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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 displays 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 longer free to expand laterally and bending will occur. In

problems where the load is distributed symmetrically with respect to the

axis of revolution, the three equilibrium equations which can be written

will contain two in-plane normal stresses, a transverse shear stress and

two 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 resultants exist at each junction. A

more detailed investigation of the theoretical results shows that the

effects are limited only to a narrow region near the junction. However,

their presence will govern the design of a multishell structure.
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For the indeterminate multisheil structure, additional equations

must be provided by considering the geometry of deformations.

Continuity, or compatibility, at the junctions 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

equilibrium of forces form the basis to the solution of the

discontinuity stress resultants (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 loading conditions.



II. THEORETICAL BACKGROUND

Force Methocl--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 insufficient 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 junctions provides the additional required

equations. The ability to relate deformations to stress resultants is

done 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 significance. However, before 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 to 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

M^ = -M^ (2-1)

(2-2)

M3 = -M^ (2-3)

H3 = (2-4)

Figure 2-2 shows the deformations that can occur due to some type

of external load. The external load 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 junctions 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
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Figure 2-1. Containing vessel submitted to positive generalized
discontinuity stress resultants.
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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

9^-Mj = Rotation at edge 'i' due to unit bending stress resultant at

edge 'j'.

= Rotation at edge 'i' due to unit shear stress resultant at

edge* 'j'.

^i^j ~ bending stress resultant
at edge 'j'.

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

at edge 'j'.

For the primary deformations

A  . = translation at edge 'i',
01 ^

®oi ~ i^otation at edge 'i'.
Now the continuity of deflections at all edges can be enforced.

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

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

+ (M^)9^M, + (H^)9^H^ = 9q2 + (M2)92f^2 (2-5)

-  (H2)92^^2 ^ ^ ("3)^2^3

Aq^ + (M^)A^M^ + (H^)a^H^ (2-6)

= Aq2 - (M2)A2M2 + (H2)A2H2 + (M3)A2M3 + (H3)A2H3



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

spherical cap

"03 " <"2'¥2 '"2'''3"2 <"3'"3"3 ̂  <«3'¥3

= '04 ̂  - ("4)"4"4

Aqs + {M2)A2M2 + (H2)A3H2 + (M3)A3M3 + (H3)A2H3 (2-8)

= ^04 - ("4)^4 ̂  (^^4)^4 '

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

Substituting Eqs. (2-l)-(2-4) into (2-5)-(2-8) and rearranging

M2(-e^M^ - e2Mj) + H2(- + e2H2) + M4(e2M3) + H4(e2H3) (2-9)

" ®02 " ®01

M2(- A^M^ + A2M2) + H2( - A^H^ - A2H2) + M4(A2M3) + H4(A2H3) (2-10)

"  "^02 " ̂01

M2(03M2) + H2(02H2) + M4(-03M3 - e^M^) + H4(-03H3 + 0^8^) (2-11)

" ®Q4 " ®03

M2(A3M2) + H2(A2H2) + M4(-A3M3 + A^M^) + H4(-A3H3 - A4H4) (2-12)

"  "^04 ■ ^03 '

Using compact matrix notation

[f]{F} = {A} (2-13)



where

[f] = the global flexibility matrix

{F} = the generalized force vector

{A} = the generalized deformation vector.

The solution is given by

(F) = m-i(A) • ,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

[f]® =
)lMi )lHi

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

element.

(2-15)

The element deformation vector is

{A}® = '01

- A
01

For the second spherical cap element, the flexibility matrix i;

94^404H4

^^4 - ®4^4-'
[f]e =

and the deformation vector is

{A} =
'04

'04

(2-16)

(2-17)

(2-18)

Equations (2-15) through (2-lC) hold true for any end closures.
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The flexibility matrix for the cylinder is

02M3 62H3-

"^2^2 A2M3 a^m^

®3^2 ^3^2 "®3^3 "®3^3

. ̂3^2 A3H2 ■^3^3 "'^3^3

(2-19)

and the deformation vector

®02
{A}e ^02

^03
^03

(2-20)

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

open at both ends.

Equations of Equilibrium

A 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 r^ so the
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length of the meridian is and the parallel circle is

Code = r^ sin^ de . The area of the element is then r^rj, sin<i> dt()d9.

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
dQe

element lying in the meridian planes. Thus -j- and

equal zero. After these simplications have been made, the equations

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  = N r,sin4) de . (2-21)
^ 0 Q C

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

dN dr

''♦"'"o -"-dj ■ (2-22)

Expanding Eq. (2-22) neglecting second order terms and combining with

Eq. (2-21), the resultant is

dr dN ,,

\  T? (\''o)<'+19 ■ (2-23)

The component of the external force in the same direction is

P^rirod(j>de . (2-24)
The forces on the lateral sides have a resultant in the direction of the

radius of the parallel circle equal to Ngr^^dtfidS . This has a component
of force in the direction of the tangent to the meridian of

-Ngr^cos<j) d(l)d9 . (2-25)
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Summing up Eqs. (2-23), (2-24), and (2-25), the corresponding equation

of equilibrium is

A  second equilibrium equation is 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^r^dedcO . (2-27)

The forces acting on the lateral sides of the element have a resultant

of Ngr^ded(t), which has a component in the direction of the normal to the

element of

N^r^ sin(t) dt))d0 . (2-28)

The external load on the element has a component in the same direction

of

•  (2-29)

Adding Eqs. (2-27), (2-28 )» and (2-29) gives the second equation of

equi1ibrium

^  ̂r'^l'^o " ° • (2-30)

The third and last equilibrium equation is obtained by considering

moments with respect to the tangent to the parallel circles:

dM dr

~fU (''n9  09 0 d<j) (j) 0 0 (2-31)

- M^r^ cos(() d(t)d0 - Q r^ sincfi r^d(|)d0 = 0 .
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Simplifying, this equation together with Eqs. (2-26) and (2-30) gives

the system of three equilibrium equations for any shell with two

distinct principal radii of curvatures.

df '"/o' - "e""! ♦- '-0% + = 0 (2-32)
d(Q r )

N/„ ^ N,--! sint + —1^ * . 0 (2_33)

d  > „ (2-31)d? ("/o> - "e""! ° ° •

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

^  • (2-35)

The second variable is

^ = >^2% • (2-36)

Replacing Eq. (2-32)

27TroN^ sini) + 2TTr^Q^ cosc^ = 0 (2-37)
which is the equilibrium equation for a portion of the shell where

external load applied. Rearranging, one obtains

^4, = ^ ' (2-38)
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Substituting this into Eq. (2-33) and taking = 0,

d(Q,r )
riN^sin^ - -N^r„ - , (2-39)

and noting r = To sin
^ 0 2

'2
N  =_I_d (Q^ \ = LAk
«  d(() ^^()) 2' d<t>

(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

eouations are

''2 d^U , 1
''1 -"l

- 77!^

_d (% rnf^ ^ ̂
d(|)

V dt

t d(j) '''

r^t d(p

U = EtV,

(2-41)

and

I2 ̂  r_d ^ X -5 I2 ̂ 1 dV
.'"1 d+2 i-jld+ 'r-j) rj 3^jdtjdt

3vcot(i) dt , ""l .2
^  -JT + — cot (1d(j)

U

D

(2-42)

where

D
Et^

12(l-v^)

E = Young's Modulus

V = Poisson's Ratio

t = shell thickness

(2-43)
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Introducing the notation

2
TiCOt (j)

-yy— (...)r^ri

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

fashion.

L(U) + -^ U = EtV (2-45)
"^1

L(W) - 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

d^ = r^d(^ , (2-47)

the equilibrium Eqs. (2-32), (2-33), and (2-34) become

dx

1

S  - "e''! - '•o^x ° (2-48)
rid(Q r )

^^0 ^>"1 ^ d^ ̂ Pz'^l'-o = 0 (2-49)

rid(M^ro)
—  N^r^ cosc^ - Q^r^r^ = 0 . (2-50)

(See Fig. 2-4.)
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1

Multiplying Eqs. ( 2-48),, ( 2-49) and (2-50) by —, letting approach

infinity and noting (j> equals n/Z, they become

^  + P = 0 (2-51)
dx

cl(

d^— ̂ " (2-52)N„ + + P,r. = 0

dx " ̂x " ° • (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 ty/o

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

ellipsoidal.

Cylindrical and Conical Shells. The equations of equilibrium for

cylindrical shells are

d(N )
—— + p = ndx 0 (2-54)

d(Qx)'^o
= " (2-55)

"'"x)
dx

- Qx = 0 . (2-56)
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Assuming that the external forces consist of only a pressure normal to

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

d(Nx)
^ = 0 (2-57)

d(Qx)
Ne + Pz'-Q = 0 (2-58)

d(M )
- Qx = 0 . (2-59)

Equation (2-57) indicates that ""s constant and assumed to be zero.

If is other than zero, the deflections and stresses can be easily

calculated. The remaining two Eqs. (2-58) and (2-59) contain three

unknowns; N.,Q , and M . Since the problem is indeterminate, the
0  X X

deflections of the middle surface must be investigated. This problem

can be simplified since the displacement in the circumferential

direction 9 (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:^

S - ® (2-60)
_  w

" r (2-61)

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

^ = "1^ (S ̂ = ̂  (^ - ̂ ) = 0 (2-62)
i-v ^ 1-v

"e ' ■ (2-63)
i-V 1-V
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From Eq. (2-62)

du , ̂ (2-64)
dx r

substituting Eq. (2-64) into Eq. (2-63) gives

Etw

r

Again from symmetry, it.can be concluded that there is no change in the

N^= - ̂  • (2-65)

curvature in the circumferential direction (e). The curvature in the

axial direction is - The expressions for the bending moments
dx^

become

M  = vM (2-66)
9  X

M  = . D ̂  • (2-67)
dx"^

where D is given by Eq. (2-43). Solving Eq. (2-59) for Q and
A

substituting this quantity along with Eqs. (2-67) and (2-65) into

Eq. (2-58) yields

A (D ̂ ) + ̂  w = P • (2-68)
dx"^ dx^ ^

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

8^ = — = (2-69)S  4rD ^2^2

and Eq. (2-68) becomes

^ + 46^w = -^ • (2-70)
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

=  cos Bx + sin Bx)w  . i ^

(2-71)
^ V-U3 PA .+ e~^^(B, cos BX + sin Bx) + f(x)

where f (x) is a particular solution dependent on the load term P^, and

A^, A2, Bp B^ are constants of integration dependent on the boundary

conditions.

As discussed earlier, the influence coefficients 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

M  = - D ̂  = M (2-72)
^  dx^ °

Qx = =^0 (2-73)
dx

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^ = f(x) = 0 gives

^3 = -T- (2-74)o  2B D

Ma
C4 = -V • (2-75)

2b D
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The final expression for w becomes

e-ex _ T
w = —^ r3M-(sin 3x - cos 3x) - Q cos 3x) • (2-76)

23"^D ^ 0 .1

The slope of the meridian is given by differentiating Eq. (2-76) with

respect to x. Substituting x = 0 into Eq. (2-76), and into the

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

Q  = 0, and then = 0 and Q„ = 1 gives
0  0 0

e,M, = ̂  (2-77)

9-Qi = —^ (2-78)
^  ̂ 23 D

A-Mi = (2-79)
^  ̂ 23'^D

A-Qi = -4- (2-80)
^  ̂ 23''D

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 Eq. (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 r^ = "x cot a , then

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:^

^4) = ^ ̂ 2
(2-82)

+ e"®''' (C^ cos 3<1) + sin )

where

,2

.2'
43^ = (1 - ̂ 2) (1 + I2r j , (2-83)

t

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

as

+ cot(J) - (cot^^ <p - v)Q^ = Etv (2-84)d^2 d<). 4-

2  r Q+ cotcf. ̂  - (cot^ ̂  + v)V = • (2-85)
dif)
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For thin shells 3 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

d^Q ,
1 + 4a\ = 0 (2-86)

where

4 _ 2wrv2A  - 3(l-v ) (:^) • (2-87)

The general solution is similar to Eq. (2-71) and is

Q, = C.e^ cos u + Cn sin y + C, e" cos y
(p i u O

+  e"^ sin y
(2-88)

where

y  = Act) (2-89)

and C^, C^, C^, are constants of integration dependent on the

boundary conditions. This method is good for large values of 6 and is

commonly referred to as Geckeler theory.^
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For small values of g or (j)^, 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 theory 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 = y(<j,) n (?) (2-90)

where

?(<(>) =
12(1

7^1 f: ̂ dp (2-91)

v(<J>) = f (p 1 (p) j
r^TfTsin^ /o *^2^^^ ^ (2-92)

allows the U and V to be written as

U = f((j)) [AR' + BI']

V = k"^f((j)) [Ar - BR']

(2-93)

(2-94)
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\  <^2^

Figure 2.6. Notation for Hemispherical Shells,
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where

Et^
k = YYP? (2-95)12(1-v2)1/2

and R = ber?, I = bei? for a "closed" shell and R = ker?, I = kei? 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
<p

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

coefficients

r 3/2 „„2,

r^sincj)
0.H. = a.m. = —i Kn (2-97)
1 1 1 1 k 12 >

Etr^

®i^i " '^22 (2-98)

(Q = H to be consistent with notation given in the previous section.)
A  ̂

where ^

^11 " ̂ ^ ^ I (^"^^ - (^'^ + (2-99)
„  _ II' + RR^ - .
^12 c (2-100)

7 '2 n ̂ 2

^22 = C (2-101)

C = Rr - IR' - ̂  (r^ + R'2^ . (2-102)
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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 ~ '^2 ~ ^

Etr^/2
(2-103)

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

required parameter is

Etr b

C = —^ ct + E(n,a) • (2-104)
k a

where

^0 = 4 (2-105)
?  u2
n^ = 1 - (2-106)

a

tana = ̂  tancj) (2-107)

and E(n,a) 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 H^,

acting through the centroid, causes a constant circumferential force, T,

in the ring of

■n/2

T " "0 / >• cos d0 = ,2.103)
0
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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

\  (2-109)

which gives a radial deflection of

r T ^0'-r7^ = rA7 ■ (2-"o)
For a uniformly distributed radial moment Mg, acting about the

centroid, the reaction is

tt/2
Mx = 2 J* M^r cose do = 2 Mr . (2-111)

0

The circumferential strain is

M.r y

= 07

where y = d/2

which gives a radial deflection of

M

^ = -n.— • (2-113)
r

and a rotation of

2
r M

® = T = 07 • (2-11")

Figure 2-9 shows a ring cross-section subjected to positive

generalized discontinuity forces. By observation, one may conclude that

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

r  M.

i j E I r̂  • i, j = 1,2 (2-115)
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Figure 2-9. Cross section of a stiffening ring subjected to edge
discontinuity forces.
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(2-116)

If the shear force, is replaced by a force and couple at the

centroid as shown in Fig. 2-9(5)5 the resulting rotations and

deflections are

®ii" ~rT^
r H. H,(d/2)(d/2)r2

^11 = o:; ̂ (2-117)
H,(d/2)r2

021 = - -"Tl (2-118)
r

rH H (d/2)(d/2)r2
"^21 " F"A n ■ (2-119)

r  r

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

acting at the centroid, the corresponding rotations and deflections are

r2

E r
.2 = ̂ 2^ (2-120)

F

H.r H^^^r2
(2-121)

H^pr2
^22 = ̂ 17 (2-122)

r H„ H^y^ r2
"22=F^^-n • (2-123)

r  r

If = H2 = = M2 = 1, then Eqs. (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

M

D(1 ^ u)
(2-124

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



III. 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 rotation, and the appli

cable force resultants as a function of the respective meridional

length.

All 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 assembles the individual displacement vectors and

influence coefficients into a global system of equations. The following

is a complete list 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.

36
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(3) SPHERE Calculates influence coefficients and primary

displacements due to uniform pressure for open crown

spherical shells.

(4) HEMI Calculates influence coefficients and primary

displacements due to uniform pressure, horizontal

projected and weight loadings.

(5) CLSCON Calculates influence coefficients and primary

displacements due to uniform pressure for closed

conical shells.

(6) OPNCON Calculates influence coefficients and primary

displacements due to uniform pressure for open

conical shells.

(7) PLATE Calculates influence coefficients and primary

displacements with uniform pressure loading for flat

circular plates.

(8) ELLIPS Calculates influence coefficients and primary

displacements with uniform pressure loading for flat

circular plates.

(9) ASSEMB Assembles the element influence coefficients and

primary displacements into a global system of

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

(10) INVERT Inverts the global flexibility matrix and multiplies

it by the global displacement vector.

(11) RITEIT Writes the results into RESULT.DAT and GRAPH.DAT.

(12) GAUSS 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.

All 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 by a line of

data which describes that particular feature of a shell. The following

list gives the four letter words and their duty (they also 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 - open conical sections

5 - flat circular plates

6 - closed conical heads
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7 - closed elliptical heads

8 - stiffening rings

(4) RADl - 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 load

(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 RESLILT.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
g

30 X 10 psi, Poisson's ratio of .3 and a uniform internal pressure of

500 psi.

Solution: The vessel is comprised of seven different types of

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

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:

TV ALSHEL.DAT

TITL

NUM&

7-

TYPE

7 2 1 2 4 2 6

RADl

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

1 1 1 1 1 1 1

PRES

500 500 500 500 500 500 500

MATR

30E06,30E06,30E06,30E06,30E06,30E06,30E06
.3 .3 .3 .3 .3 .3 .3

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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DIMENSIONS IN INCHES

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

*******^xample no. 1**********

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 COMICAL 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 in 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 components are steel with a

Young's Modulus of 29 X 10® 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 loads 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

2
weight of the hemispherical head is 1000 lb/ft . The

following is the required data file for ALSHEL (note the units

and the load type number):

TV ALSHEL.DAT

TITL

NUMB

3

2 8 3

RADl

531 531 531

LENT
264 17.5 132

THIC

5 8 6

LOAD

2 2 3

PRES

9.53 6.94 6.94
MATR

29E06 29E06 29E06

.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 AMD SHEARS ARE IN GLOBAL X-V 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 in 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 loading 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 cylindrical and conical shells.

This would decrease the number of subroutines. Also, the ability to

analyze 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.l.

Table A.l. Trigonometric and Hyperbolic Functions

i F.
1

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

2
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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Cylindrical Shells

Equations (A.l) through (A.11) show the appropriate solutions for

circular cylindrical shells with positive edge disturbances. Figs. A.l

(a) and (b). For cylindrical shells

n = x6 (A.l)

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

r

1

H^23r

F«(n)l
FjFyln) + " F.

F4F7(n) - F5F^5(n) - ^5^15(1)

(A.2)

M  =
'X F

F7(n)

^2^8^'^^ " F^Fglo) p

■F4Fio(n) - FgF^^^"^^

(A.3)

Qv =X

6M,

 F,
F2Fio(n) - 2 FjFgCn) + Fg(n) (A.4)
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(a)

(b)

Figure A-1. Circular cylinder with positive discontinuity
forces.



2D e^F.

20

'"4^9(11) + FgFj^^(n) + ''5^13^'^^

For loads applied at edge two

H2 2Br

FqFg(n) - FgFg(n)

F9FiQ(n) - 2 FgFg(n)

20 6%,
- F9Fy(n) + f^gF|Q(n)
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A  = -

20 B^F.
- F2Fy(n) + FgF^Qfn) -

F8(n)l (A.5)

M
1

'x 20 bF

Fio(n)
FgFgCn) + 2 F3Fy(n) - ̂ (A. 6)

N =

Mg 23 r
2 FgFy(n) + F^oF^o(n) (A.7)

X  F,
2 FgF3(n) - F^oF9(n) (A. 8)

Q. =X  F,
2 FgF^g(n) - 2 F^gFg(n) (A.9)

A  =

20 B^F, - 2 FgFy(n) . F^gF^g(n) (A.10)
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2D eF 2 FgFg(n) + 2 FjQF^(n) (A.11)

203%.
FgFg(n) + 2 FgF^(n)



65

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

and

3^^ = 3(l-M2)(r/t)2

n = 3ct

a - - (j)

For factors not written as a function of n

a = - (j)^ •

For loads applied at edge one

H.sincji.coti)[N

1

PjF^ln) - F,Fj„(n) + F2Fg(n)]

(A. 12)

(A.13)

(A.14)

(A.15)

(A.16)

M.2ecot(j)

H^6sin(()^

Q. =

1

M23^
-

H^sin<j)^

^ 123 r

- Fj^FgCn) - 2F^F^(n) + ̂ 2^10^"^

FgF 14(11) + FjFjj(n) - FjFj(j(n)j

FiFpCn) - F4Fj(,(n) t F^Fgin)]

i F/i5(n) + FgFjgCn) - FgFgCn)] .

(A.17)

(A. 18)
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\  0

M

r, ^

(a)

H,

\  "^2

(b)

Figure A-2. Open crown hemisphere subjected to positive
discontinuity forces.



67

M. =

H^r sin(|)^
2eF. F^F^Q(n) + 2 F4Fg(n) - F^FgCn) (A.19)

F2Fg(n)

Mn = vMtj)

A(|) =

H^rsincf) sincf)^
EtF

1

2
M^2b sin(j)

EtF
1.

F^Fg(n) + 2 F4F^(n) - F2F^g(n)

(A.20)

(A.21)

H^26 sincj)^
EtF FiFgCn) - F5ypi5(n) - p3F7(n)

M4g''
EtrF

1

(A.22)

For loads applied at edge two

N. =

M22 COtcj)
rF, F8Fio(n) - F|QFg(n) (A.23)

H2 cot(j) sin(j)^
Fg^ioin) - 2 F^FgCn)

8' 8^

Nfl ="

-M226'
 rF, 2F8F7(n) + F^q'^IQ^"^ (A. 24)

H22Bsin((),
FqFy(n) + FgF^g(n)
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= +

M226

'<D " rF, - F8F]io(n) +

H2Sin(f),

(A.25)

°  F,
2 FgF8(n) - F,„F<,(n)

10' 9^

H2 sin(f)2

(A.26)

= vf (A.27)

A(p = -
M223 sincf)
EtF, 2 FgF^(n) +

2H2 sirKfipr 6sin(j) r
EtFT, ^9^7(11) - p8'^10^"^

(A. 28)

M24
EtrF, 10' 7'

H2Sin(f)22 6"^
~EtF^ FgFq(n) + 2 FgF7(n)

(A.29)
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Open and Closed Conical Shells

The solutions for open and closed conical sections are given by

Eqs. A.30 through A.42. For conical shells, n is given by Eg. (2-82) and

n = x6 (A.30)

Again, factors not shown as a function of n have been evaluated at x = T

(see Fig. A.3).

M.2 Bcotct

N  = -

H^COSa

2_
Mj26 cota

Hj^x^cosci

M

M- =X  F^
1

2bF

M,2e

Ox' "-r-

Fj^Fy(n) - F^F^p(n) + F2Fg(n)

F^Fg(n) + 2 F4F^(n) - F2F^Q(n)

'^6'^13^"^ " F3Fg(n)

F^F^Q(n) - 2 F4Fg(n) + F2Fg(n)J

FgFi5(n) + FgF^g(n) - F2Fg(n)j

FiF7(n) - F4F^g(n) + F2Fg(n)

sina

1

Hasina

(A.31)

(A.32)

(A.33)

(A.34)
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Figure A-3. Conical shell subjected to positive
discontinuity forces.
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sina

2
sin a

4Db^F.
F^Fg(n) + 2 F^F7(n) - F2F^Q(n)

(A.35)

9- = +
D3F. Vie'"* -

(A. 36)

sina

2D 6%,
- F^Fg(n) + F^FgCn) + F^F^fn)

For loads applied at edge two

,2Bcota
N_
X
= + FgFioCn) - (A.37)

cosct

-  " 2 FgFgtn)

N. =

2 _
MgZ 3 COta

ZHg Xg cosct

2 FgFjtn) - FjgFj„{n):

FgF7(n) + FgF^g(n)

(A. 38)

14-
X

2 FgFgCn) - F^gFg(n) (A.39)

^2 sin a
FQF8(n) - FgFg(n)

Qx
M22 e

FgFioln) - F^gFg(n) (A.40)

H2 sin «
- FgF^Q(n) + 2 FgFg(n)
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A-
X

M2 sina

2D6%^
2Hp sin a

+ —3

2 FgF.Cn) - Fj„Fj„(n)

~ FgFy(n) "*■

M

m
1

Hp sina

2D3^F,

FgFg(n) + F^gFyCn)

FgFg(n) + 2 FgF^(n)

(A.41)

(A.42)



APPENDIX B

THOMPSON FUNCTIONS



Equations (2-46) and (2-47) can be written in the following form

[21:

L[L(U) + iy^U] - iy^[L(U) + iy^U] = 0 (B.l)

L[L(U) - iy^u] + iy^[L(U) - iy^U] = 0 (B.2)

which indicates that solutions to the second order equations

L(U) + iy^U = 0 (B.3)

L(U) - iy^U = 0 (B.4)

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

Introducing the variables

n = y = 2y (B.5)

m = (B.6)

Eq. (B.3) can be written as

n2 d m ^ u ̂  ̂ (n2 _ i)„ . 0 • (B.7)
cl„2

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

m = AJ^(n) + BH|^^(n) • (B.8)
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These are related to the zero order functions by

(B.9)

Hp'(n) = '' (B.IO)

The real and imaginary parts of Jo and Ho^^^ can be considered as real

functions of y, or

Jo(n) = Jo(y i) = ber(y) - i bei(y) (B.ll)

Ho^^^(n) = Ho^^^(y i) = - (kei (y) + i ker(y) (B.12)

Differentiating with respect to n and separating real and imaginary

parts gives

Ji(n) = - (bei'(y) - ber'(y))+ i(bei'(y) + ber'(y)) (B.13)
i  o

(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

4  8 12

ber(y) = 1 ^ ^ + . . . . (B.15)
(2!)" (4!)^ (6!)^

bei (y) = - • • • (B. 16)
(1!)^ (3!)^ (5!)^

ker(y) = - (ln(g) + C) ber(y) + j bei(y) - + • • • (B.17)

kei(y) = - (ln(g) +C) bei(y) - ber(y) + - • • • (B.18)

be.-(y) - • (B.19)
(2!)^ (4!)'^ (6!)'^

ba1-(y)=-^-^^^ (B.20)
(1!)^ (3!)^ (5!)^

ker'(y) = - (ln(g) + C)ber^(y) - (y)ber(y) +^bei(y) (B.21)
- A^2 + A^4 - • . •

kei'Cy) = - (ln(g) +C) bei'(y) - (y)bei(y) - ber(y) (B.22)
+ A'l - A'S + . • •
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where

dA.

*'k = dT

C = 0.57721

n = ̂

Figures B.l through B.A show the characteristics of the Thomson

function. This series is taken out to K = 8 in subroutine KELVIN,
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Figure B-3. Characteristics of ker(y) and kei(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 numerical 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

I = f(X)dX C.l
-'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 is the

symmetric, then the ratio of the spacing would also be symmetric.

Therefore, the limits of integration are taken from -1 to +1 for any

function. For instance, if a change of variable of

x(r) = l/2(b-a)r + 1/2 (b-a) C.2

is introduced, then

f(x) = f [l/2(b-a)r + l/2(b-a)] (r) C.3
and noting from C.2

dx = l/2(b-a) dr C.4

then C.l becomes

I  = l/2(b-a) I f(x(r))dr . C.5
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Gauss showed that

r+1 n
/  f(x(r))dr = j W. 0 (r.) C.6
"-1 i = l

where W^. are weight functions (or ratios) and r^ are the associated

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

-r^ = ^6 " 0.9324695142

-r^ = ^5 = 0.6612093865

and

•r^ = = 0.2386191861

= Wg = 0.1713244924

= Wg = 0.3607615730

W3 = W4 = 0.4679139346

The elliptic integral of the second kind is

E(k,0) = l-k^sin^0 d0 C.7
J n

where

k = sinw . C.8

If the change of variable

Is introduced, Eq. C.7 becomes

-1

which is in suitable form for Gaussian Quadrature.

C.9

E(k,0) = 1*^ l-k^ sin dX C.IO



APPENDIX D

FORTRAN LISTING OF ALSHEL

AND GRAPH



ui,v,wC^Ci,:-u.-uCl>.CC^CClCi,CC-li.»-c^CCCCC.CCCCCCCCCCCCCCLCCCCCCCCCC
-  c

Q
C  P'.CJRA.^ ALSHCL dV: aRIAN G. SMITH C

At.SH£i. IS A .ULrY PUKPCSc PROGRAM TO Cc TSRM INc C
C  0 I SCJi\T I,\j IT Y FOKi,tS IN MJoTlSriELL STinJCTgRSS. C

^  . c
C>.lC>,CCCCCi,CCv,Cv,ClCCCCC^wCOCCCC»,CGCCCCCCGCCCCCCCCCCCCCCCCCCCC
Lr

c

L

c

iS I'- i J . RM AT ( 3 J ,50 ) , JcFLEC I 50 ) , IP ( 50 ) , IN I 50 , 2 J , ? I E { 50 )
T./AnrsAYS/ 1TYP = ( 10 ) .RAOI ( ICJ ,RA02Ii0) , XLENTllJ ) .LOAOt 10) ,

''RcS HO) , TrtlCI 50) , XNJI 10) ,£( 10) , EL JELF 1 A j , 0 I 50) ,
CwM IL/

S

'  FL Ex 11,A)
a-iM / Civ.i T S / P I , I CnOER , N JME LE F LOON T , IJ I M
^I MEi.S H.. NA'-'ES I IJ ) , T i TLEI 20 )
OA T A ,,A"ES/>i-nT i T L , AHNu MB , -frt T YP E , AH R AO I , aHR A02 ,

^  -'"aENT , AM THIC , Art lGmO.AHP RES, AHMATR/
;T = 2'0, r ILi= ' AaShEL-aAT' , JtVlC£='OSR* )

^Pt:^, UN . 7= U , = IuE = ";YLi/0, OAT' ,OEv ICE= 'OSK' )
^Pt;UJ.',IT= ii ,r IL£= 'SPrLRE.OAT' ,OEylCE='OSX' )
-PE.IoN 17=21 , F ILc= ' AASEMo.Oi.T' ,OEVIoE='OSX' )
:P£NlANiJ=2j,F HL='HEMI,JA7> ,c;£YICS='OSR' )
AP£i.iO.,lT=2'T,rILE=' INVERT.OaT' ,0EVICE='0SK' )
-.PEN.uNi7 = 25,F IL£='L?NC^N.OAr' , 0£ V I C5= ' 0 SK ' )
OP =:, ( ON I 7-=2o,r 1L2 = 'PlATc-OAT' ,0£vICE=' OSK' )

^P i 01.17 = 27 , r 1 LE= 'luSf-ON. OAT • ,0£V IL£= ' OSR' )
.jP£'.(J,-.I7 = 2o,FH.£ = 'RIi,G.JA7' ,0£VIC£='0SX' )
-PcY 10MT= 20 , F iLE= 'RESOL 7. OAT' , 0 E V I CS= ' OSK • )
OPENHNl 7 = 31 ,F iL = = '^aAPH.OAT' , uEVICE='JSK' )
-?E\lJNI7=i2,FI n.= 'cLLIPS-OA 7' ,OcVICE='OSK' )
2PE'.(JM7=33,FILE='^AOSS.0A7' ,OEv IC£='OSK' )
^?£.,iONI7 = 3A,rILE=' KELV IN.OAT' ,0£VICE='OSK* )
PI-j-iA1592o5A

■-f^ON7 = 0 .0
OO '2-.00 1=1,2
- E AO ( 2 0 , ju C J ) NA.ME
IF^ .a,ME.. .E .NA.-IES ( I ) ) GOTO 2010

i t^(Au,iw,2030) , i
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t,

c

L> f^cAUIKu Jud TITLc

C

c

c

202'J K£A0(20,50 10) TITLc

rtRITE(2A,5C20J NAME
"RITE(30,5uiO) title

r

C

c

Z  RcAOi.Nvi NUM&cR CF iriELLS
C

c

2^J0 continue

2C30 RcAu(20,») NUMtLc
IJ i''''=2 .«iv,jmELE + 2.

NN ■= 7
\=0

' I N=K -Hi
iF(N*uT«i,N) I jw T u 2 i AO
aEAOI20,50CQ) NAME
00 2JA0 I1=3,L0
IF(NAME.£J.NAMES lin) GOTO 2050

2uaO CONT INUE
2030 M=i 1-2

GOTO(2060,2070,2080,2090,2100,2110,2120,2130J,M

C  (I.) READING THE SHELL TYPES

2030 CONTINUE
RE AO (2u,») , ( ITYPe(JJ,J = l ,NUMEi-£J
GOTO 1

-  (2.) REACINu THE PRIMARY RACII (RAOIJ

2070 CONTINUE
REAJ(20,») , (RAOl(J),J=1,NUMEL£)
ljO t c l

c
C  (3.J READING ANY SECONDARY RADII (RA02)

2CjO uONTINUE
NN=8

3  00 2 J=1,NUMELE
IF(ITYPE(J ).£0.1.GR.ITYP£( J) .EO.A) R£AD(20,-») RAD2(JJ

2  CON TINuE
GOTO 1
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C  {i,,i , kcAJINo axial L=NuTH of THt SHELLS
C

2u90 LLMINUE

i^EAC(20,») f I XLtMl-) . J = I. .NUMELc)
GOTO I

c  (5.) keaoing the shell THICXAESSES
w

21^0 LC.MTINUE

READ(20,») ,(THIC(J J »J=1.NdHELE)
-JTC 1

C

C

^  (o.) hEAOIKo THE TYPE OF EXTERNAL LOADING
C

2ii0 CONTINUE

READ(2 0,«) , (LuAD(J ) tJ=1,NUMELE)
oo TO I

;  (7.) READING THE yAXI,yjM PRESSURE

:i20 CONTINUE

in£AU(20, = J ,(?RES(U J iJ = L,NUM£L£)
uC TO I

C  (3.J PEAOING MATERUL PROPERTIES I.E. E ANO Nu
C

2130 CONTINUE

'■^E AO (SOi"! flEIJJ »J = ItNU:NEL£)
RE AO 120,») , IXNUlJ) , J=I .NUHELEJ
u*j TG I

2I-,0 CONTINUE
lOROER-O

15 I—IfNuNELc
iuRO£R=ICf^CER"^I
KK=ITYP£( I;
CCTO t 100,200 ,300 ,*,00,300fo00, / 00,300) ,KK

100 CALL SPhE^EISTFMAT,CEFuEC,IP,IN,PIE)
CCTC 15
CALL C YLINOf STFMAT jOEFLEC,IP,IN,PI£)
Go T C 15

300 CALL nc-1 i ( S T FH AT , GEFL EC , IP , IN, ? I £ )
GOTC 15

'»cj call CPNCGN( STFMAT , JEFLEC , IP , IN,PIE )
GOTC 15

500 oALL PLATEISTFNAT.CEFLSC.IP, IN,PI£)
Go T C 15

•300 CALo CLSCGM S TFMAT , JEf lEC , I? , I N, P I £ )
^o T o 15

TOO CALL ELLIPSISTFMAT.GErLEC, IP , IN,PIE)
■jG T G 15

3 0 j CA L L K I Nvj I STFn^TiGcFLcC, IP , IN,PIE)
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15

5 0O'J

5010

502J

5 030

^010

50if0

lOOO

OUTC 15

COM INUe

OUTC 1000

FORMAT (A-t)

FuKMAT(20A4)

FORMAT(/IX,AtJ
FJKMAT I/IX,2QA4)

WR ITci 5,50A0)

FORMAT(//2X, 'OATA MGOJLci ARE GUT OF GROER')

CONTINUE

OTCP

END

«C^uwwcuwCuwCo^CCk«^CcCOwCCwLi^^CuOCCCCwCCOCCC^wCCCCCwCCCCCCC
c

c

c

c

c

c

SUtJR

Fuf;

THIN

THAN

gjtine lylinc calculates the influence
Sril^RT AND LuNG THIN CIRCULAR CYLINORICAL SHEllS

SHELLS HAVE RADIUS TO THICKNESS RATIO LARGER
10. LONG SHELLS ARE OEFINEO AS tSETA»LSNGTH>5.

all ENOS «K£ AiSUMEO TO EE FIXED.

ICCCCCCCCCClCCClClCCCC IGCCCCCCCw

c

c

ICCCCCCC

SjokUUTINE CYLINOISTFMAT.OEFLEC,IF,IN.PIEJ
CGNMGN/aRkAYS/LTYPEI 10) ,HA01I 10) ,RAD2(10).XLENTI10) ,LQAJ(10),

S  ?R£S(10),THICI50),XNO( 10),£(10) .ELDElF(4) ,l(50)
S  FL EX i 4,4 )

commun/cgnts/pI,IlrderiNumele,count,IOIM

SI«EuSlUN .STFMaT(I DIM, IDIM),OEFl£C(IDIM),I PI IDIM),IN! iOIM,2)
JIMENSIUN PIEilOlM)

initializing PLex

00 1 . N I •= 1 , 4

00 11 NJ = 1 ,4

FlEXINI ,NJ )=0.0
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C  CALCJLATUG GEC.'^ETRIC a,40 MATERIAL CCnSTANTS
L

c

XK> = I (3,»( 1 .-XiNIJi IGROER ) «»2. ) )»«.25 ) / I RAUU lOKJERJ^THI C
$lICRL)£r.J)«».5

dETA=XK»XL£nr(laROEK)

J=(t tICKO£R)«ThiCt I0RJER)»»3.J/( L2 .•(1.-XNU(ICROERJ»»2.J )
Irl LCAOI lOBOSR) .£0. J, ) GOTO 5
IFILLAO(IGPDER).£2.2) GOTC 15

PRIMARY SuLJTICNS

C  JNIFCRM PPESGURE iGLJTIQNS

5  CG.NTIf4U£

ELJclF ( LJ=0.vj

£L JELf ( 2 ) = ( PhES ( ILROER J sRAJ L (,i uROER J J / 1 £1 I QRuCR ) » THi C( I QRJER )
»)'(!.-( X.\G ( I GRDER ) /2. ) )

CLDtLF(3) = C.o

£Lj£lFIA) = (PRES(IjROER)»RA01(lOROER)»«2.)/(£{ 1CROER)«THIC I I ORDER)
S )» ( I X,-JO (I QROEP J /2.) )

TO 1G

C

C  rlYDrtOSTATiC PRcSSJRc SLLJTIU.NS
C

I 3 OJ.NT INJ£

ElGELF ( 1 J = ( PrvES ( luRJER ) »Ra01 t IGROER ) «a2) /( =1 I URJ £R ) a TH IC I i CRGAR )
S-XLci'<T( I GxOER) )

cLGtLr(2J=(PRE 3( IOROcR)«RA011 IGRJER J »»2)/(6{ICROER J «THIC(ICRJER))
;i.0£i.F(J)=(PRES(10R0cR) »RA01 1 ICROER )'»2) / (E(IORO£R)»rriIL( I ORDER )
S'XLENTIIORCERJ )

ELOtLF(A)=0

C

c

c

C  SECONDARY SOLjTIC.'JS
Is s. w N T 1N U E

Fl = Si,\H( dETA ) »»2 .-3 IN ( 3ETA ) «»2 .
F2 = 3 1,.i-i(0ETAJ«=2.*3IN(3ETA)»a2-
F3 = SlNH(aETA)»Cu3!-i(3£TA)+SIN(oETA)»CCS(3ETA)
Fa-S I.'4m( sE TA ) »LOSh ( 3c T A )-3 I ,N ( 3ETA) »COS ( 3ETA )
F3 = 3 INH(SETAJ *SIN(SETA)
F9 = CDSh(BE TA)»SIN(3ET A)-3INH(SET A)*COSIaETA)
F10=(,CSm( SETA) »S i^4 ( SETA ) +3 INH( 5ETA ) =CC3( SETA)
PaCTL=(2.»PAD1{ICrC£R)»»2.*XK)/(£( ICrO£R)»THICIIORDER))
PACT2=(2.»PADi( I ORDER)»»2-"XX'^E-)/I£( ICROERj »THICIICRuER) )
FACr3= ( 2. = PAOI nCRGER ) =»2. »XX««3. ) / I £( IOROER) "THli, ( I ORDER) )
FLEX11,U=FaCT3«(2.«F3/FU
FL£A(l,2)=PACT2«(rc/Fl)
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i=LEX (1 ,3 ) = FACT3*{2 .«F10/Fl )
FLEXl L,a.) = FACT2«(2.»F3/F1 J

FL£X12,1)=Fl£X(1,2)
FL£X(2,2)=FACT1«(FA/F1)

FL£X(2.3)=FACT2»(2.«F3/FU
Fl£X (2 ,-»J = FACT l«(F9/Fl )

FLEX(3,1)=FL£X(1 ,3 )

rL£X(3t2)=FL£X12,3J

Flex(3,3)=FACT3«(2.«F3/F1)

FLEXO ,A) = FACT2»1F2/F1 )

FL£X(A,lJ=FL£X(l,-r)

FLEA(A,2J=FL=A42,t)
FL£X(A,3)=FL£x13,AJ

flex(t,A)=FACT1*(FA/Fl)

£;'>iFi.KC INu CQMP AT 15 ILITY

FL EXl 1 , U=-rL£Xi i, 1)
C  FLEXli ,2) =-FL£XIi,2)

C  FL£x12,1)=-FLcX(2,U

FL£X(2,2)=-Fl£X(2,2)
FL£Ai3,3)=-FL£Xl3,iJ
FLEX t 3, AJ = -FL£X( 3f •»)

FL£X(L,3)=-FL£X(A,3J
FLEX(Ai-tJ=—Fl£X( AjA)
EL5hLF(LJ=£L3ELr(1)

ELOELF12)=£LD£LF(2)

cLCELF(3J=-£L0£lF(3J

ElQElF(A)=-ElJELF(A)

2 : r.K [TE i 12,» ) I type* iOKOEKJ .RAOi I iCftOEKJ ,XL£NT( I CRJcRJ ,RAOU iCROcR J
«R ITEl12.« ) RAC2( IGKOER).XLENT{ICROcnl, THIL!IGRJERJ,PRE2(1CRUERJ
akI TE ( 12 , s ) XNUl 1 ̂ RDER) ,£ ( ILRUER) ,?I , 1 laOER, .NUMELE , CO JNT
aRITE(i2.» J XK.oETA.ELOELF(1J,£L0eLF(2J,ELOELr(3).ELOELF*Ai
nRITE* L2i*) Fi,r2»F3.FA»Fa.F9,FI0,FALTl,FACT2iFACT3
00 10 1 = 1, A

nRIT£(12.-J 1 FLEX ( I, j J , 0= 1 , 3
ij CONTINUE

i-ALL ASCEREl STFMAT .OEFLEC. IP.IN,PIE)
RET URN

END
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c  c
c  . . c
C  SJdKOLITINc SPHERE CALCULATES THE INFLUENCE C
C  FOR THIN OPEN CROnN SPHERICAL SHELLS- C
C  _ Thin SPHERICAL SHELLS HAVE A PRINCIPLE RAOIUS C
c  /Thickness larger than ten. c

c  c
c  c
C^ou»-c*-uCCCwCllCCCClCCCCClCCC^CcCCCCCCCCcCCCCCCCCCCcCCClCCC
c

SJSRCUT INE S PHcRc{STFHAT,UEFLEC »IP »IN,?IE)
JIN6NS IGN STFHAT(ICIM,I3IH),UEFl£C(lUIM)
JIHENSIUN IP ( I U IN I ,IN( I0I;i,2) ,?!£( I3IN)

CCNMCN/mRKAYS/ ITYPEI10J ,RAC1I 10),RAu2(LQ),XLENTI 10),cCAO(10) ,
PRES ( 10) ,THICI50),XNUl10),El 10),ELUELF(t),CI 50) ,
FL2X(L,a.)

CONMCN/CCNTS/P1,ICROER.NUHELE.COuNT,lOIM

OC 11 NI = 1 , L
OG 11 NJ = 1

11 FLEXlNI,NJ ) = 0.0

CAlCUcATINC SHELL GEOMETRY

XL = ( 1 S A 01 ( ICROER )-RA02 ( I CR OER) ) »»2 - <• XL EN T ( I QRO ER ) *»2 . ) «» . 3
ALPHA=-TA., ( ( RAOl ( ICR0ER)-RAU2 ( 1CROER ) ) /XLENT ( ICRUER) )
THETA-PI/C.-ALPHA
XZ.= . 3«XL = T AN ( ALPHA )

XM=^Au2I ICROER)/1SINlTHETA))
T= XM + X2

XRAu=((XL/2.)«»2.*Ts«2.)«».5

IF IXRaO-LE-RAOlI ICROER)) XKAO-RACl(ICROER)
PHiCN£ = ASlM RACl( IGRucR)/XRAO)
RHITnCsASlM RA02(ICRj£R)/XRAC)
01 FANG—PHICN£—PHIT nG

CETA=XKs,oifANC
xK=(3.»(1.-XNU(lOROEK)»«2.)»(XRAC/THICIIGROER))»*2.)»».25
OOcF = 1 . - ( i 1. ■t-XNU ( 1 CROER) ) / 2. J - (1. - I S I N ( PHI ThC ) •»'2 ./S1 N I PHI ONE )»»2

i ) )

PRIMARY SCLJTICNS
IF(LCAOI ICRO6R).EC•iJ GoTu 5
i^tLL.Mt^liLROcR).Cv- — jJ ^Ciuf 23
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c

c

c

c

5  CONI INUS

=LO£Lf(1)=0.0

=LJELF(3)=C.O

ElOclF { 2) = (( J0'»2«t^KcS( ICROER) *S IN(PHIONE) ) / l£ ( IQROER) »
StHIC(ICRJER)))»CCEr
ELDElF ( ( XkA0«»2»PRESl I CRJ£R ) •$ I,-; ( Pri I T«u J J / ( E ( ICRO£R)»
STHICiICRJERJ ) )
IF(RrtL2(ioROERJ.Ei.RAOl(ICROER-i)) ELOELF12)=(XRAO«»2»PRES(lOkOERJ

i**SIN(PHiThC))/(E(I0R0£R)«THIC1ICRU6R) J
iF(RAw2(I2R0ERJ.EQ.RA011ICROER-iJ) £LJ£LF(4)=(1XRA0»»2*PRES

S( I GRDEK ) »S Ii'i( PhlG.^E) J / ( £( IGRJER ) »TH1C ( I GROER) ) J "CGEF
Gu TC 16

G  jfJIFCR'-l LINE LCAG ARCJNO CRCnN OPENING
C

2 5 CC N TINu£

cLO£LF t1)=0

ELDELF(2) = (t PRES 11CROER)«XRAO)/(E(I ORDER)*THICI IORUERJ J )
s«i 1. ♦■xNu-i I CRDEh J )« (s:n( phi two j /sin (PHIONEJ )

ELDELF(3J=0
cLG£i.r (•» j = i ( PR £3 ( I CRDER J "XRAD) / ( £{ ICKuER J «THIu 11 ORDER I ) I

l-( 1 . <-XNOI I CROER ) )
vjo TC L o

u  ScCw.'tJARY SCLuT IONS
C
I o C C N T I rj U £

oOTC i 7
c  FI. = SlNHld£TA)*=*2.-SIN(3£TA)»»2.
c  F2 = SINH(D£TAj»*2.«-3IN(3£TAJ»'=2.
-  F3=SINh(d£TA)»CDSn(aETA)+5IN(3ETA)«CGS(3ETAJ
C  Ph= SINH(3ETA)»CG3h(ocTA J-3IN(SETA J »CCS(3ETAJ
C  F3=SiNHl3£TA) »SIfl(3£TAJ
C  F 9=CC SH(SETA)•$IN(3ETA)-3INH(3ETAJ"COS(aETA)

F 10=CC5H( 6ETA J-"SI NI 0£ TA J + SI NH ( 3ETA ) «CGS ( 8ETA)
F AC Tl = ( 2. «XRAG'»X^ )/( E ( I GROERJ sTHI CI lORDER) )
= ACT2=(2.*XK»*2.J/(EI I ORDER)#ThIC(i CROER) )
FACr3=(2-»Xke-3.)/(E(ICROERj"THIC1 I OROER)#XRAG)

cc
FLEX! I I 1)=FACT3 = (2.'F 3/FL j
FLcXI I(2)=FACT2-SIN(PhIoNEJ-(F2/F1)
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FLcX(1 ,3)=FACT3»(2.«F10/F1J
FLcXIi,A)=FMCT2*ilN(PHIT«C)«(2.»F3/F1J

FLtX(2.1)=FL£X(i,2)
FLEX(2,2) =FACTl*Slrj( PHlOrjE) »»2.»(F<»/F1 J

C  FL£X{2, 3) =F«CT2»S i.N ( PHI ONE J a{ 2. «F 8/F1)
C  FL£Xt2.4) =FaCT1#SI.N( PH I ONE ) iN I Fh I TWO ) * ( F9/F 1 )

FLEX(3,IJ=FLEX(1,3)

FL2X(3,2)=FlEX(2,3J
FLEX(3,3)=FACT3»(2.*F3/F1)
FlEXI 3,'»J=FACT2«SIN(PHIT«G)-«(F2/FU
Fl£X(W.,U =FLEX( Ut)
FLEXIA,2J =FLEX(2,4)

FLcX(t,3)=FLEx(3,-»)
F LSX(4,w)=FACT1»SIN(PHITrtO)»»2.»(F4/FI)

L

CO NT INJ £

XX=(E( IOkOEF J = THiC(lOhOcK)*»2 J/( 12.»1l-XNJ(I OHOERJ **2))««- 5

C£TA=((E( ICRlJ£R)»THiC( iCR0£R)«XRAD/XI<)«».5) »PHIQNE
ZL TA ).= ZETA

^ALL H£LVlN(xis£R,XKEI , a £R , 3£ I , OXKER , OXKE 1, 06E R , JdE I ,ZETA)

lap

Ji=6EK»0BEI-5Ei«03£R-(( t1--XNU(ICROER))/2HTA)»(OOEI*«2
S ♦•0BER**2 ) )

<M 11= ( l./Ol ) «( dEI»»2 ♦e£R*»2-t-< ( 2 ./ZET A) • ( 3 E1 »U8£ R-aER»
SOB E IJ ) ( ( 1.-XNU( IOROER)«=2)/ZETA» = 2) = (ucEI=*2+jBER = »2J) )
XKl21=(B£I»OoEI+3£R=aaER)/01
XK22i=(Oat I=»2 + udEK« = 2)/O 1

C0PPLE.4ENT

ZETA-( (E( ICROEH)sTHICI IORJ£KJ«XRAO/XKJ «».5)=PHlTwO
CETA2=ZETA
—All XtL/If.' (XKtR,XHci ,3Ei\rocI ,uXK£K,OXKE [,OScH,OBEI rZETA)
^2 = XKER=JXKEi-XK£I »JXKER-( ( ( l.-XNU( IQROcRJ 1 / Zc TA ) » ( OXKE I »» 2-t-

S0XK£r(» = 2) )
XKii2=( 1./02)* lXKEI«»2+XX£R»»2 + ( 12 ./ZETA)«(XXE I«OXXER-XKER»OXKEI) )

i + ( ( ( i .-XNU (I CROEH) »»2) / ZETA»*2J = (OXXE I«»2 + 0XK.ER = »2J ) )
XKi22 = (X)\EI»UXKEI + Xi<ER»OXHERJ/02
XK222= (OXKEI «»2-i-0aK£ = »»2 ) /02

IF ( RA02( lOKCcR ) .cO.aAOI ( IljkOcR— I ) ) GOTLl 19
F taX(l,!) = ( (£( iOROERJ®THICirOKOER)=X HA 0)=*.5/(XK»=l.5) )»XK2''l
FLEX( 1 ,2) = (XRAO = 3I,MPnICNE)«XKL2i)/XK
FlEX(2,1)=FLEX(1,2)
FlEx I 2 ,2 ) = ( XkA0« = 1 .5 = 5 I ,N ( PH ICNE ) »=2«XK li 1 ) / ( ( S ( I ORDER ) *
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STHIC( ICRJtSJ »XKJ«-».5)
FL£X(3f3) = ( (t( I0R3eR)»TniC,( IGROERJ «XRADJ »• . 5/ ( XK**! . 5) )*KK2ZZ
Fl£Xl3 ,A) = (XRAO»SIN(?H I TrtO)»XK122J/XK
FL£X('^,3) = FL£X(i,^)
Fl£X (f ,4) = (XRA0»»1 .5»Slrj ( PHITrtO ) •»2*XXU2 ) / ( ( £ (IORO£R) »
srHICIICR0£R)«XK)**.5)
30TC 13

13 CONTINUE

FLEX(i,U = (lti IGRJER) « THIC ( I CRO£ R ) »XRAO ) »» . 5/ ( XK»» 1. 5 ) ) »XK222
FL EX(1,2)=(XKAJ»SIN(PHITrtO)»XK1221/XK
FLEX(2 , II =FL£XH ,2 I

FL£X12»2)=(XkA0»»L.5«SIN(PHIT,ICJ*»2«XK112)/(cI ICKOERI*
STHIC{IGRUER)»XK)»».5

FL£Xl3»3)=((E( ICRueRj«THICl ICR0tRl»XRA0J»».5/(XK«»1.5))«XK221
Ft. EX (3, 01= (XRAJ*3IN(PH10.N£)»XK121)/XX
FLEAl't»3)=FL£Xt3i"»)
flea I A, 01= ( XRA0»«1 . 5«S IN( PH IGNE I "•E^'XXl 11) / ( £ ( lUROER I *
ilHlL(ICROEPI»XK)»» .5

Id continue

L

ENFGRC.INO CCMPATI ai LITY

FLEX(1, LI=-FLEX(1,11
FLcXt1,2)=-FL£X(1,2)

FLEX(2,1J=-FLEX(2,1)
FLEX(2,2J=-Fl£X(2,2J
FL£X(3,3)=-FL£X(3,3)
FLEX(3,0)=-FlEX(3,0)

FLEX(0,3)=-FL£X(0,3J
~lEX(o,-,)=-FL£X(-,,-,)
ELGELF( 1 )=£LGeLF(1r

EL0£Lr(2)=£L0£LF(2)

EL0ElF(3)=-ELGELF(3)
ELuElF(0)=-ELOELF(O)

akITE{ I1,») ITYPEt IG/vO£R J ,RAOl ( I CRUERJ , RA02 ( I CROER)
aK ITEt 11,» ) XLENT{ IQkOER) ,THICt IGRJcK) , PRES(I ORDER) ,XNUtlOROcR)
wRIT£tll,») c( IGKOeRJ ,PI iNUNELE,XLENT(lOROER) ,IDIN
iRIT£( ll, = ) COUNT,lOROER
aRIT£(11,= J XL

aR I TE ( 11 , = ) ALPHA, TH6TA, a2 ,XM, T , XRAO, P HI ONE , PH I T .,0, XR , CCEF
rtR IT£(11, = I EljELF(1),EL0£LF(2J,ELOELFt 3),£lJ£LF(
rtRIT£(ll,«) OIFANU,ij£TA
..RITE( 11, = ) Fl,F2,F3,FL,F3,Fg,Fia
tRITEdl.sj FACTl, FACT2,FACT3
00 10 1=1,0
«RITc(ll,= J (FlEX( I ,0),U=1,0)

10 i-ONT I NUE

«RIT£(il,»)2ETAl,2ETA2
rtRITE( li,=) 0i,02
iRITEt li.f) XRli 1, XR121, XK.221
.iRITE ( 11, « ) XRL12,XR,.22,XK222
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uALL ASb£M2(STfMAT,OeeL£C,IP, IN, PI EJ
kETURN

END

C

c

c

c

c

w

c

c

c

c

■-CCowuCuCcULUwCCCLcCuCCCuwk-CCCCCCCCCCCCCLoCCCCCCCCCCCLCCCCCC
C  r
c

iJBRCJTINE ASitMB AS5E'^3LE5 THE INOIVIDJAL C
HLEXISILIIY HATkICIEE ANO D I SFLACEHENT VECTGRS C
INTL a GLGaAL FLEXiaiLITY MATRIX ANJ r
CliPLACEME.NT SECTOR. C
IT IS callel) by sjbrgjtines cyling, sphere,hE.MI C
CCNE, PLATE, RING, ELLIPS. c

C

-uuu^.LuCCLLGCCk-wCcCuLwGLCLLLCCCov-uLGCCCCCLCCLCGCCCGC

5J8RLJTINE ASS£MdlSTFMAT,J£FL£C,IP,iN,PIEJ
CIMENSIGN STFMAT(IGIM, IGIM ) ,GcFlEC1 IGIMJ
GIMENS IC;. IP 1 1GIM) , IN!IOIM ,21,PI £ 1 IQIM)
CJNMLN/ARRAYS/1 TYPE( 10),RA01I 10i,RA02I 10J,XL£NT( 101,LCAOC10) ,

5  PRES(10) ,THICI50) ,XNJI10),E( 10) ,£LO£LF(A) ,Ci 50) ,
»  F LEX (•» , A )
CLMMlN/LCNTS/P I , ICROER,NUHELE,CCUNT,lOIM
NGMJCN-= ICRCER

OC 10 1=1,2
.■<.= 2. = ( NUY JG.J-1 ) ♦ I
K!<=2.»( NUMJUN) +I

OG 20 0=1,2
l=2.»(NUMOCN-i)+J
LL = 2.*(Nu,M0CN) +0
STPMAT(R,LL)=F L£X( I , J + 2)+STFMAT(K,LLJ
STF,MAT(LL,X)=FLEx(0 + 2, I)+STFMAT(LL,R)
STFMAT ( R,L) = FLEX( I ,0 ) + STFiMAT IK , L )
STFMaT(KK,llJ=Fl£X(I+2,0+2)+STFMaTIKK,llJ

20 C o N T I ,NG £
jEFLEC iK)iElOELF iI )+OEFL£CIK)
0EFLEC(KK)=EL0ELr( I+2)+0£FL£CIKK)

10 uCNTINUE
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wCJJtNT = CC'UiN T + i •

IF I wCUNT.L r..NJf EL£) jOid iO
OG 30 1 = 1 , lOIH

w«ITcl21,») COUNT

ITE121,« ) (STFMATl 1 , J ) , J= 1 , 101 )
AO CONTINUE

00 1 I = l,ICI,>i

aFITc(21,») OEFLECd)

1  CONTINUE

C  IDIM=( IOIM-2.)/2.

C
r

CALL INVCR ri3TFMAT,0EFLEC, IP , IN,FIE)
50 ^STUKN

END

.^wL.>,i,uucui,L>,Ci.CuCCCCC-CwCCCCCCCCCLCCCCvCCwCCCCCCCCCCOCCC

c

c

OJoRuUTINc itEMI CALCULATES THE INFLUENCE C
CCEPriCIENTS FCR NONSHALLOw CLOSED HE.MI- C

SPHtRICAL nEAOS. NONSHALLCW MEANS THAT THE C
OISTOREANccS AT THr EDocS 30 NOT INTERACT niTH C
SACn OTHER. C

C

C

ICCCCCCCLCCCCCCCCCuOCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SuaROJTINE HEM n STFMAT.OEFLEC,IP,IN,PI£J
OOmmCN/AaRAYS/ ITyPEI LO ) fRAOI UO) ,RAi32( lOJ , XLEMTt 10 J ,LCAD( 13) ,

PRES ( 10 ) , THI C I 50) , XNU( 10 j , £1 10) , ELOELF !•» ) , C I 50 ) ,
f- \ i L. . U\

5

i  FLEXIL.AJ

-oMMCN/ OON TS / P i, ICROER I NcMELE , CCON T , 10 I ,M
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117

C

C

OIMENSIUN STFMAT il Ol.-t, I 0 IM ) , 06 FL EC i I 01 M )
JI:'^£NS ICfl IP ( I JI M) I IN( IJ IM, 2 ) ,PI E 1 lOIM J

IN ITIACIII.NG FLEX
JC 117 N1=1,A
JC 117 NJ=1,A

FL£X( NI ,,MJ J=0.0

uALCJL^TINo shell GcDMETRY

XL= ( XLENTI lUROcR ) ««2. t-RAJL ( lOR JER ) »-2. ) «. 5
AL?HA=ATA,N(XL£M I 1 CRQER J / RAUl ( ICROER) )
XM=(XL/2-)/CCS(ALPHA)

X/=RACI ( IGROER )-X.V

T = CAri,N(ALPHA)sXZ
XKAQ=( T-«2. + r\AJl ( ICnOE.RJ -*2 - )**• 5

PH1G„C=ASI\(RACl IICROcK)/XRAO)
XK= ( i.«( l.-XNU ( I QR J£,-\) »»2. J »(XRAC/THIC ( I CROERJ J *«.25

PRIMARY SCLJTICNS

Ir(LCAU(lOROER)-Ew-i) GOrO 5
IF(LCAOIICROER).EG-2) GOTO 15
IFiLuAC(1CROER).£5.3) GOTO 25
1F(LLAG( ICnO£K)•c-•T) GOTO 35

UNIFORM PRESSURE

^LNTINUE

ELOELFI lJ=a.O

ElJcLF ( 2 ) = ( ( XRA0«=»2.*Pkt5 ( IOROER ) ) / ( 2.
S1.-XNJ(lOROER))«SINiPHICN£)
cLOclF(jj=c.o

EL0ELr(-i-)=£L0ELF(2)
To 1 o

«£( lORUcR )»ThIC(ICjRlIER)) )»(

HYOROSTATIC PRESSURE

continue

ELJELF(!)=-{ (PRESI ICROER)*XRAC«»2J/IE(I ORDER)»TH ICIIOROER) J )
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=t.DELF ( 2J =-( (►'i<£S ( ICRJEkJ »XRaO»»3J / ( i.«6( I ORDER) 'THIC ( IGROtR) ) J
IN(PHIL;.NE)«(2.-3.»CL)S(?HIONE)+2.»(COS(PHlCNcJ«»i/ll.+CuS

S(PhIC.NE) 1 ) )«( i.-t-X.NU( iORDER) )
ELDELF{3) = £1.DELF(1 )
Ei.DElF(A)=£LDcLF(2)
>jO TO lb

C  rt EIbHT lOAD

33 Continue
ELDElF( U = -(XRACSPRES( IQRJ£R J«(2. + XNU(ICRoERI )»SINIPHiCNc) I

S/[Ei iORDER ) *THiC(ICRDERJ )
ECDE LF121=(1XRAD»»2*Pk6SI 1 ORDER)=SIN(PHJONE))/IE I I ORDER)«

sTH IC( I GRDfcR) ) )*1-CC3(PHIONE) + ( (1.*XNU( iORJERi )/(i.+CCSIPHiONE)) ) )
ELD£|.F(j) = £LDELF(1 )
ELOELF (A) = 6LDELFU)
uo TO 16

HORIZOiNTALLY PRuUtCTEO LOAD

23 CONTINUE
CLDhLF ( U = ( ( XRAD^ORtS ( I ORDER) )/(£( ! CRDER3 • TH i C (I ORDER ) ) )

S = l2«^"Xi'«Jl ICRD£R)=S1NiPHI0Nc) )

£LDELr(2)=( lPR£SnCR0ER)=XRA0»*2*SIii l?HICiN£))/lE(I0R0ER)«
i Tn IC { I OkDER ) ) J = ( -CCD ( PHIui«E) ==2» ( ( 1. <-XND ( I ORDER) ) /2. ) )
iLDECF(3)=£LDELF{I)
Ei.DELr(R) = £i.DELF(2)
oo TO 16

SECONDARY SOLUTIONS

oDNTlNUE
ou TO 17

PL EX(I,!)=(•».«Xl<.»=3.)/(£(ICRD£R)»ThiC( I ORDER) »XRAO)
FLEX ( 1 ,2J = ( (2. »XK = = 2.)/(£( I ORDER)»THICI I ORDER) ) )*SIN(PHI UNE)
flex( I ,3) = C.0
flex ( I ,-.) = 0. 0
FLEX(2 , i J = FLEX(1,2)
~Lcx;2,2J=( 12.=XAAC = XK)/(i(ICRD£R)=TriIC(iORD£R)) )=SI.<(PHICNE)= = i
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FLEX(2 ,3)=C.J
Fi.EX[2,hJ = 0.0

FL£X(3,1) = FLEXU,3J
FL£X(3,2)=FLEX(2,3)
FC£X(3,3)=FLEXli,iJ
FL£X( 3,t) = SI M( PHIQfiE) • (2.»XK«=»2. J/( E( i QKOER J C ( i OROER J )
FL£X(^,L)=0.0
FL£X(L,2)=FLEX(2,Ai
FLEX(^,3)=FLEX(3,t)
FL£X(L,4J=Fl£X(2,2J

17 CUNTINUE

Xi<=i E( ICF JEK 1 »TH1C (lOROER J ««2J/( 12«( 1-XNJ( I ORDER J '"EJ ) »».5
2£TA=(((£iICRJEKj«ThlC(IQROERJ»xP.AO)/XXJ«»,5)»PHIuNE

CAcL <cuVIN(XXER,XXEl,oER.SEIIDXKER,DXKEl,D8ER,03£Ii2ETA1
J=5ER»J8ei-dEI»0dER-( ( ( 1-XNU(1 ORDER))/2ETA)»(DSEI»»2
3+06£R»»2))

XMil=( l/D)«(b£I«»2+t!£R»*2 + < (2/ZETA) »(d£I«Da£K-dcR«Da£i) J
i+( ( ll-XNo( IuRDER)»»2)/Z£TA»»2J»(C8£I»»2 + D8ER»*2)))
XK 121=(d£I»OdEI + d£R«DoER)/D
XK221= ( DDE I'^Z+OoER-s^Z) / O
FL=X(i,l)=i(E{l GkOER ) » THIC ( I CRDE R)*XRA0J»»,5/IXK<=»1.5) )»X)<221
rLEXl lf2) = (XRAD»SIN(PHIGNE)«XK. 121)/XR

FLEX(2,i)=FLEX(1,2)
FLEX 12 ,2) = (XRA0»«1 .3«SIN(PHlCN£J«=«2«XKli 1 )/((£( IORD£k J^THiC

5 1 ICRCERJ-XX)=»,5J

FlEX 13 ,3J = FL£X(1 ,1)
FL£X(3,LJ=Fl£X(1,2)
rL£x(2,3)=FL£Xl2,l)
FLEX I A , A)=FL£X12 f2)

E.'lFCRClNG CCMP^riolLlTY

FlEX(1,1)=-FLEXI1,1)
FLEX( 1,2)=-FlEX( 1 ,2)

FLEX12,1)=-Fl£X12,1)
FLEX(2,2)=-FLSX(2,2)

rLEx(3,3)=-Fl£X(3,3)
FL£X(3,-»)=-(-l£X(J,-,)

FL£X(^,3)=-FL£Xlt,3)
Flex(A,A)=-rLEx( A, t)
=LDElF(1)=ELD£LF(1)

ELDELF(2)=eLD£LF(2)
ELJElF(3)=-£LOSLF(2 )
:LDELF (A)=-£LDSLF( •* i

1 1 lDiN T I NL)E

DC 10 I= 1, A

.iRITE(2j,«) ( FL£X( I ,J ) , J = 1 , A)
ID continue

iiviTEIED,') -LD£LF(l),£LDELr(2),ELD£LF(3),EL0£LF(A),T
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rtKITt;(23,*) i^AJi( ICRD6R),?RcS( IuK0£Kj,THICtI0RJEi<),XNJ(IGK0ER)
r.Rir£{2i,») Xl,ALPHA,X,M,XZ,T,XRAC
'iRITE(23i*) PHIONE
3=RAJ11lUROER)«»2.

WRITE123,«) ZETA
nRIT£(23»») XK

«RITEi23,») XKUl,XKi21,xK221,D
'*RITc(23?*) XNcRf^KEIfBERfEEI
«R I T£(2i t») JXKER rCXXEl,0U£R,03Ei
CALL ASScjM6( STFMAT jJcPLECi IP rlNfPIE)
RET URN

END

CC-C CCwCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCi-v,CCCCCCCCCCCCCCC

^  c
u  iUBROUTIiNE INVERT INVERTS THE Gi-LiflAL PlEXIBILITY C
C  MATRIX ANC multiplies IT EY THE ^LGoAL OISPLALE- C
C  MENT VECTCR TC. DETERMINE THE DISCDNT I.NU ITY FGRCES C
C  IT IS called 3Y SUBRQUTINE ASScMB. C

C  S
Ck,^CwCCCCww4.CLw*-CCk-wCuuwCCouCcwCCCCC CD wCC wCCwCCCCCuwCCCCCCCC

SUSRCuTINE INVERT (STrMAT,DBF LEG, I P,IN,PI £)
UIMENSIUN STFMAT( I DIM,IDIM),IP(IDIM),IN(I 0IM,2If PI ElIDIM)
JIMENSILN CEFLECIIDIM)

MLN/ xRR AYS/ ITYPEI iO ) iRmDI ( lOJ tRAU2 I IJJ » XLENTI 10) i L JAO I i 0 ) t
i  PRES( 10) ,THICI50),XNUI10),£(10),ELJcLFlA),Cl50),
^  F L cX I -t t A )
CuMMUN/CCN TS/RI, lURDERiNUMELEiCCUNT,IDIM

101 FCRM-.T ( 20H matrix IS SINGULAR )

C  oc^INNINw TC INVERT

DC 5 1 1 = 1, IDIM

u

'  writeiza,*) ( s tfma r 11, j ), j-= 1,101 m )
Do I J=l, ID IM

1  IP(J)=0

DC lA 1 = 1,1 DIM
AM = 0.

DC 6 J = L , I D I M

IF i I?lJJ-I)2,fi,2
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I  00 3 K = i, lOIM

IF (IP(KJ-1)3,5,19
3  IF (A8SUM)-A3S(STFMAr(J,N) J 14,^,5
A  IR = J

IC = K

Af=STFMAT (J,K)

3  CCiNTINUS

0  CCNTINUc

! = ( IC)=IP(IC)+l

IF IIR-ICJ7,9,7

7  JC 3 L=l,IDIM

Sn=STFHAr(IRfL)

STF'^ATI IR,l) = STFMAT( IC.lJ
3  STF.'-'ATI IC,L) = SV.
9  I .M I , 1) = IR

I N ( I , 2 J = I C

? Iti I)=STFMAriIC, ICJ
IF I? lElI )) 10,18, 10

1- 3rFMAr(ic,icJ=i.

OC 11 L= 1,1 01 I'

ll 3rF>'AT( IC,LJ = STF3!ATlIC,LJ/?IE(n
00 lA Ll=1, 10 IM

•  IF iul-ICJ 12,14,12
T=STFMATILi,ICJ
STF^ATILI ,ICJ=0.
00 13 L=1 ,10^■-

1 i S IF-ATtLl,LJ = 5TFMAr(L1,LJ-STFMATI IC,LJ•T
14 CCNTINJc

00 17 I=1,I0IP
L=10lM-t-l-I
IF ( I i-i(L, l.)-IN(L,2) ) 13,17,15

13 J?=IiN(L,l)
JC=I'i(L,2 J
OO lu K=1,IOIf
S «- jTFMAT ( K., OR )
5TF4„r(K,Jk ) = STFHAT(K,jOJ
5TF4AT(K,JCJ=Si<

1 o 0 01'J T I iN J E
17 CGNTINlIE

OG 23 1=1,1014
.1 TOi 24, » J 1 3 TF'-A T I 1 , J) ,3=1 , lOlM).m i

u

C  'VOLTIPLrlNw 3Y 01 3RLAC = 4tjNr VECTOR

00 50 IRgw=1,I0I4
SuM=0.0
JC 40 1,1014

-,0 0U;'1=SU4 + 3TFMAT I I RO'rt,/<) »OtFLEO (K )
30 01 IRCrt)=SOP

fl k ili: 1 24, = J ( C ( I ) , 1=1, 131--)
-ALL RITEIT

K £ T JP. ,M
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IB /IK IT£ ( 1 C1 )

I:; RETURN

END

C

c

c

c

c

c

CCCECCCCClClCCCCCCCCCCCCCCCCCCCCClCCCCCCCCCCCCCCCCCCCCCCCCCC

cC  BJdklJTINE GPNCUN CAi.uJ4.ATES THE i.NFLJEiNCE CCEF- C
C  FICiEisTS FCR TRuiNCATED (LCNG AiNJ SHOkT) CQMCAL C
C  SECTIC.MS. Q
-  C

^  ' c
ulCuC>,LCCClCCCCCCCCCCCCCCCCCCCCCCCCC..CCCCCCCCCCCCCClCCCC

L

c

c

c

iJoKGjriNE CiPNCONi STFHAT.CEFLEC/IP.IN.PIEJ
jrHE;NSIOi\ STFMATCCiy, 10 IH J , JEFi.EC ( 10 IM) , I P ( 10 IM J , I,N ( 101 M )
OIM£i\SIC.m PIElIOi,")
uOMHC.N/ ARk A rs/ I TYPE! iO J t RAO U 10 J ,RA02! 10) ,XE = .NT( IJJ ,L0AO(10) ,

r-RES ( 10 ) , ThIC ( 50 ) , XNJ( 10) ,E( LO) .ELOELF ( A) ,C( 50) ,
^  F L c X ( A I A )
woHMCN/Ci>i\ TS/ P if luK JER iNOMELE , CC JNT , 10 I .Y

C

C  FLcX
GC ii Ni=l
JC li =

i i FLcX I } = 0. 0

L

CALCJLAi ING GrtcLL GcCMETRY

ALPHA=ATA.'i(XL£:NT ( lGR0tR)/(RA01 1 10ROER)-fiA02(IGROER) ) )
XL=RA02(lCRU£R)«TAiN(Ai.PnA)

X1 = (XL«»2.+Ra02( I0R0fcR)s»2-. )*«.5
X2 = I ( XLKXLE.'iT ( I OROER) ) »«2 . '•RAOU I CROER ) »»2 . )««.5

AL PHA2=AS 4 A(RACl1 ICKOER)/X2)
oA,-4MA=( Pl/2. /-ALPHA
-A0u = kA01i lOROCRi/CwSijAHMA)
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Ph I = PI-ALPhA

C

C  PRIPAKY SCLUTIO.NS
c

c

c

c

I,

c

A  uNIruHM PRcSSuRt

C

C

IF ( kAuZ (iOPOtRJ.fJ.RAJK ICRJER-1 ) ) XM=X1
£<.OcLF(lJ=-( {PK5i( I0R0£R)«X'^»CCTA^I(,kLPHM)»«2)/(H( IQROcR)*

S THICI ICROe P)«i.) )*(3.>(Xi/XM)»»2J

£L3cLl-i 2J = ( ( PR6S ( i JR3SR ) »X.Y«»2»CCS (ALP HA ) s-CGT AN ( ALPHA ) )
»/(£( ICKiJ£RJ«THIC(ICR3£R)) (XNJl iaR0£R/2. ) » ( 1 { X1/ X,M ) «s2 J ) J )
IF ( RA02 I ICPl)£R J .eC.RAOl I ICRJ£R-l J 1 XH=X2
ir(R«J2( lOROERJ ..N£.kA01 I IQROcR-l J J XM=X1.
IF ( P.A02 I IORO£k ) .£2. RAO I, 1 laRDEk-i J ) sOOcLFI U=-£LO£LF( 1 )
EL JcLr ( 3 )=-( ( PR£5( I CR J£R )» X,M»C OT AN ( ALPHA )»»2) / (£ ( ICRO£RJ»

5IHICIIGRj£R)^Z.) )»(3. + (Xl/XH )»»2)
ELD£LFlA)=nPKESlI CRO£ R ) »XM»*2«C(jS (ALPHA ) «C QT AN ( ALPHA J I

i/ 1 El lORDER ) «TH IC 1 ICkOER) ))»(]..-( (XNU( IQROER/2 . J «( i . - ( Xi/XM ) s«2 J ) ) J
IF{kA02(ICROERJ.EQ.RAOl(ICROER-l)) ELOELFl3)=-EL0ELF(3 I

SECCNJARY SCLjTIC.NS

xH 3 X 2

IF(RA02(IOPOcR).£ ; .RAO I ( IuROcR-1)J XM= X1
XK= ( 3-s( U-XNU ( ICR J£r ) »=»2) ) «».25/( THiCl ICROER ) »XM»La TAN ( ALPHA ) )

5

dE T A = Xr ®XH

FI=SINh(o£TA)«»2-SIN(oETA)»*2
F2 = SINH(0 = TA J #«2 + S IN IuETA)»»2
F3=3INH(aETA)«Lu3H(uETAi+3IN(D£TA)«CaS(3ETA)
F'.-=iiNH( dcTA) SCQ5H (SET A )-S IN I SETA) 'CCS ( dETA)
Fd=5INH(3ETAj»SINl3ETA)

F9 = CjiM(oETA J »SIN(uETAJ-SINH(3ETAJ »COSI 3ETA)
FI0=C3SH(a£TA)«SINl££TA)+3INH(aETA)aCOS(3ETA)
3=lcl ICRj£R)aThIC( ia(\0£RJaa3)/( 12-*( I.-XNJ (ICR0ER)»»2) )
fact 1=1,./ ( 2.aOaXK;

FACT2 = S IN( ALPHA J / ( 2. = Q = Xi<a=2 )
FACT3=S1..( ALPHA) a*2/(2-»3«Xk=a3)
-LcX(I, I)=FACT1*{2.*F3/FI )
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Fl.fcX(i,2) = FACT2»(F2/FlJ
Ft.EX(2ri) = FLcX(i,2J
FL£X(2,2)=FACT3»(F'f/Fl)

FLi:X(3fl)=(i./(2.*0»XKJJ«(2.»Fi0/FlJ
FLEX(3,2)=FAlT2*(2.»F3/F1)
FccX(A, 1) = FACT2»(F9/Fn
FLEX(4,2)=FaCT3«(F9/F1)
IF(PA021lOfiOER).EC .0) GOTO 32
XH=X1

IF(RAJl(IQROER).EQ.RAOl(IUROER+1)) XM=X2
32 CONFINUE

XK=( 3.»( i.-XNUI ICRDEfi) » = 2) )»=*.25/( THIC( IUkOER ) =XM»COTAi^( AcPhA ) J
S . 5

3ETA=XK»XM

nRITE(25,«) XM
rtRITE(25,») XI
«RITE(25,») X2

IT £ { 2 5 , = ) 3ETA

Fl = SI:)H(3ETAj«»2-SIN(8ETA)«*2
F2=S INH ( 3ETA ) »»2-^S IiN( oETA ) »*2
F3 = S iNH(BETA)»GCSri(BETA)+SIN(SETA)=005(aETA)
F4 = SINH(BE TA)=CCSm(BETA)-SIN(BETA)»CQS(3ETA)
F3=SINH(8ETA)eSIN(aETAJ

F9=CGSH(BETA)»SIN(BETA)-5INH{b£TA)»CaS(BETA)
FlG=C05ri( BETA ) = 5 IN ( BC T A ) t-SINH( BE TA ) •CCS( BETA)
FACT1=1,./ ( 2.'0»XK)

FACT2=SIN'(ALPHA)/(2.»0»XK»»2)
rACT3=S IN( ALPH A ) »=2/ ( 2 . »'J»XK»» 3)
FcEX(1,3) = H./ (2.«U=XK) )»(2.»FiO/FU
Fl£X( L,-») = FACT2«(2.«F3/F1)

FcEX(2,3)=FACT1=(2.*F3/FLJ
FLEX(2 ,4) = FACT3»(F9/F1 )
FL£A(i,3)=FACTl»(2.*F3/FlJ
FLEX(3,4)=FAGT2»(F2/F1)
FLEX(4,3)=FLEX(3,4)
FlEa(4,4) = FAi,T3»F4/F1
RA0=AAC2(ICROEK)

IF ( RAGl ( lUROEP. ) .EC .RAGl ( iCRD£R + U ) R AJ=^ AO I ( I CROE R )

C

C  ENFuKCING CG.MPATIBILI TY

<4,

FLEX(i,1)=-FlEX(i,1J
C  FlEX(i,2)=-FLEX(i,2)
G  FL£X(2,1)=-FL£X(2,1)

FL£X(2,2) = -FLEX( 2,2)
FL£X(3,3)=-FLEX(3,3j
FLEX(3 ,4)= —FLEX(3,4j
FLEX(4,4J=—FCEXI4,4)
ElO£cF(LJ=£L0ELF(1)

ELCELF(2)=eL0ELF(2)
ELOELFI3J=-£lO£LF(3)
EcJELF ( ) =-£LDELF ( )
0'_< 10 1 = 1,4
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.■.r(iT£(23,s) (FL£X(I,j),J=L,nJ
iO Cu.NTINue

Wk IT£125, » ) I rYF£( IbftOEK J , AAOl ( ICROcr) , XLHi\7( i CROcRJ ( ICROSK i
'.R[Tc(25,») RAJ2 1 1 CROER ) ,XlcHTil CRUER) tTHIcilCROERi iPKESil GRJER )
»R i Tc ( 25 , « ) xn.H IGRJER J , £ ( IQROER ) , P I r I CR Jt R ,.SUPSL£ i CO JNT
aRIT £(25,«) AN,acTA,ELO£Lr(1) ,ELCELF(2) ,ELOELr(3) ,EGDELF(A)
nRIT£(25,«) Fl,F2,F3,FA.,Fo,=9,F10,FACTl,FACT,!,FACT3
.sK ITS 1 25, » J ALPHA, uANMA.kAOO.XL, Xi , a2, XM ,0
■|RITE(25,») ALPHA2 , G , 22 , A
«FITE(25,»J ALPHA,PHI
i-ALL Ao3E"'EI3TFHAT ,CEFLEC, IP,1';,PIE)
RE T JKN
ENO

--i-LCClCi.CCCaCCC-CC».CCCLwCCCCCCCCCCCCCCCLuCCCC2CCCCCCCC
c
cSJaKCofl.NE -late calcjlates the inflje.nce c

CC'EFFI.IENTi -.■■JO PRIMARY 01 SPLACE.MEnTS FOR FLAT C
CI^vLULA,r PLATES. PLATES ARE ASSUMED TO 8£ SIM- C
PLY SoP'^CKTEU ■«nr\ lALlJLATINo THE PRIMARY C
UISPLAlEMENTS. q

C
C

.-..i..,-CCCCk,n-CC.,CCCCCCCCCCC2CCCCCCCCCCCCCCCCLCLCCCCCLLC

jUoi-Cjr I.'.E P LA :e ( S TF.'-'AT , JEFLEC , I? , i;,,p IE)
Jl ••t.LSlC. l STr"lAT( lJIM,101;'' ),0EFLcL(IJIM) , IP( IJlM),lN( IDIM)
JI '^E'.S luf; Pi E ( 10 IM )

Ar-r AY i/ IT YP Et 1.0 ) ,Rm01 ( iJ) ,RA021 iO ) , XLEMT ( 10 ) , LJ«0( 10 j ,
PREidO) ,THiH5u) ,A,NU( IJ) ,ci iJ) ,ELOELF(-.),L( 50) ,

>  Fl£X(a,A)
-O A 'dri/ CC.\ 73 / P i , I oROtR , ;jJMElE , COw.-J T , I 0 I .M

I I T i-L 1 2 I .NG FLEX
00 L ; M = I ,
-u Li i<j - I , A
FuExim ,,nj )i=o.o

PRIMARY SOLUTIONS

0= ! c ( I ORJER i «Tnt c I I CROER ) = = a )/ I 12. '( l.-XNo ( IC.RQE.R) •»2 ) )
EL0iLF(2)=C
ELOElF ( 1 i= ( I PRES ; .:.-,JER) =RA0 I I IOROER) ) / ( 1o.»0 t )
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ClLuwCwcClCwCCCCCCwCCCCuCCuCCCCv-i-uuCCLCCCC«CCCCCCCCCCCCCCCCC»CCC
C  c

'r . c
w  S CmLuULATcS Thz liNrLJCNCS CCcF FI LI £w fS C
C  A;ju primary JISPLAC-£Me,U3 FCR REC TA(,>iULAR STIFFEM.NG C
u  RINGS. G

C

CCwL^-CCwCCClCCCCCCllCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUHRujl INi KING!STFMAT,GEFlECI IP r IN,PI£I
Jl YENS ICN STFmaT ( I CI;->, I jl,-l I .uEFLECI lOI «) , I P( I JIM) , 1N( i JIM, 2 )
J I YENS IG,\ PIEI IJIM)

^CnMCN/AKiR AYS/ ITYPcUO ] ,RAJ1 ( 10) , RAJP ( iC ) , XLE.'jr ( I J) , 1.GA0 ( I J) ,
i  PRE3(i0),THICI50J ,XfiU ( 10 ) , £i 10) , ELJElF It j ,C( 50 ) ,
1  FlEXIA,A)

;jv«c-,/o.:,',rs/pIf icrolr.NjMELE.ocuNr, ioim

initializing Flex

11 \I=1,L

JC U NJ=1,L

FL-X(NI , NJ ) = 0.0

AkEA = XL£:.T ( IC^JtK) STHI SI 1CROER)

XL=< XLENT I ICRDER-t-I ) »«2 .-t-RADl I IGRJER-t-I ) «»2 .) **.5
ALFiIAsATAN ( XLcNT ( I u.R,yER + l j / RAO 1 ( I CRCcR + 1) )
x--l = ( AI./2 . ) / COS ( AlPya )

<Z = F4LI 1 I^.RJ£R+1 ) — XM

r = CwIAi,(^cPHA) ̂Xi,
XRAO=( T^^2 AJl ( I CnJERtl ) **2* )'*• 5

-■rl ioNC = ASI M ^AJI ( iCXJ£R> I ) /XRAJ)
E,.= lTrtICI IC^JER)/2.)-(rHIC( IGRJER- 1 ) / 2- J
En=(TH(Cl IGRDER)/2.)-i (THICIICR0ER + I)/2.)«SI.'i(PHIuiNE) )
rG=(XL^ nTI iCRJER J/2.)-( !This( ICRj£R+ 1)/2.)»CGS iPHICNE) )
C.-jY PiT-L-EH "Tan I PHI CNE )
ar=amYP»LJS(PHIGNE)
x1=(XLuNT( ICR0cR)-<'3-Triiw( IGRJER) )/12.
Eh = o

PRIMARY jOLuTIGNS

IF 1 L G-* J ( I G PG ER ) . £■» • 1) GiJTC 15
i^I i-UtJ( luiROt.rN),C'..*E) ^J^JTL( lo

J .'■» I r H X E 5 S U R E
. J.N T 1 NuE
EL J E-F i 1) = C. 0
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S»( I I 3. -t-xriU (I CriOEK) »»2)/ll.»XNJ(ICRL!£Rn)«RA01(IuRDERJ«»2-

i^AOM iC?.0££)»«2)

£LO=LF(j)=£LnELF(lJ

cLOELF (•+) =C

FLEX(1,U=FAJ1( IL-\£ER) «-«=2/( J«RA0U ICROER ) =» ( 1.+ XNJ ( XJ ) )

FLEX I i. ,2 ) =0

FLE^I :,3) = 0

FL EX(I,AJ =0

FL£x(2»U=C

rLEX( 2 , 2) = ( KA3U IGRJEK ) / ( E( ICROER ) «TriI C 1 IOROcr) J J
$'( 1 .-x;vij( I CRQER ) )

FLEX(2i3)=C

FL EX(2,^) = C

FLEX I j , 1)=FLEX(1,3)

Fllx(3,2)=FL£X12,3J
Flex 13,3) = fl£x(L,1)
FLEX ( J =0

F^EX I , L) = FLEX( 1 , A )

FL £ <(A,2)= FlEa(2 I A )
FLEX(A,j)=FLEX(3fAJ

FL Ex ( A , A ) = FL cX ( 2 I 2 )
FL Ex Ij,3 J =FLEX I L, I )
FlEX(AtA)=pLEA(2»2J

ENFCFCINo CoMPA TA(j IL IT Y

FLEX ( 1 , IJ =-Fl£x (1 , 1. )
FlcX( IiEJ^^pL^XI

FLEX i 2,L)=-FlEX(2,IJ

FLEX(2 ,2)=-FLEX(2/2)

FLEX(3,jJ=-FlEX(3,3)

FLE X(3,a)=-Fl£x(3,a)

FL£X(A,J)=-F|.£x(a, JJ

pLwX ( a/aJ-—FLzXi A/a)

EL.jElFI i)=EL2£LFll )

ci-aclF (2J = ELJcLF{2J

;l2Ei.F( 3 )=-£LJELF( 3)

EuDElF(A J =-EL2ELF1 a)

aKI:£(2o,») (ELOEuF(j) ,J=1 ,aJ
■Jij 13 i = i J A
"RlTE(2o,*) (FLEX(I,J) , J= 1,A)
C-MI RUE

aAll AS2E.f£( 3:F:MAT /CEFlEE , IP , IR/P IE)
return
ENO
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HLOcLF 12 ) = ( Pl^ES ( ICkDEK J «RAOi ( IDRCcR J 3. ) / I E ( i Ck2£R ) * AREA i
ELDELF(3)=C.0

El jELF ( A )■=( PRES ( ICKOERJ »RAJL I iCROER) »»3. )/(£( I lkJEK) #AREA J

3UM6 LCAJS

1- CONTINUE
XN.^R,M= (X^AC*PRcS( I CR3ER ) )/li.+CCSlPHlUN£) )
Xh= XNuRWCuS ( Ph ICNE)
XVERT-aXiNO'R.''*SIM PHiCNE )
XMO>'eT=Xri*YO + XV£RT»( C(.-£r))
X.IO.YETsO
ELOELF I U = (XNuRET«'SAO I ( I QF.OER J **2 J / ( £1 ICROER) «XI J
Ei.CELF(2)=( ^^A01(iL;l^uER)'*2/£( lCR0ERl )«( lXH/AK£AJ-( X'ICMeT*

jXLENT( i GKOcR)/(X [*2 ) ) )
ElCElF ( 3) = £i.J£lF i I )
£lCELF(3)=0
£l.0£LF(R. )=l r^ACUICR0EK)««2/EIlCRL)ER) )«l (XH/AR£A) ■•• ( XMGMET«YC/X I ) )

ocCCNwARY SOLjTIlNS

FLEX(i,iJ=lRAJi( ICRC£R)«»2)/(El ICkOcRJ'Xn
FLEX ( 1 , 2 1 =-l <s-u L ( 1 CauER I =»2» (XLEKT i IQRDER ) / 2. J ) / I £ ( I OKOER ) »X I)
.-L = X ( 1 , 3 ) = kajl ( ICKCcR i »=2/ ( E ( I CRJER ) «X I )
FL£X( 1 ,t) = (AAJLl lOROcR)»«2'Y0I/(clILR0ERJ*XI )
FLEX 12 , U = -i RACI ( I CRijFR )=»2»IXL£.NT( IQKOER )/2. i 1/ I £ 1 lORUEK) »X1 )
FLcXlCi2)=IRAu ItIOaJca )**2J/(£{ ICRJ£ R J * AR £A J

i<-( ( XccNT 11 CRC£R 1/2 1 a*2=RAJ U IQRO£R ) »a2 ) / ( £ 1 ICROER J »Xi )
FL=Xl2,3) = -(r0«KA0UICr(0£RJ«*2)/lE( I CROER ) 'Xl J
.■"LCxl2>A)=(RA01( I'JRJ£R)* = 2)/l£lICRC£R) « Aa EA )

5-( (XLcM1 1CRJ£P, )/2)»ya»RA0U ICkOER )»»2 J / I E I lOROER ) »X I )
FuEXI 3,iJ = R-01(ICRwcR J »»2/(£ 1 ICROER ) »X I J
FLEX(3,2)=-(KAOI( ICROER)«'2«YQJ/(E(ICROER)«XIJ
.-LEX ( J , i ) = HAOi ( I CROER) »»2/ i E I ICROER J »X I )
FcEXl3,--)^(RAOiI ICKO£R)»»2«YC)/I£(ICKO£R)«XI)
flex (A, i) = (RAO 11 I OROcR )«»£=» YC)/( E ( I CROER ) »XI )
FlEX(A,2)=(AAjI( ICR0cK)»»2)/(E(ICRUeR)«AREA)

S-( ixcENr( ICR0EA)/2)»YG»KA0I(ICROER) j/(g(iqroER)»XIj
FLEx1 A,j)=(RAJlI ICROER)«»2«YC)/1 £(ICROER)*XI )
-LLXlA»*t)=( (I./AREA)+YG-*2/Xi)*(RA0I(ICR0ER)**2/c( IGaOER) )

E>OELF ( i ) = ( RACl ( I CROER )•« 2'eT«XNijRX ) / ( £ ( I CROER ) «Xi )
EL0£LF(2)=( (P. AOI( IC.R0£R)**2'CoC(PhIQ.Nc)/AaEA) — (RAuI( IuROca) »» 2 »

i(o« ;-LT/XI ) )»[Xh.jaM / c( IoajcR) 1
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cN FijnC Ii\o Cu."*? A T I 0 IL 1 T Y

FLiAf L,i) =

F-Ll A( 2 , <^ ) =

<-L £ X ( 3 F 3 ) =
FL £ X t 3 I -F) =

F L L X ( -F t 3 ) =

r L £ X ( ■!t t *» ) =
•zlL'SlF i I ) =
£Lj£lF(2)=
£L J£i.F ( 3 ) =
£L;£i.F (
..F ;T£( 23

TH12j, -
'Fr, ! 7£123f'
.-.K [ Ti 1 ,

-

1 C J F

-Fl£x(i,I)
-Fl£x(2f 2J
-FL Ex 13 F 3)
FL£x(3,4)
FL£XI 4, 3 I

— FL — X(-ff*fJ
EL3ELF(1)
£L0£Lr(2 J
-£LO£Lr(3 )

 ) I TY35( IC:-(J£R ) , HAO 1 ( I CAJER) , XL£f;T ( I CSOerX) , RAOl ( I GRJE/^ )
"AoE I [CRJcK) fXLEM IICROER) , TnlCl ICKi)£R),?RES(l CROcR)
Ai\j( iuRJcR ) IGRGcnJ ,?! , iCRJcRfiNUi^ELEfCuJNT
XK,3£T4,£LD£Lr(l) ,£L0cLr{2) ,£L0£LFl3) ,fcLG£LF(-Fj
i-l,r2ir3,f-'^,FdiF9,FlO,FACTl,FACTZiPALT3

■  ) IF^EX. I ,J) ,J = 1 ,.,)

..K I T£ ( 2i F
-L !■: i = l
.<R i Fc. I 2 o F
xG:.: ;nj£

..R I T£ ( 2 = F
rt R I F c i 2 3 F
ni\ i T z i 2 d r
in I Tc ( Z 'd f '
in I T S(Z d f-
mlTSiZd,-
nnIFEIGof-

:thz3.'
..R I F£ I 23
..R 1 T £ ( 2 £ F -

. R I r L ( 2 5 F -
-ALu Aj3£''£(3TF'-'AF fJEFLECfIPfI'NfFIEJ
F. 2 F L fF

)

)
' )

)  £
I

■ )

• )

r - )
^  )

. ® )

-RE A
X i

XI

£ rt
£n
yn

XHYP

Ph1CNE
£T
xr.:,R-', XV£R F F X.4
XMC.4ET

ICCCCCCLCCCCCCCGLCCCCLCCCCGCJ

-L o r. v_ ^ F I ,'i RITcIT -RITE^ FriE FINAL RESULTS TL
r iLE ^ESuLT.UAT FirtiS.-i MAY 3c USEC AS HARD COPY 3Y
-■jaR Ai\J yQ file vjRAPH.JaT ffMICH is JScO 3Y THE
j(\APtiIC PkCURAM. SuoRGuTINc RITEIT is LalLEJ 5Y
iuro.CuTi .e invert.

ICCCCCLCL
L

c
u

c
c
c

c

the

.CCClCCSoCCClC
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iJd^CUTlNe rUTElT

uu.'^MG.N/Ai^KAYS/ 1 TYPei 10 ) ,^Al)1 ( 10) ,RA02 (10) ,Xi.£:NT( 10) ,LJA(D( 10) ,
S  oRcS 11J) .TrilC(50) ,XNJ(10)f E( 10) IcLJcLF(A),C(50) ,
$  fL£X(A,t)

C J Y MCN/ T S/ P I f I OR Jc f i'»J.M£Lc» OCu.'JT i 101M

iOR0£K=0

IC=-2

«R1T£(50,35)

«RITE(30,90)

Ii5?0tR = ICRC£R + 1

1 c =I 0+ 1

IF ( ICROcr.OT •.^u''£L£) GG TO 5
^0 = 1 TYPE( 1CROcP)

^^TC. (oOGO, 5u0u,300l*,A00^,aGCC,o0Cij,7000,3000) ,i.O

L 01\ T I o £

XL = l kAOI ( I CrtOER) **2*"XL£iNT ( I GHOER ) **2 J **»5
AL P HA— ATAt,(RA01( K-ROER)/XL £iY T ( ICROER) )
X2=.5«XL-rANlAoPmA)

XKAC=((XL/2.)•»2+X2«»2)»*.5
Ir ( X.%A0.L£.RA0 1 ( ICR JER ) ) XRAO=fiAOl ( lOROER)

Ph I _ .t = A3I X ( RAOl i I C.-<0£R ) / XRAC)
ir(r, -.j2( ICRJ£R)..N£.0) GoTG 100
iR I T £ ( J 0 ,1 C )

■■.R 1 TE(5 0,2 0)
IP ( ILROER . £'^-U x; = -C(A)
If ( i i^RoEk. £■« ..■iu^'£L£ ) Xv=C ( 10 IH-O )
^f;=Prvc5 (I0hJ£,-ij»XKAu/2.
,= AV-Xf,?CC i ( PH IG'NE )
iFl I^Aj£R.£v,,l) Xi''=—0(3)
(Ft ; OkOEP .£«.i\'UHcL£) XMsC ( ID I.Y-S )
'^RI Tc( 30,3^-)XiHfXV
..P ( T£ 1 31 , « ) x.'l , XV
Ou 1 L 1

C 0 N T I J c
-RITEf 30,15)
■iRlT£( 30,*»5)
if I RmOII ICROcR 1 •cO.RmOI ( I0R0ER~"1 ) ) «R1TE( 30,-06)
IF(RA^2( 10fi0£R).£0.RAJll IGR0£R-l) ) rRITE(30,A7)

P. I T £ ( 30, 50)
-3 =-C ( I Cr.0 £R -f 3 i 0)
'-•+=~i-( I C - 0 £ R+••0 ♦ I C J
',fvI i£(3o,5"/ C( I V..-'. -i;n + l>IC),C( ICR0£R + 2 + iCJ , 03 , 0 ■
•"^(Tc(31,") (-( ICR jcpTi + iOJ iwl IGRIOER + O^iu) ,03,0-,
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vjo T L 1

C

C

c

c

2jJJ nK I T c ( 3 J f'tO J

niv I T£ 1 30 tt 5 )

I Ti(3JI 50 I

C3=-C( I Cr\ J £r( ♦ 5 +1 C )
C'i=—Cl I C2D £r, *•» + [ C J

rt?^IT£(30, 5 5) Cl IukJ£,v»1.<-ICJ ,01 I Cl^^cR+2 i 0 J ,03, CO
«R ITcl 31 ,» ) c ( iORJERi-1 + 10 J ,l-nOAO£S + 2+IC),C3,CO
30 TO 1

uunT I'JJE

.•.Kir£(30,o5]
'mlT£(J0,o5J

;F(kOC1(I1jRC£RJ.£«.KA01( ICRJEk-I i I nKl T£( 30 ,Oo )
Ir(RA0 2(10P0cR).£;.RAaL(I0R0EH-l)) .,SIT£(30,O7)
iRIT£(30,50J

-3=-l( IC.-iO£R + 3 + IcJ

Co=-Ol ICfOEP+O+IC)

.»". ITc(30,55J 01 luSOcR + L + iCJ ,01 IGROcfi+2 + ICJ ,03,0-,
.■>r<IT£l3J. ,= ) 01 ICRu£R+L+I0J ,ulICS0EK+2+I0J ,O3,0O
ju T0. I

M 7 I N j c

/tKiTEl -iOfiCl )
-in. [Tel 3 G f 2 C J
kF( XV— ^ J
IF ( I CF.OFf^ • £■« . 1 J X.'-1 = -C I 3 )
iF { I Ca Jen. c.- ..N J>'cLcJ XV=C I IJ L!^-2 J
Ip ( I l:n JCK . £■; .iVv^iV£L = J X/'-IsC I I G J
ia1 7;{j^,jCJ X'*1,XV
iAirz(3lf*) XMfXV
JO 7C i'

^^::r i^ijs

nrtiTc(30fjCJ
-iK ITct jO,2CJ
IF( iCA0£f5*cw«iJ XV=-GI^J
IF { I lkJcR . £w ..Su.^£L= J X V=C ( I u J
I r ( 1 Ca"G £ A . £w • L ) X.'-^ =-■>- ( 3 J
IF ( IOPijtA#£C«.'iU/^£L£J X.'^ = Ci 101^—3 )
rt A;TE(2J,3CJ aM,xV
nAiTE(3lf*) aV,XVP
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:tc l

c

7JvjO CoMriNje

..aJ leiio, 105)

t»r I Tt ( 301 20 J

Ir t I L.-iO£S. cG. 1 ) XV=-C('^)
IF i I CKDEK. cC • i ) XM = -'w ( 3 J

Ir { i CnOEh . £0 .i'lUM cL £ J X V = 0 1 I J IM-2 )
IF 1 ICkOEk. ec..'J0V£L£J Xf=C ( 10 I--3 )

«kIT£(3J.30) x;-i,xv

.ii^IT£(3lt*l XiM , X V

oo Tu 1

C

3  jj Lu'N T I i\'J£

"F[7 £(30 f i 30 )

■ii^irEI 30,t5)
I,"*! TE(JQ,50)
CO=-C( lCFD£n + 3 + iOJ
>-0=—u( I 0(^0 £S ■•"O + 11,)
„,?1TE(30,55) C( ICnO£r, ♦■I.t-ICiiCI IQROcR + E ♦! C) ,C3,C'0
iRIT£I3i,*J v,( ICKO£F.+ l.+'ICJrC(I UR Ock + 2+IC) ,03,.C,
^Kj TO i

I, FORMAT!////, L5X, 'rte-llSPHERICAL H£40' J
13 FCRMAT (////, L5X, TOE,N CROnfs S?n£RiOAL 3£CTIC7J' )
£: fcr-at (//, i jA, ML."£.0 7 ljx Shear• )
3 - rC RH A r ( / , 3 X , F 3 . i , i. 2X , F 6 • IJ

F'JRhaK////, 15x, 'C 7LI:jORILal SHELL' )
FO^.^AT I// , iox , • E\0 1 • , 20x , • t;NO Z' i

-<j rCrOAI ( 7X, ' ( LAnuc £,\0) 17X, • ( SMALL ENO) ' )
!  FoRHAT ( 7x, ' ( S.IALL L.OO J ' , i 7X , ' 1 LA RGE END) ' )

3 ; FCRHj r (//, SX HOME NT" , 3X SHEAR' , iOx, ' HL'"£NT' , 3X , ' ShEAa' 1
33 FCR'-'AT ( / ,3X,2rL0.l,3X,2FL0.l)
3.. CCRVAT (////, i5x, 'CLaSEO LG.NICAL HcAO')
o3 rOHHATl////, 15x, 'LREis, CONICAL SECTION' )
aC rCRH AT I ////, i 3X , "_4.0S EO CClNlLAL h£AU' )
33 ru kK AT i / , 2 X, ' A La HC.RE.NTS ANO SHEARS AkE IN GLCiaAL X-Y aCaRJINATES'

S )

roR"AT ( / ,2X , ' MCMEN TS ARE IN I IN-ca/IP,) AND ShEARS ARE IN lLS/IN) ' )
3A FORMATl////,L5x, 'STiFF5NINS RING' )

lOt. FaR'-'AT (////, 'FLAT PLATE' )
lv3 =0'<~'AT(////, ISX, 'ELLIPTICAL ENO' )
2  aOiNTINUE

RE torn
ENO
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L

c

c

c

c

L^,>-L;.LCC>:t.l,CCCCCCCCCLCv;CuCCCCCCCCCCCCCCCCCCCCCCCCCCCC
r  r

c

C  SoSkCJTIWc ELLIPS ESTIMATES THE PRIMARY C

C  -iFLECnCNS A,No THE 1,NPLJ£NC£ COEFFIC iEiNTS C

o  FCR Flat ELLIPSCIoS. C

c  c

c  c

i.o--CoLCloLClLoCllSwClCoCCllCCCLClCCCCCCoCCCCoCCCCCCC

SJSKoJ riiNt ElLIPSI STFMAT iJcFLEC# IPi IiNtPIEJ
JI IE.NS lo.N STFMAT t lo [M, 10 I" ) .OcFlEC 1 lOlMJ , iP( 10 I.M) , IN ( IlJIM, E )
ol MENS lo.N PI £ I lOIM )

CGMMCN/ARRAYS/ ITYP£(^OJ ,SALli{IO),RA0 2(iiJ), XLcNTI IJ) ,LOAOUQ) ,

3  PRES IIO) ,THIC(50),XNu(I0),£( 10) , ELJEoF (*♦ ) , C ( 50) ,
3  FLEX(-t,A)

-iMtM/C-iN TS/P 1 , iOROER ,NJMELE,COUNT , 101M

initializing flex
00 U N I = I , A
00 Ix "'iJ—IfA
rLcXlNIfi^U }~0«o

CALC^LATINl jEOMETP.IC PARAMETEkS

PA = kA01I ICPOcR)»*Z/XlENT( ICaOER)
PHI = ATAN(RA0LI iCRJEn.) / ( R A— XL EN T ( t GR 0 £R J ) J
RPl = R-iOI(lL?JER)«»2/(XL£NT( ICRO£R)»LOS(Phn»»3»

S( ( I.K^AO]. l IOROER) »=»Z/XLENT (ICR0ER)5=2JcTAN(PHl)'«2)*»I.5i )
RP2 = RA01 I I CROER) -«Z/ i XLENT ( ICROER ) »CUS ( PhI )«( ( L. -i-I RAOI ( I CROER J "

S/XLtiNT I IuRCER) s*2) «TANI PHI ) »«2 J s».5 ) )
A^ - I E 1 Iu« JER ) --Tri Iv, 1 I GR^Ek ) »» 2 ) / 1 LZ.-( 1 .-XNU (lOROERi^'Z) )»=.5

lalColatinw njmerical parameters

( !.-( XLEi'^ri ICPUERJ ®«2/RA01 II0R0£R)»»2) )*».5
A..P-!A=AT-N ( ( rA^ L I I OROE' ) / xLENT ( I CROEP. ) ) «TAN (Phi ) )



113

c

C  £VALJ-Tl.i>) elliptical INTEC1P.AL OF Trie oeCCfJO i<INJ

call vAJ5S(XN,alpha,cLPINT)

iL TA=( I (El ICFOEP. J = THIC( IGROER ) *RAO 1 ( I0RQER)«'»2)

i / ( XK 'XL £'»T 1 I OR JcK) j .5*(XL£NT ( lORuER) / RAOII ICRDE.R) )

i-(AlRHA + ELP INT))

E V'AlU A T I NC ■ RE L V i N l-'jNCTIuNS

CALL jsELVliNIxRER.XRtJ >dERtS£lfCXKERfJXK£I,G8ES»0jEIjEETA)

^=3£k*Jfa£l-££I»G3=P-( ( ( I.-XNJl iaR0ERn/ZtTA)«(G££I»#2 +

S + JceR*'2J i

xKU=(i/JI»(3E t»-2+CER«'--2+ (2/ZET/.)» (rtEI»C3ER-SER«0b£I )

i-rl li.-XNJt :CRUcR)«=»2J/Z£Tm«»2J»(C3£Is»2<-G3£R*»2) J

XRlL = ( ciEi''C££i'fd£R*G££RJ/Q

AK2L = (GEEI»«2-t-C3ER»»2J/Q

C  PRIMARY ScLlTI-NS

C

ELDELrUJ = -( (PKESI lORucR ) «RP2) / 1 2. *£( I CnOER ) * Th IC ( lORJcR J

i»TAN(PHi ) ) )» ( ( r.P2/RPi ) - L J » ( ( KP2/RPL J + 3 I

ELCELF(2) = ((PKEi( I ORDER)'RP2««2«SIN(PHI) )/(2.»£1I ORDER)*

srHlCiIoRDEF))J»(2.-XNU(I ORDER)-!RP1/RP2J )

=L JclF ( 3 ) = -i (?r, E0( ICR JEr.) 'fi P2) /( 2-*E( I ORDER )«THI C( ICRDER)

i = TAN(PHi)) )»( (R?^:/RPl)-U*( IRP2/RPU+3)

£1.D£ LF ( A )-= ELDELF ( 2 )

iFi_j£i>iCc LOEFFiCIENTS

FLc.Y ( 2 ,2 ) = (RP2** L . 3-'i IN ( PHI ) ««2»X.Ki i ) / I E I I ORDER) «THI CI I ORDER) *XK )

S*» . 5

FLEX! 1,L)= (R?2»SIN (PHI )«XK1.2)/XK

FLEX(2 , 1 J = FL£X ! I ,2 )

FLEX ( I , 1) = ! I (E!ICRDcR)«THIC! ICRUcR)«RP2)»*.5)»XK22)/XR»* L.5

Fl £x ! 3 < L ) = G

FLEx !3,2)=C

FLEx!3 I 3)=FlEX ! i , 1 )

flex(3 ,11=FL£X(1,2)

FLEXiL,1)=G

flex(L,2)=G
-lex(L,3)=FLEX(2 , 1 )

FL£Xi'.,t) = FL£X(2,2 )
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cNFCfsL I 'lJ ..G.'lPA rA6UI TY

rL£X( 1, U=-Fu£X( i , U
FL£x i1,2)=FLSX tl,2)
PLEaI2, i)=FL£X(2,1J

rLcX(2,2)=-fL2X(2 f 2)

Fee A(j, j) = -FLcX(3,i)
FL£X(3t'»)=~FL£X( 3iY)

FL£x('f,3)=-FL£X(-»,3)
r > £X ( A I •* ) •=—F L£ X ( A f 4 i

cLGElF i 1) = 6l.GELF ( I )

£LD£LF(2J=£LDELF(2)

cLlcCF ( 3) = -£lJ£i.F( 3J

£eJ£LF ( 4) =-£Lj£L,- ( )

..kITc(32i«) £l.L6LF(iJ,cLGE!.F(2)TcLG£LF(3)t£LJ£LF(4)
Jei i.0 I — L»4

rtFIT£{32r»J (FLEX( I,J),J=1,4)
UoKT 1 NiyE

nXir£(32i«) XK , xM 1, aX 1.2 f XK22.0
An.IT£(32»®i XPljXPEiGjXK

4A = xi.£rjr 1 I CRUES) »»L/aAOU 1 GROERl »*2
aRITc(32,»j phi,alpha,AA
aRIT£(32,») Ru.rHlCi:CRGERI,£1 lOROER),XK
call ASSE-eiSTFhaY,J2FLEC,IP,IN,PI£J
^ £ T U K N

E.-iJ

e'.ee:CeCLCC2CCCCCCCCCC2CLC-CCCCCCCCCCCCCCCCCCCCCeCCCCCCCCCC2CCCCCCC
c

^  r

C  5 L3Ro JTI:,£ GAeoo EVAeuAfES TH£ ELLIPTIC INTEGRAL OF THE C
C  S£Ci-.>.J Xl.NO JSINu Six 3UINT 3AJSS >-jALRATJR£. IT IS C
4  eX;_LEO SY SOERCJTINE £LlI?S« C

r

^-UwL#CUs,CuwLC\-i-CCuCCi.^CwCCCCCCCCCL,CLCLCCCCCCCC^-CCCCCCCCCi-.L,CCCLCCCCLCC



115

SjSRoJTINE G AJ 3S (Xi\,alpha,£lPINT)

F'JNC(X)=i lL.-XK«*^«SIN((X-<-l)»PI/AJ*«2)»».5)«(?I/AJ
PI=i.iA1592«j3A

XK = jI,N(Xr;)

^ALPHA/PI

A-=l.»( 1/3)

C 1=. 17 1329^929

La =C 1

02 = . 360 7o 1 57 30

03 = 02

03=.t6791393A6

0-,=C 3

aCL;fil=«932H6951A2

00 CiOi. =. ool 20 9 3oo 3

000 f, 3 = .2336 19 136 1

2l? lMT=01»FJ,\c(-0CC.Nl )+O2«FON0(-00uN2) ♦L3 = Fo:40[-a^O.N3)
KASFJNC : 0 00.03 ) +0 5 =FU.O0 t 0C0.\2 ) +0 6 = FuNO ( GOCOl J
XH=Xi,= 13a/ P [

AlPHA=ALPHA=130/PI
.,PIT£(33,= ) £L?I\r
.ir<, ITc(33, = ) X.NfALPhA
a\=aO»PI/130

AL3MA=«LPhA=OI/130
^ETJP.N
£hO

.-OCOC.-OOOOCaOOLOwaCOwOOOLOOOLCaOOOOOOOOOOaOOOOOOLOOCOOOOO

3ofc^007!0£ XcLVi .N cvAlJAIEO Tri£ XcLVi.O FO.OOTiGNS 0
JSlO to a£T2X" !,.,£ Tn£ IHFLj£:\0£ lOOFF i 01 c.'JTS FOR C
ELLlPTlOAL i.\0 OPEN A,MO llOjcO H£H I SPHER I OAL I-EAOS. 0
!T iS OALLcO 3/ Sod.ROori.xES ELLiPS, ri EMI ANO SPHERE. 0

SJBROoTIi.E X£l ,IN( XKER ,XKEI , 3ER, 3E I , CXKEP , OXIOE I , OoEk , OaS I , 2 ET A )
X< Er =0
AR £ I=0
0 X K E R = 0
;xxc 1=0
jEP =0
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d£I=0

Jo CK —0

J6cl=0

FACn = 0

FACT=0

XLA,'tG = 0

xlA«1c=0

JXLAMG=Q

JXLAm£=0

C=.577215665

PI=3.1ti3927

IF(2£TA.GT .15) GJTC 30

IF Io£TA.GT .lOJ GlTG 30

GO 15 1=1,6
(1- 1)»A

i\i = k,-2

\n=K/2-1

FaC T = 1

FACT 1=1

JJ A il—1,XK

J= 1 + i I

facti=i*i:=facti
o  FACT=1»J«FACT

:ocn=( I - IJ «» i J = ( ( I CcTA/2) »=K.) / (FACT^aa J )
3ciEi = ( (CETA/2)=»M/(FACTl»«2))*(-il« = ( I + l)
3G8£a=(- 1J »»1 = 1((x/2)=(Z£Ta/2J»»(K-l))/(FACT»=2))
3Jw£ 1= ( - 11 e* ( I -t-l ) = t I ( ( Z£TA/2 )»«( Kl-1 J J »( :a1/2) ) / ( FACT 1**2) )
G3£P=06£R+3u3£R

G6 b 1 =06 6 I 3o6£ I
ucI=d£I+33 £ I

Ia 5 £r< =6 £ P a 3 B 6 K

JtK = 5£«-<-l

FAl T = 1

Ju 1 0 I = 1, d

iFl I.0W..I L3*otN = l

IF I 1 .£0.2) L3IGN=-L

irl i .b'o.AJ L3IoiN=1

IF( I .bO.o) L3 IGN=-1

IFl I.cO.cJ) L31 GiN= I

FAoT=l.=t=FALT

XoA.F = ( ( ( C£ TA/2 . ) == ( 2. s I ) ) / ( FACT»«2 ) J

^XLAM=( I 2ETA/21aai2«I-IJ )/(FACTsa21
3o'^=0

GO 17 11=1,1
17 3JM=(1./I 1J+50^

lF{ ( ( — 1 )-^=IJ .Li.Jl XLAMG=(C3IGNiaXLAiM = SJa+xLAMQ
IF 1 I { - 1J s= I ) . GT • 0 1 XLArtE= ( l3 1 GiNl *XlA.M* SJ.^ + X LAi9£
IF I ( (-1 ) =a I j .L T-J J OXLAMO=(L3IGN J «OXLAM = SJM+OXLAMO
i F ( ; (- 1 ) == I 1 .GT . 0 J DaL A,9fc = { LS I GN 1 »0XLA,1 = So."''+0XLAME

1a oCNTINJt

XK:.-< = -( tALCGlZ6TA/2)-t-C)=6£R)-t-(PI/>.)=0£I -i-XLAME
XK,bi=-( (ALCG1ZcTA/2J+C)=5EI l-IPI/AlaScR + XLAMC
oX^6n = -( (ALooI Z£TA/2j +C) »C6£Rj-( 1/ ZblAJ =6ER-t-( ? i/A) «Jcl£I<'GXLAiM£
Jx.<bi = -( (ALJGI Z£TA/2)<-C)=Gb£l)-( l/ZETA)=6£I-IPI/^j»G3bR + GXLA,AJ
tFITc(5A,=J Z£TA
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AKIT£(3t,«) XK£R .X.^EI , 8cR,

aRIrC(3t ,* J OXKEk,JXKcI .ObER ,CBE I
Rc TURN

2 3 C JMT I iNJE

JBETiS-0

3eETA=0

0LA.<1A = 0

OUAMmS=0

BETS £R = 0

BE TA = 0

XLAMA-Q

XLAMSE=0

RHl=2ErA/i2.--.5)-i?I/a.J

ETA=2ETA/(2.*».5I+(PI/3.J

JC 22 1 = 1.,3

I- L )

.nI=R-2

,<X=K/2-l

f-ACT=L

2b ii — IfRX

2^ FACT= 1*J»FACT

IFd.EC.iJ .MN = -L

iF(I.CT.iJ .-Ji^i=(vjN-f2

oETA = OCB( i «P I/t) / I FAk,T*(d. 'ZETAJ »« I )
aLA;;a-SIiN( I'Pi/A)/lrACT»(a.»ZHTAJ»«U

uBETA = CC3( I*PI/A.)/lFACT«l»(3.»ZcTAJ«*(I-i.J»a.)
JLA."AiS I,'J( I "PiXA J / (FAuT<= I » ( a .«2ETA) »»( I-U »8. <

BE T5£R=( .\N + 2 J «*2*b£TA<-aETS£R
XL Af'Sc = (NN + 2 J»»2»XLAMA + XLAMS£
JLAMAS = ( .■';.-J+2 )«»2«DLA,-tA + 0LAMAS
JBETAS—i^iiX+2)**2'0B£TA+'0o£TAS

22 ^C.'iTiNUE
:£TS£R=L+a£TSER
•i=( (£xp( <:cTA/(^.?=»,3J )»Pi)/(2.«<?l'2£TAJ»»I.5) )»( ClS ( RrtlJ 5=i£TA

i-Si;. (?hljs2CTA-CCS(?HI))
.-i=l i£XPi.£TA/l2-='».5J J»PI )/12.*(?I«2£TA)«»l.5) )»{3I.'JtPHU«2cTA

F+CCi(PMi )-Z£TA-3i.<(PiU ) )

B£F=i£XP(2£TA/l2.'».5) J/(i2.*PI«ZETA)»».5) )«lCGS(PHl)»aETS£R
S^S I'. (PnI J'XLA.MSEJ
-£I=(£X?(ZETA/i2.- = .5) )/( (2.»PI»ZETA)«».5) JsCSI/'KPHl )»o£TS£k

s-ClS(Phi )s alAMSc J
JBER^a^OoET^B^-B'CLmMAS
J6E i=D'=Oa£T-S-A«L;LAMAS
rt RITafBAj-) Z£TA
WRIT£(3h,-) XK£R,XK£i>oERtB£I
nK ITE ( BA-t® ) l)XKERjJXKE I fOBER »Cb£I
RE TU KT^

3 j C G N T IN J E
a£R=(EXP(Z£TA/ ) )/( (2.*PI*ZETA)»*.3) )«

3Co3i (BETA/ (2.* = .5) )-PI/ = )
B£l=(£X?!Z£TA/(2.«».5) )/( (2.*?I»Z£TA)»».5) )«

SilMi IZETA/(2.-».3) )-Pi/S)
xx£R = (Pl/t2.»Z£TA) 1*».5=^£XP(-Z£TA/(2.«=.5J )«

vCCSi (BETA/(2.'-.5) )+PI/o)
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XKE I=- ( PI / (2. *IcTA j ) »* . 5»cX? ;-Z=TA/ ( 2. «=«. 5 ) )«
SSINI (2£TA/ (2. )<-P 1/6)
j6cR=l£XP(ZETA/(2.*«.5))/<(Z.«PI*Z£TA)»«.5))«
iCC£( IZiTA/(2.»».5) )+PI/a)

J8£I=(£XP(ZETA/12.»«.5))/( 12.«PI»ZETAJ*».5)J»
SSINI(Z£TA/(2.»».5))+PI/d)
3Xi<cK=-( PI /( Z. »Z£TA) )«». 5»£XP (-Z£TA/ ( 2. ««. 5 )) <

iCJSi(Z£TA/12.»«.5)J-PI/d)
JX^H l=(PI/(2.eZ£TMj)»«.5»£XP(-Z£TA/(2.*«.5))«

SjIN((ZETA/(2.«».5))-PI/o)
k£ TJRN

cN 3

C

C

Cv:l>,.,:._C-^C..CCZZCCCCC2^Clui.C£CC>,uCCCCCCCCCCCCCCCCCCCCCClCCCC
:  c

^  SucRoUn.Nc CLSCuX CALljLAIEZ The I.'JFLJ£.\C£ CC£h- C

"  rpj.'iCATED (tchc anj shust) cqmcal c
ScCTIC.'tS* /-

!r c
.  , c

wCwC CLUk*CuCZ»-CuCi-LCCCCZ-CACCCCLCCZCCCCCCZCuCCZCC

3JdKL,jT;,\c Ci.SCC.N( STFh4r,J£FLcC, IP, IN,PIE)
oIVENS ION ETFf-'uK luIA, IJI;-| ) , Jgpt_££ ( i ^ JP( ^
OINENSIC.N Pi£l iCI'M

COM'-ICN/ARRAYS/ I T Y P £ 1 i 0 ) , R AOi ( i 0 ) , S AO'2 ( 13 ) ,XL£NT( 10 ) , LU AO ( I 3 ) ,
^  '"'^=3 ( 13) , TriiCI 53) , XNUl LOi ,£( i.0) , £lO£££(•♦) ,0i 53) ,
i  PL£X(-,,-,)

L.N/ T S / P I , I 0J A R , *1 jP£ L£ I CC3iN T , 10 i M
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C  I.Nl ri AUZINO FLEX

DU 11 NI=1,4

OG 11 NJ=1,4

I 1 rL£X(M ,.NJ ) = 0.0 "

U

c

c

C  CALLOLAriNG SrtELL GcCMETRY

C

c

ALPHu=AT4i\(XLENT(ICRaER)/(RA01(ICR0ERJ ) )
X2 = l IXL + XLcNrUCRGER) J 2 . <-RAO 1 (I CROER) »»2 . J'

AL?hA2=ASIMRAul(ICR0ER)/X2)
GA.YMAs ( Pl/2. )-ALPHA

RAU0=RmU1( I CRO ER ) / CoS i G a."a J

PH1=P1-alpha

c

PRIMARY SCLjriCNS

o

C

C  JMFuK.Y PHESSJRE

X-^ = x2

ELOeLF(l)=((PR£S(ICROER)«XM*CaTAN(ALPHA)»»2)/( El IOKJtR ) «
STrilCl IGRuER) «2.J ) *13.<-1 X1/XMJ«*2J

ElCELF 1 2 ) = i I PRES ( I CRJER J »XH««2«C0S ( ALPHA ) "COTAN ( AL.PHA J )
i /( E1 igkjek i -rmc 1 1 crger j j j «(i.-i ixnu11 oRoer/2. )»i I'.-i xi/xh j «»2 j j ) i
ElOElF13)=((PR cS1 ICRocR)«XH«CCTAM ALPHA J »»2)/1 £(1 ORDER J »

iTHILl ICRJERl'L.) J«(3.-i-(Xl/XM)»®2)

5lO£LF(A)=((?k5S(ICROER j »XM»*2«CCo1 ALPHA J »caTAN(ALPHA))
5 /I El ICi\j£n.)-rHiC; ICRJER) ) )«( 1.-1 (XNUl ICR0£R/2-;«l l.-lxl/XHl'-E) ) ) )

SECCNDAKY SoLJTIoImG

x:a=xz

Xrx= ( 3.»< 1.-:<:,U 1 ICROcR J»»2) )»-.25/(THiCl I CROER ) »XM «ca T AM AL ?H A J )
. 5

oETA=XK»XH
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F l = Sir,IH( BETA) IN( dETAJ

F2 = SIWH(BcIA)»<'2 + SIN( 3ETA)«»2

F3 = S INHl6£TA)»CCSH(E£rAJ +3IN13ETA)»CQS(BETA)

Ft-5 IKHl BETA)»CuSh(BETA)-SIN(SETA)»CCS(BETA)

F8=SiNH(6ETA)»SINlBETA)

F9=caSr((BETA)«SlN(3LTA)-SIN,-ilQETA)»CaS(aETA)

F10 = CuSH (BETA) (BETA) i-S I NH( BETA) »CCS( beta)

J= ( c ( i ukJEF ) -Tn;i.( IuRJEk ) ) / 1 12. *( l.-XNU ( I GkOER ) ) )

FmC ri=l./(2.»0*XK)

FACT2=S IfM( ALPHA )/( 2-»0»XK«»2)

FACT3=S1N( AL PHA) »*2/ 12. »0«'XK**3)

FLEX(1 , 1)=FACT1»(2.«F3/F1)

FL£X( 1,2) = FACT2«(F2/F1)

rL£X(2, 1 ) = FLEX(1,2)

FLEX(2,2)=FACT3»(FA/F1)

FLEX(B,1)=11./ t2.»L:«XK.) )=>( 2.»F10/F1)

FL£X(3,2)=FauT2«(2.*FB/F1)

FlEX(a,i)=FACT2»(F9/Fl)

FLEX(A,2) = FALT3a(FP/e1)

FL£Xll,3)=(l./(2-»J»XX))»(2.»F10/Fl)

FLEX( l,A)=FALT2»(2.»Fa/Fl)

FLEX (2 ,3 ) =FALT 1 «{2 . «=Fo/Fl)

^Lex(2,4)-FACT3«(F9/Fl)

FL£X(i,3)=FA2Tl»(2.'F3/Fl)

FuEX(3,A)=FACT2»1F2/F1)

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

FLEX (•.•,'+)-=FAi,T3«F4/Fl

ENFCRClNo CufPAT 13ILITY

FLEX(1, 1)=-FlEX( 1,1)

FLEX( i,2)=-FL£X11,2)

FLEX(2, 1)=-FlEX(2, 1)
FLEX(2,2)=-Fu£X(2,2)

FLExi3,3)=-FL£xl3,3)

rLEX(3,A)=-FLEX(3,A)

rLEx(t,3)=~FL£x(A,3)
rLcAlA,A) = — kL£X(A,A)

ELGElF[1) = ELGElF(I )

ELGELF(2)=6LG£LF(2)

EL3£Lr(3)=-cLG£LF(3)

EaGcLF(A)=-ELOELF(A)

3G IJ I=l,A

iRITE127,«) ( FlEX 1 I, J ) , J-= L, A )
CGiN T INUE

"■(ITE(27,^) iTYPt(l GRu ER) , R A J1 ( I CKGcR ) , XL EN T ( ( GR GcR) ,RAD1( IGRJERj
rt R ITE(27,« ) RAG2(1CRacR),XLEnT(ICROER) ,ThlC( IGRJER) ,PRSS i1CRGER)
"R 113127 , - ) XNO( ICROER) ,£(IGRGER) ,PI, ICROER,NuMSl£,CGJNT
nRITE(27,-) Xi<,SETA,£lDElF11),ELG£LF(2) ,ELGELF13) ,ELJ£LF{-,)
'<RiT£(27,*) Fl,F2,r3,FA,FB,F9,FlG,FACTl,FACT2,FACT3
f,RI it(2' ,"^) Ai.PHA,GMXMA,i\AG0,XL,Xl,X2#X'^,G

ALPHA2, v.,a2,A
',R(7Bi27,-J alpha,Phi



121

L

C^Ci-l.LCwLCLuLCi^;,CCLCCCLuCCCCCi-CCCCCCLCCCCCCL.CCCCCCCCCCCCCCCCC
c

w

u  urlApH ay: aRIAN 5. S.'^ITH C

C  UA-Pri TMK.dS THw (vciJLTo FftuH AlSHcl m,\iJ PLCTS Trig C
C  rig-I Jl CfJAL rigriSRANc STRgSS ^£SULTANT, TANGENTIAL C
L  STr-'Eii RuGJLTA.JT, GrlgA^\ STkcSS RESLlTAnT, MgRIGIGNAL L
L  -"^rigia , T-NGEnTImL .-iLrig.MT, ri gRIGIONAL GcPLgCTION, C
C  JNw. rigKlOI^NAL RlTATIl.m as A Fu.NCTiCN Cr Trig C
-  ri iiviwiLtML PlSITIu.i CF a j i V £N SrgLL. G

?  c
.  ,. .

^Li,i-Cw..i.^>,Gwi-Lv.CCw^.Gi.GL»,i.i.k.GCCGwGGCGoGCGCv.CGGv.GGCGGGGCGCGGGSG

C^r-riGN/ArrrAYS/ ITY 3g( iw ) ,kAOI ( iOJ ,kaG2( IJ ) ,Xi.nNr( 10 J ,
»  ̂ R£S(U),TriIC(10),XNG(lj),g(10J , lGmJI 10 J
CwririG.'./G-NST/X ir.>,S.Y,c , XR ,p I , iC.G, NUrigLg r R AO , Pri I GNg , Pri i r«u
A^ri '.,N/F^>, T/Fi,F>.,F3,FL,F5,ForF7,Fafr9,rlO,Fl.i,Fl2,

^  f"I-» i^A'»»RI3»Fi6iFi7)Fl3»Fi.'5,F2JiFIw»F2G(
J  FjC,F-n,,F5L,FoG,F7C,FoG,FSC,F10G,FUC,
i  '^i-wfFijv-,FlAc,Fi3C,FloL,ri7C,Fi3C,F19G(F2UL,
^  'jOfvjAfvja
01 'ENSIGN NA.ItSl iJ J , r i TLg( 20 J
Ji"g.-SIuiN X( I,^OG) , Y( LOOO)
JA T A NA.-l gS/ff-iT ITLiAMNJ,ri3,-fpiTYPg,AHRADl t YHR A02 . AriLgNT ,

i  AriT.-ilGi AriLGAO f AriPRESf 4HMA TR/

iIP EN (UN IT = 20 , F ILc = ' ALSncL.OAT • ,OcV Ug= 'OSR* J
-PEN I UN I r- I,FIl£ = •GnAPH.JAT' , GgV IC£= *□SR' J
■-.Pg:«lJNIT=2,FlLg='CngCN.0Ar' ,C£VIGg='GSR'J
PI=S.iA5 5 2c5'»
J- --vjO 1=1,0
'■N C 4 W f D W C J i ^4 M H C
it' cSi i i J
JA- > I

ri iLz
"'v r T z 1 'i' I 5 C2 J J Nm.'IE
nrs i T c I 2t t :) G J J ) TIlLi

.-'vZmGINo Zr SHELLS

2:^0 Uwi\ T
2 J ju z I ^ J r ^ i Z L z

IJ I • 'NJ El£ G •
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IF GCTC 21^0

r\L A J ( 2 Q t (j J J

00 2w^0 rI = 3 t i 0

iF(.\AMu.c'^.;a,-ic5( I :n OuTc 2Q5o
2 3tD uwiM lNj£

2^po ,^=n-2

jjTL-(^J6ui207Jf2CoJf2U"30f2ijGt2iiuf212Jf2i00J jM
L

c

^  (I.; r.ciJIj\0 The jriiiLL tYh'cS
r

2 )o j I \Jc

r^z i 2 J f ̂  I t i IT'fPeLJj »J = i7tYUM£uc)
JU T w i

(2» ) ReAuii'.u Trie; PslYAPY RAOil IKAJIJ

2-73 L-i- j" IN J c

:v£AO (20 J , i PAOl ( J J , J = L iNJiMCLcJ
-u r(j i

r

(3.J RcAJXNy ANY SECCNOARY RAOIl {RAJ2J

2u 60 uuNJ i NJc

NN=8

1  3l» £. J-= i f i^tu.YEL c

IF I i TYPt ( J J L .ANO, I TYPei J J .N£, A J 00 TO 2
NeAu(20t -^) RA02(J)

2  CwNriNwc

i\c>*k^(20f*) f(ivAu2(jJ »J~itNOMel-c)
ow TO i

u  I -+• J :<c^jiNj >4X1mL LbNOTh OF The SHcLlS

2 - 0 u <- N r i ."'i o e

R£*^Ol20f^j riXLEiNrtJ) iJ—ijNUMELtJ
nJVJ T C i

IS.J RcAJiNw The SiitLL Tn I CX«»c502 S

2ijO l.oNr[Nuc

RcAC(2wf*J t i TniulJ J jj= LtNvJhELeJ
00 TC i.

(  fnc TYPc oF cXfERNAL LjAOINO

^cAj (2 0 »'j I { l-.Ac-(j j fj—I *no.'1£u£J
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;tc 1

c

c

c ( 7 .)

c

2 v2J cc.xr

-R £ m2

oo T 2

i^,-} ( ( IJ ) , J= I , lU.VcLC )

I- lo*J MATEkImL PKCPEKTIcS I«c« c AND .^u

ZlJO CO.Nl I.\Jc

P= aj (^;o ,s) , 1 £{ j) fNU.HELc J

r.cAJ I 2 J , - ) , 1 XNwl J J , J= 1 , XJMtL£J
T ̂  i

2 i -fO C2.2 T 1 j£

-mLL Ar^pAN2(AfY)

juTw IJUO

3 J j J ^ ̂ KM AT ( A-t)

1 J FZr '•' AT ( 20 A A I

~^2J ruK.MAT(/IX»AM)

3ojJ FGPMAr(/iXf2JAAJ

2 j 1 j .•■P I r £ 1 3 , 5j AO )
3J--J FOn.XAT t//2A, • JATA MUOJLES AkS CJT CF CKOfcR' )
i^jO w-^NT liNOE

STCP
cTlU

ir
c

J r.L'^r I'.w FmOTuK OALOJLATEi Tki£ TR I uCN£.M£TR IC C
rvT-n.i iu.Xj JSa2 ITT CalCJcATINO DIFFERENT EOGc C

V  wHvi 1 iu-Xv Aj r jNOt IuhS wT TnE AXiAL LENuTH 2
l-j,\ TrE v..RIC<jJ jnELL Oc Crl!; T n IE 3. C

2  C
C

uvvCv2u2ClC;CCCCCCluoClCC0CCCCCCCCCCCCCCCCCCCCCCCCCCC

Su i.-r vwT ;.XE Au TC .^ ( 2ET A )
Dv.'^-^CN/Ak RAY 3 / i lY P£i :0 ) ,RAOl ( 1-3J , RA02 ( 10 ) , XLE.XT ( I Ji ,

Prcj kiOJ ,T.-tlC( lOJ ,XNUl 101 ,E( 10) iLGAJl 10)
vO-'i iC.X/CuN ST/.A INCRM ,L , XX , P 1 , K , 0 , No MELE , RAJ ,Pr( 1 O.NE , PHI TnO
-v.M.HL.N/FuoT/FL ,r2tF3irA,F5,roiF7fr3,F-7jrlJjFlliFl<i,L iro,rjir-»jrj,roiri fr3,r-rjriujriiiri<i,

.-IjjFl-tirlErFloirlTiFlSirlSfFEOiFlvfrPjt
r3CiF'»Cir3oiFoC/F7CiFdCiF9CirlOCiFi.lCi
rlj;C,Fi,oo,riACfrl30fFioOfrl7Cfrl30frl9CirdOjf
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£  t o 3 f oO

xLc;\=Ai.c.''.r IK)

iF I I I'YFflN 1 . .1 ) XL£\=1. .

ir ( I 7Yf £ ( K ) .cj.3 ) XL£N= 1. .

XS 1 .NH=SIiNrl (X.N«XLc.'«»t£TA J

xS I'i£ = S U:( XK'Xl£;N*ZcTA J

XCu3(-) = CCirilXK«XL£N»Z£TA)

aCGj-—CvjSl Xjs^XL—

Fl=Xil.\n*=*Z—XSiX£'*2

r-2-xS I Nrt«»2fXii,';£»»£
F3 = Xi ij'Jrl'XCuorlYXjiiXF'^XuuS

£■» = / i I .'iHSXCLi iH-Xi i iXc«XC JS
F5 = X j I .\£«»2
Fj = Xi I NpIS*2
r 7 = XCo j.-t-exCjS
r3 = XjINH«XiINc
.-Y^xCLAn^X Si .i£"'XS I Kn^XuuS
FlO-XCGiri»x3i.,i: + xii:irl«XCGS
F1i = xii\c'XGC S
F i2 = XSiXH*XCG5n
ri 3=X»,uil-f«'XL0j-XiI Kri'XSIiNc
Flt=XoGSi)«XC25 + XSi.'.HSXSlN£
F15=xCGSH«xSIN£
r 1,0= Xi I,Nh=Xs,iJS
Fi 7 = £xP(-XK«XL£M ( ,N ) »2£TA»XCu5)
Flo=txP(-XK»XL£NT(K)=25TA»XSINcJ
F;9=cXP 1-XK»XL£;N 7 ( ^ ) =Z£TA» ( xCCS*XS I.NIc J )'
F2 0=£XP(-XK = XL£N7 1K)=Z£ 7A=(XCOS-XSiN£J )

^Z7;S7a.n7 FAcrz.iS
<• u £:'= X1. c F. 7 In)
iF ( ; 7YP£(n ) . £Z.1 ) Xi.£N = PH[Cf;Z-PHiToC
:F( I7YPciK).Zw-3; XGZN^PH I £,)£
xS I \ h= S I K,i I XK = XLc.i)
XS I r.c = S l:; ( Xn = XL£.9 )
xZoSri=CwSH(XK»xL£'))
AO wj = C^S i XK = Xuo;N )
r 1 Z = aS I Nri = «2-x S I :;£ ==2
F 2 Z = X 3 I iN'fi = »2 f X S I,,c »* 2
f 3i, = xS irxi-; = xCCSri-*'XS iZ£ = XZZS
F-«^, = xSI.Xn»XoZSr-xS iiN£«XCZS
F5C=XS 1N£« = 2
Foo=ASiNn«»2
.-7z = x^,ZSrt» XCCS
r3C = XS i :in» ,XS l,N £
r9C = XLCSh = XS i f)£-XS IiJH«XoZS
rL0C=XLuO.-t»XSi\t-'XSI:Yr(»XCwS
Fl iZ = XS If'.i «XCuS
Fi2Z = XSIXrt»XCaSH
F i jC =XouSn = XCo S-XS Ii\rt»XS INc
rlitZ = Xooon = xZZ5 + AS I.'.i-! = XSI."i£
f" i ^C = XZoort = Xo [Xc
r).n. = Xji.<n=<ZCS
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f-x7c==xp(-xK«XL£i-ir(K)»xcc;sj
Fl cC = £XP(-/x*Xi.£iNT lK)*XSINtJ

FlSC-=cXP (-XK^'XLti'.r IXJ » t XCUS + Xi INH J J

F2uC=cXP(-Xi<«Xi.£NTlKJ»(XCuS-XSINc) J
j2=.2 5« ti.-((lHAJi(K,J/(RAJl(XJ-ZETdn»»2)«(l. «-2»ALu«i(
i(RAJi(KJ-2ETA)/fiADl,(XJ))J )

ui = .3*(l.-(RA0lUj/lRAL)l(X)-2£TA))<=«2J
jA=. p« I I. + X.\u ((\) + ( 11 .-X:>.J( X n»(KACl(XJ/(KAClU)-2£TAJ )))

ILASTANTS

nc .-11 SPhc X I CmL ncAOS

uuTC 5

~vXl = l. — I L i«-2-'Xitut >Nj )/12«'XXJ J*CuTuiNlPMluN£"-2£TAj
xx2 = l.-( 1 1.1-2 x.'iw (X ) )/(2.«XX))»CuTANlPHlON£-2ErA)
o u I L 6

K X 1= 1 .

X x2 = 1 -

-iX3=£x?'(-xX = 2£T-.i /( 21N( ?nia.Nt-2£TAi
XLh=( 3iM F-II3,\E) '«1.5«( l.+rlXl»*2) )/RXl

RC/=(2-'XX»3iMPH[J,NcJ»«.5)/lWAC»KXlJ

X£ TonN

ENu)

^www^Li-t-^v.L.oUwv-i-LLCwk-w^.CCwCwwwCCCCCCwCECCuEwCCCCC2CCCCCCCCCCCC
-  c

r  - , , .. ^
w  js.oKUJi ii.c CTl.mJ ^AcLJLATcS Trie XACImL ^cFlECTIuN# C
C  XwlAriL.i, rrA.i3,'£Xi2 SHEAR RESSLTAiM, TA.XGEMIAL SHEAR C
A  xESotrA.Nr, AXUl ACHEM SeSoLTA.M, AXG rANCcNriAl. c

■-'L-^ciiT kcSJLTA.iT as a F'JA*.riu.X GF AXlAi. UENuTH FOR C
pSTh E„JS. C

c
c

^w^s.L.os.i.>.4.wA..CAwwA.»^Ak.v-*.uwwCACuUwAACCcCCCwi.CACL..EL»Ci.cCCCCCwCCC

SjS'^SjTI'.E Yc l.Nj 1 X , Y j
>,0 XYl.-i/ aaa a Yi/' i T YP E 1 1 S ) , Rm J 1 1 10 ) I X A22 1 IS ) , XLcN 71 10) ,

»  FR=3(10) FTHIC(10) ,x;n.tlJj ,EllC) iLOAJ<10)
-JH;-, ^,./Co..ST/Xl,1i«AYFCFXXFplFXfOtX'U.'1Ci.£Fr\AuFpHlL.'i£»PHlTnG
.A'^"-'L."./F^CT/Fl- ,PA(F3iFt,F5,Fo,F7,Fa»r9trlO,Fll,F12i
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FU,Fl^,Fl5,F16,F17,rl.J,Pi'i,f2J,Flv,,F2(,,
F2u»F^i,tF5C»F6C,F7Cir!jC(F'5C»riOCiFil.Cf
Ft2CiF13C»Fi<«CiF15CiFI.oCiFi72»FloC»Fl'iC»F2JC(

^  ̂ J2f^J5f•Jd
0iM£\3 Ii-N LJ ,YILJ

j.»( i . -XNd (K )-«2))»«.25/(FAOUKJ*THlCiKn»*.3

J=(clX)*rHiC(i<l*»J)/( 12.•( l.-XiNU ( K J •»2) J
ie;o=o

.•';AC Ui«) XM 1 , aVI , x;-(2 , XV2
11 = 0

I:rl0 = I£:',0+i

XM=XM1

XV=XVL

IF { I c.<u .20.2 ) X.« = Xf2

iF I [ =,Nu.£;-2 ) XV-XV2

^,Ol\T li\0£

li = il<-l

■lA I T £ { 3» 0 J
Fo FY AT 1 / , 3 X, ' lYL I.\u.7 I uAL SHELL • )
i F ( I E:OJ .cO.l) '.HlT£t3fA)
irl lzi'.u.O, .2) .iFIT£{5>5J
rO .4 7 ( / , 3 A , ' F ; R ST ci'-IO 0 AT A • )
FSRMMTi/.iX, 'SECONC ENO OATA'J
j4.TL( 1000tc00vjf30dwf**.J00f300Gfo0C0J r II

CAL>..iLArcS jElTA RAuIJS AS A rUNCTIOH ur AXIAL LcNSTrt

Co.'S T I '.OE
iRIT EI 5 »IjO)
-:£A0i5t») AL
iF(4.w.c«.2) TO i, \j I
1=0
IETA-0
— 10 1=2,L
AFiTt(3,=) SETA

AI n = 2c rA = xlem T i R)
"R I 7 c ( 2 , 7 )
FuRHAr(/,3A, *0Y,.INiJ£R 3£FGRc FaCTGr IS CALLcO'J

-All FAv-TgRIacTaj
aR I 7 £ I 2 ,o J
FGRY AT (/, jX 7 I N£ CYLi.NO' J
0ELRA'=-(XH/i2. =0 = Xis = = 2J ) = ( ( F2C/FIC J »F7-I FSC/F LO J =F10i-F3)
iF( Il.Ng.cg.2J 0£LRH=aM/( 2 . »0»XR» = 2 ) * (-( 2 .»F6C/F 10 J »F7

j'(rLjC/FLC)»F10)
-;£uRi-i= I XV/ ( 2 . = G = X.<==3 ) ) = ( ( FtO/FlC )»F 7- I F30/F IC ) »F 13- 1 Fog/

iFlC)=Flo)
IF( IcNu.Eo.2 J OELRH=i aV/I2.»0»XK««2J )=(-(F9C/FICI sF7+ ( F3C/FiO)

i'F10 )
f { I ) ■= <j £ L H + 0 £ i_
OuT« = ,.£TA-t-(x:vCRH/ XLEN7 ( R ) )
csiau.oE
wAci-
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I j i i-b ̂  r I jt

iJj (/, jX, ' JcFleuTIuN as A rJNLTICN ijF AXUL LcNGTh (i = y£S
i ,2 = .sc J • )

T w 1

:  U.) CAlCJLATES RCrATICN AS A FJNCTICN GF AX I Al LtNuTH

c

2Jjj us.'.r ii'j jc

™r.ITLl5,2uC)

R=AC(5,») LL

lr(LL*£o21 SuTC 2 SI

i=0

2= TA=0

\j^j Z J i ̂  2 f L

At i j-lcTA'^xlcnr(k)

i,ALl FALr^FlZcTA)

^2TAy= ( X-'V (2.»S*X\J)s(iF2C/FU)«r9+(2.»F3C/FLCJ«F7-FlSi
Sc TAn= ( X ;/ (2 . »C»XX=»»A ) ) 3 I I FAC/F U J »F9+lF5C/FlCJ3FlA

i + (Fow/FiC) »F is J

IF( I ENJ.EC-a I ocTaMsXM/(2.»0»XKJ »( (2.»FaC/FiCJ»F9
5+{2.3FlOC/FlCJ«F7)

IFt i£N0.c,-2) acTAH=XV/I2.»0«XK»»2J*(tF9C/FlC)*F9

i + t 2. 3F6u/F 1C')3F7 i

IF ( I .cS • 1 ) S£ TAri=-31TArl

x( I )=3£rAA+3LrAH

-z T A3tcTA + ( X I.'.CRf / XL£.\r I K ) J

A j \ T i NU E

-AAa SSAPH(X,Y)

IFi I I.cS.w.) Sole i3

2^1 '-o.x r I Jc

Z ̂  ̂  r J isr All/iSXf'RCTAriCM AS A FJNCTiuiN SF AxIAl. Lt.NSTh (1 = 1'6S»
SS = ̂L 1 • I

T L 1

i j.J lALv,JLA :i ,'.S TkAiNSVcRSc Sn = AR AS A Fv^tJCTIGN CF

AXIAl ucNuTF.

V- u .N T I J c

I T c ( 3 t JO C )

■X£:A0(5f = ) t.L
iF ( i ^Li TC 3 01
1 = 0
Z£TA=0
Su 30 1 = 2.L
At I ) =S£rA = XLt:.M ( KJ
-Atl. FAOTuR(S£TAJ
xS'-'=(-XK = xy)=( lF2s/Fi^,J=FiO-l2.=F3C/FIC)3F3 + F9)
Av..-! = -XV = t trAC/FiC!=FiO<-lF5v,/FiC)»Fii-(F'jC/FlCJ»Fi'
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irt Xiri=-XV*((F4w/ri,C)*flO-l2.*FdL/rlC)*F3J

1 F ( 1 ri\J.£ J.2 ) aOx;-XW«XX.« ( ( 2 . ®F dC/F 12 ) » F iO- ( 2 . »F 1 JC/F IC

s)»F(j)

Y( I ) =X(..y + XCH

;£ TA = 2ETA+ (X i;<CKM/ XLc.a ( K J J

30 luNT inJ£

OAuL GKAPH(X,YJ

lF( l I.E3.o) juTC 15

i u i T 1NU£

AvJ FO P.M A T i / 13 X , ' Sm£ Ac; STRESS K£ SJL T AN T AS A FuNCTION OF LSNSIh

S  ( l = Y£S,2=N0) • )

oA TO 1

)  cALCJLaTINu T Aiiv,c.«T I AL SHlAR AS A FUNCTlbW OF AXIAL LENoTn

C S M 1 N J £

■ iR I r £ ( 5 f AO C 1

K£A0t5,*) LL

!F(uL.£«.2J ■jCTC AO!
1 =0

Ja aO I — 2 f L
a( I )=2£TA«xl£NT(XJ
AmLL fALibr^ lLcTAI
A,MTrlM=XMa2 . <= X.X «»2 « Km J L (is) « ( - ( F2C/F IC ) » F7 <■ ( F3l/F lo J »F IQ-FS )
XNTrih=xv-2.'=XN»KA0U/<) »( IF-.C/FICJ»F7-IF5C/F1CI»F15

i-( I- oL/F IC ) lo )
IF ( i £N0.£o.2 ) XNrHM = X.M*2-«XK,*«2«KACl IK) « ( - ( 2. *FciC/FlC J »

i.-7 K(FIOL/F IC )»FIJJ
lFiI£'N0.£0.2) Xi';Thn=AV-"'=c-"'XK*RACilK)«(-(F9A/FICi*F7

H-I Fga/F LC) »F IJ )
''I [ )=XNTnA+x,iTriH
AA T A= 2 £ T A A I X IN CS>'/ XL£N T I K J )
csn: iNu£
aAal OKAPHIXfY)
IF{ I I«cO«d) aaTG l d
C-.N T IN a£
FAK.-1«TI/,AX» 'rAi^iO£'\7iAL oTKcSS rvESULTANT AS A Foi'«CTIC4i OF AXlAu

S  AtNSTh ( I = Y£S .2=NaJ ' )
aOTO 1

C  ̂ ;.) CAaCJLATIN^ axial MOMci'^T AS A FuiNCTIoN OF AXIAL LAiNOTh
C

CCixTINjE
.iR I 7 £ ( 5 , 50 C)
acAOISi-) LL
1FiLl.£2-2J ouTO 501
t ~ ^

;= T^-o
" J I ^2 t L
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X( n =^cTA»;<Lt:M ( Kl

^^LL t-ACTuP ( Z5TA J

lF2L/l-lC)»P5-(FAC/Fli:i)»f-S-r7)
X.-IX!-!=- ( XV/ XK ) » I - I FaL/FIC ) «F6-( F5C/FIC J »F1<3+(Fol/F1C)<'FL5)

IFlIcNJ.e^.2) X.yx.-^X,-!* ( (2.»F<jC/FiC)»F8-iFlOC/FlCi»F'»J

;F ( IcNJ.cvJ.a) XMXH=( AV/XX.J «( IF9C/F iC) »Fd-i F5C/F12J »F9)

r( n =XMXM+XMXH

^ErA=ZET-<-(xi;NCR."/xL = :ir(xj j

3 J uuN T Li\ Jc

CALL uRAFH(X,YJ

lFl Ii.EL<6J oCTli 13

3C1. CUiXT INJl

3CC FuHMAT 1/,3 X , • AX 1AL .'^CMc.Nr AS AFUXCT^iJiM uF AXIAL LEiCGTh

S  ( l=YeS,2=^UJ ' )

■j'j r L I

IL. ) i,Ai.L JLA TI S'G TMi\C£NriAL YGi'lS.Nf AS A FuiNCTIuN OF AXIAL LcNoT'n

wC .'M r I ,C J e
.<rtl Tc(5>clCJ
^ E AC(5 T ^ J LL
IFilL.EC.CJ CCTL 6ul
;=o
ZETA^O
Jo o J I —2 I L
X( I I-ZETAsXlE.NTUJ
oALl FALrCr(ZETA)
x;tXY = -xM* I lF2L/FlC)»Fd-( F3L/FLC)»F9-f; J
X!" Xh = -(AV/XK) s=l-irLi./FILJ*Fd-ir5C/FlC)sFl6+'(FoL/FiC)*FI5)
IF ( 1 E'lJ-Eo .2 J X»'x.X = X,-t»( 12.*Fou/FlCJ»Fa-iFL 0C/FICJ»F9i
IF i i El.J.i: C-2 ) XYXH = ( XV / XK ) * ( ( F9L/F iC J »r 5- ( F3C/ F IL J »F9 i
MI) ^X.IX.'-iaXlNo ( X ) ■<-X,''Xrt»XNu ( M
o£ T A = Z £ T A r ( X I V C A .V/ X L£ N r 1 K ) J
cj.vr iiiuE
-ALL oP-Fn(X,r)
C o N I i N L A
IF< i I.cL>o) oCIC 13

FGRYaT ( / , AX , ' Ta,\C£;\T IAL MG.YC/JT AS A Fu.NCTILiN CF AXIAL LcMGTh
>  ( 1 = y£S,2^X0) ' )
ou To I

n£CrvI''ivj F'JP E.tC CiYc jn T aL
iF( iANiJ«C'««A) ooTC 2

A E T o A' J
END
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'^v.vLk.LLLCl.vCCwCuCCCi.t.t.CCi.i.CCCCLCCCwCLCLCCCi.Ci.CCCCCCCCCuCt.CCt.CLC
C  c

'r . ,
C  iuSKuuTINE ARRAiNvj T AisSj Frit JATA THAT HAS tJcEN RcAO C
C  I\ ALSHtL.CAT A.NU RJTS IT INIG THE PKGRER CRJER C
C  F'Jr^ The APPKGPRIATE El c T R i w AL SJuhUuT INES A^u Gr.APriIC l

L  S JO kllT I i\£S . C

.  <-
c

llLolL^CLLlwCCClCCCCCClCCCCCllCCClCCCCCCCCCCClCCCCCCCCCCCCCCCCl
c

SJs?:Cjri;,£ ARKAiNGIX.r)

jwH-L.^/APRAYS/I TYPE! iO) ,«A01Uo; .RACCIiGJ .XLE.NIIiOJ,
5  Yr\CJllJJt lHiv,l iUi iAN>,llJ)tClLU)»LLlAUliUJ

LoHrYLti^/LjiNST/ XI iSjKHfLfXRi PI fXfufXvjHELEfPACfPHlLi^JEjPHlTi^L

Li.Y'lL.\/PACT/Fi.»FC»ri,FA»F5iF6»r7,f(jfF'9»rlOjFlI.»P12f
5  FLJ,FlAfFlitFlo,F17,Fl3rFi9»F20.Fii,,F2C»
5  F 3l(FhCiF5C.F6CiF7C»F6L»F9CjFlJCiFilCi
5  FijCfrI3CfFl.>tCjFl5CfFioi,iFi7CfFiaCfF19LrF20Lt
•* ^2r>j3fjE

j; Yc'^siL.'i X(iivccj »Yi ijuoj

N=0

X + i

IF(X.GT..\jY£LE; GGTC IQOOO
I I = 1 TYPE(X)

:F( II.£,.7.CP.11. = ;.3) i»RiTE(3,lOGlJ
iH( ii.c..7) XlfX2

Ir( I i.E..O} R£ACilf^I Xi.fX2fXjfXA
iri l i.cj.7.CK.iI.~..jj jCTC LG

vjwTl I X )2uJvJ j jJG^f -.OGG fDCjCfAjCC ) » i I

'L LLLlCjv.LLLL'.LLI.L'. CLCCCv.LC.CC.LLCk.^oLk.*.CwLLt.L

1  i.j This PupticT'. arranges gata fcp gpe.n c

CRCni'j h£.yIspHtRIcal Shells. c

c

.^i.CCCCi.wCCC.-LCCCCCGCCClCCCCGLlCCCCCCCCCCGCCC

CjNT I J c

XL=( l>vACi(X)-K«C2lM)«»2 + XLE)\TlKJ««2)«*.5
ALPHA=A fa;; I I K-C 1 (X )-SAC2 1 XJ J /XLENT (X ))

The rA-A.iJio/2."ALPHA

X2 = .5"XL«rA;i(A^PhAJ

XH = rt A02 IM / I SIM THETA) )

T=X,« + X2

RA^^i (XL/2 .) - = 2 + T»»2)='.3
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if(K .Lc.PAJ 1 iK ) ) KmC^RADIIKJ

P^iiu^t = Aii^l^^ACl IKI/RAJ)

PH I r'rtu = Aji M RAC2 (K J/KAl!)

P^t i = ( ?M I C.'ii c~PH lTnOJ»idC./3.iAi6

LPH1=PHI

XINCRi*t = PHI-l.PHI

IF ( X IiMC^rU E».0 ) L= (LPMi/XIiNiCRM J -t-s

IF IX I.'iCRM. GT.O ) L= ILPnl/XI NCRM ) + 3

XI MC^f-sPhl-LPHI

rirtiT;(5»*l fXLwNTIKJ

.tPIT£l5,«J XLiALPhA.THETA

rt PITi(5f*J XZiXr^lf TriPAiJ

.iPIT£(3f*) PrilC.\tiPriirnijfPriI,l.PHi|XZuCSM»L

call SPHtPEIX,Y,PHI)

IF I ^ . .\JP£ l£ ) uJTLi ICCOO

vju T L 10

CCCCC->-_Ci.CCLLLi,CCCCCC>.LCCCCCCCLCCCCCCCCCCLCCCC

L

(C«j Tail pckticn akkmmGES oata fcr c

C  CIKCJLAR CYLINwERS. c

c

Lw^ wLLwUwLLLLks>HLkawL^CLLwLw^CLCLCCOCCCwCLwCCk«LLC

2 j o J C C r 11\ 'J £

lcM = Xl£M I

XI .NCRH = xL£N r I K I-lENT

If"(Xit\CAM«L'v<.UJ XIiNCa^~L

IF (X1NLki.E0.lJ l=(L£NT/xINLSM) + 2

IF i X iNCKf!. GT .0 I L= I LENT/ Xi NCa.I J -t-i

-ALL lYLINL IX,Y)

IF;a.El.NJPElzJ GLTL IOOOO

JO T C 10

L. woouoClwlCoowLlCCoLCLClClLCCLLLClLlCCClCCCLCLCCCCLCCCCCCCCCCC
c  L

L  (2.) TnIS PLaTICN ARk..NGES THE oATA FCR ClOSEl) nEMI— o
C  SPFiEP, ICAL hcACG. . L

j  C
LwwwooLowuowoCLoClLLllui-oooLLClLCLwCwLoCCCoCCLCwoLCLCCLCLwlLlLL

lJ LCN TINuE

XL-lXLcNr(XJ»xi2+RAGlIX)*»2J»

AL ?hA=AT«;j ( XLEM 1 N J/RAlOl IK ) J

x,-1= ( XL/2. J /CoS I ALPHA )

XC-PAlUKJ-X.I

7 = LCTAiN(ALPHAj 'XC
^A0=1 Ts^L+PAOi. I < ) . 5

PH il(.e = al; iX I aA„i Ik j/kaoj



132

IF (RMC.eQ.J«AOL (K ) ) PhiO;'ie = PI/A.
xl,NiCs.'1=.01

i.= PhiLNd/X l.NdH.-'+ J

»*kIT£:(2.*) PnlLNa,RAJ,L,XINCftM,LPHl
nK I T t( 5 ,» ) PlI C.Nc ,RAJ,i.,XlNCRM,i.PMl
s.Ai_L hEMKX.Y)

IF ( K.eC.NJCELc ) jCTi: IJOOO

ou T C 10

wi,^i-Ll^uC-uOl.i,i,CCCCOCCi.CCClCCCCCCCuCCCCCCCCCCClCCCCCC
c  _ c
^  (A.j TrIS PuRTIlN ARRA.>^0c5 OATA FOR OPEN C
C  oR Ot-bSECCoNES. C

L j r I .lOE

-tLPl-lA=A rAMXLc.N r (R J / (RAUl ( M-RA02( K J n
XL = kA02(R) *1 A.N ( ALP hA )

Al = (XL«*.i + PA32l/<.)»*2J*».3
X2=l (XL^XLEnTIRJ ;«»2 + kAUi.(X)««21»».5
ALpHt.2=ASlR(R->01 In)/'X2)
0A,Y,YL^(P1/2. J-ALPrtA

PH L=IPI/2.-0AMMAJ

iaAOJ^RaOI I K) / LuS IOAMHAJ

i.3AP = X2-X1

X I NC .aM= ( a2 ~X 1 I —L EAR

»F[XiiHLfAtl«cA«^j X[XCRiH~1
IP ( X i.OORY. Eai .0 I L=(ljAR/X IxCRY ) *2
IF (Xi,»CR.'*«OT«OJ L-ILcjAR/xI\0RM)+3

nRITEtSf-) L(LiAR,Xi,x2iXI.NCfi'^
call 0P.«C0."^(XrYtXIfX2iALPHAtALPhA2iPHlfXLJ
i F ( r:A02 ( X ) . Ew.O ) call ClECC.NiX, Y , X2 I alpha , ALPhA2 fPHi ,xL iRAOO J

jv- T 10

v,L-^>,C^.^-CCLCCCCCCCLCCC.,CCCCCCCCCCCCCCLCOCCt:COCCCCCCCLCLCCCC

^  c
C  (3«) THIS PUKTICN ARRAiCOES OATA FOR FLAT ^
c  CIRCULAR Plates. u
C  r

^*.*.Lv.LLLCwLLCLfc.LC4.L<*k.Lfc.CLL^CCLC^.CCLLC».L0LLCLCwLCCLLCL0LCCLC

Co": I .XoE

i_r. Au— ( K }
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XI NCk.MsRAc I ( rx)-LRAO

IH (XINCkMaE'v^O)

IF { X I .\CK.'i • £ 4 • J J

IF lX[NC'^^«GT«u)

i^ALu FLaTEIXj'tJ

IF t X-cC.iNJfSLc 1

ou T L. i 0

xlNCRM«i

L= ( Lrti40/XiNCF.M

L= I u^AC/X If^uRW ) +3

oU TO 10 sJO 3

I «3 J J

i-j J i

> N T 1N U £

:.^ lAT ( // , 2X

: T 0 n: N

3^APHICAL JISFLAY IS AVAlLASLc fCA THIS ELcMENT' J

.wLUkrf^OCwuOCcw^Co^wuuC^cwCCOwCouCuC^ACCCCCCCuuCt-CCCii-CCCOi*
c

L

SJor<OuTi;;E SPhE.^c CALCULATES THE RACIAL OcFuECTIGN, u
lEPIJIOi.AL RCTATlCNi TANGENTIAL HCHENT, HERIC lONAL C
•'i-'^ENTj oFdAr. STRcoS 'nESJLTANT* hERIOICNAL jTRcSS C
r< E 5 "ji-T AN T f Ai*C iMNoc'^TiAL STRESS kESJlTANT AS A C
rjNcTiCN Cr The ''^eKlJIONAL LzNtjTH FCK CPe:'^ wRLj*N C
SPriEr\ii«AL SHcLLj- IT IS CALLEC SY SJdRuJTlNc ARkANG- C

L

c

:CCC^CC:CCC,CCCCuCCCCCCCCCCCCCCCCLLCCCCC

jj6r.cjll'ic Sr'McRl.iXf l'ir'rII )
i,u;- lCi-</ARRAY j/ ITyPcI IJ ) ,RAU1 (iOJ .RAOZUJJ, XLENTI 10 J ,

5  P^cSUOi ,rrUC(i.J).X,-jwUJJ,£iLO)i LGA0( 10 J
^^'"■YCN/OOi'iSi/X iNuHRfLfXXfP lfKfUft>tuM£l.i;f{\AOfPHiCNG»PHirrtU

FAuT/rl irOiFjfFAfF5»F3rF'^»FflrF''fFlGfFllfF1.0f
9  FL3ifLA»F15fFi6irl7rFl.fl»Fl'^tF20iFlCiF20r
5  r 3C I f no tF5otFoCrF"7CfFtiCfF9C»F10C»fiiCf
i  rl2v,rF13CfFlACrFL5CiFLoCiF17CtF13C»fl9Cff20C«
i  t ^ 5 f *j 3
J I ''E NO I ON A ( L) f Y lo )

A ( 1 J =0
Yi U =0
R c A w 1 1 f ' A i » A h i I A 2 f A ri i
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A.<= ( 3. = ( 1 .-x:4u i K ) **2) » ( -*AJ/THIC i K) ) «»2 )*«.25

IcMu=0

I?(k«221i<) IX-in 30TG li

Xri : 1 -Xrti

X.Ui = XMl

XH22=XH2

XM22=xM2

^(j r 2

li Arl22 = XHl.
X,'''i22 = XMl.

Xh Ll = Xh2

x;n 1 = XM2

2  11=0

12i\G=l ENO-t-1

I  u N T I i'i Li £

11 = 1 l-fl

;F( Il-0r,7) wijTC 15

'^'^l D t ̂  I

3  FCrFLri/i3Xf 'Cf"£,N C(v^aiN 5Pn£i\lC3L SElTIGiS' J

IF ( I £\J.£,.l .1..NO .F3G2 ( K J .20. S-Gi (K-in ndl T£( 5 ,4 )

IF 1 IE.<0>c>a«2i'l NO* K 302 IKJ.EO.F.mOIIX+LJ J nKlTEl5t3)

IF! IEiij.c0.1.Ai\O.F301(Ki.E'«.F.A01(K—iJ ) nFIT£I5»3l

IF( I£N0.cLi.2iA'i0.F301(X).EG.KAClli< + lj) i«kIT£15,5)

FOr--lA r I/■, 3x, ■ s.'^all Eino n
5  Fur. :"AT ( / , 3 X , ' LmKOE c!<0 ' )

JO To liOvjO t 2 0 Jo i3L*JortoOCf3000foOCO t7vjOO} t i I

i l.J lALLoLATINo TrtE rl ACI-iL OEFlECTICN A3 A FONcTl ON OF I He
/tF lOlC.NAL LENoTF ( PHI ) .

cjfi r i.Noc
IK I r E ( 5 T 1J 01
FtAo(5,=) Lo
IF(ll.E,.2J GoIG 101
1=0

ZET A-0
00 10 1 = 2, L
XI 1)=tE Ta#IaO./" I
oAlL FACTokIOETAJ
J£LAlri = -( (XHll=F-0»XM/(£(K)=THlClXJn » S 1 N ( FH1 o.N£-2ET A J » S 1 ,N

5 (?h IC'lE J = ( -r^,-(2.»FAo/FlC) *F7+{F2u/FlC ) «Fia )
OEL.kI ••' = -( I XMll»2.«XK = »2«SiN( PH10NE-2ETA1 ) / I £ I X ) » Tri 1l 1 K n ) »

inFol./FiCJ=FlA + (F5C/FlC)''F13-(F3C/FiCJ»FLaj
o£Lk2H = - ( ( XH,i2 = 3 I Phi rnO J »2- »kAl1*XX»S »M PmIO.NE-EETA J )

5/iEU)=THlC(K) ) )=( (F9C/F1CJ »F7-l FaL/Fli;j»F10)
jELKiiFs ( = sxX«=2 «S IN ( PHiC.\c-2ETA J )/ I £i XJ "THiC I X ) ) )

S'(-2.*(r3C/Flo,=F7+(F10C/FlCl=FlCJ
IFIkAuEIxI •■Nl;«o«A.',0#KA01(X) «c'*iPA0nX~'lJ ) 0£Lk1i*^= — OELP1.H
IF(KKo2(xj . le.O.A.XO.KAOllxnc^.KAOllN-l) ) 0Elk2i'^=—0ELa2.*^
iF ( I iNJ-E.. 1 .-.\0.rtA02 ( X ) .E 0 - .FaGI l i\- 1 ) ) Y ( I ) sOcLREH-fOcLKE."
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101
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IF { I tNJ.E-..! .-iNO.RAQl IK) .Sa.RAOi U-1 ) ) Yl 1 ) =Dei.R lH + 0£i.R IM

If I IEN0.cw.2.AH0.ftMC2(KJ .EJ.RACUK + i ) ) Y( I) =0cl.K2h+UELR2N

IF ( 1 ENO.EJ.^ . A.NO.RAiOi (Kl.Ew.RAUUK + lJ) Yd )=0£LisiH+0tLKlM

Z£Ta=EETA + X l,)CRf»FI/ldO.

wCM 1;JUE

CALL GRAPH(X,Y)

IFIII-EJ.7) OOTC 15

CO.NT I.NJE

FoKiy AT (//, 3X DELTA AS A FUNCTION OF ANCLE ( 1 = Y ES , 2=Na ) ' )

^C T C 1

;.) CALCJLATINO YERIOIJNAL RCTATIDN AS A FUNCTION uF TrtE

^ERdlCNAL LENuTH (Prtl).

vUi^JT I.iUL

IT£(5,20C)

RE AO ( 5 f * ) Ll

IF(Ll.E;.2) OOTC 2C1

1=0

25 TA=0

Ou 2 0 I= 2» L

•U 1)=2£TA= loO./P I

CALL FACTuPICETA)

LETAiri=-( I XMlisL. 'XK*»2»SiN( PHXQNE ))/(E(KJ»THldK)))

S = (-Fdi-( F-ro/FlC)«=F9 + (F2C/FlCJ»F7)

OETA 1M=-1 i XMI 1«A.«XK = *3i/( ElK)»ThIClKJ *RAO))»( (F6C/FICJ»flo-

i(F5u/FiC)'=Fi3-(F3C/FlCJ«F7)

aET-2.Y= 1 (XP22»a.»XK» = 3 ) / 1 E 1 K ) » TH 1 C I K ) «R AO ) ) »( ( FdC/FlC J ♦FS
S-(-lOC/FiC)»F7)
aETA2n=( (XF22'SIM Pn 1 T «C ) » 2 .'XKs-s 2 ) / ( E 1K ) * TH1 l ( K) ) )

5»l (F9,,/FlC)''F9 + 12.=FdC/FlCJ»F7)
IF I F Au2lKJ .NE.O.rtNO-r>AJi IK ) . £« ..RAJ 11 K- U ) SETA lH = -a£TAlH
if 1 PAJ2 1 K) ..<£.0 .mNu.RACi IK ) .EO.RAD UK- 1J ) dETAE.'-ls-dETAEH
IF I I lNJ.EO . 1 .AND .RAJ2 I K ) .£,.kAo1 IK-l ) ) Y ( I ) =aE TACH + EETAE."

.Ew.RAUl lK-1 ) ) Yin =6£TAlH+a£TAiM

.cC.RACllK + l)) Yll )=6ETA2h + afcTA2.N

.EJ.RAJUK+I) ) Yl l )=(iETAlMfaETAiM

if I 1 an J . Ew . 1 . AND .R AO 1 ( K )
ir ( I END. EC -2 . AND.r^ AC2 IK)
IF I [lNu.E0.2.ANu.RaO11K)
.zTa=2£TAi-X1NCRH»PI/130.
CO N T i.NuE

a-LL ORAPHIX.Y)
IF 1 n .50.7) DuTC 15

L-.J FO Rf* « T 1 / / f 3X ) ' RO T A iijN
2 J I CCNT INUE

ODTG 1

AS FUNCTICN OF A.NGLc 11= Y £S . 2 = NC ) • )

a.RLCjLATINa YEK lOlONAL kESuLTA.NT FOMENT AS A FUNCTICN
"'ERIDUNAL lENOTF IPHI).
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j0 JO jor* r I .'-(ijc

«-<irc(5»3CC)

<zAC I 5 j ̂  ) LL

irlLL.c..2i ouTC JOl

I-=0

IzTi-Q

uO 30

XI 1 )^2£TX«ldw./?I

>-alL £Ai, rOR ( Z£Ti J

<.-<Rrnrt=l ( XHU«kAJ#3 If. I Pn 10.\£ ) J / 1-2 .

S-1 F2C/FU) *F9J

A.-t JHi,-i=X'n 1»({F6C/F1.CJ«F13-(F5C/FICJ»F14*( F3C/FIC J *F9 )

A.--Pn^M=x-^2 2« (i2.»l-3j/FlC)-«F3-iFlCC/FlC)»F9J
X.-:?n4ri= ( X.-I22»k Au»S IN ( PHITaG ) /XK J •( ( r9C/F li_ J *F3-( F30/F LC J «F9 )
iF(RAw21X) •••»£• j*ANtj*xAtrfl(i\)»cj«RACi£X""LJ ) XWPHiH^ — XMPhiH

IFl".**02(^v) •<4C«vj«Ai4i^«KA01(Xl«tjj«RA0X(K~ii ) X^PmZH — *~XMPh2H
ir( i£:-iO.£,.l.ANC..AAJ2iX).£«-r,ACi(X-l) ) y(Ij=X»'PH2r1 + XMPH2.'1
If ( 1 ci'tu«zj«i «Ari(j«RAOi, (X } •£*«RAC1 IX — i i )
IF ( iuNh^*-w«2* — <w«RAO£(xJ •cOtfRAOLIx^iJ J

tO.rtAOi (X«-li )

. »Xx) J*t-FlO+(2.«FAC/FiC;»F

if I lL-'«i>«Cii«^«ANC«A>ila/l IKJ I

f I i J^X.MPHlFt + XMPhl.x

Y I I J=X,YPM2H + XMPFi2P

Y I I I^sXPPHlH + XPPhiM

3

-£TA = j£'A-tiXl:,c:-<M»PI/l.30.

- w i 1T ; N j £

-Ai-I- jRAPrl lXtY)

Ifl iI«c4«7} uoTC

-) N T I N 0 c

FuP.f.A:t//,3X,'F*ERI0IoNAl.
s  Or ANuLiL I i-= Y £3 T 2 = N0 J ' )
ijo 7 i. I

MC.'iejNT AS A FUNCTICN

I - . ) j-0 w - L A T I TmNocNTIA*. MOMcNf RtSOLTANT AS A FJNCTIlN
^f YrO XSriOILNMU L£NvjTFi (Phi).

jC i I NOc

ArliTct 5f*+uCJ

.a£aC(5,») LL

iF(LL.w>..2) rOl

2£TA=0

Oil aO 1=2,L

x( I J =L = TAal30./PI

CALL FACTOSIZSTAJ

<MPHi.H = ( (Xhii«r<Au5'SIN(PHlCjNt) )/(2.»XX) )»(-F10>(2.»FLC/FiCJ »Fo
S-i F2l/FIC)•F9J

A;-iPhi.-\=X'n 1» (( rbC/Fiv,) «FL3-( F5C/F1CJ F3C/FLO *F9 )
XrPnL»' = Xh2 2»( ( 2.'FaL/F LLJ »F3-(F10C/FLC)»F9)

?-!xri= ( XH22«RAj«S iNl PHI r'xG J / XX) » ( ( F9C/FLI. J »ra-( rSC/F IC J »F9 J
1 F ( i ;No •J«.l.ANu.rAu2(X).£C.RAui(X-i)) Y( I) = XN'«jlx)a(XMPH2r1 + XhPh2")
; = i I£NO.£w.L.ANO.PAOi IX) .cL.RAJi ix-i) ) Y ( I )=XNJlXJ»lXMPhLH + XMPnl,-1)
if [ ii. — .^u.n.A,^2 I xj (iv + ij ) Y t I ) = xNolX) *(XMPh2h + Xi'1Ph2'^ J
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tO i

IF [ (fs)

2ETA = ZcT^ + Xl NC r'H wt> I / I a C «

33N r iNUc

cALL 3SAPrl(Afy)

IF1II.EC.7) 3oTC L5

Cu.NT liNJc

F'JF-^ATI/ / , 3X , • TA.SGE.sr lAL

i OF AiNyLc (l = YaS»2=3C]* I

>ju 7 w L

.2G.RAClU + in Y( I )=XiMU(K ) »l AMPHiri + XMPHl.,1 )

MCMc;yT as a FUiNCTICn

13.) CALCJLMri.Nu SricAK STRESS RESULTANT AS A FUNCTION OF TmE

•••ER I^ICNmL L ENGTh ( PHI) .

O-.-tT INU£

.,RI TE ( 5 , 50C)

-EAU ( 3 I » ) Li.

1F(LL.E3.2) so To SSI

1=0

ZETA=0

SC 3J 1=2fL

xi i )=2ETA=I80./PI

.<.,Phi.n = X.-:H«S IN( ?H iJ.\E ) = (F7-(F<fl/F1C)»FIQ+(F2C/F1CJ«F3)

X,RhL,Y = -l XPl i = 2. =XN/KAC) sUFoC/FiO'FlS^IFSC/F iC J«FLo-( FiC/FlC J
S*F3)

X»PMin = -XH22=SiN(PHITrtC)»l IF9C/FIC JaFiS-(2.»FoC/FICJ »FoJ

x,?hi,Y = -( xYl.:»2. »XR/RAS J »( - ( Fa C/F iC J »F iu ♦ ( F iuC/F iC ) »Ha)
iF ( SAS2 (iS ) .N E. S . ANC.RAOl ( ̂ ) - EC-RAU i ( 1 j ) XCPH liR=-XCPH IM

IF ( RAJ2 IX) .NE.S.mNU.RACI ) .Eu.RACl I 1) ) X CPH 2M=~XSP M EM

t I Ci^iJ.cU.x...'«o.FvMj^(RJ.t;o.HAwl IK""!) ) Yl IJ=AoFH2H + X^PH2M

( iC'iiU.C'v..x .oisiJ.riAoI IR ) .c«.RmLI If\*I ) )

F I IE\o.2,.2.ANS.R AJE(R).£Q-RACIIR+1))

r { Ic<Fo.ii^.2.MN0.AASA(R) .w'2.amw11n + 1) )

IETA = t.ETA+xINCRH = PI/I8Q.

C..NT iNuE

--oL 3S-PM(X,Y)

IF ( I I . E,.7 ) oo T C 13

us N T INU £

roR.AAT(//FjXf'SHEMR STRESS RESULTANT AS

&  ..F ANui.3 (i = YaSF2=NUJ')

SO TO I

y ( I )=XCFHl.rt+xaFHI.M

Y ( I ) =XCPH2n+Xi.Ph2M

Y( I ) =XUPh IH+XoPHIM

A FUNCTION

1  . J calculating Y aR iu I SiN.iL STRESS RESULTANT AS A FUNCTION

UF The "EkISISNAL length IPhI).

cc NTINuE

iR I T E 1 5 F o J i. i
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0 V L

O W J

ivcAiJ ( 5 I - ) LL

lFlLL«ciJ.2) ~jij TC oOl

1=0

iETA=0

OU oO I=2rL

Xi I )=2£TA=ldJ./PI

CALL PACrCr! ( l£TA )

lF(££TM«c-v«L«o'^*IaL'^«^2} 'jiatX^ CO

>:.CAhin=-Xn U »S i.\ ( PHia.Nt ) »C0 TAN ( Ph I OM£-Z£T A J * ( F7-( FAC/F IC J »F 10

i + i F2C/F1C)«Fd)

x;iPmM=(X,-ni »^,CTA,, ( PHIUN£-2£TA )«2. ̂XK/RAC) »( 1 F aC/F IC J »F I 5 +
iiF5C/FiC)=Flo-(FiC/FlCJ=F3)

XNPH2M = - (X,'122*2. «XK = CUTA,Ml PH ICM£-2ETA) /RAuJ *( ( F3C/F iC J «F la-

j (F lOc/F LC) »Fa)

x.MPn2H=( XHiL'CGTM.J I PH I CiM£-Z£ T A )* S I N I PH I T )) * (( F 9C/F1C ) «F 1 0-

i(2.=F3C/rLC)*F3)

IF (P. a02( K) .Mc.O.AMu.rtAOl (X) .ci.RAJi 1 X— IJ i XNPHl/l®—XNPHiM

IF ( rA02 ( X ) ..>.£. 0 .AmO.RACI IX ) . Ev.xAU 11 X- U ) XNPh2.1 = -XNPh2M
I F I J £MU.£;.1.AMO.FA02lK).£:.ftA01lX-ni r(IJ = XNPH2H+XMPh2M

IF ( I cMO.Cai .1 .AMO.rtAJl (X) .£5.RA0i(X-lJ J Y( I ) =XN PH iMi'Xr.P Hl.1

iFl Ict'iO«i3...2...'.i.*r\A02lXJ«cO«RMCl{X + lJ t

IF ( 1 £MJ.£i.2 .A.NO.S AOl 1 X ) .£ G .RAO 1 I X-f 1J )

2£TA=Z£TA+XIMv,R1»PI/130.

wOIh T lMo£

CAL.. jR APrI { X I r )

IF( i i.£0.7 ) 00 TG 15

T i M 0 £

rORy«r(//,iX,"'£RIO IC.NAL

S  OF amuLc ( l = reOf2=MO) ' )

^uTC 1

Y(I i=XNPH2M+XMPh2f

r ( i J=XMPnln-»-xnPHlM

OTREOO RcSOLTAMT AS A F'JMOTIGN

■. J A uw JLA T I i.w T,-tL TaMOcMTIAL STRESS
i-r Tnc "cP. I 0 I C.'iAi. LE.NOTh IPHlJ.

ISJLTAMT As a FUNCTICm

uoMT i\oc

rtXITzlStTjC)
Rc A J ( 5 I = ) Li.

IF(ci..£G.2) -jJTO 701

1=0

Z£TA=0

JO 70 I=2fL
XI I J =Z£TA» lao./o I

wALL FACTGRISETA)

xmTH lrl=-l XFl 1»Xn»S IMI PHIOME ) ) » (-r9-( 2. 'FhC/F 1C J »F 7+( F2C/F1C J »
iFlO)

<M Thl'l = -( A,"li =2. *XX» = 2/R AO J = (( FoC/F 10 J »F 1A+( FaC/F 10 J *F 10-
j(F3C/FlC)*F10)

a.,T.-i2.i=( X1La = 2.=XX«»2/RAj) »(-{ 2.*FSC/F10)»F7i-(FiJO/F10J»F10)
xr. iHLM=lXri22*2.*xx=3iMlPhIT/iG) J = l — lF7C/FlCJ'F7 + (Fo0/FlCJ*F10J

iFirA02tX* i •<*c.'..Ai\...f\AullXJ.c..AM(jllX—IJJ XNTHIM——XNThlH
IrlRAOLlA) ...E.O.-MO.RAOIIXI .£,.XA01(X-IJ j XNTh2M=-XNTri2.1
irl laiSO.a..!.—mu..aAJL(a).c..RA011X — IJ J Yl [ j=XNTh2rt + XMTH2M
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IF ( 1 t.NJ.r, .1 .mNu.KACI. IKJ.tC-HAuKK-i)) Yd IsX.-i TH Ih + XN Th IM

IF 1 I ̂ N3.cU.^ .AhU.HAD^ (lO.Ey.SAOKK-fU) Y( l ) =XN TH2H + XM rH2.«

IF d cNO.£Q .2 . ANJ.KACl IX).22.KAC11K + UJ Yd J =XN TH 1. h + X.N TH iM

2£TA = ZcTA + X1.'hCSM»P 1/ L3C.

7  Cu*4TIr4»JE

CALL. u«APH IX , Y J

IF( II.c».7) jGTC 15

/J1 wCMINUE

7J.. FC.-.'-'AT (//, 3X , • TA.'dc.Nr I AL SrKi.SS RESJLTANT AS A FJNCTICN

F  CF AiNGLi (l = YcSf2-M«jJd

uC T L( I

iEC.^l:.u IF ECTh E\JS have SEE.N CALC-LATEU

IF ( 1 ENC .E» .1 ) CC rC 2

rtE T ̂  F 4

-wAuC^,CCClC^CC>:CCCCCC>-CCCCCCCCCCCCCCClCCCCCCCCCCCCCCCCCCCCCC

c

^  c

C..-U »C>,CCLuCCCCCCCCv.CCC^CCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCC

S^Sr-.uoT i;4E nE:H CETE.FYINES THE FACIAL OEFLECTICN, C
'"'c.'^iLji^iiA^ K^jr-^riCjVf tanGcwtial mcmenTj hericiciNal c

iu/IEiVlt SncA.F STRESS .F £ SCL T A,N T i .AEkIOICNAL STRESS L
-EjJlTa.vt, a.vc the Ta;<uEntial stress resultant as a y,
rJ.ycTd.'i CF Tnu .YLnlCiUNAL LfSuTh I Phi). C

C

jJEf.uJri..£ h£Hi(x,Y)
-.y..v-n.V/ AR,^ AYS/ITYP£ii0),(\A0I(IJ),RAC2(IJ)»XLENTlI0),

J> FHES(d)fTHICliU)fXNL4IJ)»£{10)fLuAOliO)

CC ""CN/v-C;. ST/x IN>.R,h ,L I XK ,P d K, J, Nu.'' = l£ , R Au , PH 1 Cf4£ , PHd'nC

y...F''''U.'</r...,T/pl,F2iFS,rt,p5tFa«F7,raiF9iFL0(Fll,FL2f
?  Flj,Fi.^,F15,FLo,Fl7,FlJ,Fl9,F20,FlC,F2C,
3  rJC(FACfF5C»F6C»F7U(r3CiF9CiFiGCiFiiCi

i  F12CiFI3CfFLA>,tF15CfFloi.tFL7LtFLoCtFi7CfF20Cf
S  Li2ro5f>j3

SI ■■!£Nj ic;. X ( L ) , Y ( L )

Ai14=0
Y ( i)=0

REAu 1 L I » ) , Xh
Xi\=l .!. = l i.-X,',j(R)« = 2) a(RAJ/THlL.iR) J«»2)*».2i
: I =c
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1  CwNTINue

..i^iTc(5,2)

2  FoS,vat (/,jX, ■Hci"!iS?ERICAi. nEAC)
11=11+1
1F( n.uT.7) -jCIC 15
joru(^J00r20'JUt300CfA0JJr3000f0u00t7iJ00i til

c
C  i l-; PAOUl. CEFLECTiC:; AS A FJ.NCTICN cf phi.

L

IjJJ Cu'tTI.Njti
MA lT;l3flJCJ
AE-0(2,=) Lw
IF(uL.c1.2J jcrc IJl
1=0
2LiTA=0

i,J 1 = 2,L
C  IJ =2 ETa= laS./P 1

■-Ai_i. FACTuP(2ETA)
w = i.An=-( ( XH«aA.,»XK=SI M PHlC;;£-2cTA ) »SIN( Ph lONE J1 / 1 EUJ Tri IC ( XI J )

5 = ( -rP-( 2. = PAC/Flv,)»P7+(r2C/FlC)«P10)
jElR.''=-XH»2. 61 aX*'2J = SINI ?HICfiE-2EIA 1 «(( F6C/F IC) »F IH + I F3C/ FU J

5=Flj-{F3C/Fly-J=FlJ)=ll./i£UJ = THlCtK)) )
<( ■1 1=0 £ i-SH +0 £ L P1*^
mP I T:(2 f *) JElPm,r( 1 J ,X( I)
2^ f A=2 zTA + X I ',v.Ay

lu OoxT i,So£
^-.LL -jP-ipHlXffJ
Ir( Il.£2.7) 2CTC 13

. J 1 T I"(0£
1^^ FuaC AT ( / , jX , ' j:iL TA AS A rJXCTICN OF A.NuLc ( 1= f £S t 2 = 'nC 1 ' )

j'jTC 1

' lA 1 J 1 iN A L aG 7m 7 lui.N As A FUNCTiC<< OF PHI.

; . .jO CG M i 1 . ■< w £
M A I 7 £ ( 5 , 2 S C J
k£a2i5t=) LL
lA ILm.mm.aJ >j1j7ij 2Ca
1 = 0

211 7A=0
Go 20 1 = 2,1.
umLo FAC7CP(2£7A)
<•1 ; )=2E7A«(1jS./PIJ
M2TAn=-( (Xri = 2.'( ^N= = 2)*5IN(PnIuiNcJ )/l£lN)=7hlC(X) ) )»

5(-Fs+(Fn,/FiC)=F9+{F2C/FlCJ*F7)
-,£ TA,-i=-( I XX ==J i J / ( £ i A ) = In IC I X ) = kAo ) ) » ( 1 FaC/F 1 C 1 »F 13
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5-( *Fl5-< ri>«./FlC)''F7 )

r I I ) =8cTAM+06TAiy

r-A I Tc ! 2 f ») bcTAH, Y ( I J , X I : J
iETA-stcTA + XiNCFM

2 J C w jN T I iS tjc

AmLL uAa3h(X,YJ

IF( Il.ci./) 3CTQ L5
2JJ F./SMAl t///(jXf'FuTAriGi\ A3 A FjiNLll^.N OF ANOLt (i = Yt:S»2'=N0J' J
2^1

ju Tu 1

L

C  li. i incAA iTRcOO r\£SJLT AN 7 AS A FoNCTiON OF Pnl.

0 vy - 0 CONTINUE

..Si r£( 5,300

S£ AC I 5 > « ) LL

Ir(LL.£...2J jkjTC ^01

i=0

££ TA=0

-.u, 30 1 — 2,0

CA,.L F-crcSi2£TAJ

.<.( I )=2£rA-( LaO./PI J

.<..Phn=Xh'JS IN i PhIO.N£) = i F7-( F.tC/F iC) »F LO + ( F2C/F10 J «F3 J

x,iPn,-<= t-AN»2. »X^/R■AO J » ( I FoC/FlC J »F l5 + ( F5C/Fi.C i »F io
i-(F Ju/F IC i «F dJ

~'( I J =X.,PH,A + XOPHrt
2£Ta = 2£Ta-».xINCSiY

1 -j CuNTIi^Uc
wAl,. vjSAPn (X, Y )
iFi l i.c.-O 00 TC 15

:  .'vj f-^r ■'.^T [ / / / ,3X, 'Sr:;AS ST.S£S3 S£3U0TANT AS A FjNOTiG.N GF ANOOc
3  i i=rE3,2=NS) ' J

3^1. _o .N T I J £
0.3 TC 1

(-.) .--ES IJ ti.i\AO jTrt£SS .AESuoTANr AS A FU.NOTIGN GF PHI-

wbN 7iNUc
rt PITEI5,AC0)
S£Aul5,A'J Ll

1F{lw«c««2J owT. .tOl
1 = 0
2£TA=0
^G .+ 0 i = 2 , L
-ALL FaC7C?(2£TA)
Ai ; )=2£7A=(ISO./PI i

,<N Pni-.= -Ail = S I N ( p-t I _N£ j = lG Tan i Phi C\£-2£ 7A ) = I F7- I FaC/F IC) »
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iFlO»(f=2C/F LCJ'FdJ

X.NFh.'-i=( (XM*CCiT«.M(Ph;LiNc-2£TA)»2.«Xi<)/RAJ)»Ji (roC/FiCJ»F15
i-^(F3C/FiC)»Fio-(F3C/FLC)»Fa)

A3 y( I ) = XX?hni-XNPHM

i£TA=ZETA + XIiNCPM

AO CuwTlN'Jc

\jRAPrt(XfY}

IF(H.60./) GCTC 13

fjA F OP A T (///I 3 X , ' i j 1 CNAL STPcii R£5uLTANT AO A FJNCTIC.N Tn£ A.AOi.

i  I l=Y£S,2=NC) ' )

-<•0 1 CO.N T I '■.uc
ju T C I

0  13.) TiNGONTIAl OTk£SO REOoLTANT aS A FjNGTIufi oF PHI.

C
1  L 01\ r I r< u £

n RI r £ (3»5 c)
--£A0(3f --) LL
1F(LL.£0.2J GOTC 501
1 = 0
;£:a=3
jU 50 I=2fL
Al I )=0£TA= ( 130./PI )
OA ..L F Au TO P ( Z£T A )
X,'. Tnfi = -Xn=XK = 0 i;. I PHlo'JE ) »l -F-}- (2 . *F-fC/F 10 J «F7a(F2C/F1CJ»F1C)
*■■171-1- = — ( iaP = 2.'Xn' = 2J/RA0)=( CFoO/F1i,J=F1-^a(F3C/F1CJ*F13

S — (Fal/FIOJ'Flo i
Y ( I J = XTii THn A X'* 7 HH

laT A=2 cTA-X lnuR'*^
3 1 C 0 .N 7 IM u £

i—mOL ^RAPH(XjY )
1F( I I.£«.7) 0vj7C 15

' ̂  ^ <-ijP'-A7i///ijXf '7Ai\G. 07 A £00 R£SJL7A,*i.'7 Aj m FO.NOTION OF Ai\o4.£
3  ( 1= y£S,0=NG ; ' )

3^1 0 u N 7 IN u £
^1-1 T w 1

1j.) :-i £R 10 IONAO .'■'C.1EN7 AO A F'jNCTICi'< OF PHI.

w 0 N 7 IN u £
t. RITElOitOCJ
-1 £ AG ( 3 T ' ) lJ.
IhIOg.c^.O) -jui i i. Awl
1 = 0

0£TA=0
-0, cO [=2,0
U I )=0£ T A= ila^ ./0 [ j
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^ALL fACrCK(/£TA)

XM?hh=(XH«KAJ»SI\( Pri luNc)/C^.'XK] )»l-flJ + (2.»F4C/F1C)»Fo

$-( F^^/PU.) •F6-(F21,/F1C J»F9)
AMPh.r=XM«( (FoC/FU J«FL3-(F5C/Fi.i,J«FlA+(F ji,/FJ.i: J«F9J

Tin =X.MPhh + X,Vh,«

IcrA=Z£T.< + XlNC

j J Clj i\ T I I'jLiS

CALL GkAPHlX.Yi

IF( II.£C.7) joTC 15

= v.J FURKAT (///,3x , 'Mih i. ,1C.T-£M AS A FuClFIL.-J CF A.SGLt U = Y cS , L = .CC J ' J
3-1 L o I i .N U C

vjvj rc I

C  i 7.) TA„CE":riAL ^lG.k£:\r A3 A A F.JNCTICN CF PHI.

7 - C j w u "i T I ."'i o £

IT cl 5j 7JlJ

Rc MJ(3,») LL

iFIaa.c.vc) 'juTa 7cL

I = U

.o 7: nz,L

aAcL F A>, TC R l-<.£t a )

'..■lPHn= I I Xrt*KAC»S lC I PrilC.Ne ) ) / 12.»XK J J «l - F 10 + ( 2. »FAC/F1C
j ) * F 9 )

<,YPhH= (X.H«=RAt;T=S i I PH ICNE ) / I 2 .'XnU • (-F I J + ( 2.»FAC/F1C J »Fo
:-lFAL/FlLj»F3-iF2C/FlCJ=»F9)

.^.'■iP H -"sXH*! lFoC/rl»,)«Fij— (p5C/FlCJ'Fl-t+(FJC/FlLJ«F9)
an =xMi3HH«x,'ij ;x ; + xmpp+»x,\ui m
C£TA = CtTA + xI,NCAH

7^ uL.^iri^jUE
'..All 'j P a P ,-i ( X , T )

7.1 CCMi;-iU£
IF( ; i.L..7) CCTC Id

. .. F.PHATl// / rAXt 'TAi... .'-iLHE'Tr Aj A Flj'ICTICN OF AiSvjLt (1 — Y£Sf2 —NuI ' J
.. T C 1

13 . . TJ 7 IN U c
R £ T . R iC
£.\C

.v.Ll..LLC..L..wLL.L.wLLLLLi.LLCC.v...CCCCLLwCCLCCLLk.CCCL*.t.LL
c
c

jvj o.p C J T I •■.£ .P^..Jm CAi.C.L«T £3 Th£ RA.IAL OcFLSCTIo.C .
■'£-. IClCfiAi. RCTATIC.N, inFAR SIR £33 RcSlLTA.NTi C
'L - I C 1-CAl jTP.Ejj ri£3 J l TA;. T , TA^Cc^TiAL STS£33 l
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i- 'vcSJLT AfMr, f'ch IwIC.iJi. AS A FuNCTIClM OF THg C
C  ACTvJAL length FCr TRj.,CArSG CCMCAL FRujTRLMS. C

c

^ _ c
Lcs-Gs-CoC'wCCLLwCClLCu^^CuoCCCcClCCCGCCCCCCCGClCCCCCCCCCCCLGCCCCC

L

c

SJSRljT I.'.c CPiiCCw (A7*iAl,x2,ALPHA,ALRHA2,PhI,ALJ
-ILN/ARRAY'S/ IlfPEdOj.RAGUlJJ.RAJ^dJ), XLE.NTI 10) ,

i  P?:S 1 10) ,TniCUO) , XNv,( 10) ,£( 10) ,LJAl)( 10 )
^,_;!•■•.^.;./^,u.\ST/X IhLkH.l , Xx ,P 1 . XfU,\uM£Lc t RA0» PHICNE ,PHIT«G
COHHLN/FACT/Fl.FO.Fi.FA.Fj.Fo.FTtFa.F^.FlO.Fll.FlE,

S  F10iF1a,F15,F1o,F17,F1dfF1S,FOO,F1C rFEG,
j  F3^»FAv,,F3CiFoLiF70|F3i,,F9C,F10C»FllC,
S  '='-AC,FlJC,FlAC,F15C.FlaC,F17CfFldC,FiHCiF00C,
^  uSrvjAr^O

G 1 H£NS i j:. X ( L) , r i L )

x( l )=0
VI 1)=0
IF I kAoS ( X J ..\c. 0 j FSAJll,") X.'U ,XH1 ,XMd,XH2
IF ( R AJO I is) .c 0 . 0 ) R£ALll,*j XHL,XF1
XtiNTI X)=XS-X1
IrlSAoOIr. )..Nc.O) OCTO 3
XHll=XMt
An i i= X I- i

r L- ^
a  iF( RA„0(k; -c«..iAi:,i lK-1) j OOTC ii

AHli=XHl
<.;■! i l-=-XHl
<.-iS2 = xti2

JO Z
i. . ah = Xh 1 •

A iiiis-x'n
Nh i L - X rt 2

i

I c 0 — 0
A. i;=o

1 £ nj = I ~ ;>«u > i
t  CC.'^ T I J£

Ir t i cNj . i . A.NJ .RAJ2 IKJ-c^.RAJUR-U J X.H=X1
lF( (n) J -X^^SX^
l£ I i (KJ J XM = X2
1F( X^=Xi
i F I X AC2 (rv J . -C ) X.v = x2
XK=ij.#l l.-A:jL; tR]f2J J**.25 / (THlC(KJ*Xi'^«CLJTANlALPHAj J*».5

12. i.-XNU\/<J**2) J
i' 1 = 1 1 > i
iFl ii.JT./] JC,7C 15
ir(n.Mu2( fs]
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i  rORZ-tAri/fiX, 'TRjiMCMTiD ^b.MICAL SECTItjN')
1F(RaC2(n) .Cj.O) viCTG 7

b  FGRMATU, jx, 'CCNICJc END')
aF { i •! •Ari3«K#iJ2 {X J •w'^«Rmu1 J
IF ( i£.'jO.£ui.2.Afja.RilJ2(K) .Hw.RAOi(K + lJ )

IF 1 I £iNC.tC . L .ANJ.RAOU K j .t^.RACl, ( <-in

xK

Ii~( IcNiD«ta'<M*2«MiHL'«RAJi[RJ «c>««RAClIK'^LJ i
FC R.-Ml 1/ , , > SFALL E\J< )

FCRFAT (/, 3X, ' LARGE EiNJ' J
i-UfiT 1,MJ£

^joTw I iOOOf 2>jL0f ACGCtHOGOf-^LuOroOCJf 700G)

ITE(5 t A J

xR I TE{5 »4 J

xRITE(5 » 5 )

xRITE(5,5)

I I

l laJ k>auIAw Cz4"LcCT[C-^I as a Fjr^LTICiN GF THE ACTUAL
length CF Tht SFELl.

2J/i2.»D*xx-»jJJ«(-{P^C/FLCJ«F7

2)/iA.»0*Xi<«»3n»lF9 + i2.»FtC/FlCJ

u«XK.»»2 ) ) «( ( 2. «FaL/FlC J »F7

^ o r 11 ̂  u c

x<\I T£(3, LoG)

A E A G ( 5 f - ) L L

IFiuL*c-a«2) juTtrf LuL
1 = 0

2ETA=0

Ou 10 i=2,L

X( I J=<.ETA= 1X2-X1J

UALL FmcTCRIOETA)

OEL ̂  In= I I i = SI M ALFHA J
i * IPdC/riO)=FiGJ

0£Lt\2H=i (XHGCSINI AlRHAJ
i = F ̂ -iFZu/F IC J»FLO)

OGLp i.''=-{ I XF li = S IN ( ALFhA) J / ( 2
S-iFIjC/riC)=FIOJ
jCLR<^.'-=( IaF<lO = SIN(-L?hA1 )/(2.»l)*xK"2J J»(lFow/FiGI»FlA«-
5IF30/Pi.u)=Fli-(Fi'_/rIC)=FlC)
1Fip«j2(\) c.u.ANo..-. ACI(r).£«.RaG11X-L)J OcLR 1,M=—Ot LR IM
I r I •RC--.A,n,.n.AOI(XJ.£«.RAGllR-|,J ) JcLR 2H=—OELaOM
iFtRM02(xj •cx«'j«ANL«R«£^«NUiREuc) 0ELRIf'^ = ~0£LRIF
iH( — .NC.RA*jil(<J,^^,RAJl(X— Y( IJ=ucLRiH-Ru£LKiH
iH ( iCi<w«*;>^«2«Ai\0«AA(jI (rI •c««RACI (K + IJ J
iFl •Ai\ij,r.Au2 tRi.cA^RAOilX'"!! J
iP ( Il.*i-.«c*«0««.«J«aAJlIRJ •cO«pAiOI.(i\RiJ )

ip (R-^wOIr) aC^MAoJ f (I J=OcUi\iM'*OELRiH .
•i.cTA = 2£TA«-(xl.'.GRY/lx2-XL)J
CCMT INUE

CALL GRAr>H(X,YJ

.<p. I Tc I 5 I = J 2HT A

xK[Tci5f=) u

i p I I I • Eg *71 \jij Tu I 7
:C\TINGE

■"-jFyaTI / i3X» *0£lTA AO A FjiNLTiuN OF SHELl

T ( I J=Oci.Rlh-pOtLRiF
Y I I J = U £lR2H+l)tLR2M
Y 1 i ) =0ELK2h + LJcLR2.'"

LS I Th I i = yes ,2 = Nu j ' i
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w  iJ.) ■<Cl^iCIu^AL KLiTATIofi AS A FJinIl. T I c.'i Cr Trie ACTJAl SHELL LENuTH.
C

c

lSNTIiNJE
nKlTE(3F2ijSJ
-,EAJ(5,») LL
ir{LL.cS-2) jCrC 2J1
i =J
Z£TA=0
J'J 20 1 = 2, L
XI 1 ) =2crA= lA2-xn

^£TAlH=( lXHU = Si.N(Al.?HA) )/(2-=0»XK = »2J J = l(?9C/FlCJ»F-»
S+(2.»F3C/FLCJ«F7)
3cTA2H=-( ( XH22 »S IN ( ALFnAJ J / I 2. *0«XK«»2 n»(-Fo+{FHi,/FlC)=F9

i+(F2C/FlC)»F7)
3ETA^M=(A,-lii/l„ = xK) ) = l (FSC/piC)»F9 + (FlOC/rlC)»F7)
jt T i2-^=( XM22 / ( 0 = xM ) = ( ( Foe/F 10 )»FL6-IF3C/F1lJ»F13-<F3o/FLu)«F7)
iF I FAOOlx) •aE.O.AiXO.aAOI IXJ .cO.AAJll X— 1) ) 3£TA1H= —dETAlH
iFl Fm02(K/ ..iC'O. Am 0.r.ACilK).S«..RACll K— iJ J 3£TA2Ft = —ocTA2F
IF ihM02(XJ .Ev-O.AXC.X.Sw^iMJMELE) EETAlh® — 3ETAih
Ip I lci'iJ.50.i.A'.O.FAJi. iX).c».RA01lX-L) ) Y(1 ) = 0£TA1Pi-p6ETA1M
irl 1c.^ju.£Q.2«AmO.RAOI(XJ.E'0«RAO1(X+1) ) Y(I)=o£TAlPIPd£TAlM
IF ( 1 lmJ . c 0 • i - A."40 • K AO 2 I K ) • £0 . RAl/I (X-iJ ) Y(II=6£TA2h + 3tTA2ii
.F ( i c;'iO .3', -2 -AimO .aAJO lxJ.£0.rtAUiIX + l)I Y(I)=o£lA2H+dETA2y
IF(P«021M .£',.u) r(IJ=e£TAlri<-B£TAL?'
2£Tm=i£Tmp(xI,\CRM/ lX2-XiJ J

2 0 Lo.\ri,',w£
jAA'^nlAfY,

IFl >I.c...7) OuIC 13
2. 1 l0.47i.'-.o£
-- J --.F:'''Ar i/rjX, ' ''cKJILi'iAL XOTATIC^ as a FjNCTICN Cr SpiELL LciSuTn

3 ! L = y£3,2 = !Na) ' J
JO To I

SIFcSj Ac-jJLTAiOr AS A FoMOTiiji', CF TriE AOToAL LcKOTpi
i  SFELo-

wOiX I ImO £
A R I T E I 5 , 3 C C j

E A J I 3 , » I 00
^p(uO«Ca«2) jojC 2(j1
aK I r £ ( 5 , = ) X ,.Nof El£
1 = 0
2£TA=0
Jo jO i=2fO
■U 1 ) = a£T-= { x2-xi J
oALl F AO T'oR i 2£ T a I
4.ol."i=lXPtli=3l.'. lAi_p~!A4 4 = l—(F-?o/FkoJ=FI0P(2,=Fo0/FiCJ=F3J



147

j u 1

3 3

ALPHAJ-'( F7— { F-»C/rlC) »FL0't-lf2C/FlC)'Fa)
ASiy=( XMU'Z.SAK )^= I iFdC/FlCJ »F10-(F10C/F LC)»Fa.)
Xj2M=(X;-122«2.»AM«((F6C/F].CJ*F1.5 + (F5C/FlCJ«Fio-{F3C/FlCJ»F3J
IF ( R-u2 (M .Nc.O.^Nl.kACI (K ) . GO .iXAO i (X-i J ) Xi;;M=-Xv.iM
IF (FAi;2( X ) .Nc.>--ANu .kACI l.< ) . cC.RAO 1 ( K- L J I XS2C=-XS2H

IF(h<.02lX) • ̂ Q . 0 • M.-i C. X • cw'• iNLiM cLc ) X;,1M = —XilH
IF I i E.'.O.Ew.l .A.NC'.kAO; (K J .EC.SAOl IK-l ) I
IF ( i ciXJ.E, A.NU.KAjI ( K ) .EO.SAOl, IX + i J J

IFI IENJ.=2.1.A.\C.RA021X) .ci.nAOi ( X-1 ) )

IF I I ENl).E2.2 . A,\i3.RA0<; I !1) . EC - RA J 1 ( X + 1 ) )

IF ( iaA„2 I r-) .E J.C J Y 1 1 ) = X_Ln + XClM

EcrA = 2aT-«-(XI.N2KM/lX2-Xl))

C w T I .X u L

CALL ofAMPtilXfYJ

IF( I I.£j.7) GuTC L:;

C ij '■ < T i N J L
FCR.'-'MTI/tjXt 'Si-EMK ETRESi RSivJLTA.'JT AS A F uMC TIUN OF 3HEi.i.

j  i.E.\OTh ( I = Y ES I 2=NC ) ' J
r u 1

r I I )=XC1h + XC1M
Y 1 i J = XulH + X^l.M
Y I I )=XC2H + x(;2«
Y( I )=XC2H + xC2rt

lEtAlOIw.NAL stress resultant AS A FUNCTION OF THE ACTUAL
ir.ELL LEN.jTh.

3-jJ uU *"17 IN u E
aR I T c i 3 f tO C J
REACIvf^J LL
IF(LL«lO«2J ^0
1 = 0
lE TA=0
JC '♦0 I =2» L
X( IJ =2ETA=(X2-
-ALL FACTI^rUS
L.Alh=-Xrx i = CO
<^<x2r = -Ar!^2®v.O
XNXl," = -XMl i=2.

X\X A 2-2 •
F-(F3C/FlC)*FaJ
IrlrAlj2Ir\) *Nc«
IF(RA02(nJ.NE.
IF (RAu2Irv) .E0«
ii ( LtiNJ«3'<N«i«A
IF( iC:N0«E'««2*A
ir(

IF ( I wNu • E 0 .2•A
IF ( R AO 2 ( N J . £ 0 •
*.i.TM = i.wTA> Ia lit
„ 0. -I T IN U E
OAlL 0RAF(1(X,Y
ir( ii«c;w«7) Liw
^O.'iT INoE
-Oa ^-.r i /, ix

rUl

XL )
TA )
i ( ALPM« J »(-( r9C/F U )=FI0<-(2.»F3C/FLCJ«F3J
S(Ai.?'-iAJ = (F7-(F'»o/FLo)»FLJ + (F2L/FiC)»FoJ
'XR'CwTANIALPHA)«( IF3C/FLLJ*FL0-IFI0C/F1LJ»F8)
= Xr\ = OOTANlAi.phAJ *( iFcC/FlC)*Fl.i+(F 502 FIC)»FIo

O.A.tO. aAO I (R ) .E, .RAOi t X- i ) ) XNX1P=-XNXLM
w.aNO.RAOUx) .EO .RaOI I X- L) ) XNX2f = -XNX2.'i
tit.ANO .i\ .EO.NUHtLE) XNX l.-'s-XNX IM
NC«AAt^l (X ) •CtiaAMuI IX— i ) J
iiOvaAOI (a) •cC«RAOI ix+lj j

ttO«RAJ2(X)«cC«RAGitiX—IJ )
'.0*RA02(X),EO»RAOIIX+IJ I
0 J Y ( I ) = XNXLn + XNXlF'
OnN/ Ix2-Xl ) J

Y( I )=XNXLH + XfJXI;X
Y1 I )=XNXiH + XNXIM
Y ( I ) = XNX2.-i + XNX2M
Y ( I )=XNX2H*XNX2M

tRiJi-NAL STRcSS resultant AS A FUNCi iuN OF SnELL
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4 ucf.uTH ( i = Yi5 ,2=NC) ' )

J.J TG i

ij.) I A,.CG .T iAL STxGij A.ESJL7A,Nr AS A rJtMwTICiN CF THE AcTGAL
SnELL LENsjTH.

i wj j G G N T 1N j £

n^lTc(3iiJC]

AEAClDf-l LL

IF(LL.£G.2i GoIC 5Ji

1 = 0

2£TA=G

GG ?0 I=2rG

< ( : ) =2ETA= ( X2-X]. J

w>«LL r^c7C'(Z£rA)

•v., 7,-1 tn-2 .« AH L 1 = XY=XK»CG5 i ALPHA )» I - i FyGZ F IG J»F7 + (FdC/F7GJ»Fiaj

X:i7nLn=Ani.2*A^ = Xx = GtjS(ALPhAJ = (F9-Y(2»*FtG/FLGi'F7—(F2Cyi-iCJ*FlO)

x,,7fii,M = -x.Ui*2.*xK»«i»XH»LG7A;, (ALPhA)»li2.*F3C/FlGi

S^F7-iriOC/FlG)*FLO)

vN7H2-i=Xh22 = 2. »XX» = 2»XH»GC7ANI ALPhAJ»l 1 FoC/F 1G J «F 1A+

5.FbC/FlCJ«FiA-lFjG/FlC)»F10)

IF I RA02 (kJ .n£. O.AUG-(\A01 IK ) .EO.aAOI ( K- U ) XN 7H 1M=-XN 7h i.M
IF ( PmJ2 ( K ) ..N£. O-ANC. SAOl iK ) .EG.KAUl I K- 1J ) XN 7h2Mi=-X.N TH 2M
iF ( PAOG UJ .£^.0. ANG.K.EQ.NU.HElE J XN 7ril ̂ '=-XN TH IM
IF i I ENG. £. - 1 .A.mG.FAGI, IK j .cG.PAOl IK - 1 j j Y I 1) = XN 7H i n+XN 7h IH

IF 1 i £NG .CO .2 . ANG..° AOi I K j .EG.KAOl IK + U ) Y I i ) = XN TH1 H + XN 7 Hi,«
;F ( I £.-.0.£l .i .A.\J.KA>y2 I K ) . £ 0 - K AG 1 ( K-i J J Y I U = XN Tn2n* XN 7 n2.H
.F 1 1 ENG.cO .2 .m.mG-FAC2 I K ) . £ 0 . P AG I I K + I ) ) Y I I i =XN TH2H + XN 7 n2H

IF I KAG2 I K J .c ..G ) Y I I ) = xN7.-ilh + xN rn If

:£7A=c£TA<-|Ai..GP:''/l X2-X1J )

3  GGN 7 I J £

^.ALL or. APri(XfY)

IFl Li.c.«7J ou7C 15

5 0 1 7 i ;\ o£

13 o J I'G A 7 I / I i X , ' 7 ANGc N 7 I A L oTncSS .PESuLTANT AS A FUNGIICN GF SnELL

a L EN oT H ( i = Y £5 t 2 =NL J ' )

Ic.J Hc.■^lGIGNAL HG,h£N7 aS /. FuNGTIG.Y oF THE ACTUAL SHElL LENGTH.

o o ..o GGNT i NoE
ApITclDroGCi
-£ACI5i=) LL
irI i.L.£..2) oUTG oCi
: =0
:£7A=0
GC 6 0 I = 2,L



149

I ) (X2-Ai)

---LL FACTCP(2ETA)

X,",Xlh= ( ( XH 11 :=S IN 1 ALHriA ) ) / Xr. J 4 ( ( r9C/rlC ) »Fd-( Fai./E ICJ «F9 J
X.-;x2n= ( ( Xrt224S IN I ALPttA ) ) / 1 2. »XK) J 4 (F10-( 2 . * FAC/F IC J » Fa

i+(F2C/FiC)»F9)

XMXl.isXPU '( (2-4F3v,/FiC)»Fd-(F10C/FlC)»F9)

x;;A2y=-X.'',2 24 ( ( FoC/Fil ) »F1j-( F5C/F IC J »FlAi-( FdC/FlC J »F9 J
;Fir-A22!.<) .£2. 2 . cA.N JMELc J XPX lh = -XMX IH
.F(a-,22iK) .N;;.J.A.'.L.PAjl(KJ.£2.«A0lii<-lJ) XMXlh=-XMXiH

:F I F.*02 ( K J . AiNJ. AA2 1 1a ) . £2 .R A2 1 ( K- 1J ) X,AX2h=-Xi1 X2h
IF I I cNw .£, . 1 . A(,2 .KA2 u N J .£ ̂ . RAOl IK-IJ ) Y(1)=XPX1H + XMX1M

iFl I£i-,2.£2.^.Ai\2..HAJllK;).£2.RACllK + l)) Y(IJ = XMXlH + XMXif^
Ir ' i =Nu-. L. . I .AN2 .S Au2 ( K ).£.. RAJ 1 (X-1) ) Y 1 I ) = XMX2rl*XMX21'
;F 1 1 2NJ .c2 .2 . ANJ .RAJ2 (.< ) .c 2. S A J1 (/< + l ) ) Y ( I J = XMX2H + XMX 2M
iF(AAJ21 r<).£^,.2) Yl IJsX.AXIn+XMXl,"
^.£TA=2:;TA♦• ^Xi.^^.Rl^/ lX2~XiJ J
2 - r. Y 1.1 u £
-A La -j f APm 1 a f Y j
!F ( I I.£2.T) JuTC 13

'•-.W.'t " i lvjw
F _ r.'h M i ( / » i ̂  * A A I Al Mu X Si't T as a F u/vC rioiN Gr SpicLl ctNoTh

^  i i=V'SS»S = tNuJ ' J
sJO  ■' c I

1 7. } TAiiucNT I«L XCXcNT AS A rUNwriGN QF THc ACTuAL SHcLL LcNGTH-

V-w ■ » * i -tVrf »

75(5, 7.JCJ
^cAj(5, = ) Li-

oo7C 7'wi.
* — V

2-rA=o
-2 72 1=2,L
A 1 i )=L£T-«(a2-X1 i
2ALi. rALir, RlJcTAJ
\ 'XlM=( IXnll'SiNlALPHA) lF9v,/FlC)»Fo-lF3C/FlCJ»F9)
x:-'X2;i = -l iAH224SiMALPiiAn/12.*XNj)«(F10-(2.4FAC/FlCJ»Fd

ii-(r2C/rl>,J«F9)

ay. X 1,Y=X il 1 = I 12 .»FoC/F IC ) "Fa- (F ICu/F ICJ »F9 )
XM a2y = -a,"(22® I 1 ru2/'F IC ) 4F 13-1 FiC/r IC J4F1A>(F3C/F12J»F9J
IF 1 R-.22 (IS J .£ , .2. AN J 2-Nu.Y£l£ J XYX 1H = -XMX IH
iFlKMj2lX) ..N£.2.A,',L.aAC1(a).£', .RA01(X-U ) XMXln=-XMXlH
iF I R AJ2 1 X ) . AisJ .,^ACi 1 A ) - £2.RAJ 11 X- 1 ) ) X.''X2h = -XiYX2h
Ir 1 IaNJ.£,.l.ANu..RA01 (XJ - £C.a<A01 (X-LJ ) Y1 1 J=XNU(KJ»lXiMXlh+X«Xl.M)
IFl IcNJ.c^.i.ANu.RAw/LlXJ.C^.AAJll .X + lJ j Yl I J=XNUlNj»lA,''lXif" + AilXlYJ
ir 1 I .c2 - 1 . A,\J .P Au2 1 K ) . £Q. RAu 1 1 X- 1 ) ) Y ( 1 ) = XiNsi 1 X ) « 1 X f X2n + X MX2M )
IF 1 : t.NJ .£, .L .ANC . RA02 1 X ). fw.RAC 1 IX 4 U ) Y 1 1 ) = XNU 1 X J 41 X.1X2h+XMX2M )
IF (rsACClXJ .£>,.2) f( » ) = XN2lx)4lX,'lxlh+Xi<XlY)
2£TA = 2£TAi- (xi,2LR,Y/ U2-<1) )

-Aul_ jr.Ar' i-l lXjfJ
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Ir I L I .cQ.7) GuTC 15

7 J 1 COM 1 Jc

7jo PG^'^iT ( / , JX , ' TAhGcM i AC MG.MENT AS A FONCTICN OF SHELL LE.NuTH

i  ( 1 = YES,2-NCJ ' J

C

l3 IFIkaG21"s).EQ.O) PcTJPN

IwNu«wW*lJ oC7v 2

-!ETuK.\

L.^l)

. uCACkkCcCCvkCCCuuLCCLCCCuCCwCikCkkSkCuCwCCCCoCCuwCikkkCCCcCuCi^wCACt*

L

SuDr.LjriNE PLATE CLACJLATES CEFLECTICfl ANJ FOTATICN C

jp TnL Ai\0 Y I G i Oi'» Aa HuHcNTi C 1 PC k^H F £ R E;N T I AL C

'■'u.''E;'-T ANG SricAR STREiG RESjLTAM AS FUNCTIC.S oF TnE C
r. Akjijj rC.l Pi-AT CIP. CJuAr( Pi.AT£S« C

C
..k.w^uLww'>.LAkkCCkkCCwACCCCCk^k«CCCCCCCCCCCv.CuCGLCCCCCCCCCCGCCCCCC

jodfk>-j T I "lE P LA TE I x,Y)
^G '"'CA/ AYS/ iTYPEl kG) ,R~GiliG) ,RAG21iJJf XLciiTl 10 ) ,

5  PRcS(lJ) ,HICllQ) ,XNo(lQJ ,£(lGJ .LCAjt 1 J )
A/ CukkST/X lAkkP. Y|k,,X/lfPI #XfGfNuHGLE#RAGiPHiCAc»PHITrtU

k-kj'-'.Yc.N/ rAv.T/rljF2iF3fFA,F5»F6»F7 )F3tF9jF10»Fll)rl2i
i  Plj.PlT,F15,Flo,F17,F13,Fi9,F2G,PiC,F2C-,
s  YiC)r'»CiF5C(F3CfF7C»F3CtFSCiFlJCTFliGf
»  rL2k.triJCiFlti,fF15c»F16CrFi7Ctrl3C»F19C»F2GCi
3  kj2ru5fuO
-1 •'Ci^iS ICA X 1 L ) , Y ( L J

A i i i = U

T ( I ) -0

->cAG(ii-) XM,Xn
;p ( X.Ew.AoHELE ) X.-ls-XH
G=l£iXJ«Tn;CfX)-»jJ/(i2.*ll.-XNjlX)»«2) )
11 = 0
CGaTI AGE
iF( iI.EG«-') jGTC 1;
ikfk 4 T c ( 5 f 2 J
.-GrHATI/.SX, '^LAT PLATE' )
41=1 I'-l
jk- rk^[ lu4Jwj2GJ0f3 0G3f'AOw0J 1 I I
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C  (!•) Ai A i^Ji^CTiON CF KACiui

C

C

ijjj wO.^^riNjs

cri I T c 1 5 ? L J C )

«t; AJ ( 3 , « ) lL

IF(LL.E.:-2J joTC LGl

1 = 0

OETA^C

Ju 10 1=2,L

X ( 1 J =<1 c T A

IF ( ilcTA. =, .KAO 1 IK ) ) Y( I) = Y( I-1)

lp(2ETM«cA»,^Ai^ilKJ ) 10

C  LAOL rALTCA(2i;TAJ

JcLFK£=(?hESiK)/l0»ot. l J = (KAGl(K)»«2-{KA01(KJ-2i:TA)»«2J»*2
AKl I = l lA-.ul(s)-2ETiJ/SAuUKJ)
jcLAy= ( I A 1 1 .% ) = = 2 ) / ( 2. = 0»( 1- -t-XNOl K J ) I J » ( 1.-Xa,1 i«»2 J

OcLpKE=((AS£J^^J»AA01(K)*«2s(l.-XK[:=*2))/(6-,•»0»Pn)
0«( i . 5 . <-Xi\^ IK ) ) / I 1. i-x;^J ( K J ) J-XM I »»2 J

.J2l?ac=0

fl 1 )=OcLPr<c*'L)cLFY

2c TA-=2cTA + X I NCKM

k j uiO T 1 No £

ckkLL sjftAPrt tAfY)

Ir( I I.cA.5) .jljrC 15

10 1 A w N TIN 0 £

J  F„Fy-.T(/,3x,'OALrA AO A PJNCTIC.N of kACUS' J

TZ 1

2.) r'.TAri„i, A3 A r juv, r I £.'« OF The FAOIkjS

v-w N T 1 iN 0 E

nt\ i T£l3,2wO)

alAjIO,®) LL

IF{ll.£0.2 ) uCTC 2C1

1=0

££ TA^U

20 [=2,L

A( i )=2 c T A

lFi2HTA.£0.AA21(Kj) f( IJ=Y( I-l)

IF(2cTa.c'. .KACl fKJ J OOTC 20

oall f a res 12 c t a )

- cT~.-i = I ( X.-'sl s„011 A J -2£T_AJ 1/J ) =0 5

2£TAPF=-((PA£SlAj=(AACflK)-2£TA))/(o.»C))s(SACilAj'
i- ( S«2 1 ( ,\ i -2 £ T A ) » = 2 )
Ak\Ii = { tSkkOliXj—a^TAI/SAOIIaJ J

2£TAFR=( vP®£Sl.s)=AAOi ;K)«AKI[,/llo.»G = Pi))
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CJNTIMUE

^AlL lNlTT(i20)

uall 31nIn

(.all CrlEC/<(X,Y)

CAl;. l inc( 11

amlL SYMaLlO)

-ALi. 0SPLAY(X,Y)

call MlVAlS 1 jotc2C)

CALl VLA:2cL(2 1,

^AuL "^CVAcjlAlOfDOJ

call HL-tdtLlLSiLAccCXi

call .\>-TAT= If IC, 7c3, IA.lIlLEXJ

lALL '1uVA2S(J7Ct7CwJ

wfL^ riLfCCLlI5fCIi.LcXJ

CfLL '^C JAc Y ( f j 5 f 72 5 J

CALl nLAijci. ( 1 j I LJCTA J

wAll T i .Nr L T i J sJ i

f L L 3 IM r T

LAi_L iNiTT(JJl

-< c T j A i\
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i. f. i rAiMUci>iriML yc.-t£,\T as a of f<AOius

^ J t-JMTiNu£

■vA i T £ ( 5 r AO C J
A£aC(3,») lL
1F(LL«£^«£) ^OTG Avji
1 = 0
Z£TA=0
0 0 -^O I = 0 , L
XI I )=Z£TA
IF (0£T-4. E J .KAO U KJ ) X( I )=Y( I-1J
IFIi.cTA«£o«FAOilXJ J AO

I 1=( l .^Awi^XJ—i.^TMj/FAOiIf<iJ 1
A^O.v rp = ( FkcS ( ;<)/( l3. = ? I) ) •( 3. YXN0U)-il-+3. «XNUIX) J»XKI I* = 2I
^AO.■"'r = XA

^AO.n?=o
r( I } ^rvAUMPTf-iiCHi^r
-=T--^ETA^-x^^C/^M

^ C 3 N r I i\sj c
oin APH i X t Y )

i'~i ii«Cw«DJ owrC L3
i. M r i i:

ruF,y-Ar ( / ; 3X , ' TANOcN: UL MOrtciNT AS A FjNCTIQN CF FAOiUS'J
ju r 0 L

13 woi'.r inoe
■■-£ T,^

j J £ .< 00 r I I'.c j(\A F M ( X t Y )
-o. YwN/Owi*Si / X iiio ^Yfi,fXY\t?I fXfJf i\UF£i.c

I Y£Xi iO.N X ( C J , Y I i. )
X i i j =0-i
Y ( i J =0-1
''-P iJ
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S»( 1 ( j. ( K n / ( i. . 1-X,\U 1 K ) ) ) - XK i I )
3£TAM= (XM^fiAJUKjeAKII J/lJsti.+XiSUlXjn
dz TA^JRaO

y I iJ=5£TARR-fucTAy

i.5TA-£cTA+X

2R lGM iMJt

-ALL ^hAPH{X,YJ

;F{ I I .£-.5) jLTC 15

251 '— LiXTlLtJc

2jo .'-•jR.'iAr(/,jx,'rlTmTI:r; as u fjwcticn of raoius')
J^TC 1

L

c

c

15. J RAJImc -CSM hS Fj.NcTIC.N of RAHuS
u

dOj) LI 1\u£

■ .« 1 Tc ( 5 , 30 C J

r^i-A— (5f*) LL

IFIlL.£0.2J GO rc 301
1 = 0

L£TA=Q

OC 30 1-2,L

X( iJ =2i:rA

;r(2£T-.£^.KA011.s) ) Y( I ) = r( I-l)
^^(-3lA•;^-»RAGll^J } v,utC 30

k-ALi. r mL T CR ( 2 £T A )

RA-;'P=(RRES(KJ/lo.J = (KA0i(N;«*2»ll.i-xriuiXJ )-(lRA01(K)-££TAJ» = 2
: = ( J A o ( X ) ) ) J

Au A •' = 03

ax;1-((AA01^^)-2iTA)/RA01[Xi )
-.Aj;-'R=( Rr=Sl<)/( ,.o. = PI ) )=«(3.«-XiGi^(X) )»( l.-XM 1»»2)
RAu.'-'R = X'A

Ra0HP=0

OH rA=our--^x i,,k,nY

Y( ; ) =rt AOiAp*p.-.OYR

i 0 r I ■■'Joe

J J i U ^ ri r [ ' 1J C

r-n-Mr { / , 3 X , ' r. AO IAl i'^jUZ-cNT AS A rJNCTIGiM Ur KACIwS* )
JU. T Li 1
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