKL2,XK22,0
AR [TE(32,%) AP14AP24344K
AA=ALENTIICRUER) #*x2/RADL( I CRDER) #%2
wRITE(32,%) PHi ALPAA,AA
AR[TE(32,%) Ray THIC{ICROER) yE{ IORDER) 4 XK
CALL ASSEMBISTFMAT,CEFLEC,)IPINYPILE)

RLTURN
ZN0
[FIVTUR SRV oY U oY Vel of ool of of ol o of S RVE SR S SXUE X oot ¥ oY SRR SR A H oA A oA & cooeeeceecegoeeecoceceeceece
-
C
SUSRUJITINEG 3AUSS EVALUATES THE ELLIPTIC INTESRAL QOF THE <
SECLnS KIND JSINe 31{& PUINT (GAJSS wuAuRATURE. T IS <
CALLED 8Y SJUBICJITINE ELLIPS. C
c
C
C.qu;CLQuCL;CCCCCCC:CCC:CCCCCCCCCLCCCCCCCCCCCCCC;CC;uQCCCLCCCQLCC
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L0
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I

o

PRV

SRR

SUBRUJTINE

SAJSSIANYALPHALELPINT)

FUNCUX)={{Le=XK$=22S[N((X+1)3P[/2)#22) %% ,5)%(P[/A)

Pl=3.141592654
AK=3 TN XN)

= ALPHA/P]
Asl.x(1/8)
Cl=.1713244524
o=l

C2=.3607al 3730
o3=02
C3=.4079155345%
Le=(3
GCUN1=.9324695142
WCCNe=e0012093G00>
SCUN3=4233615l3861

SLPIMT=CL#FUNCI=GCCNL ) #C2%FUNC(=GL0ON2) +L33FUNC (=uLUN3)

+C4*FUNC{GLON2 I +CoaFUNCH
XN=Xin* [ 30/ P
ALPHA=ALPHAR[3U/P]

wR [TE(33,%) SLPIANT
arlTc{33,%) AN,ALPMA
ANZTANFEP /130
ALPHAS WL PHA®O [ /132
<ZTURN

ZND

-LoLeieccgoccepcococeiccee

SUE<UUTINE <KELVIN

JSIC TC LETZIR®INE TmE |

SYALJATES TAE XELV L

SCONZ)+Coa®FUNCIGCGHL)

cLeolcoccieccecooLiece

FUNCTI
NFLUENCE CQEFFicIenTs

SLLIPTICAL aand

CPEN

ANDG CLC3ED FEMISPHERICAL

{r

iS Calleso

2Y SU3RQUTINES ELLIPS, HEMI

cllllllluldlicoclLiacaLic

[T e SN

[ON @)

X

AR mom
W Merd VX
[ LI TR TI o

-~

- NJ

e
[SIORSTSLSTOY STOTURIY MY SR ot o ¥ SRR eRUT Shet o4

cLecceecce

GNS

FOR
FEADS.
SPHIRZ.

(@]

e NaNeNsNaNaNeNaN g

Tl ¥EL INUXKER ) AKE] yBER, 2E 1) OXKER, OXKE I yOBER yUBEL,25TA)
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dEl=C
S ER=0
J8E1=0
FACTL1=0
FACT=9
XLAMG:O
XLAME=D
IXLAMQ=Q

T OXLaMe=0

C=e577215665
Pl=3.1415927
[F{ZETALGT.13) GuTC 39
[FILETALGTLLD) GLTC 30
J0 15 I=L,é&
K=aw+{[=1)=4
A{=K=2
KA=K/2~-1
FACT=]
FACTL=1
JC o Il=l,KK
J=l+ii
FACTL=1®{[*FALTL
FACT=L=*J%FACT
SoCr={{=1)=={ )= ( ((JETA/2)%3K}/(FACT®%2)}
SEEI=((LETA/21*=K L/ (FALTLl=®2))&(~[)%x3([+])
SOBERS(=L)2=[2(((K/2)=(ZETA/2)%%(K=1))/(FACT==2))
SULEI=(=L)®=( [+l )* {((ZETA/2)=%(K1=1)1=2(K1/2) ) /{FALT1%%2))
UBER=DBER+SD3ER
Sekb{=08El+rSiaE]
cEl=pEI+S8E]
3EK=BER+SEER
SER=3Ex+]
FALT=1
<G lo l=1,4
tF{leCQai) LSISN=L
[FIl.EQa2) L3[GN==1
iF{leEmea) L3IGN=1L
(F{l4EQen) LSIGN=~-1]
FalT=lo®s1=FACT
NeAMS{((LETA/2)32(2.%51 1)/ (FACT==%2) )
SXLAM=([&( JcTAa/2)=#(2%[=1) )/ (FACT=*=22)
SdM=Q
JC LT [I=1,]
SUM={1l./11)+SUMm
LFLU(=1)#=[) oLTad) XLAMI=(LSIGNI *XLAMESUM+ XLAMG
LR LO{=10%2 1) 00Te3) XLAME=(LSION) TXLAMESUMTXLAME
P =10#3 ) sl Tad) OYLAMO=(L3ION)I®OXLAMES UM+ XLAMO
IFLi=1)%311aGTeC) DALAME=(LS{GN)®OXLAMESUM+DALAME
CONTINJE
AKER=={ (ALCGUZETA/ 2)+ ) =8ER)I+(P[/+) =BE [+ XLAME
AKEL=={((ALCO(ZETA/2)+C)=3E] ) =(P[/4 )% BER+XLAMC
JXA£R=-((ALu&(ZET4/2)+C)8CDER}-(I/ZETA)*BER*(PL/é)tdaEI*CXLAME
SARKEL==({ALIGIlETA/2)#C)=CBEl)=( 1/ ZETA)#BEI=(P[/+)*DBER+OAL AM)

IETA
T

wl [Te({lde,=) (2TA
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AR[TE(34y%) XKIR,XKEI4B8ER,3cCl
AR [TE(3a,%) OXKRER)OXKE[yOBER,CBEI
~ETURN .
29 CCNTINUE
JBETAS=0 .
OBETA=0
JLAMA=D
JLAMAS=0
GZTSER=D
3ETA=)
XLAMA=D
ALAMSE=0
PHI=lETA/(2.%=.5)={P[/8.)
STASZCTA/(2.%%,51+(P[/8.])
JC 22 (=1,23
K=a+([=1)%24
Kl=K=2
LK=K/2=1
FACT=1
3C 26 i1=l4RK
=1+1]
2. FACT=1=JsFACT
[F{leBuell) NN==1
[F{leGTall NN=NN+2
CETA=CLSII*P (/) /I FALT*(3.%ZETA) =)
ALAMA=SINCI®*PI/4)/ (FACT*(g.%2ETA)==])
COETASCLUS(I*P{/4)/ (FACTR(*(8.%ZETA)*=(][=]1)*8,)
SLAMASSINU L #P /4 )/ (FALTX[* {8 x2ETA)*x([=1)%*8,)
5=TS:R-(mN+4J*"=&LTA+aETS:R
XLAMSE=(NN+2)®Z 28X LAMA+XLAMSE
CLAMAS = (NM+2)1=3250L A4A+0LAMAS
ETAS=(NN+2)=22303ETA+J8ETAS
22 COHT {NJE
2ETSEk=L+3ETSER
-((;XP(;LTA/(4.3=.S))RPE)/(2.=(PL=LETA)=*L.5))3(CUS(PHI)=LETA
3=SI(PHII=IETA-CCS({PHL})
BT CXPIIITA/ 2422, 51 %P[ )/ (2. 8(PI22ETA)#x | ,5) )= {SINIPHL)*2ETA
SHCLOUPRINFIETA-S [ (Pitl))
SEF=IEXPLLETA/L2 7503 ) /{{2.%P*ETA)*=2,5) )= (COS(PHL)*3ETSER
S+SINIPHRI}FXLAMSE)
SEIS(EAPIIETA/ 124322550 )/ 1(2.%P 2 ETA)R% .5} )=(5IN(PH] ) 23E TSER
S=LLS{PHl)I=XLAMSE)
JOER=AFUSETAS #IESLAMAS
COE[=BFUZE TaS~-a%CL AMAS
AR [TZ{ 34,7} 2Z2TA

AR[TZ{34y%) XKER,XKEI)BER,3EI ~
ARITEN34y=) UXKER,OXKEI[,08ER,CEE!L
RETURN

CONTINJE
ZERS(EXPILETA/ (2 .F%F0) )/ ((24#PIFLETA)R= 5} )%
sCuditds TA/(2.==.,))—P[/=)
BEI=EAPHIETA/(2.%3,5))/((2.%P[=25TA)%x,5) )=
’51’l(LETA/(Z.-=.:))~°x/u)

AKER=AP L/ (2. #ZTA) ) =% 35EXP (=2TA/ (L.5=,5] )=
SLOSTIZETA/(2.5%,5) 1+P1/5)

(V8]
C
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:('("(\(\r'(AK\('(v(\\("(ll"(’(

OV OO g

AKEI==(PI/ (2e%2ETA))*% ,SECXP(=2ETA/(2.5%.5))¢
SSIN(I(ZETA/ (2.%2%.5))+P[/35)
UBER=(EXP{ZETA/{2.%%,5))/{(2.%P[=ZETA)=x.5})=
SCOSU(L3TA/(2.%2,5))+P [/8)
OBEI=(EXPUZETA/{2.%%.5))/({2.*P[*JETA)*2.5) )%
SSINI(ZETA/ (2e%%,5) )+P 1/ 3)
IXKER==(PI/{2.%25TA)) %3 S2CXP(=ZETA/ (25,5} )%
5CISUIZETA/ (2e%%,5))=P1/4d})
IXKEIS(PI/(2.¢lETu))**® ,53EXP(=12TA/(2.58.5) )%
SSIN((ZETA/ (2.%2,5))=-P/G)

RE TURN

enNDd

DI sl v S W N A S A d e A S A A A AT T T AT AT
SUBRSUTINE CLSCLN CALCOLATES THE [NFLUENCE COSF-~
FICIENTS FCm TRUNCATED (LCNG ANS SHORT) CONICAL

. e

v.ibulguCC.:CCCCC;~C;£L;CLCCLQCCCC;C;LCCCLCCLCCCCCCCCLCL;C

OO0 00

C

L{MENSION STRMAT(IDIMy [OTM )y OBFLEC(IOLM) ,IPCISIMI,IN(ISIM)

SIMENSICN PIE(ICIM)

CSM“CN/AR&AYS/ITY?E(lO)yRADL(lO}yRAJZ(LS).XLENT(LO),LQAD
5 RRES(lJ);THIC(SJJ,XNU(LDiyE(LO)yELJELF(é)y

4 FLEL (+y4)

COMMUN/CCNTS /P g ICAZER g HUMELE ZJCUNT, IO QM

(1C),
C{53),
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OO0y
—

OO0 —

PO OO OO C, OO0

OOV Co Oy Uy G O

INITIALIZING FLEX
JU 11 NI=l,4
0C LI NJ=L,4
FLEX(NI NI I=C.0 ™

CALLULATING SHELL GZCMETRY

ALPHA=ATAN(XLENT{ICROER)/(RADL{ICRDER) )}

X2={ ( XL+XLENT{[CROER) } *=x2, +RAJL(ICROER) *#2,.)*x,5
ALPRASASINIRAVL{ICROERI/X2)

CAMMA=(P{/2.)}=ALPHA

RAUQ=RAUL([CROER)/CUS{oAaMMA)

PH=sP[-aLPHA

PRLMARY SCLJTICNS

JNIFURM PRESSURE

XM=x2
SLOELF(L)=((PRES(ICROERISXM=CITAN(ALPHA)®=2 )/ (E[ |ORUER)*
STHIC({[CROER)} #2,) )% (3ar( XL/ XM 5%2)
ELCELF(2)=((PRES(ICHJER)=XH**2=COS(ALPHA)*COTAN(AL?HA))
S/LECIURIERTIFTHIC (I [CROERI D J#(La=( (XNUIICROER/2. 12 la=( XL/ XA)E=) ) ) )
ELOELF(3)= ((PRES(ICKUCR)IEXMRCCTANI ALPRA)®=2) /(E(ICRDERI®
STHIC(IGROER) ®2.) )= (3 +(KL/KM)5=2)

SLOCLF (4)=((PRES(ICROCR) *xM3x2 =L 5 {ALPHA ) *COTAN(ALPHA) )
5/0ClICRUERI*TAHICTLICRIERI D IF(La=( (ANULIGROER/24J % (La=({XL/XM)==2)1) 1))

Xi4=X2
AnZ (3 {Loa=XNU(ICROERIZ*)1*%.25/(THIC(ICROER ) #XMECITAN(ALPHAL)
s, 35

oETA=AK=XM
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FL=SINH(BETA)**2-3[IN(DETA) #=x
F2=SINHIBETA)#%2+S[N(3ETA ) *=x2
F3=SINH{OGETA)*CCSH(BETA)J+SINIZBETAI*COS(o3TA)
Fa=SINH{B3ETA)*CUSH(SETA)-SIN(BETA)*CCS(BETA)
FB=SINH{BETA)=®SIN{BETA)
FO=CUSAH(BETAI®SINIBCTAI-SINA(BETA)®CQS{BETA)
FLO=CUSHI(BETA)*SIN(BETA}+SINKIBETA)®CCS(3ETA)
D= ElIUKVERI #*TriC({ [ORIERI*®3)/(L2.%(Le=XNU(ISKRIERI%*%2))
Falll=1l./(2.%0%XK)

FACTR2=SIN({ALPHA) /(2.303AK*%2)
FACT3=SIN(ALPHA)#32/ (2. %D%XK**3)
FLEA(LsLl)=FACTL*{2.,%F3/F1)
FLEX(L,2)=FACT25(F2/FL)

FLEX{2sLl)=FLEX(L,2)

FLEX(Q,2)=FACT 3= (Fa4/FLl)
FLEX(3,11=(1la/(2.%C¥XK})=(2.3F10/F )
FLEX{3,2)=FaLT2%{2.%F3/FL)
FLEX(@yi)=FACT2=®(FS/FL)
FLEX(442)=rAlT3=(EQ/FL)
FLEX(L93)=2(le/(2.%0%XK)}I2(2.,3FL0/F1)
FLEA(L,2)=FALT2%(2.5F3/F1L)
FLEX(2,3)=FACTL®{2.%F3/FL)
FLEX{(2+4)=FalT3®(F9/F1)
FLEX(343)=FACTL*(2.5F3/F1)
FLEX(3,41=FACT23(F2/F1)

FLEX(493)=FLEX(3,4%1i

FLEX (@92} =FALT35F4/F]

I4
-

ENFCRCING COMPATIZILITY

C.oOv oy Oy

FLEX{(LyLll==FLZA(L, 1]
FLEX{192)==FLEX(1,2)
< FLEX(Z2yLi==FLZX{2,1)
FLZX(2,2)==FLEA(2,2)
CLEX(3,3)==FLEX{3,3)
FLEIX(394)==-FLEIX(3,4)
i'LE/‘(*yJ)=';LE/\(‘?'3)
FLER(Gy@)}m=FLI (4,4)
SLOELF{LI=ELSELF(L)
ELOELF(2)=ELDELF(2)
ELIJELF{ 3)==cLOELF(3)
SLUCLF(4)==-C2LDELF(«)
53 Lo [=Ll,4
ARITE{27%) (FLEX(I4d)lsd=l,a)
Lo CONTINUE
AallTEL27 %) PiTYPE({ISAUER) JRAJL(ICROCR) yALENT( (CRUBR) ,RADL( [LROER )
ARITE(27,%) RAD2(ICRUER) yXLENT(ICROERY yTHIC(ICRUER) JPRES(ICRIER)
ARITE(27 %) XNU(ICROEZER) yE(I0RIER) v P, [CRDER,NUMELE ,COUNT
nR [T 2(27y%) XK s SETAGELUELFP(L)BLCELF{2) s ELOELF(3),ELIELF (=)
AR[TE(27 %) FL,F24r3,FasF3,FS,FLS,FACTL,FACT2,FACTS
ARITE(2T %) ALPHAsGALMMmrAD0 3 XL XL ,X2,XM,0
AR ITE(279%) ALPRAZ 1wrwl i A
Ak [TE(2T,5]} ALFHA,PH]

-




CotiditadudeleecoLceoucceoecLceecceccoececceeceoecceeeecececccee
o -
¢ PRUSAAM SraPH BY: JRIAN Ge SMITH C
C C
C Unald TAKES THE AE3ULT3 FRud ALShén and PLCTS THE .
v ACTLUIUNAL MEASRANE STRESS nRESULTANT, TANGENTIAL C
L STAESS RC3JLTANT, SAEAR 3TKESS RESULTANT, MERIJDICNAL "
- ACHENT y TANGENTIAL ALAENT, MSRIGIONAL UEFLECTION, C
< ANG MERIDIUNAL AUTATI[CN AS A FUNCTICN GF THE C
- AEnaciCvaL PCSITIO CF A GIVEN SRELL. C
< C
C C
L VLV O VRO P VR0 YU YUV o o UL SO 3 BTURUROR of of of ol S Y SR ST S oF e o ol ool of o Sl s o of o'y BY oot

CuHMGh/AnnAYS/ITYQE(lu).&AOL(lQ),KADZ(LJ);XLENT(LOI:

5 PRESULG) s THICILO) s XNUI LUl 4 E(L3) yLUAJLL0)

CuV”LL/LUNST/ALh.RM,g,XK.PIyKiD,NUHELE'RAD,PHICNE.PHlTuO

Lt N/ R Al T/;L'Fg;FE,FQ'F51F09F71F\ivl;9yl;LQIFLlﬂ:L21
Fl3,y FL'#;FlsyFlbyFl7yF159FLngZUrFlquZLv
F3C,FeC 1 F5C 1 Fol FTCsFoC,FYC,FLOC,FLLC,
FLlau sl lowsFLAC ) FL3C ) FLlolFLTC,FLECFLSC,F2UL,
aldruirua

SIMENSICHN NAMES(LJI,TITLEL20)

JitzndIai X{LludCl,yY(L00Q)

JATA NAAES /4T ITL, 4HNJIM3 s +ATYPE, 4HRACL ,«RRA02, 4ALENT,

3 AATalCr 4L CAS s 4HPRESy 4HMATR Y/

CPEN{UNIT =20, Flie="ALSnELJDATY ,QEVICS=DSK " 4

<P ENIUNI TS L, FILE='GrAPHLUATY JCEV [CE='0SK! )

SPENAUNIT=2 2 FILE='CnECRaUATY JCEVICE=135K" )

Pl=3.14552¢54 '

J0 ewuwd {3,

ATAGLZCrouwld) NAME

PFLLAMEL T W ANES i) waTL 2410

JurC(COZJ'ZJJJ)DI

A e

<

-

- »\E».‘u;;-u Jlz T:TLE

-

L4dd AZactlYy3ulyy TITLE
A [ TZ{ce,3C20) NAME
AR iTElZeyo03u) TITLE

o
ASAUING NUNMHER IF SHELLS

-

-

2200 Lol inNGE

2500 1ZacllIe®) GUMELE
DIV 7OUMELZ+2,

-
wey =g
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KKR=Q
1 KasKAa+l
[FInKeUTenN} CCTC 21440
ReAS (239 300U) 11AME
20 2uaed [1=3,10
IFINAMCWELWNAASS(I L)) SULTGC 2050

23%+)  LUNT INJE :
dudy  M=[[=2 .
v 95T ledB092070,2C0092uU5092L03092L1092L204213004M
e
¢
. (lLes wEAUING ThE SHELL TYPES
-
2iul cudhTiNJE
KEAUL239 %) s LITYPI(Ud) yd=1NUMELE)
Jull 1
. (2.) REZACIiw TrmE PRIMARY RADII (RAJLI
<
2yl LewlINJE
AZADULY =) s RAQL {J)sd=LyNUMELE)
wwTC |
C
C
o (3.) REACING ANY SECCNOARY RADII (RAD2)
2u3dd  LONT INJE

NN=8

3 Ju 4 J=1l,niUMELE
LECLTYPE(L ) eivCel e ANSS{TYPE(J)aNELS) SOTL 2
-+ RCAU(LTy*) &AL J)
2 ConilTINGE
o KEAC(2Ir® )y LRAC2(34) 9 d=1 ) MUMELE)
GG TG L
< (+e)  REAJINS walal LENSTH CF THE SHELLS
2,33 CONT NGZ

FEASL2G e ®) s (ALENT(J) ,J=1,NUMELE)

wuTC L

-
c
c (5] AREAUING THE SiteELL TrhlCKXweS3ES
A"
2100 LONTINGE
;EAD(Zsz)y(rhiL(J)7J=Lde45LE)
50TC 4
. {9ed  almdide TrE TYPE UF cXTEANAL LoAD NG
2LLd CunTINGE

REASLZU0 = LLLALLI )y =L udELE)




o N OO

[AVIX SR I SEY QRN ¢

OV C oV C s g

L S

L0 O

¢

L2

L 3Y

-

o e

(7¢) RcAUlINL TR MALLMUM PRESSURE

CONTINJE
REWC(2ur®) g (PRIS(J ) sd= 1y WUMELE)
wu Tl 1

lue) Rizau [iie MATZRIAL PRUPERTIES [.2e £ AND Nu
CUNI [NUE

READ(23+%) 5 {E(J) su=1sNUMELE)
rEAJL2d9F ) g LANGlU) sd=L g NUMELE)

oulZ 1

CCNT INJE

call AamcANUIXyY)
sCTo LJuo

EZAMAT (As)

EORMAT (22441

FUrRMAT (/LXK yAw)

FORMAT(/1X42044)

AaRITZ(>,5540])

FORmAT(//2A0 " JATA MUCJLES ARE CQUT CF CROER!')
<INTINJE

STCP

ZND

[ @)
P
s

e e e R, o, e
[OROTC U U SR URURUTUY VS SRS S U SV UY GR0N R 6Y SRURUN SR N of S UY S STV f B UY 58 eX el of 'S

SuorLuT Iha FalTUR LALLULATES THE TRIGCNEMETRIC
FONCTICHS JSES [N TALCJULATING OIFFERENT 3ZuGé
e SITIuNG A3 FUNCT IunS SF TAE AXIAL LENGTH
Fln TrE vmR [LUS SAELi SECHETRIESS

[aNaNaNGN SN e ol SN ol o

cuscLcocelecrandieceiiecogoocooageceoeececcececce

o
O

SudnioTINE FACTCR{ISETA)
SUMMUN/AFRAYS/ITYPEL LDy RAOL (LD RAD2(LU) ,ALENT(LD ),
5 PREsid0) s THIC(L3) v ANULLI)} yELL0) ,L0AD(10)
COM AN/ CUNST/ R INCRM Ly AR 9P L oKy Co NUMELE yRAD,PHILNE ,PHI T A
o PMUNIF Al T/ F L F e P34 FasF34F0 1 FT s 3,FSsFlusfllsfle,
. FL:,Fl*,FLijLavFLYvFL3'FL9vF20-FL.,F2C'
FjCJF%C,Fby,FOC1F7C;F5C1FQCvFLJClFLle
Facal s FLlCyFLlal  FLloC FialyFLlTCyFLEC,FL3IC, Felly

o e
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B Y

CJZ .Gi'uo
ALEnEXLENT (K]
IFLlivyP3inleciel} XLIN=1.
IF(ITYPE(RK) eEde3 ) XLEN=L.
ASINH=SINA(XR®=XLEN=L2TA)
ASINE=S NI XKFXLENFLETA)
ACLSH=LISHIXK=ALENSLETA)
ACCI=CuSan®=ALZN®L2TA)
Fl=ASlNAsE2=XSiNEF32
*Z=XSINAFE 2L XS [ NE=3Q2
FIZAINMFACU O+ XS INCEXLUS
FaozXSINAFXCISR=ASINS®XCSS
FSz 5[ NE==2
Fo=XSIhn®*2
rl=xLloH*®xCus
F3=XSlNREXSINE
FI=ALLSAEX Sl wE=XSINm*XLUS
FLISXALLSAR XS [ WE+vAS[IisXCIS
FLL1=ASINE#XLCS
FL2=XSIANR=XLISR
FL3ZALUSARXLUS-A S INA®XS INE
Fla=x 0Si=XClo5+ XS INHEXSINE
F15=aACJOSH®XSINE
FLo=ASINREXLLS
FLT=EXP(=KK&XLENT (R ) =ZETA*XCGS)
Flo=gaP{=XK&ALENT(K)=2ZTA®XSINE)

FLYSERP (=KKFXLENT(A)FLETAF(ACCS+XS INED )
F2O=EXP(=AKZXLENT(K) ®LETA®{ XCUS=XSINE) )

CONOTANT FALTOXS
CLENSALENT (N

IFOITYPEIKadQal) XLEN=PH{CNE-PHITAO

FUITYPE(K ) e Cwads XLENSPHIUNE
ASINP=ESINALXRR=LL S
XSIng=S 1l AK=XLEN)
ACuIHSCUSH XK= xLEN)

AC IR CLS LAKELALEN
FLLOZASINHE2 =X SINESs=R?
FAL=ASINAER2 ¢S5 2352
F3CsXS INREXCOSA+AS [IERXIIS
FeusX3INn®=XLoSP=XS [NEEXCIS
F3C=X3(NEE=2

FaL=AS{Nm2s2

FTL=ALISAS®XCIS
roC=XSiva® XS INE
FICSXLISHEXS [NE=AS iNAFXLLS
FLOCEALSSARXSINE+XSINA®XIUS
FLLC=ASINZ®XCC3
FL2U=X3[\A*XC5SH
FL3CALOAFXCLS= A5 INA®XSINE
FLAC3ALLIM 3RS +AS[Lim®XSNE
Fr2CEXLusmEX Y[ NE

FLsCBAS LKl S
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FL7C=g XP(=AKFALENT (K} =XCTS)

FLECSEXP(=XKTFALENT(K)EXSINE)

FLIC=EXP(=AK#XLENT (K)*(XCAS+X3INE))

FRUC=C AP (= XK #ALENT(K)®(XCGS=XSINE))

9220 (Lo={{{RADL(KI/(RADL(KI=ZETA) ) ®#2 )% (1. +2%ALGG(
SIRAULIKI=ZETAI/RASOLIK) D)D)

VOB eDF(Le=(RADLIK)I/ZIRADVL(K)=ZETA ) ) %%2)

U3 3F (LatXNUln) +{ {le=XinJ(KIIF{(RACL{X}/(RACLIR)=ZETA}I))

<
c
L
< RuAnK CUNSTAATS
.
C
2z AcHiSPRer[CAL READS
<
l IPuleTAsLTe0 GLTC 35
- SKLZle={l le=2e®AnU(a) 1/ 12e%AKI ) ECCTaiv i PHICNE=ZETA)
- REEZLa=l{la?2e®ANGIK) I/ (2.5XKI)2CCTAN(PHIONE=ZETA)

| < S5uTC o
<2 R&Ll=l.
o8 RRK2=1.
co AK3ZEXP (=AK=Z2TA)/{SIN(PRIGNE=ZETA ) ®%x,5)
- RCA=(SIN{FALIONE) 2L 58 (L. +RKL3%2) ) /RKL
C RUME(2.5XK®SIN(PHIONEI®®,5) /(RAG*RK ]}
<

(E TunN
N0

<
wovenlillleliactaelielocoLocoocoeogoccetelocooacccLecocLcce
< C
L C
< dworLuT NG CYuilhd CALLULATES Tde RACIAL oEFLECTIuUN, .
< ROTATICNY TRANSVERSE SHEAR KESJLTANT, TANGENTIAL SHEAR C
o CESOLTANT, AXTAL MCMENT RESULTANT, ANC TANGENTIAL -
- MUdENT RESULTANLT A5 A FUNCTiuN CF AX[AL LENGTH FGR .
o 52TH £.40S. C
o C
i o
(SR RVIoY VYN U Ut SN S UuR o DO oY UUR U S URURUN o o oY YU oY Y I o o O o Y o o oY S S TR S SRR T o S o F o of T
~

-

SUBCIUTINE CYLINGUX, Y

COMALN/ An AY S/ W TYP S L) pRad L0 RACLULT) yALENTI LD,
5 PRES(ILI) W THICILS) s ANGILI I 9L LC) s LdAI(1D)
CIMALNSCLIST/ X IHNCAM Ly XX g2 [y Ky Gy NUMGLE yRAU»PRLCNE , PHIT AG
~—L£VM:-.I/F""*\:r/;l‘th‘,F31F?1F51F01F71F5’F9'FLO'FLL'ELZ,




NT

[N AN EN N

Lesd

Lo Y Y

- v

"

Flerl"”FlSqFlﬁyFl7pFLJyFl".FZJ,Fl\-'FZL'
FIusFaCyF5CFOC, FTL, FEC,FSCHFLOC,FLILC,
FL2C o FLIC)FLAC,FLI5CsFLOC FLTCWFLAL,FLICL,F2C,
w2993 s9d

SIMENSTILN AL{L),Y(L) .

A 2 (3 (Lo=XNJ(K)F#2) )22 25/ (RADLIKISTHICIK))=%,5

I UK *TAIC(KI®F2) /(124 %( La=XNU(KJI®®2))

{END=0

WEAC (L 9®) XMLy aVLlyXM2,XV2

[1=0

[SN3=1END+L

A= XML

A¥=xVvl1

[F{lBwweTe2) Mz M2

IFLLENUELe2) XV=4V2

conT INJVE

Li={l+]

ARITE(3,3)

FURMAT (/33X POYLINCRIVAL SHELL')

[Fligivdecdel) arITE(5,4)

ir{lan0elwel) wRITE(5,5)

FOIRMAT(/ 3Ky "FIRST END JATAY)

FIRMaT{/,3X,'SCCINC END JATAY)

SCTC(1J03,200u,s30Cu,4d3095208,60C0),11

CALLGLATES DJELTA AAQIJS AS A FUNCTIGH uf AXIAL LENGTH

ConTiliue

Ak [TE(3,1u)

“SAC(5,®) L

IFleceZaall) SCTO 131

i=0

lETA=Y
ow Ly [=2,L

ARITE(D,=) [ETA
Al l)=deTA=XLENTIK)

aklTe(2,7)

FURMAT(/,3X, ' CYLINUER BEFGRE FACTOR [S CALLED'Y)
CALL FALTUAR(LeTA)

ARITE (29w
FURMAT (/3 0Xe ' SuadnudTINE CYLINGY)
JELRm=—(AM/(2.*O‘Xh==Z))=((FZC/FLC)3FT-(F5C/FLC)=FLO*P§]
RPNV Ewel) JELRM=AM/(2.202xXK222 )% (= (2 ,2F3C/FL1C)%F7
w{FLoC/PFLCIZFLS)
JELRH=(XV/(2.=U*X&=‘3))‘((F%L/FlC)‘FT-(FDL/FLC)*Flj—(FGg/
FLC)=Flo])

[F{IENUVeEWa2) CELRH={AV/{2.¥0%XK¥%2) )2 (=(FSC/FLLIRFT+(FAC/FLC)
FL3)

({1} SOBLAA+OELAM

oTm=a STA+ (A INCAM/XLINTIR))
ConTINUE
cAabkh URAPA{A,T)

iFllielaenw) GCTZ 13
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il

Loy

AN eNaN Al

{

Oy (

Jad

[§
L

[ 2PN
€
[

CUNTINJE

FUPMAT(/,3X4 *CEFLECTIUN AS A FUNLTICN UF AXIAL LENGTH (L=YES

$e2=nL) ")
suTl L

<o)  CALCJULATES RLTATIUN AS A FUNCTICN UF AXIAL LENGTH

CUNTLNJE

AR ITE(5,20C)
RgAC(3y%) LL
[FlLLeEwed) 3LT2 221
=2

L2 TA=y

vo 23 =240

A1) =lSTASXLENT (K]}
CALL FALTORIZETA)

GETAM= (XM (250 XK} )3 ((F2L/FLIL)*FI+( 2. 3F3C/FLICI*FT=-F13}
SETAMS(XV/{2430%XK352 ) )3 ((FGC/FLC)#F9+(FSC/FLCI%F L4
+ilFol/FLCI*FL3)

[FIIENDeClec) OETAM2XM/ (2.303XK)3( (2.%FBL/FLL) *F9
+{2+*FLOC/FLLI®FT)

iF{1SNDecwed) OETAHSAV/(2.%02XK*22)x((FGC/FIC) %F9
3+{24*FGL/FLCI%®FT)

iFlichueZwel) ZETAA==-3ETAM

Y{[)=8cTAM+3TAH

ETA= e TA+ (X INCRM/ XLENTIR]))
CoNTANUE

Al SRAPH({X,Y)

l‘.F\“c’C;-u) :Jur‘- ‘53
cwnTliue
FonrMAT /93Xy PRCTATICN A5 A FUNCTIUN OF AAlAL LENGTH (L=YES,
2=MNLs )

sOTC L

s

o

(7

{31 CALCJULATING TRANSYERSE SHEAR AS A FUnNCTICON CF

“AlAL LENGTH.

CuNT [Nye

a [TE(D430C)

<KE2AC(5e*) (L

{(FluLsCaed) SCTO 3Q1L

=2

ZeTAa=d

G 30 [=2»0L

A L)sLETA=XLENTI(K)

wAl FACTON(LETA)

XM (= AKFXM) 2 (F2L/FLU)3FLd=(243F30/FLCI®Fa+F3)
AaBS=XVFE{{ Fel/FLIC)SFLO*IF3C/FLC)®F L 3={FoCl/FLlC)2Fla)
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3ul
Swd

SO O

LIVION;

w1

hAvRY]

C.

AN aERESN]

wud

J
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IFLIENDeZwel) XQri==XVE({(FYL/FIC)*FL0-(2.*F3L/FLIC)*F3)
IF({IENUeEGeld) AQMSXMBXKE({2.#FSL/FLC)*®FLO-(24.%FLIUL/FIC
2)%®FJ)

Y({1)sXQM+XQH

CETA=SZETA+(XIWCRM/ALENT(K))

LUNT INJE

LAl GrRAPH({K,Y)

iF{ll.EBle3) 3uTC L3

CuinT INUE

FORMAT (/3 Xy 'SrEAG STRESS RcSULTANT AS A FUNCTION JF LENGTH
$ (1=YSS,2=N3) ")

GGTo |

tee)  wALLdlaTlne TAwuSTIAL SHCAR A5 A FUNCTIUN UF AXLAL LENOGTR

CONTINJE
JRITE(S 494 l)
RIad(53,%) LL
IF(LlLeEwel) OLTC 4C1L
=0
zTa=Q
S =0 [=2,1
AlL)=22TA®XLENT(K)
LAkl FALTURI(LETA)
ANTHAMS AMEL (# XK F22%0ad L (n)5(=(F2C/FLC)*FT+(F3L/FLL)*F L0~-F8)
ANTARSXVE2 o #XRFRADLIK)F((FSC/FLICI*FT={F3C/FLCI*FL3
S5=(r3L/FLC)*rla)
IF{1eNDegde) ANTHM3XM*2 ,3XK*228KALL(K)*(=(2.%F3C/FLlL )%
3ETH(FLIC/FLIC)=FLO)
P LN eTweld) ARTHRSAVF (L ¥ XK=ARALLIK) ®(=(FSL/FLC)=FT
Se{Fol/FLC)2F LY
YL I=ANTRM+ £ THH
e TAs 2T A (X INCRY/ZALENT L))
CIONTINUE
LAlk oRAPHA{A,Y)
[F{ileEWwed) SCTC L3
CunTINGE
FURAAT{ /3o Xy 'TANGENT AL STHRESS REZSULTANT AS A FuneTICo ULF AXlAaw
S LENGTH (L=YES,23N0)t)

NTUREVINT

Ze)  CALCUJLATING AX[AL MCMINT A5 A FUNCTIUN CF AX[AL LANGTH

CONTINUE
WRITZ(3,50C)
A2AC{3,%) LL
IFilLoeCaed) SuTd 501

i=

- C
U L

mn
o

Q
22yt
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ALL)=ZETA=XLENT (K]

CALL FACTURI(2ESTA)
AdAM2=XME((F2C/PFLC)I®F3=(FIC/FLL) *E5=-FT)

XAXH== (XV/XK) #{(={Fal/rlC)=F3=(F5C/FLL)*Flo+(FolL/FLlCI*FL5])
[FLIENDeEQed) XMAMZXA®((2.%FsC/FLC)*F3=-(FLIC/FLICI)*Fy5)
IF{IENUeawel) XMXHS(AV/XK)*((FIC/FLC)=F3=-(FEC/FLLI®FT)
Y[ )2XMAM+ XM XH

CETASZETa+ (X INCRM/XLENTH{K))

CuNT Livd 2

Call ORAPH(X,Y)

[FlllaEwed) GCTU LS

CONT INJE

FURMAT(/,3 Xy "AXTAL MOMENT AS AFUNCTIUN CF AX[AL LENGTH
(l=YES,2=NT) ")

SuTC L

) emeUJLATING TANGENTIAL MIHMENT A5 A FUNCTION OF Ax[AL LENUGTH

woNT INJUE .

ws ITE(S5,54)

RZAC(3,%) LL

iF{LL.Ewel ) SCTL 54yl

1 =4

I=zTA=Q

_)u C'J I=£,L

R L)=ZETARXLENT(K)

LAl FALTSRIZETA)

KAAMS=XMF({FLL/FLCI®FI=(FOL/FLC)3F5=FT)

ATXRHE=(AV/ XR ) #{={FoL/FLL)XF3={F3C/FLC) $Flo*v(Fol/FLCI=FL3)
Pl 18NCeTweld ) AMAM=XAR((2.%Fa /FlCI®Fo={FLIC/FLC)=F9)
IF{lcNUecaeld) XMXR=(XV/XK)F({FIL/FLICI=F3=(F3C/FLC)I=FI,
(L) 2AARMEXNGIAR I+ AMAAFANG (K]
CETA=IETA» (X[ NCrM/ALENT (K] )

SoNTINUE

CALL wRaPm(X,Y)

CONTINUE

[F{lle8menl} woTC L3

FORMAT (/93X TANSENTIAL MUMENT AS A FUNCTIUN CF AALAL LENGTH
{L=YES,2=N0) )

Tl L

cnelaliio FUR 2.0 Cive Cr Tau

ir({2NUeZaeal) GCTC 2

~ETuri
ZND




[V UV S 0Y U 0 U0 o S0 G U G 3 68 VUV of GV UR U o uifal B ol of s F U 6 DN 60 0 08 ST O o o o o o8 o W F o Y o B Y Y0 of YW
C C
¢ ol
C SUIRLUT [NE ARRANG TARES THE JATA THAT HAS BEEN READ C
< IN FRULM ALSHELLCAT AND PJTS IT INIC THE PRGPER CRUER ¢
C FUx THE APPROPRIATE GELMETRICAL SUSKCUTINES ANS GAAPHIC
< SueriuTINgS . C
C C
- [
wollleliLeollcclocccecocccooecLcececcLcecocecoccecccecceceececccecececcece
9

SUBrRLJTINE ARRANG(X,Y)

CoMH* LN/ ARRAYS/TTYPE(LD) ycADL(LuU) yRASI{LI) y XLENT(LO),

3 PRES(LU) o THICUILC) s XNW (L1 E(L0Q)yL3ADI10)
COMMUNZULNSTZAINCRM s Lo XKy P Ly Ky Sy NUMELE yRAC 4 PHILNE ;PRI T Al
CUNMAUN/FACT/FLsF Ly F30FQsF5F54FT)FasFIyFLOSFLLFL2,

3 FLooFlasFL3eFLloeFLlT,FLl3sFLGeF2UsFLLF2C,

3 FAC,raC  FSCFOC FTC FQLFIC,FLUL,FLLC,

H FLLCsrl3CsyFlaCsFLSCyFLlouyrLlTCyFLBCFL9C,F20L,

l 321034954
SIMeNSIUN X(Ludll,Y(1A00)

19
A=
tJ ASK+]

CFIK.ST oG ™ELZ) SLTC 10000

[I=]1TYPE(X)

[Fl{lleCaalalRellaZla3) ariTE(S,1l3C1L)
(F({leCael) RSAS(is®) X1,X2
[FlliaCTeg) REACTIL %®) XLsA2sX3,4%
FilledweaTlReilozaad) GCTC LC
GOTU{LICU0s2000 13330y +33UB08Ce@0Cl) il

(@)

OO

(S VRUIU VA U U1V of VRV 6 GY VR UYUY SRRV URNE SYVF o ol o o of O of s o ot of of oot o R ool X oY ol 0

{(1lael TRIS PUrTICH ARRANGES CATA FCR CPEN
CRIanv HEMISPHEX[CAL SHELLS.

[ SE STRY Y

i€

(@]
O
O
(4]
(4}
«©

[ UIURUYRutoN oY GRS o 6 YU SR 8 o o SR oX ol 60) oF oY) o o oYL R of o if of o of o}

~

— € Vg

2vl  CONTINJe
ALS{InASLIK)~RAC2{R) ) *R2+ALENT (Kj*%2 ) %2, 5
ALPHASATAN( (RS L (K)=RAC2{KII/XLENT K}
TAEIA=3el2l0/2s=alLPHA
XZ=2a5%AL*TAN{ALPRA)
XM= A02 (K /(SINITHETA) )
Tz AM+ X
RAaw3{{AL/2 ) 32247522 )=5,5
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CLoOC o

[N &

YO

V0 Oy C 0 € g

w £.¢.

[rikmuelEaPACLI{K)) RAC=RADL(KI
PRIUNESASIN(ARALL(KI/RAQ)
PHITALSASI M RAC2{K)/RAD)

PH L= (PHILNe=PHITAG)I*180./3.1416
LPHL=PHI

AINCAM=PHI - PHI

[FIXINCri1aZwed) L3(LPHI/XINCRM}+2
FAXINCRM.GTO0) L=LlPrI/XINCAM)+3
XINCxMsPHI=-LPAI

N TE(S5y*) RALLINIyRACLIK) yXLENT (R
AaR[TE(S,%) XLsALPRA,THETA

AP ITS(5y%) XXMy T9RAL

WRITZ(29%) PrRICNLyPHITAOyPH]yLPRIy XINCRM,,L
CALL SPHERE(XyY, PHI)

[FIRneEwanNUMELE) GSTG L3CWD

SuTl 1d

JucclelcilluLLeclllccLcceoaoaeecccocccocccecccec

[

(Za) THIS PCATICIN ARRaiNGES CATA FZR c
CIFCJULAR CYULINSERS. C

C

<elieliaveleclucoecodelooacdeocceeccoeocccecceec

PRVRS)

cuduuetluilueollllocligeliLoceLiiliLLooawcooececcecececoccectecce

vl

i

CONTINUE

CENTSXLENT (R)
XINCRM=ALENTIR)}=LENT
[FIXINCaAM,Zwed) AINCAM=]
{(FIXINCRMETeu) LE(LINT/XINCAM)+2
(FAXINCRMaGTad ) L=(LENT/XINCAM)+3
cAlL CYLiNG (XyY)

[FinsBwendNMELZ) 3TTC 1000V

swoT2 1o

SPRERTICAL REACS.

CONTINUE

ALt ALeNT{K) 22+ AL (K) %2 )&%, 35
ALPHASATANIXLENT(KI/RADLIK))
a2 {XL/24) /CSSLALPRA)
KZ=RAULIK) =AM
T=LCTANTALPHA) #X2Z
RACESITERZ2+2ADLIK) 82 )&%, 3
PHIUIWCEASINRALLIKI/ZRACH

2e) TAlS PUATICN ARRANGES THE waTA FOR CLOSEU nEMI-

C
[
-
C
<
C
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[EXaNaN el

wLuolibenlusiuieCooooeccceccecicecLccoececeeccceeceecccce

VOV vy s €

[3

¢

OO i OO0

(Y ¢

o

[IF{RADLEC#ADL(K)) PRiGNE=PL/4.

AINCRM=,01
LIPRIUNE/ X [NCkM+3
wRITE(Z2,%) PrIULNE,RAS,L
ArRITELS,%) PHICNE,RAU,L
CALL MEMI(X,Y)

s XINCRM,LPHI
1X1NCRM)LPHX

IFIKLEQNJUMELE) SCTC 10000

wTC 19

{@ed  THIS PURTILN AKRANGE

OV VR V) UV U ST YUY U of STV O R U o VL S U VRUY 3 03 oY YUY B o o o SY OY W o o of of o ofuit of oY o of o

]
[AVEY;

R CLUSEC CUNES.

corMT vt

S ZATA FUK GPEN

ALPRAZATAN(XLENTIK J/{RAULIKI=RAD2(KI}))

AL=RAGZ(K) 3TAN{ALPHA)
AL={XALZZL+rA021IRK ) *32 ) %2

«3

KE=LAXL+XLENTIK) 132+ RAUL(K) %82 ) x3 5

ALPHLZEASIN(RACLIRK)I/A2)
JAMMAS(P ]/ 2. )=ALPHA
PALIFAP[/2a=GAMMY )
RACI=RALLIKIZLLSIGAMMA )
LOAR=A2-X1
AINCam=(Ag=X1l}=LCcAR
FlALnURINGZGaa) XINCAM=
IFLAINCRMOEN .3} Le{uoak
TP {ALCRM.GTLU) L={LuAaRr

{
/XINCRM) #2
/XINCRAM) +3

aRITE(S,#) LoL3AR X1 pA 2, X [NCrM
CALL UPLUNGA Y 9 XL g A2 1 ALPHAALPHAZ yPHI, XL )

[FIRAU2IK)oEda0) CALL CLICCNIX9Y s X291 ALPHAWALPHAZ (PRI y AL RADD)

SCTC L2

(54) THIS PURTICN ARR
CIRCULAR PLATES.

DRCTV S VY VIV Y 161 VY08 o SV G VT UL ST WRWE R ofSel o R A o s o o S A R o o e R A YN A R B X ol

CuniTINGE
crAaUsRALGLIK])

CeceleeclullllcloeccoacooogeooeeceooLeccceececeeccececeeeaccee

c
ANGES UATA FOR FLAT -
-
c
c
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L0 O
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<

(SN

c. ¢

c 0 A

B ('

OV

IPOTURUTGRUIUR S URUF 4L AU Y U VS VU oY VY UV R ot oY o U SYUR o 1 SR & s o oY WY Y Y

Joltl

5

I

o

XINCRMsRACL(R)=LRAD
IF(XINCRAaEweQd) AINCRM=]
[F{XINCR1eEwall
IFIXINCRMLGT av )
CALL PLATE(X,Y)
IF (KeEQenJMELE]
suTl 1o

GLTG 1Quds

uNT INUE
F:RWAT(//,2X,'hu
QETURN

)
IR R~

SJUoRUJTING SPHEAT CALCULATES THE RACIAL JEFLECTIGON,

AERIIICAL XUTATILICNy TANGENTIAL
4G AENTy SFEAR STREIS ~ESULTANT,
RESUTANT
FuteTICH CF The

3PnEnludl SHELLS. T

,,,,, ,

eo L oloLalotecoToeeacgoecLcce

SJuonCJdT ive SPHERW AT yPAL)

SRAPHICAL OISPLAY IS AVvAILABLE FCR

A0 Tanoz~TIAL STRESS RESJLTANT
“IK1JLANAL LzNeTH FCOR CPEN
15 CALLED 3Y SJIRCJTINE ARRANG.

c

L=(LRAD/ XINCRMI+L
L= (LRAC/XINCRM) +3

TlS ELCMENT')

VR o o of of o oY oY o Y UTOR oY o Y 6 o o ST

MCMENT, MERIC [ONAL
MeR [DICNAL STRESS
AS A
CRL AN

C
.
"
C
"
C
C
c
¢
C
[ C

geooeoogeococecoeLeccecce

CUltAUN/ ARRAY S/ ITYPE( LI )y RADL(L0) yRAD2{ 1) XLENT{ LD,
P<ESLLI) »TrilC (L) s XNt L) ,ELLO),LCAC(LO)

A
(ST

ACN/CLNST/AINCAA L g AR P Ly Kyu s nUMELS yRADPHICNE yPHIT WU

ngMbu/FALT/FLyFZ,PJyFQvFDyF¢.r7 FAasFSsFLCFLL,FLZ,
FlLIyFlaygFLS,FLl6,FlT,y FLoyFL9»F204FLC,,F20,

1 F8CFIC,FLOCWFLLC,

FLAUIFL3CFL4C,FL3C,FioC,FLTC,FLEC,F19C,F23C,

F3L P F3L e FC, FT7C
GE105,G38

CIVENSION x(L) oY (L)

AL L)=0

Y{l1)=g

KTAZ(Le®) XMLy angy X2, XA
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ARZ(3a®(le=XiNU(K)#32) 2 (RAS/THIC(K) }#%2)%%,25
IENU=0 :

[F{RAC2(K) eEJeRALLI(K=1)) SUTC L1

Xrill2Xrl

AALL=XM]

XHZ22=AH2

M22=aM2

wilie 2

AAL2=AH]L |

KM 2=XML

Xhll=Xm2

A4l Ll=4AM2

[I=9

IENC=1ENO+L

CAMNTINUE

ii=ll+l

FUL1eGToT) GuTIZ L5

RI\ITE(;OB'

FLAMATI(/ 33Xy 'CrEN CaualN SPRERICAL SECTIGN')
[FIIENO el wal e ANDeRASZ(K) e ZweRACLIR=L)) nwRITE(S5,4)
IFilE el weld e ANCeRAGL (K ) oEQeRASLIK*L)) wrlITE(544])
IF{lSnUelael e ANCRASLI(K) aCwerAGLIRK=1J)} nRITE(S,21
IFLIENC e wed e ANCeRADLI UK} SCQeRACLIK*L)) wrRI[TE(5,5}
FOrAT /33X, "SMALL SNO' )

FURMAT(/ 93Xy "LARGE Ehin')

SSTLILOw09 2300 30U sy+ul395000,0UC0,70lQ) 91l

ATING TaZ RACIAL JEFLECTICN AS A FUNCTION QF The
ESLSICNAL LENSTE (PH[).

CuhTinue

ac [ TS(3,138)

REALIS,yF) L

IFlLLeZee2) SuTC LCL

=0

LETA=Y

23 lJ (=2,

XCL)=LETA% [33./P]

ALl FACTOR{LITAY
DELRLIH=={{XHLL*RAaO*XK)/(E(K)IZTHIC(KI} ) FSIN(PHIGNE=LETA}=*SIN
S{PRICHE)IF(=ry=(2.*2Fa /FLC)3FT+(FZC/FLCI®FLY)
CSLXLIM=={{AMLL1#22, #XKeF 23 IN(PHIONG=ZETAI I/ (ELR)2TAlILIK) ) )=
5{(Fol/FLl)*Fla+(FS5C/FLC)I=FL3={F3C/FiC)2F1I])

CELRZAZ={( Ang235 i (PRI Tl ) 2. FRAURXKFES IN(PHICNE=ZETA))
S/{EIR)RTAIC(AN ) I ((FOC/FLL)3FT=(FSL/FLL)®FLO)

SEL=ZME (1 XM22%2 .2 AKE222S IN(PHICNE=LETAN )/ (E{KI=THIC(K)))
SF (=2 % ral/Flls3FT+(FLIC/FLCIZFLT)

IFARAUZ2 (A ) aNEeCeANCarRATSLIK) eCeeRADLIK=1)) JELRLM==QELRILNM
[Flane2(€) e iceledalvcerACLiK)euendllin=1)) JELR2M==0ELAZM
AP LahNCaZlel eaNCUanal2(X) a2 2aaRACh A=)} Y{[)=0BLAH+IELRIM
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iFUIEND oEwel e ANDARADL(K)eEQaRADL(K=1)) Y(I[)=DELRIH+JELRIM
[FUIENDeEWa2 s ANDKACZ2(R) e CdeRACLIK+L)) Y(11=DELR2H+UELRZM
[F{IENU«Ed el e anDoeRADL({K)eEweRAVLIK+L)} Y(I}=0ELRLIH+QELRILIM
LETA=ZETA+XINCRM*P[ /140

19 CUNT [NUE
CALL GRAPH(X,Y)
[FIII«EJda?) G3TC 15

L3l CONT INJE

139 FURMAT(//)3X,'DELTA AS A FUNCTION QF AinoLE (l=YES,2=N0)")
SCTC 1

C

C

c

. (Ze)  CALCJLATING MERILJIJNAL RUTATICN A5 A FUNCTION oF TnHE

L MERTLICNAL LeNGTH (Pril).

-

C

2idd  LuNTINJE

ar [T2(3,20C)

REAS(S %) L

[F{LiLecaal) GulTl 2C1

=0

ISTA=Q

2GS 20 [=2,L

A(1)=L2TA*lo0./P 1

CALL FACTURIZETAY .

EETALAS=({ XHLL=C s 3 XK®3 23S IN(PHIONE) )/ LE(K)*THIUIK) ) )
SF(=F3+r{Fa /FLCI®FI+(F2C/FLCI®FT)

SETALM==( (XMLl o4 s ®x3 ) /{E(K)®TRIC(K)*RAD} )= ((F6C/FLCI3Flo-
S(FSC/FLC)=FL3=(F3C/FLC)=FT)

DETmdM=( (AM2234 .2 XK223 ) /{EIK)FTHICIKI*RAD) ) *2((F3C/FLIC)*FS
S+{=LQC/FLCI=FT)
SCTALP=({XP22F3IN PRITAG ) 32, FAKE=22 ) /(E(K)I*THIL (K} ) )
SE((FSU/FLLI®FI+(2.3F3C/FLL)=%FT)

IFLFRAU2IR]) oM eCoaNCenAdL{K)aCueaxaUliK~L)) 3ETALH=-~JETALH
IFIRADLIX) ediCelenlNUueRACLIK ) o CLaRADLIK=1)) 3ETAZH=-sETAZH
Pl NDeC el e AU eRAUZ(K) eCmeRALLIK=1)) Y([)=8ETA2H+32TA2M
(FlloiiDeCuwel e ANCRACL(K) eZmarAUL(K=1)) Y([)=BETALH+3ETALM
[FlIEN0 SR el e ANDamAC2 (K ) eCaeRACLIK+L)) Y([)=2BETAH+BETAZM
iF L ENUeE e e AND eRAULIRK) eEJdeRAULIK*L)) Y(I)=BETALNM+3ZTALM
wsTA={ETA+X[NCRM=P /180,

23 CoNTihuE

bl GRAPHI(X,Y)

[F{lleBda7) SLTC LS
2o FORMAT(/ /42Xy "RGTALUN AS A FUNLTICN GF ANGLE (L=YE3,2=NGCI')
2J1l CINTINJE

CTC 1

OOy s

t3ed CALCULATING MEKISIONAL KESULTANT MUMENT AS A FUNCTICN OF
MER LS LNAL LENGTE (PRI).

YO O
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33Jd  CuNTLvLE
A lTE(5,3C0)
RIAS(3,%) LL
iFliblefued) SCTC 301
=9
IETA=Q
oo 30 I=4,L
AL 1)=2ETA=18ue/PI
«AlL FALTIR(ZETA)
CAPRLAS{ (ARLLZ)AUFS [ (PHIONS ) ) /(202 XK) )3 (=F L0+ (2. %F4L/FLCI%F]
5={F2C/FLC)3*F9) ’
AdPALin=XAL L= ((FOC/FLCI®FL3=(FSC/FLCI®FL4+{F3C/FLC)*F3)
AP ME XML ZH {24 #F3C/F L) #F3=(FLSC/FLLI®FI)
LAPREH= (AHEZ2®RAUIS IN(PRITAL) /AR *({FSC/FLL)FF8=(F3C/FLL)%59)
iFLRAZSZ2UR) aNE el eANCaRALLIR ) 02w eRADLIK=1)) XMPHLIH==XMPHILR
[FURASZIR] aliCeladNCerAJLIK} el eRADLIK=1)) XMPH2A==XMPHIH
P2 elwel eahiDenAd2 (K} eSwarall (K=1)) Y([I=XMPHIH+XMPH2M
[FUlENU e del e ANORASL{K) e weRATL(K=1)) 7(1)=XMPHLR+XMPRLN
[FloNUaCwed e AND e RAJLINR) e Cd e RADLIN*LI ) Y{L)SAMPHIH+XMP RLM
FllevueBuwelaANDendOLl{K)eEQqarALL(X L)) Y{[)2XMPHLH+XMPRLM
L TASETALXIWRME2 /1353,
3¢ ST INJE
Al WRAPH(X,Y)
iFtilecae?) GGTC 153
3.1 CuNTIvueE
oy FDAMQY(//Y:XI'MEAIDILNAL MCMENT AS A FuUNCTICN
5 Cr oAnuble (L=YESe2=NC) ')

ST L

“ vee) CALCCLATING TanGeNT[AC MUMENT RESULTANT AS A FUNCTICN

- P TRE NZRISILNaL LE3NuTR (PRI
o
w*uvw  LLadINUE

Ak [TE({S,4ul)
AEAC(S,®) LL
LFlLkelwe2) WLTC =01

-
-

ETa=0

e oW =20

{1)=.2TA%130./P]

CALL FACTCR(ZETA)

KPP LIH=((XPLL*RASFSIN(PHISONE ) 1/ (2. 2XK) )2 (=F LU+ (2. 5F4C/FLC) #F
S={F2L/FLCI=*F3)
ARPHLASXMLLF({FOC/FLL)*FL3=(FSC/FLCI2F 2+ (F3C/FLCI*F9 )

XMPHEM=XM2 2% ((2.#F3L/FLL)2Fa=(FL3C/FLC)*F9)

(AP A1en= (AHZ2FRAIFS (NAPHITWAC) /XK 3 ((FIC/FLL)®=rB=(F3C/FLC)*F9)

AP L IENCelmal eANLeAAC2 (NS e 2aRALLIK=0)) Y{L1IZXNGIR) F(XMPH2M+AMPHIM )
TIIENCeZw el e ANDWRASLLK) WERRASLIK=1)) Y(LI=ANUIKIZ(AMPRLR+XMPRLM)
FliENC et weledand en A iRl eZaarnilinel)]) Y{LIZANGIK) F{AMPRH2R+A4PH2M)

.
L

n
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-
“

OOV OV v Oy Oy

< v [

S SR o

vl

v

RV

vl

PRV

IFIIENDeEGel e AND e ADL (A ) o CQeRACLIK#L) ) YL )=XNUIRK)I®(AMPHLIH+XAPHLM)
LETA=ZZTA+XINCrM=pP [/l 50
CUNT INUE
CALL GRAPH({A,Y)
IFLIT«EQe7) SUTC LS
CUNTINUE
FURMAT (// 43Xy " TANSENT AL MCMENT 2S A FUNCTION
5 UF aANglLz (1=YE5,2=il)1')
SOTC 1

i2¢) CALCJLATING 3ncAR STRESS KESULTANT A3 A FUNCTICN CF ThE

“IRIOICNAL LENGTR (PHIJ.

conT INUE
aRITE(S5,55C)
PZavis, =) LL
[FlLLeCwel) SULTu 501

=0
IETA=D

3L 50 I=2,L
ALIV=LETA®183./P 1]

CALL FALTOR(ZETA

CaPhin=X=L LESIN{PHIONE) = (FT=(F4U/FLC)*FLO+(F2C/FLCI=FS)
KaPhLM=={AML 1520 *XK/RAD)# ((FOC/FLCI#FL5¢(F5C/FLLI*Flo={F3C/FLC)
sxF3)
AaPHen==AH22#SIN(PRITAC)*((FSC/FLC)ISFLI=12.9F5C/FLL) *F3)
RaPReME={XNLi% L 2 AK/RAS) S (={FEC/FLCI®F LI+ (FLUC/FLCI=F8)
IF(RAGZ(A) «ivEaleARCaRACLIA) SEQaRACLIIA=L)) XCPHLM==XIPHLIN
(FURADZ(£) aNEeleaNCoRACLIN) e ELeRACLIK=1]] XCPH2M==XIPHLM
[F U ENUaBW ol eAlSan A2 (K] o ZuwaRACLIK=1)) Y({)3RAQPH2HFXQPH2IM
(P (QENUaCuat e ARDanAUl(K)eZ2eRACLIK=1)) Y([)=XGPHLA+XQPHLM
P UlE N0 el aed e ANCsA ALK oETRADLIKFL)) Y{1)=XCPHZN+XWPH2M

3

ifllcicelueldeminlennia(K)etqenmiaclintl)) Y([)sXUPRLH+XGPHLM
IZTA=SCETA+X[NCRM=P[/180.

CunTinde

wmil SRAPH(KA,T)

[F{IleEwa7)} SITC L3

CcuNT INUE

FURMAT(// ) 3X ' SHEAR STRESS RESJULTANT AS A FUNCTIUN
5 JF aAdovws (L=Yg3,2sNC)Y)

SoTC 1

Sl CALCJULATING MER[IIONAL STRESS RESULTANT A4S A FuUNCTICN

LF ThRZ »UniclINAL LENGTR {PHI).
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Jvi
PRV

o

=3 (g

)
PR

~cAU(S,%) LiL

[F{LlLezZea2) SLTC oCl

1=9

LETA=Q

ou ou I=2,L

A([)=ZCTAx®1dl./P1

CALL FACTCR(ZETA)

[F{ZCTheCuevelrhelsEla92) SCTC ¢35

KPR iA==XH11 =S IN(PHISNE ) *COTAN(PRICNE=ZETA)®(FT-(F4Cl/FLCI=F1D
5+{F2L/FLlL)*F8)
ANPRIM=(XMLL®LTAN(PHIUNE=ZETA )32, 3XK/RAL)*{({FoC/FLC)*FL5+
BUFSC/FLCI*Frlo={F3C/FLCI%2F3)
ANPHLM==(XM22%2 .5 XK*CUTAN(PHIGNE~LETA) /RAU)=((FBL/FLC)SFLO~
S{FLIL/FLC)*Fg)

Kin PH2HS (AR 2 FCOTA(PHICNE=ZETA)*SINI(PHITAS) )= ((FIC/FLC)*FLl I~
(2 %F3C/FLC)*F2a)

[FARAO2(IK) e NEoCadaliueRACL(K) eEqeRAILIK=1)) ANPHLM==XNPHIM
IF{RAC2IK) enCedeAdUeAATLIIK) e BweaRAVULIXK=1)) XNPHZ2M==XNPH2M

[FAIEND e S el e ANURADZIK) e EQeRASLIR=1)) 1 ([)=XNPHIH+XNPR2M

IFllc iU eCwel e ANDemAUL (K)o EQeRADL(K=1)) Y([)=ANPHLR®XNPHLIM
IFlleivDeliedeanCerAC2 (K aCAeRACLIK+*L)) Y(I)SXNPHIH+XNPR2NM
IF (12ROl el e ANCORADL(K) eCCeRADLIK*L)) v (1JizXNPRLA+XNPHLA
CONTINGE ’

Caba SRAPHI(X,r1)

iF{liecdeT) SCTC 15

LuiNT LNUE

FIRMAT (/742X "YER]IDICNAL STRESS RESULTANT AS A BUNCTICN
$ SF anuild (L=YEZ,2s80)')

il 1

LTed CALCULAaTlive TAaE TANGENTIAL STRESS R3SJULTANT AS A FUNCTICH

of Trg veRllIlNAL LENGTR (PHIJ.

CunNT INUE

k[ T2{(5,7uC)

REAS(S =) Lu

[FleLediad) ATl 731

LETA=C

oo 79 [=2,L

ALL1=2ETA®130./P1

wALL FACTULR{ZZTA)

ANTHLIAS={ AR LLZXR*SIN(PHICGNE) )3 (=F9= (2. *F«C/FLCIXFT+(F2C/FLC) =
5F19Q)

XNTR M= {AML 22, #XK*32 /A0 ) * ({Fol/FLLI*FL4+(F3C/FLC)®F 13-
S{F3C/FLLI=FLI}

A TA2AS(AMLLB2 o FAK TR /RAU) B (= (2. %F3C/FLCISFT+(FLOC/FLC)I*FLT)
ANTHLRS(AAZ2%2 . 3ARFSIN(PRITAC)I ) (= (FS3L/FLLIRFTI+(FaC/FLC)=FLY)
FArdD2UK) oliCaledNCaRACLIK) sBaeRASL{K=11) ANTHRIM==XNTH(M
CFURADLIA) eiB el eaiN0erALLIK) e CuarRASLIK=1)) XNTH2M==xNTH2M
iF(IiNa.i;.L.Thu.xAdz(A).é:-RAJL(K-L)) Y{LISXNTRH2HA+ANTHZM
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IFlLuNUeZQeleaNDeRACLIK) aEQTRAULIK=L1)) Y(I)3XNTHLR+ANTRIM
[PUIENS eCUed s ANUSKAJLIK) e T Qe RADLIR®L) ) Y(L)=XNTHZH+XNTH2M
[FUIENCeEU el e ANUKACLIIK)eCQaRACL(K+L)) YITL)=XNTHLR+ANTHLM
LETA=ZCTA+XINCRM®P [/ 15C.
v CONTINJE
CALL. wRAPH(X,7)
[FllleCwe?) JUTC L5
Jl wCNTINUE
o FCHRMAAT{// 434, TANGENTIAL STRLSS RESULTANT AS A FUNCTIUA
& JF ANGLZ (l=YEgSs,2=tai ")
waoTu |
cRECalivg [F BLUTH EANOS HAVE BEEN CALCULATEUD
> IF{LENCeZwel) SCTC 2
RETUR
[UTUTURURUS U U VR U4 0 5 U GO G PO 0 05 i o O SRV o3 608 o8 o o of o o o o o o o o O o o o o o o Y o o o of S S o W oY o o Y o Y
o
C
[URSTURNIVAO S5 Y U VAN 08 6 G ik GO OO O R VRV 08 o U o8 O oY U o o o 0 o (VO o8 of of o oX ol of O of o of oY Y S O o o S o ol S oR o o}
-
SB8rULUTINE AEML CCETERMINES THE RACIAL OEFLECTICN, C
WERIuILNAL RoTATICh, TANGeNT!IAL MCMENT, HERILIGNAL C
AGMERT y 31EAX STRESS RESJLTANT, HER[J{IANAL STRESS L
FE5JdLTANT, AND ThE TANGENTLAL STRESS RESULTANT AS A -
FusTion 27 Trd MURLSIONAL LENGTR (PRID. C
c
c
SO U o UV U UV U o DU O WU G U S U VU o O s30T of 58 0 0 off o 6 SR o ARG 6 S UY SO or SY o ul S BY oY of (NS

>

LY W VO TTNT2

SUIRLJTLE 4EMI{X,Y)
GO ARR SYS/ ITYPEILS) 90 ADL L) yRAS2ULII 9 XLENT{LQ)
PrRESILI),THICHILS) yANLILI) S E(LD) »LLAD(LO)
COMMON/CINST/AINCRM p L 10 XK 9P L g Ky 3o NUMSLE 2 RAUSPHICNE ,, PHLTWC
e ML/ Pl T/ FLyF Yy F 3, FasrSyFasFT ) F84FI,FLOFLL,FLZ,
FL39yFLe s FLSsFlosFlTFLUWFL9WFLIWFLCyF2C,
F3C s FOCyFOC)FaC 770U F8L,FIC,FLICFLLIG,
FL2C ) FL3CsFLac  ALlSCyFlouyFLTLFLal FLIC,F20C,
wl1ud,y08
SIMENS LG X(L) Y (L)

Acli=Q

Y(i)=0

RZALIL3) AMyxh

ANZ (2o Pl le=KNul (K IFF)S(RAS/THICIK))IFRZ )22 25

{1=0




— YO C o

-

—

e

[¢

Pa Y vV Oy OV

L CUNTINUE
WRLITE(S5,42)
FORMAT (/ 43Xy "HEMISPERICAL ncAl')
ISESSE NN
IF{11.6T.7) oCIC 15
3wTC{0300,20J30+303C 403335000000+ 7300) 011
tlad Pa0laL CEFLEZCTICH AS A FUNCTICN ZF PHI.
FIoN] COLTINVE
WA [T2(5,419C)
RCEAI(2,*) Lo
[F{cLeBae2) SCIT L3
[=
IcTa=y)
Jo Le {32,k
(11=lE8Taxlal./P1
cAdLe FACTUR(LETA)
L AnZ={ (AFEACFXKFSIN(PHICINE=LZETAI®SINIPHIONE ) I/ (S(KI*THIC(KI))
5E(=rI3=(2eFFal/FLL)3FT+(F2C/FLCI®FLT)
SELAMS=X %2, s AKFF 2] =S INIPHICNE=ZETA = ((FO6C/FLC) ®Fle+(FOC/FLL)
5FFLlo={rF3C/FLlel=sFlul®{le/{c{K)ISTHILCIKI))
(1) =0CLRH+UZLRM
AR [Tz %) OELAHY (1) &(1)
CZTa=leTaAr X [ueaM
v LunT LNUE
call SRAPH(X,T1)
IF{llaEQaT) GSCTC L3
v CuNT [NuE
-y FLAtAT{/ 93X P 32LTA AS A FUNCSTICN UF ANGLE (l=YES.2=nG) ')
sJTC L
{da) iR loioNAL RUTATIuN A3 A FUNCTICw OF PHIla
“wd CoONT liuE

anITE(S5,200)
REAC(3,%) LL
[FlLiLelaed) SUTL 2C1L
=
IETA=Q
U 20 (=2,0
bl FACTCR({ZETA)
AL D)SLETAR(L3d/PL)
o TARS=((XAF2.%(an=x2)35IN{(PrIUNC))/LEIR)*FTHICIXK) ) )=
s{=For(Fal/FLU)EFS+(F2L/5LC)%FT)
SETAAE=({AMB3G 2 (XN F25 ) j/(SIRIFTRICIK)*Aau) ) E({FaC/FLICI®*FLl>
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20

2ul
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ek
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R

[
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¢
C

S=({F5C/FLC)*FL3=(F3L/FLC)®FT)

Y{Ll}=BETAR+BETAM

Wl [ Tel(2,%) SETAH,Y(L)4X(1])

ZETA=LETA+XINCRM

CMNTXNQE

call URAPHI(X,Y)

[F{I1.E8Q.7) GCTQ 13

FORMHAT(/// 33X "RUTATICN AS A FUNLTILON GF ANGLE (1a=YES5,2=NC)%)
ConT INJd R

S0Tu L

{ie)  3nEAR STRESS RESJLTANT AS A FUNCTIUN UF Pnl.

g CuNTINUE

WRITZ2(035,30¢C)

<gAC(5,%) LL

IF{LlLleEael) SuTC 201

[=3

22TA=G

23 38 (=2,i

Cabk FaULTCRIZETA)

(D)=L TA={l3ve/P{)

AP ErE AnES [N{PHIONS)IF(FT-( Fel/FLC)*FLO+(F2C/FLCI*F3)
AdPME (= ai® o8 XA /RAC)*((FoC/FLL)3FLS5+(FS5C/FLCI%F Lo
3=(Fou/FLC)3F3)

Y[ )X PHA+ AL PR

LTASETA+XINCAM

ConNT [nUe

;ALL uRQPH(XvY)

iF{lleCmel) SCLTT L3

FURAAT///7 434, 'Smcan STRESS RESULTANT A5 A FUNCTIGN GF ANGLE
5 {L=YES,2=NC)Y)

LNTINJE

TS L

(=l MERISIUNAL STHISS AZ3JLTANT AS A FUNCTICH QF PHI.

CuNTINUE

A ITE{5,4C0)
AZAJI3s%) LL
[FiiceCmeld) GCTL «Cl

o

=9

LzTA=0

S0 ed [=2yL

CALL FACTCR(LETA)

ACI)=LE2TA®(L133/P1

SUPHRS=Kd= ST Pl UNE ) FUITAN(PHICNE=Z2TA )R (FT=L F4l/F1IC) =
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SFLO+(F2L/FLICI%F3)

ANPHM¥={ (XMFCITAN(PRIGNE=ZZTA)I* 2.3 XKI/RAJ)I*((FEC/FLlC)®F LS
$+{F3C/FLC)*Flo=-(F3C/FLCI=2F3)
Y([)=XNPRATANPHM

JETA=ZETA+XINCRM

CanTINGE

cAall GRAPR(X,Y!

[F{lleERel) GGTCQ L3

FORMAT(/// 353K "MERTOLONAL STRESS RESULTANT A5 A FUNCTICN OF The AndGe
5 (l=Yc3592=0301)

ConTINJVE

oJTC L

(3] TANGENT AL STRESS KGSULTANT AS A FUNCTIUN WF PHI.

y
e

Jl

ConTIivuE

ariTE(3454C) .
~cAcl3,®) LL

IF{LLsEweld} ooTC 54l

[=9

1ZTA=

JU 54 [=2,L

ALL)Y=LZTAR(L133./P1)

LAk FALTCRZETA)

AWTARZ AR XKES (I PHIUNE) B (=F 3= (2. %FeC/FLlL)*FT+(F2C/FLC)®FL3)
YNTRAS={( LAMRB2 ,FARESL) /RAC)®((FoC/FLlC)®3Fla+(F5C/FLLI*FL3
S=(F3L/FLLI3FLUY

Y{I)=XNTA+ XN ThM

IZTASLZTA+XLaLAM

CONTINuE

CALL ORAPHI(X,Y)

[FilleCuwe?) SGTC L3

FORMATN/// 453Ky " TANGe S3TRE55 RESULTANT A5 4 FUNCTICN OF Adues
3 {Ll=YES,4=0N0It)

SunNT INUE

SoTC L

loe) HMERISISNAL MCMENT A4S A FUNCTIC) OF PHI.

JJJ

weNT[Nue
WRITE(3,6350)
~EAULLS,®) L

[FlLiaZwed] 33T il
=3

L:TA=

4 w8 =20
All)=deTas{ilsue/9(}




oJ

CALL FACTCR(ZzZTA)
XHPhA= (XA®FKAD®SIN(PHIUNE )/ (2.3 XK) ) Z{(=FLJ+(2.%F4(/FlL)%Fg
S=(FR2L/FLC)#Fo—=(F2L/FLCI*FI)
AMPrM=XME( (FoC/FLLI®FL3=(FSC/FLL)®FLlav (FIL/FLL)®FT)
Y(I)=XMPHH+ X AP RM
2ETA=SZETa+XINCRM

o

ONT INUE

CALL GRAPHI{X,Y)
(F{llaBQa7) GuLTZ 153

FORMATI/// 434 MR ]

9

<

(7))

oNT iNUE
uiC 1

TANGENT

\ =
A=
o 13 i=2,

ACMENT AS A4 FuNLTIUN

GF ANGLE

PAL AGMENT A5 A A FLUNCTICN CF PHI.

LT 7ClL

8

Latl FACTCRLEITA)
LA PEE (LXA3KAORSUIN(PALICONE) )/ (24 %XK) 1 2(=F 1O+ (2. 3F4L/FLC

3

#F3)
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{l=YES,&=nC) )

IMPRAS (XARRAUFSI NI PHISNE)/(2.3XK )} ) ®(=F LU+ (2.%F4C/FLlCi*F3
S={FLL/FLICi¥F 3= (F2L/FLCI=FT)
AP RS AMEL [ Fol/F Lo} FL3=(FSC/FLIC)*=FL++(F3C/F1C)%F9)
(LTI SXMOHAEXNG (K rAMP oI XNU( L)
LETA= ETA+ X [NCRM

[
|

[

CoTiINUE

ALl URAPH

CohTinuE

(Xs7)

Flliiletae?) SCTU L2

FOFRMAT(/// 33K ' TanGe

)

-
-

b

a

oTl L

oNT INUe
ETWURN

=NC

JorlJdT lne
E~1CICNAC

v~
N S A LT

ACHENT AS

WP ldin JACCULATIS ThE RACIAL O

RCTATICN, SAEAark STRESS ReSuLTan

3TRZos aZSLTANT,

TANGENT AL S

=
2~

-4

L
’
£

m"m

3

A FUNCTICN JF Anolt

CTIU;‘

wn

(L=YES,2=a0U) ")

C 00




144

. RESULTANT,, MR ISICivAL MOMENT AS A FUNCTIUN QF THE C
C ACTUAL LENCTH FCR TRUNCATES CUNICAL FRUSTRUMS. c
C C
< C
LleeoCilulloLoleeLcaiceaoeeeococeceeeececcococeeeceeeceooececce
C
o
C

SJLRLUT INE L;P(i\;gl\()1T'Xl,XZ'uLpﬁuyALPHAZyphlyr(L)

Lo AL/ 'R%AY)/[TY?’E(J../),RA LULO) yRASZ(I LU ALENT L) ’

) PRZS(LO) yTRICILS) s ANG(LO) s ELLS) s LIALLLYY
\...."‘I":L.."c/k;b.‘\'sr/x[fil.f\‘“’LyXA‘\pp[)Krth\UMELEyRAO'PHXCNE'PH‘T'\O
CJﬁ"“.?“L..A‘\‘/FACT/Fl|FZijvF"yF)’FO!FT,deF‘i)FlOrFlllFlZ'

$ FlJyFlﬁ,FLS.FLo'FIY,FLd.FLQ,FZO,FLC.FZC:

H F3u1F4QyF3C1F0C1F7C1F3L0F961F13C1FllCl

b FLeC I FL3C, FLOCFLSC, FLoC s FLIC,FLBCFLILF2IC,

3 w2rulsud
SLMENSTICN xX{l),riiL)

{l)=3 .
Yili=u
{FIRAL2IRK) aNCLD) FEAD(L, =) XML g XbhLl,XM2, XK2
IFURAC21n) oCiel) REALILy2) XML ,ARL
ALSNTIK)=XA2=X]
LF(RAG2(rn) oNEWC) 3CTU 3
AMLL=XM|
AL l=XPFl
wildl ¢
3 iF{RAC Z(h).h..ﬂnuL(K-L)) <wUTC il
ARllaXml
Rl La=xM]
122=AM2

AtL LMY
TS &

Ll AMlaSXR] : -

Addl==X]

AbL L=XH2
AMLi=XMg
1EN0=0

< 1=y

-RTSE NIV B

i CLnT INJE
{F(i:Nu.Liol.ANJ.RAJZ(K)oE;-RAJL(K-L)) XM=X1
AFULENUGeZd a2 eaini e RAJL IR} o Z3aRASLIN+L)) XM2X2
[ U END e BN el e ANCoRADL (K ) eZQe”AQL (A=1}) XM=x2
iFUIENU.c g el e ANS aRACL(K) W werkacl{K+[)] XM=x1
iFLRAC2(A) oEqal) xM=x2
ARZU3eF (L a=ANUIKI®F2) )22, 25/ ({THIC(K)*EXM *COTAN(ALPHAY ) =% ,5
4—(-(K)’THICxA)3‘3J/lLZ-‘(l-‘(NU\&)*‘Z))
ii=s[[+]
(FliiedTel) 537C LS
LFLARAC2(R) wiiZal) warlTZ(943)
iF{RA02(R) eEeel) wriTZ{540)
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v € €O

' '
avi

Loo

FORMAT{/ 33Xy "TRUNCATED LNICZAL SECTIUN')
LF(RAC2(Nn) eEued) GITC 7

FOUMAT (/545 "CONILAL ENDY)
IF{iE0eZd el eANDehA02 (K ) eSweRuCLIK=1}) nRITE(S5,4)
LFUIENDeCU el e AN eRAUZIK) «EQarADLIK*L)) ARITE(5,4)
IF{IENCEQC oL oANIeRADLIK )} EweRASLIR=1)) ARITE(5,3}
[FUIEND @Sl a2 e ANCORAILIK)WESLRACLIK+*LI) aRITE(5,5)
FURMAVL/ 9 3x,'SMALL ENO'Y)

FURMAT(/ 33Xy "LARGE 3INO')

CUMNT INJE

SUTLL00U9d30LU 30309000150l ,00C0,70001) 11!

tled  mallal CZFLECTICH AS A FUNLTICN GOF THE ACTuAL

LENGTH CF TRe SFZiLL.

woNT IhyE
anlT2{5,10C)
fZAciS,®) LL
[FiiLeEaed) SuTC Lul

Ju L3 I=2,L
ALLI=CETAR(X2=41)
CALL FalTCR{ZETA)
SELALlm={(XnLL®SINCALPHAY®RR2) /(2. 302 XK*%5) )5 (=(FYC/FLL) $F T
S+{F4C/FLL)I=FLO)
JELn£H=l(XHZ&*SIH(ALPHA)‘*Z)/(Q.‘O*XK**}))?(F;ftz.'FwQ/FLCJ
SEF 7=4F2UL/FLCI*FLO)
);LALY=-((&PL;“S&N(ALPHA))/(Z.*d*XK**Z))‘((2.'F8L/FLC)=F7
C=avFLoC/FLL)=srLl)
SULRLMS AN TS NI ALPMAT )/ (2.30RXKER2) )% ((Fal/FLlC)%F lar
SIFOU/r L) ®rl3=(FIL/RLL)=FL)
P URA02IR) eNEalaANCeRALDLIR) e 2w aRAULIK=1])) JELALM==UELRLIM
iF(NA;Z&A).NE.;.Am;.AAJl(&).E..RAGIJA-;)) CCLR2M==ELn2M
FURAD2IX) oC3edeaANL ek e EQaNUMELS) JELRKLM==QELRLM
IF{I2NU eCC ek o ANC o RAUL (K ) ez weRAJLIK=111 Y(I)=UELRIHA+SELKLIM
(FllENCeluel sAlNdenAUlinl e eeRASLI(K+L)) Y(IJ)=0ELRLR*OELRLN
Pl i2NUeCmel «ANC enAU2 (K)o erRALLIK=11)) YL JISUELRIH+UELRA2M
(Pl i eCaedemidandle(K)eZuarAULIK+L)) Y{[)=CELR2R+UELR2M
ir (RAGZIA) eCBwec) ({L)=0ZLRLM+OELALP.
e TA=SZETAr (KINCRM/{X2=-X1))
CONT INUE
CALL GRAPHI(X,Y)
wn[TE(S,®) LETA
ﬂf’([T;'.'lSy“} [
(F{lleBwe?) SCIC L3
SINTINUE

FORMATL/ 93Xy "JBLTA A3 A FUNCTICN OF SHELL LEnweTH (1l=YES,2=nui ')

Gw L .
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(24) ACRISIONAL RUTATIUN AS A FUNLTICH OF Trac ACTJAL SHAELL LENOTH.

Y]

CONTINJE

Al TE{3,2ul)

SEAJ(S,#) LL

iF{LLecasl) SLTC 231

i=J

I2TaA=

JC 290 [=<2,L

Xt{})=leTA®(Al=r])

CAall PACTCK(ZZTA)
SETALA={{XPLi=SINC(ALPHA) )/ (2.50%xK*32) )*{(FIC/FLCI*Fv
S+(2.3F3C/C1CI®rT) .

ScTA2H==( (XH22#SIN{ALPRA)) /{2.30%XK*82 ) ) *(=F3+(Fa /FLlC)#F9
S+{F2C/FLCY3FT)
SETALAS(AMALL/ U= AK )= F3C/FLCI*FI+{FLIL/FLLIEFT)

e T42%=(AM22/(0=XR) ) #((FOL/FLLI®FLG=(FSC/FLL)*F1lo-(FIL/FLL)ZFT)
(FIRADZIK) e NEaleANCearADL (K ) eaderAULIXK~1)) BETALH==3ETALHN
iFIRACLIR T avlavedilenAlilK)eZweRACLIK=1)) 3ETA2H=-uzTAZR
(F{RuO2(K) eEweledAND ek e SQeNUMELE) 3ETALR=-BETALR

[P0 eSQel eANCerAILIN) eCueRADLIK=1)) Y{I)=BETALR+3ETALM
AFLLENUCEG «2eANU «RAJL (K)o ZdeRACIIK+L)) Y(I)=pETALH+*3ETALM
[FliEli0etiueledAt0eri A2 K] EQaRALLIK=1)) Y{[)=8cTAZH+3ETAZHN
FUICN0 a2 el e ANC enAJ2 (RN ) cEaerAULIK+L) ) Y([)=0ETAZH+3ETA2N
[F{rnud(n) eEwev) Y{[)=BETALH+EBETALM

LETASLETar (XINCAM/ 1 X2=X1))

LonT LiveE

eallL uRAPH A, Y,

IFlileCue?) SuLlT L3

LQJTAhuE

FLATAT Uy R " Mer o [LNAL ROTATICN A3 A FUNCTICN CF SAtLL LENGTH

5 {Ll=YZoe2=N00 )

JoTl &
Ser dRZar 3TRESS RZldLTaAinT as A FuwiTiumw CF Tre ACTUAL LENGTH
Lr TeS o SmELL.

wouNT INUE

AR [TE(3,3CC)
4EAU(S5y%) LL
FlLLe23e2) 33TC 3061
AR [ TE(S,%) <y NUMELE
(=0
JZTA=)
S0 9 1=2,L

A(T)=LZThAe{ad=AL)

CALL FACTURIZEZTA)

leamtS(ARLLES N lALP A} )R (=(FayC/FLC)#F Lo+ (2.3Fal/FLL)%F3)
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33

Sul

3u3

+

>y

+ul

v

AL2REAM22ESINLALPAAI#(FT~(F2L/FLCI*F LI+ (F2L/FLICI=F3)

Xal¥=s{AML.®2.%¥AK)* ((F3C/FLC)I*FLO=(FLOC/FLCI*F3)

X22M= (K123 2. 3AK)~((FOL/FLC)*FL5*(FDu/Flu)‘rlc-(FJL/Flu)‘Fa)

[F{RAUZ(R) oNEeJeANCeRADL (K)o EQWRADL(K~1)) XQLIM==XulM

[FIFAL2(L) e NEaCeANURASL{K)EQ RAJLIK=1) ]} XQ2M=—4AQ2M

[F{RAD2(R) euSevenmiloeneClaNUMELE) XJLlM==X(1M

[FILERD eERW el e ANCoRADL (K ) eSweRADLIK=1)) Y(I)=XT1IH+XILIM

[F{ichNUelasdeaNUeRAULIK)eEQRAULIK+L) ) Y(a)3XGlH+XQLM

IF(TENV e el ealNDaRAJIZ(K) eCaekall(K=1)) Y(l)=XQ2R+AL2ZM

IFALENU e qeld e ANDeRADLIN) «EQeaRADL(K+*L)) YUL)3XQ2H+X2M

(IFlRAVZIA) eEdenv) Y{[)}=AQlneXalM

IeTA= e Tavr (XINIRM/(A2=X11))

ColTInGE

CALL orarPh(X,Y]

[F{lleZweT) GULTS Lz

CunTiNJE

FCRMuTI{/ 10X 'SPEAR 3TRESS RESULTANT AS A4 FUNCTION OF SHEwL
3 LENGTR (Ll=YE353,2=anC) )

SuTC &

() 18 [OICANAL STRZSS RESULTANT AS A FUNCTICON CF ThE ACTUAL
srELL LENuTR.

J CUNTINUE
ARITE‘D"’CC)
REAC(S %) LL
{Fllhekeed) SCTT Ul .
{ETA=Q
JC ey [=2,L
A{[)=lzTasm(K2=x1)
CALL FALTLR(ZEZTAY
GeALRS=ArLi®ClS{ALPHAIS(=(FIC/FLL)*F L0+ (2.3F3L/FLC)*F3)
A2 rs=Amc 23 S ALPIR) 3 (FT=(Fal/FLLUIXFLO+(FAL/FLC)3FG)
KieAlm==xML 132, s XK*CLTAN(ALPHA) S ((F3C/FLLISFLO-(FLIC/FLL)I®FSE)
ANKEMm =K 4222 o XAFCOTAN(ALPRA)I®((FeC/FLLISFLO+(F3C/FLC)I®FLlo
$=(F3C/FLC)*Fa)
FIRAUZIR) aidCeavedAceADL{X) eZueRASLIK=1)) ANALM==XNXLM
[FIRACZ2(A) eNSaveANC eRACL{X ) aBWeRATLIK=1)) XNX2N==XNAZM
[FIRAGZ2{A) el uWevernTenaelaeliUdELE) XANXLIM==XNXLM
T lENT el wel e ANDaxACL{X ) aCwenaclik=111 Y(])=ANXLA+KNX]LA
NUeLwed odaiUenddl (n) e2QerRASLIK+L)) Y{L)=XNXLIA+ANXLM
WU stmon oA Dern AL {K) eZ3aRADLIK=1)) YUL)=ANXIHFXNXLIM
IF(x-Mu.c..c.Anu.aAaz(&).:..nAuL(&+L). Y({I)=XNX2H®XNX2M

N

1
i
i

o !I-

—_— -

[FIRACG2{N) eTwec) YU[I=XNXLA+XNXLM
;ETA=L£TA*(AXHCAH/iAa-XL))
conTINUE

SALL SRAPHIiX,Y)
FliieCwel) WCTg 13
o TiNuE

FIAMATH/ 03K P HAERLCIS AL S3TRESS RESCLTANT A3 A FUNCIILN JF SmzLl




VOOV O OO0

>
>

QX C. e @«

S LEROTH (L=YE3,2=NC)")
JoTC L

{2e¢}  TANGETLIAL STRESS RESJLTANT AS

vuJd

Jl

o 4

{

[PRRV]

o3

SELL LENGTF.

CoNTINUE
anlTe({2454d¢)
REAC(2,*}1 LL
[FILL.EC.2) SLTC 534

[=J

LETA=G

3G 59 [=2,4L

() =lETA=(X2=-X1)
emll FalLTlR022TA)

A FUNCTICN CF THE ALTUAL

ANTHLIn=S2 2 aHL L& X2 XKECOS(ALPHA I ® (= (FYC/FLC)*FT+(FaC/FLC)I=F 1)
AnTRen= Anc 28 AV EXRSCus (ALPHAI 2 (FI+( 2. 3F2C/FLCI*FT={(F2C/FiCI%F L)
A TriMa= ALl 32 .3 xX 383 M3 CTANIALPRAY®( (2. #F3L/F L)

we

#F 7= rioC/FLC)*FLQ)

ANTH2A=XM22%2 . #XR*32xXME L TAN(ALPHAI* (L FoC/FLL)*Flas

LTl

WFOC/FLCI=FLA=(F3C/FLC)I=FLO)

[FIRACZIN) eNEeCeALanADL{K)eEQenADLIK=1)) XNTHIM==ANTHLM
[FIRAUZ(N) «NZelaANCRADLIR ) aEQeRAULIK=1])) XNTH2M==ANTHZM
(FARADZIR ) eCuwoQeAiNOeKaEQaNUMELE) XNTHLM==XNTHIM
(FULENCalmel eAnUeARASL (K] aCuaRALL(K=1}) Y(LI=ANTALA+XNTHIM
IFULEND eE U el e ANS P ADLIK) eEQeRADLIK+L)) Y({)=XNTHLH*XNTHLM
(Flicliveduel eANDeRAL2 (K] eCueRASLIK=1)1 YU I=ANTAZA®ANTAZM
sP L LENG e T w el e anOeRACC(K) oEqeRACLIX+L) ) YULISANTHA2M+XNTH2ZM
[FIRALVC(K]) eZaedl Y{I)=ANTALR+ANTRLM

J2TAZLZ2TArY(ALNLRM/ (X2=X1))
conT LiWJE

CALL wraPHR{X,1)
{(Fliliedue?) SULTC 15

wuin TINGE
FoaMAT I/, 2
5 LENGTF (U

-
ow iw L

x0T
=YE5,2=N00 1)

ANGENTIAL 3TRESS RESULTANT AS a FUNCTICON OF sShELL

o) MixlolUNAL MUASNT S 4 FUNCTICN UF THE ACTUAL SmELL LENGTH.

SinTiNuE
AaR{TE(5,0uC}
~EAC(S,y®) LL
tF{LleEwec) SUTT 5C1L




2

o

)

OOV O

N ¢

~

J

v i

pp

~

‘i Jd

KOD) =ZeTA®(X2=-4A1)

vw~LL FACTCR(ZETA)

AMXLh= ( (XHLL*SINCALPHA N )/ Xn )3 (FOC/FLLI3FB8=(F3L/F L) #FS)
AAR2M= ((XA22%SIN(ALPRA) I/ (2%xK) }* (FLO={2.%Fal/FLC)*F3g

P+{F2C/FIC)2FS)
MXLA2X ALl #({L.5F8L/FLC)SFE=(FLIIL/FLL)®F9)

AAEN==AMZ2F ((FoC/FLL)*FL3=(FSC/FLCI=FLla+(F3C/FLL)3FS)
1F(RAC2{K) eZ2aleaCeRalaalsMILE) XMALH==AMXLH
FURALZUIK) oNCedehiboRAUL (K ) o EQeRADLIK=L)) AMXLlh==XMX1H
P LAA02(K) Nl e ledNIerASLIA) e EQRASIIK=1)) XMX2R==AMX2H
FlichiveZael e ANCeRADIIK) EwaRADLIK=1)] Y{I)=XMXLH+XMXLM
P LTSN eEG el e ANCARASLIK)GEQWRACLIK#L) ] YLUL)=XMXLH+AMXLM
Pl eNU e La e Lo ANUeRAC2(K) eCaeRASLIK=1)) Y{L)I=AMX2A+AMXZIM
FLIENS eLUed e ANS RASZ (K)o 22eRACLIK+L) ) Y[ )=XMA2ZH#XMX2M
IF(RAUEIK) sEwe) YHL)EXAXLA+XMXLN

LSTA=ZETAR(XLIvCRA/ {X2-X1))
e T laus

LALL orAPH{A,YY
F{lleBwe?) SuTl 15

'\;\':V ‘- “.‘\JE

Foemal (/3% YAALAL MUMENT AS A FUNCTIUN CF SMELL LENGTF
i P L=¥ES,d=Nd) )
7.

e e .

TANGENT [AL MCHENT AS A FUNCTIGN OF THE ACTUAL SHELL LENGTH.

P
[SXORE N

anlT2(3,7.
«CAZ(3,3 LL
A":(hl-.h\dlg) oL TC 7410

PRy
L=V

i

B 1)

liTa=s

2O TS =250

AL SLETAR®(A2=K11)

cabi FPACTOARICETAY
«“X1H=(((nll‘SAN(ALPHA))/Ah)‘t(ng/FlC)3Fc—iF5C/FlCJ*Fg)
AHAXCn== A {APL2FSIN(ALPHAL } /{2 % XK )3 (FLI=(2.3F4C/FLCI=FY
*(rlC/FLe1*F 3

AWMALMEXALLF((2 %8 FaC/FIC)3Fa=(FLCL/FLL)2F9)
AMAZAS= A 2% ({ Fol/F LC)*F (3=(F3C/FLCI*F L4+ (F3C/FLL)=®F9)
LELRaC2In) o2 4eleaANUeR o ESaNUMELE) XMXLH==XMXiH
KF(HAJZ(K).NE.J.ANC.AACI(A).:--RAJL(K‘L)) AMXLlr==XMX1lH
AF{RADZIK) anvCewedNCenACLIR) «eBeeRASL(K=1)) XMX2h==XMX2H
IF{IEND e uwel e ANCeRADL (K ) aZCanADL(K=1)) Y{LISANUIK) S (XMXLR+XMX1M)

I

[FUIENU el a2 aAND o KACL(X) eEuemALLIX+L) ) YOI JRXNUIRIFLAMALI+AAALM)
P MU oSl el e ANDaRAUZ (K] «EQeRAULIK=1)) TOLISXNGIKIF(XMX2R+XMALZM)
IFLIEND oEwad e ANCRAD2(K) e ZWaRACLUIR*L) ) YL IZANUIKIB{AMXZI+XMX2H)
IF(AACZ2IRT eBwec) TULISXNCIKIE(XAXLR+AMALM)

JZTAslE T-f(XA€L<*/(X4-(lJ)

Vu-llﬁ‘l\l‘w

AL RAPH{X, 1)
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[FlileBQal) GUTC L5
701 CUNT INUE
Tou FORMAT (/93X "TANGENT [AL MTMENT AS A FUNCTICN QF SHELL LENGTH

L (1l=YES,2=NG) )
C
> [FIxAaC2{n)eCTed) <TTURN

(FALENCeCwel) WLTS 2

RETURN

ZNY
.
C
ONOY ORUR VRGN 05 oY GV o G G URY o o 0 U 0 3 SO Y VYUY U o o 0% 08 of 6N of O 6 O O ulf i 61U o VR Y o off U 08 o 03 YUV o 08 oS
Z SubfudTIMNe PLATE LLACJLATES CEFLZCTIUN ANU RUTATICN
S SF Tk MESNICLAN AND MoRISIGHNAL MOMENT, CIACUMFERENTIAL
[

<

3

C oM ¢

[

9
C
VOMIAT O ANG SHGAR STRESS RESULTANT AS FUNCTICHh OF Tne .
rAvivd FLR FoaT CIRACJLAR PLATES. C
C
C

ceseblocllLelllCCaLetllioelifooccececicuciLcecocecLcoccccecce

suBRCUTING PLATE(X Y )

v;‘“Lv/JNAAYS/lTYP"LUJ'RMULKL JoRAUZ2(ILAI 9 XLENTILD)
PReS (LUl TALIC(LO) p XNU(LO)yEL L) 4 LCAVLLY)

ot N/ LU T/ X N2 0 AR P [ g Ky Cr NUMELE y RAU o PRICHE , PHI TaL

o ML\/FAgl/rlln21r3'F91FJyFOpP7 F8yF9,yFldyFlLlyfl2,

5 Frl3sFlesFLOsFlasFLT,FL32FLS»F234FLiCF2Cy

U

>
> riC:FWC'FscyFQLvF?L1F3C1F9C|FLJC1FLL;'
> FL&M!FLJL(FLHL;FLSb’Fl@CyFL7LyFLaC'FL9L1FZJt|
5 2213560

SLoonsS Il XtL) ey (L)

Al li=u

v{L})=4

<~CAUl [sF) XM,y 4An
(FlleSWweww™MELZ ) AM==XM
SIER)=TAalC{K)=25)/{12.%1Lla=ANU(K)®22))
11=9Q

LULTINJE

iFlileCwe+) SUTT U3

WAl TE(35,2)

FOxMAT(/ 93X, "CLAT PLATEY )
ci={l+l

QTS LlOUws 2330933023940l Il
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(led  CctTA AS A FuUnITION CF RATIUS

wanT INJE

ak [ Tel(5,14C)

RCAJ(S5,#) LL

[FILL.EL2) SOTC 1GL

=9

L2Ta=C

Ju Ly [=2,L

K({li=ceTA
[FlleTAeSaeRASLIK)) Y(L)=Y([=1)
[FlLETAaeSweraLl(K)) 3CTZ 12
LAkl rALTCA(1cTA)

SELPREZ(PRESIK)I/NICH0aa ) ) #{RACLIK) 3% 2= (RADL{K)=LETA) %22} %%

AT I=({=A0L(R)=L2T8)/RA0L(K))

CelaMEl A TRAd LIn)®R2) /(23R Lo+ XNU(K)I I ®(Lla=Xnli®=x2)
CILPREZ((PRELIRIFIRACL(K) #2228 (L =XK[[#%2) )/ (69.30%P]))
&3((.S.fKNJKK))/\L.kaJlK}))-XKlI“Z)

LOCLPRE=]

Y1 )=0ELPkEe+JE LR M
ZeTa=lceTA+X[NCAM
COMTINUE

Call GRAPH(A,Y)
Ir(lleCued) WLTC L5
CONTINUE

FURMAT(/ 42X, 7C02LTA A3 A FUNCTICN CF RaACLJS')

woTl 1

{24} FITAT Lo A A Funl Tl UF

o T iNJE

Aar [ T2l242.0)

~LAUlo,y®) LL

IF{LLelqed) WCTL 2C1

HEZY

IZTA=y

JG <0 =218

ALL)=LETA
LECIETAGZCerAZLIKI) Y [)=Y([=1])
[F{Z2TACwRACLIK)) SCTC 22
TALL PalTCR(LeTA)

el = (XM (RaSLlini=LSTA) 1/ J) 2G5

The RACIJS

JETAPR==( (ANCS(A)3{AADL(R)=LZTA) ) /(0.2 ) )2 {RACLIK)*%2

3= (Rmlllai=L2Ta)z=2)

AanlizilRaol{R)=02TA1/RA0LA))

SETAPR=(IPPESIA) 2R ASL{KIZXAI [/ (loe®0%R )}




€

v«

S SN SO g}

Y O (

nniT3l2e%) XK(iJyY( ]
CINTINUE
ALl INITT(122)
vAalLl BINITT
CALL CHECK(X,Y)

CALL LiInz{l)

Lall SYMaL({VQ)

SALL OSPLAY(XK,Y)

CAaLl MCvatBS(33yc2l)
cAli vLAvEL(2L,LAcELY)
CALL MCVAZLl4l3,5G)
CALL FPLAZELILS,LAccLXi
CALL NCTATE(#1lCyTeoslédslLleaX)
CALL ACVALS(373,y7Ca)
embi PLAcCL(LlSyLlulex)
Cmbl MZVACSS(455,1725)
CALL mLAGELiLl3,yLJdeTx]
cakk TINPUT(JUNK)

embll 2 [NITT

Aok INITT (301}

<c TURN

- .
=R V)
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{sed  TaNGaiTIAL MUMENT AS A FUNCTICN CF RAJIUS

OO0

-

+uuld  LINTINUE
WX ITe(5,40C)
REAC(3,%) LL
TF{LLL.EQ.2) GUTC 4yl

[FUZZTACEdoRACLIK) ) Y({)=Y([=1)
[FIIETAJEQRALLIK) )} GCTC 40
AnLIE{AAS LIK)=2ETA)/RADL(K))
RAJMFP=(PRc3(KJ/(L:.=P£J)t(3.+kNu(K)—\l.*3.‘xNu(ﬂ))tA&II*tZl
RAUMNT =X :
fASMTP=Q
(([)SRADMPT+RACHAMT
JZTASZETA+X[NCAM
-y CINTUNUE
CALL SRAPH(X,Y)
iF{l]eEaed) GCTC 1>

‘Ul o MNTINUE
Uy FORPMAT (/33X " TANGENT [AL MCMENT AS A FUNCTION CF RAGIUS')
swlTil L
L3 cwit] iNUE -

SETuxN
e
A=

Craon € OV Coen ¢

«

[Nt

adedLdT e onAPH(L,Y)
qu4§N/LQHST/AINQ?N,L,XR,?I,K'JohUFE;E
SIENs{CN XtaehsYin)

Allise=]

Yll)=L=]

o Ld =il




2OV OV OOVCOCC ¢

3ud)

Y
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LA {3a v XNU(KII/{LaeXNUIK)))=XK[[E=2)
SETAMS [ XMERAVL(KIFAKI T I/ (0% La+XANUIK)) )
2ZTAPR=Q

Y{L}=20ETAPR+GETAY

CETA=LETA+X[NCRM

CONT INUE

CALL oRAPH({X,Y)

WF{IleELa3) SUTC L5

CUNT{NJE

FORAAT(/ 93Xy "KCTATICIN AS 4 FUNCTICN OF RAQIUS')
wiIC 1

wr

(341 RASLAL MCTMENT aS FUNCTICN OF RAU[US

.uT'Tl\IUE

wriTel53,33C)

nZAS(5,%) LL
[F{LL.ECL2) GLTL 30!

{=9 B

LET A=)

JC 59 I=2,1

X{i)1=leTa

FALZT A eZweRaCLliR)) Y [)=Y(1=~1)

(FlezThelaeraliinll OCTS 34

wALL FACTCR{ZZTA)
QA;VP=(PRES(KJ/L0¢)=(HAJL(A)3*2=(l-fANU(K))-((RAJL(K)-LETA)**Z
IRl zaraAfNL{XK) i)

~AuM = LARC]

AR L L2 (xASLUN)=23TA)/R40L (%))

A PRUPECS L)/ (0062 ) )RR (3ar e K] )R (La=AKL[®%2)
RAGHMZ XY

RaQiP=)

-z T:Q::L‘,T{-*X Lieon't

YU L) SRASHP+RASMM

cenTinNgE

Cabbh 9rAPH(X, 1)

IFlile8wen!l SUTC Qo

el T [HMJE .
ForiAT (/33 %,y 'R ADIAL MUMENT AS A FUACTION UF RAGIWS!')
sCTu 1
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