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SYNOPSIS

A FORTRAN IV listing and a flow chart of a computer program for the

static and dynamic small deflection analysis of axisymmetric thin shells of

revolution is presented in this report. The program permits free and force

vibration investigation as well as static analysis. Although the program i

not completely general as far as shell geometry and boundary conditions are

concerned, enough theoretical information is presented to enable a potentia

user to assemble a program general enough for his particular needs. This

information includes an entire chapter summarizing the theoretical bases

for various aspects of the problem and a set of appendices giving useful

formulae.
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= matrix kernel for integration leading to element mass matrix

= change in meridional length of a cylindrical or conical element

or in height of an annular ring element

= element flexibility matrix in local co-ordinates
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= overall assemblage stiffness matrix; bending stiffness of

shell section

= kinetic energy of a shell element at a given time
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3 x
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INTRODUCTION

This report presents a computer program which has been developed in the

course of a continuing investigation into the structural analysis of thin

shells of revolution. More detailed presentations of the theoretical develop-

ment of procedures have been published under separate cover [References (I),

(3) and (4) J. The purpose of the present report is to give the results of

the investigations to date in e form suitable for practical application.

No attempt has been made to assemble a computer program that will account

for all possibilities or all options of structural analysis. Rather it is

hoped that a potential user, employing the program herein as z model and

the summary of theory as a tool, will be able to assemble a program suited

to his particular needs. The program has been written in FORTRAN IV for the

IBM 7094 computer at the University of California. However, since it is

accompanied by a flow chart, there should be no difficulty to the user

caused by this restriction.

The first chapter of the following is a summary of the theory, accompanied

by tabulation of the relevant equations in the appendices. The second

chapter contains a description of the program, a glossary of terms used in

the program, the flow chart and the program listing.



CHAPTER I. SUMMARY OF THEORY

A. General

Many of the shells of revolution used in flight structures and other

applications are continuous assemblages of rings, cylinders, conical segments,

spherical segments and other axisymmetric shapes, often of varying thickness.

It has been found that the displacement (or stiffness) method of analysis

employing matrix methods with an electronic digital computer is a satis-

factory approach for structural analysis of such assemblages.

Of the various displacement techniques available, the computer program

herein utilizes the finite element approach in which the three displacements

of selected circular nodes are the unknowns. The features of this particular

finite element technique are:

(i) Axisymmetric loading, small displacements and isotropic

linear elastic materials are assumed. (In principle, extension

to non-symmetric loading is possible but has not been

carried out in this investigation.)

(2) The shape of the assemblage is approximated by simple

axisymmetric elements connecting the circular nodes.

Each element is of constant thickness but different

elements may have different thicknesses to account for

continuous or discontinuous variations in the assemblage.

(3) The basic finite element chosen is the truncated conical

segment and in the limiting cases this element becomes

a spherical cap or fiat plate at one extreme and a



(4)

cylindrical segment at the other.

The approximate stiffness matrix for the overall

assemblage is constructed from exact formulations

of the structural stlffnesses of the assumed simple

finite elements. The overall mass matrix Is con-

structed from element mass matrices derived from

assumed approximate displacement fields.

The finite element method is advantageous becsuse it is easy to formulate

geometrically and because the formulation is readily adaptable to the matrix

algebra required for solution. In addition, boundary conditions, elastic

restraints and actual geometric discontinuities (e.g., discontinuity in

curvature) often occur on transverse circular sections, leading to a natural

corresponding choice of circular nodes. Moreover the method not only admits

modifications for local changes of properties but slso allows adsptations

permitting dynamic, thermal and large displacement analysis as well as the

basic static small displacement analysis. Finally, the particular advantage

of the use of exact stlffnesses for individual elements Is that for portions

of the overall assemblage where a basic element is the geometric duplicate

of the structure the number of elements required is minimized.

Static solution by the stiffness method utilizes the force displacement

equation

{R} = [K] {r] (I)



Here JR} is the vector of total nodal static forces, {r} is the vector of

nodal displacements and [K] is the overall stiffness matrix which is singular.

The stiffness matrix can be constructed from the element stiffnesses by

requiring equilibrium and compatibility conditions to be satisfied at the

nodes. The nodal force vector can be approximated or calculated from energy

considerations. Construction of these two matrices will be treated later.

In order to carry out the solution the matrices of Equation (i) are

partitioned to get

ii i k12
(2)

where [R} are the known total loads at the unrestrained nodes, {X} are the

total unknown reactions at the nodes of support, {U] are the unknown nodal

displacements and {r} are the known displacements at supports. Here [kll]

is the non-singular stiffness matrix for the nodal degrees of freedom of the

assemblage so we may solve for all unknowns by writing

and

-I
{u} = [kill { {"}- [52] {r} } C.a>

{x] = [k21] {u] + [k22] {r}

When all nodal displacements and forces are known, the static problem is

(3b)

essentially solved.



The dynamicanalysis by the stiffness methodemploysthe matrix formu-

lation of the equations of motion

[mn] {6(t))+[kll] {U(t)} = {R(t)} (4)

where the above notation applies. Here [mll] and [kll], the mass snd

stiffness matrices for the nodal degrees of freedom, are symmetric snd

positive definite. The solution of these differentisl equations is csrried

out using the normal-mode superposltion approach. This method not only gives

accurate results for forced vibration problems, but also entails solution

for the free vibration characteristics which are a desirable supplement to

dynamic solutions if not an end in themselves.

Equations (4) must be rewritten in terms of normal co-ordinates. This

can be accomplished if the mode shapes and frequencies are established such

that

[_]W [mll] [¢3 = [I3 (Sa)

[¢]T [kl ] [¢3 = t2J (sb)

where [¢] is the squsre matrix whose columns sre the mode shapes (eigen-

2
vectors) corresponding to the lowest eigenvalues, w , in ascending order of

value. [I] is an identity matrix and _w2_ is a diagonal matrix of the

eigenvalues. The results in Equations (5) can be attained by first finding

the eigenvalues and eigenvectors of [mll] so that



6

and then modifying [kll] as follows

[_] : _-l_ [;IT [kll] [;] _-l_ (7)

Then the natural frequencies are obtained by calculating the eigenvalues and

eigenvectors of [K] thus

[;IT [_] [;] : _. (8)

Finally, the mode shapes are calculated using the relation

[o3 : [$] _-_ [;] (9)

The derivation of these results is detailed in Reference (4) and can be

verified by application of standard numerical analysis procedures.

Since the columns of [¢] are the normal modes, the unknown displacements

in overall (or global) co-ordinates can be expressed in terms of the normal

co-ordinates [_(t) } by

{u(t)} = [¢] {_(t)}. (_o)

Hence substituting Equation (I0) into the equations of motion (4) and

premultlplying by [_]T one gets

{_(t) ) + _J_ [_(t) } : [,]T {R(t) } = {P*(t) } (ll)

which are the uncoupled equations of motion in normal co-ordinates and

where {P*(t)} is the generalized load vector. This vector may be expressed

as the product of a nodal-load amplitude vector and a function of time

{P*(t)} = {P} f(t). (12)



The uncoupled equations represented in Equation (ii) can be integrated

directly with respect to time as an initial value problem. As many modes

as desired can be used since it may not be necessary to use as many shapes

as there are degrees of freedom. In any case, the final result calculated

will be the superposition of the responses In all the modes chosen. The

integration formulae used in this progrsm ere given in Appendix A. It should

be noted that the time increment for integration for a psrticulsr mode must

be sufficiently smaller than the period for that mode in order to get

accurate results. The accompanying computer program automatically reduces

that increment if necessary. Once the displacements ere known st any given

time, the reactions csn also be found using Equation (3b) and the dynamic

response is essentially solved.

With all the nodal displscements end forces known in both static and

dynamic problems, it is an essy matter to utilize the known elastic and

geometry properties of the elements to solve for the Internsl stresses and/

or strains. The equations for such cslculatlon are given In Appendix B.

B. Construction of Element Stiffness Matrices

For the construction of the required element stiffness matrix the known

homogeneous bending and membrane solutions of a uniform thin shell of

corresponding configuration are used to formulate the element flexibility

matrix. The element stiffness is then merely the inverse of the flexibility.

In each case, before inverting the flexibility, it is modified to ensure

that correct symmetry properties are exhibited. The stiffnesses genersted
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by this computer program are referenced to a local co-ordinate system

oriented to the particular element.

Computation of the conical element flexibility and of the spherical

cap flexibility requires the use of Thomson functions. The necessary series

and asymptotic formulae for evaluating these functions are given in Appendix

C and the criteria for various methods of computation are given in Appendix

D. Although the program provides correct values of the Thomson functions,

it should be noted that for some arguments the magnitude of the Thomson

function values exceeds the capacity of the computer. To counteract this,

equal negative or positive powers of ten must be taken from the appropriate

groups of functions so that the capacity is not exceeded. The resulting

stiffnesses are not impaired since each flexibility co-efficient involves

a product of a her-group function and a ker-group function and thus the

opposite powers of ten cancel.

i. Conical Element Stiffnesses

For the conical element shown in Figure i, the element displacements

are related to the element forces by the flexibility matrix 8s follows

-%

Xi

6i =

eJ

_f a

f
ii 12 ..... f15

f21 .......... f25

f31 f35

f41 f45

f51 ........... f55
m

M.
1

M .

J

q H
1

S .

J

N .

J

(13)



or in matrix notation

{v}: [fJ[s} (14)

where {S} are the nodal forces per unit nodal length. The formulae for the

elements of the 5x5 flexibility matrix are given in Appendix E and are

derived in Reference (I). Thus the stiffness matrix is the inverse of the

flexibility matrix and sstlsfies

[s}= [fj- {v}= Ek]{v} (15)

Since the element forces are all quantities per unit length , the flexibility

matrix is not symmetrical. Elements of the mstrix representing displacements

due to forces on opposite edges of the element will bear s ratio of

= s /s to each other, reflecting the ratio of circumferences. However,
3 i

the matrix does satisfy Betti's law and since engineers commonly use

expressions involving action per unit length, this terminology is maintained.

However, since the overall stiffness mstrix must be symmetric for eigenvalue

calculations, the element stiffnesses are made symmetrical during the con-

struction of the overall stiffness. This will be discussed below.

Investigations have shown that the first 4x4 portion of the flexibility

matrix is nearly perfect for almost any case provided the length of the

element exceeds the thickness, but as _ approaches 90 ° (as tan _ becomes

infinite) the cylindrical element should be used. In addition the fifth

row or fifth column diverges from proper values as _ approaches 90 ° or 0 °

respectively. To reduce discrepancies the program wss written such that
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for _ < 30 ° or _ > 150 ° quantities of the fifth row are used to establish

those of the fifth column (by multiplication with appropriate factors) and

that for 60 ° < _ < 120 ° the opposite is done.

For conical elements with 90 ° < _ < 180 °, by taking the larger slant

distance as si and the smsller ss sj we can use the same formulse to

construct If]. However, s sign change must be applied to all third and

fourth column quantities (fij for i = 1 to 5, j = 3,4) and to f35 and f45

to counteract the sign change of cos _ and also to f55 to counteract the

sign chsnge in in r (see Appendix E).

2. Cylindrical Element Stiffness

Similarly, for the cylindrical element shown in Figure 2 the dis-

plscement-force equation is

{v]= If3Is] (14)

The formulse for the elements of this 5x5 symmetrical flexibility matrix

are given in Appendix F and are derived in Reference (i).

3. Sphericsl Cap Stiffness

A spherical cap element may be used to approximate the end closure of

a shell of revolution. A cap is shown in Figure 3. Depending on the manner

in which the cap is held in vertical equilibrium, there are two cases of

interest.

The Case with Singularity. If the cap is supported by a con-

centrated force P at the apex, then with the condition that the apex is a

fixed reference point, 6 represents the increase in height of the cap.
V
O
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A 3x3 flexibility matrix is appropriate in this case satisfying the relation

Xo

o

6v I
. oj

fll f12 f13 Mo

f21 f22 f23 H
0

f31 f32 f33 QO

(16)

or in matrix notation

{vo}: [foJ {so} • (17)

The formulae for the elements of this symmetrical 3x3 flexibility matrix

may be found in Appendix G snd are derived in Reference (i). The use of

the stiffness matrix obtained from inverting this flexibility yields

satisfactory results except for local inaccuracies near the singularity.

The Case Without Singularity. When the vertical edge force of the

cap is balanced by some distributed pressure rather than by s single forcej

only the first 2x2 portion of the matrix should be retained. It is possible

to invert this 2x2 matrix and use the result as the cap stiffness, treating

the vertical force snd displscement components separately. Thus the dis-

placement-force equation is

P •

Xo

6h
O

5
v
o°

ll

31

If
f12 I 13

f22 I f23
I

I

f32 I f33

" h
M

0

Ho
(18)
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where the upper left submatrix of [fo ] is inverted for the 2x2 stiffness

matrix. The formulae for the elements of the 2x2 flexibility matrix may be

found in Appendix G and are derived in Reference (i).

4. Flat Plate Element Stiffness

There are two possible flat plste elements -- an annular ring element

and s disc for end closure.

Annular Ring Element. This element as shown in Figure 4 might be

suitable for an open end of an assemblage or for any intermediate section

of the assemblage where ff approaches 0 ° or 180 ° for the conical element.

Like the conicsl and cylindrical elements, this annular ring element has a

5x5 flexibility matrix and the displacement-force equation is

{v}= [f] [s}.

The formulae for the elements of this non-symmetrical flexibility matrix

are given in Appendix H and are derived from References (5) and (6). The

ratio relating displacements due to forces on opposite edges of the

- 00

element is r = rj/r i. Note that the case given in Figure 4 is for _ = .

For _ = 180 ° an analogous set of formulae are necessary to construct the

flexibility matrix. These are also given in Appendix H.

(14)

Disc for End Closure. For end closures that are flat or nearly

flat, s circular disc element as shown in Figure 5 can be used. For the

case with singularity, i.e., when the vertical edge forces are balanced by
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a concentrsted load at the center, the result is e 3x3 symmetrical

flexibility matrix and the displacement-force equation is

{Vo] = [fo ] {So] (17)

The formulae for the elements of this flexibility matrix are given in

Appendix H and are derived from References (5) and (6). For the non-singular

case, the first 2x2 portion of Equation (17) is used.

C, Construction of Element Mass Matrices

It is possible to express the displacements at any point in s shell

element by the relationship

_(s)]

I I

Lv(s)j

Here the displacement at any value of s (s i _ s _ s.) in localJ
co-ordinates

determined from the six boundary conditions by evaluating Equation (19) at

both ends of the element as follows

{c] [ (sj)j [ (sj)j: {q}'
(20)

state and [c] is a vector of constants. The vector of constants can be

whose rows represent linearly independent coefficients of a displacement

are [q(s)] as indicated in Figures i, 2, 4 and 5. [Y(s)] is the matrix
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Substituting this expression for the vector of constants into Equation (19),

one obtains

{q(s}} = [Y(s)] [_] [q} (21)

In the dynamic problem the displacements are of course time dependent so

Equation (21) would be rewritten to get

{q(s,t)] = [Y(s)] [Y] {q(t)} . (22)

Then at any instant of tlme the kinetic energy of the shell element csn be

written as

l m PA _2(s't) + mv2(s't) + mw2(s't) 2fir(s) ds (23)
K.E. = _ s

where m is the mass per unit surface area of the element, PA is the radius

of gyration of the section of s shell element and r(s) is the shell radius

measured normal to the axis. Substituting the displacement formulation (22)

into (23), the expression for the kinetic energy becomes

1 _(t)>_lT(_ 2_EE(s)lr(s)ds_E_I_(t)_ (2,)K.E. = _ <
S

where

2

[Eij(s)] = mP A {Yli(S)] <Ylj(S) > + m {Y2i(s)] < Y2j(s) >

+ m -_[Y3i(s)_ < Y3j(s) >, for i,j = 1,2,...6 (25)
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< Yij(s) >, < Y2j(s). > and < Y3j(s) > are the row vectors identical to the

first, second and third rows of the matrix [Y(s)]. By comparing Equation

(24) with the usual expression for kinetic energy

1 o
K.E. = _ < q(t) > [m] [q(t)} (26)

it is apparent that the element mass matrix is given by

[m] = [_]w _ 2_ [E(s)] r(s) ds [Y]. (27)

s

The question remains what displacement state, [Y(s)], to use in

formulating the mass matrix for the element. It would be possible to employ

the static homogeneous (exact) solution such as used to determine the element

flexibility matrix above. However, for conical elements these involve very

complicated expressions in terms of Thomson functions and their derivatives,

and the integration in Equation (27) is prohibitive. It has been found that

satisfactory results can be obtained from an assumed displacement field in

the simplest possible polynomial form, neglecting rotational inertia. The

resulting "consistent" mass matrix, is superior to the mass formulation

based on the tributary areas.

i. Open-ended Elements

For conical, cylindrical snd annular plate elements, the assumed

polynomial displacement field used to construct the distributed mass

matrix is
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[Y(s) ] :
I 1 2s 3s 2 0 !I

2 3
s s s 0

0 0 0 1

(28)

When this matrix is evaluated st both ends of the element, the result is

0 i 2s. 3s _. 0 0
1 1

2 3

I s i s i sz' 0 0

0 0 0 0 1 s.

0 I 2sj 3s_ 0 0

2 3

i sj sj s J" 0 0

0 0 0 0 1 s

(29)

The formulae for the element mass matrix, neglecting rotational inertia,

are given in Appendix I.

2. End Closure Elements

For end-closure elements, i.e., elements hsving only a single node,

the distributed mass matrix of a disc shaped element is used. Here the

appropriate displacement field is given by

[Y(s)] 12s 2= S

0

(30)
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and the boundary condition matrix in this case is

[_]-1 = 3(ro )] =

"0 2r 0
o

2
1 r 0

0

0 0 r

(31)

The formulae for the element mass matrix, neglecting rotational inertia, are

given in Appendix J.

D. Construction of Transformation Matrices

In order to relate forces and displacements in both local and global

systems and to enable the construction of overall mass and stiffness matrices

by the direct stiffness method, certain transformation matrices are necessary.

i. Displacement Transformation Matrices

The displacement transformstion matrix [B] relstes the displacements

in the local co-ordinste system of the element Iv] to those of the overall

assemblage (global) co-ordinate system It} according to the relation

[v} = [B] {r} (32)

By comparing the displacements [v} indicated in Figures 3 and 5 with [r}

in Figure 7, it is apparent that for the disc and spherical cap, Equation (32)

may be written ss
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xo

6h =b
O

6
V

O

1 0 0

0 1 0

0 0 -I

e _

°IAh°

Av
• oj

Similarly, by comparing Figures 1 and 2 with Figure 7, for the cylindrical

and conical cases Equation (13) may be rewritten as

Xi

,, 6i >= [BilB j] =

ej

-i - 0 0 0 0 0

0 0 0 1 0 0

0 -i 0

0 0 0

0 -cos _ sin ol

0 0 0

0 1 0

0 cos _ -sin

_hi

8j

_hjl

AvjJ

(33)

(34)

Finally, comparing Figure 4 with Figure 7, for the annular element with

O o

Xi

Xj

6.
1

8j

e

= [B i I,Bj ] =

"_i 0 0

0 0 0

0 -I 0

0 0 0

0 0 1

o o o-

I 0 0

0 0 0

0 1 0

0 0 -i

p

ei

Ahi

ej

AhJ I

. Avj]

(35)
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For the case _ = 180 °, the signs of elements B32 and B45 must be changed.

Application of this displacement transformation for construction of the

overall assemblage stiffness matrix is described below.

The transformation matrix [C] relates the displacements in the local

co-ordinate system [q} to those of the overall assemblage co-ordinate system

[r_ according to the relation

[q]= [c3[r] (36)

By comparing the displacements {q] indicated in Figures I, 2 and 4 with the

displacements [r_ in Figure 7, it is apparent that Equation (36) may be

rewritten as

where

d i C. , 0 r i
[q} = = 1 ,

:c
I

[Ci] = sin _ cos

-cos _ sin

(37)

(38)

From Figure 5 it is apparent that for the disc element [q] and [r] are

identical. Application of this transformation matrix for construction of

the overall assemblage mass matrix and of the load vector is described below.

3. Force Trsnsformstlon Matrix

The force transformation matrix [A] relates the nodal forces per unit

nodal lengh in global co-ordinates [Q_ to the element forces IS) ss follows
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[Q} = [ A] IS} (39)

Analogous to the derivation of Equations (33), (34) and (35), Equation (39)

may be rewritten for the three relevant cases as

2nr
0

r

{ion,ho

L vo

-i 0 0-

0 1 0

0 0 -i

Me1
H° i

%]

(40)

and

and

Ti/r i

Phi/ri

P ./r.
Vl I

Tj/rj

Phj/rj

Pvj/rj

-i

0

0 0 0 0

0 -i 0 -_ cos

0 0 0 r sin

1 0 0 0

0 0 i cos

0 0 0 -sin

%

M.

Hj

(41)

: [s}

--i 0 0 0 0-

0 0 -i 0 0

0 0 0 0 r

0 1 0 0 0

0 0 0 1 0

0 0 0 0 -I

P

M.
1

S .

J

< H.
1

S ,

N.
J

(42)
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For the case _ = 180 ° Equation (42) must be adapted by changing the sign

on elements A23 , A35 , A54 and A55. Application of the force transformation

matrix for construction of the overall assemblages stiffness matrix is

described below.

E. Calculation and Construction of Joint Load Vectors

In order to solve for the unknown nodal displacements and forces, it is

necessary to construct the vector of nodal loads JR} as employed in Equations

(2) and (3). This section presents the necessary procedures to accomplish

this construction for static loads. For dynamic loads the difference is

merely that all loads are time dependent.

i. Joint Loads

If there sre axlsymmetric concentrated loads on the assemblage, it

is convenient and desirable to select nodal circles corresponding to these

loads, which then can be taken directly as joint loads by resolving them

into the proper components. Often however, a distributed load exists and

in this case there sre two methods of calculating the necessary nodal loads.

Tributary Joint Loads. Using the tributary areas adjacent to each

node, distributed loads can be converted to the appropriate components of

th
nodal loads. Thus, for the n element shown in Figure 6, the contribution

to the nodal loads as shown in Figure 7 are given by
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IR(n) I

= [c]

_b
2_(s) [p(s)]ds

Jsi

I's.

J 2=(s) [p(s)]ds
_b

(43)

where [p(s)} is the 3xl vector of distributed moments, normal loads and

meridional loads in the _, w and v directions respectively. For a disc or

spherical cap, loads are assumed to be entirely concentrsted at the single

adjoining node.

Consistent Joint Loads. W"nen the element sizes are relatively

small, tributary loads give satisfactory results. However, as the element

sizes increase it becomes more advantageous to use consistent joint loads.

These are constructed so that in s virtual displacement the work done by the

actual load is equal to the work done by the consistent joint loads. The

th
final result for the n element as derived in Reference (8) is given by

p

T (n)
1

_(n) l

Vl

_In)

_[n)

= [c]T[Y] T _ [Y(s) IT {p(s)] 2Trr(S) ds
s

(44)
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where the notstion is the same as in Equation (43) above. These are

*'consistent" joint loads because their calculation employs the assumed

displacement field.

2. Load Vector

The contributions of the various elements must be combined to get the

vector of nodal loads for the overall assemblage. In both cases of load

calculation there is a contribution from esch of the two neighboring elements

to the joint loads at each node. Using subscripts to indicate the node and

superscripts to indicate the element in the assemblage, from Figure 7 it is

appsrent that the total nodal load is

" (n)

T i

=, p(n)
[R}n hi

Vl

+ T (n-l)
J

p(n-l)
+ vj

[R (n-l)
= JR(in)} + . j }

(45)

Then the load vector can be assembled by combining the nodal loads directly

as follows

r

R 1

R 2

Rn+ 1

(46)
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FI Construction of Overall Assemblage Stiffness and Mass Matrices

The overall stiffness and mass matrices are assembled according to

the "direct stiffness" method. First the element stiffnesses and mass

matrices are transformed from the local to the global co-ordlnate system.

Then these transformed matrices are partitioned and the submstrices are

added to the appropriate parts of the overall matrices. Finally these overall

matrices are rearranged so they may be partitioned as in Equation (2).

Substituting Equation (32) into Equation (15) gives

IS} = [k] [B] Jr} (47)

and inserting this equation into Equation (39) and converting from forces

per unit length to total forces produces

r i

r i

r i

rj

[R] = 27; [A] [k] [B] {r] = [_] [r]

rj

_ rj±

Comparing the result with Equation (I) it is apparent that Equation (48)

is the force-displacement equation for a single element in the overall

co-ordinates and that [k] is the symmetric element stiffness in the global

(48)
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co-ordinstes. This formulation provides the basic building blocks for

constructing the overall stiffness matrix. Using the partitioned forms

of Equations (34), (35), (41) and (42), it is possible to rewrite the

element stiffness in Equation (48) as

.i.! ki = 27

Lkji!kjj_

I
l
l
l

r. l
1

I

I

ril
I

I

_rj

rj

(49)

It is evident from Equation (49) how the force transformation and displacement

transformation matrices are used to formulate the 3xS portions of [k]

[klm ] = 2rFrI [AI] [kJ IBm] ; 1,m = i,j (50)

In a completely analogous procedure, substituting Equstion (36) into

Equation (26) gives

1
K.E. = _ < r(t) > [C] T [m] [C] [9(t)}. (51)

It is obvious from Equation (51) that the element mass matrix in global

co-ordinates is

[G] = [C] T [mJ [C1 (521
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and from Equations (27) and (37) that this may be partitioned as follows

mli I mij I 0 T mii' i 0-_
I I

= 7 ..... I'-- I

[m] = [m I mjj] , mjjj 1jl i , cl Lmji',

(53)

Thus the 3x3 submatrices of [m], which are the basic building blocks for the

overall mass matrix, are gotten using the transformation matrix [C]

IT
[mkl ] = [C i [mkl] [Ci]; k,l = i,j . (54)

To see how the mass and stiffness submatrices are to be added to the

th
overall matrices, the equation of motion for the n element can be written

in partitioned form

I I I- ' -(n)_Ir(in)l IR(in) IInnllj....hll....
[_ji ' mjj_ L-ji ; Jj]

(55)

Also, maintaining the convention of superscripts and subscripts to indicate

th
elements and nodes respectively, the compatsbility requirement at the n

node will be

[r]n : [r (n)i} : j[r(n-l)} .

Thus from Equations (45), (55), and (56) the following recursion formula

can be obtained:

(56)



r- (n) __(n-1)] _ {i:}n +._(n-l)] {_}n-1 + [[_ii ] ÷ LmjjLmji

+ [_(n)]ij [_}n+l + [E(n-1)]ji {r}n-1 + ['[[E(n)ii ] + _xjj[_(n-1)] ] [r}n +

--(n)
+ [kij ] {r}n+ 1 : [R}n .

27

(57)

Using this recursion relation, the overall assemblage mess and stiffness

matrices are constructed. For example, dropping the intermediate brackets,

the overall stiffness matrix may be written as

.(l) ]"_k(0) + zii

_(z)K.. ]
J1

[K] =

.(I)
[xij ]

[_(I) .(2)]
xjj + Kii

[_(2)
xji ] jj 11

_°..,,

v_(n-1) _(n) --(n)
k.. ] ]

[kjj + 11 [kij

[_!_)]j Lkjj.-(n)]

The overall mass matrix [M] is identical to the form in Equation (58) with

each k replaced by m.

G. Solutions for Internal Stress Response

In the static problem the element stress resultants {S} are easily

gotten from the element stiffness matrix once the nodsl displacement are

known:

(58)
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IS] = [k] Iv} = [k] [B] Jr} . (47)

However, in dynamic problems Equation (47) yields highly inaccurate results

since acceptable computational errors in the displacement respone Jr(t))

are amplified by the element stiffness. Thus an alternate approach proposed

in Reference (9) must be adopted so that the degree of accuracy of the stress

resultants IS(t)] will be of the same order as that of the displacements

Jr(t)). This approach is also detailed in Reference (4).

The essence of this alternate approach is to calculate the internal

stress response in two parts - - the response due to static application of

the loads {S(t)}i and the response due to the acceleration of the system

[S(t)]i I. Since a limited number of approximate modes are used in cal-

culating the response, the static effect would not be completely accounted

for if Equation (47) were used. By considering the static portion of the

response separately, that portion is certain to be accurately determined.

The superposition of static and acceleration responses is expressed by

{s(t)} = {s(t)]I + {s(t)}zI <s0)

[S(t)]i is easily determined by using the static displacement response

[r(t))i in Equation (47). To obtain [S(t)]i I the uncoupled equation of

th
motion for the i mode is considered

(t) + ®_ _.(t) = P. (t) (60)
Z
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This equation can be rewritten in the form

2 = _i(t) 2

w i ooi

(61)

This quantity represents the response due to the acceleration of the system

th
when it is vibrating in its i mode. It can be accurately calculated

once T_(t), the displacement response is normal co-ordinates for the

particular mode, is known. Furthermore, for each normal mode there is an

inertial joint load system which, when applied to the system, will cause it

to deform with a unit amplitude in that mode.

joint load vector is given by

[W}i = W_[M] {¢}i (62)

where [¢}i is the i th normal mode of the system, i.e., the i th column

of [¢]. Using this set of inertial joint loads the corresponding internal

stress resultants [Sw(t)}i are computed for each mode. These are then

amplified by the values of the acceleration response of the corresponding

modes to obtain the total response due to the acceleration of the system

_.(t)

[S(t) ti I = - Z 2 [Sw(t)}i' (63)
• i _.

1

where the summation is over the total number of modes used in calculating

For the ith mode thls inertial

the dynamic response.



CHAPTER I I. COMPUTER PROGRAM

A. General

The computer program that follows is an example of the unification of

the principles outlined in Chapter I into a complete shell analysis routine

with various analysis options. The described program is restricted to certain

types of shell configurations and boundary conditions. A more general program

could be written. The posslble modifications are left for completion by a

potentisl user. The appendices give the additional equations necessary for

assembling other programs.

A complete description of the program, including all input and output

quantities, follows. Then a flow chart of the progrsm is given followed by

a FORTRAN listing. No examples of results are given here since they may be

found in References (i) and (4).

B. Description of Program

i. Purpose and Scope

The program will perform static, free vibration or forced vibration

small deflection analysis of axisymmetrically loaded thin shells of

revolution. Structural configuration is limited to shells open st both

ends or closed st only one end. Boundary conditions can occur only at

one nodal circle, but this may be at sny of the nodes, interior or exterior.

The possible structural supports are three: a node completely fixed against

ell three possible displacements, a hinged node or a hinged node free to

roll in a direction perpendicular to the axis of symmetry.

3O
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The program employs only conical elements except when the shell hss

a closed end. In that case, the closure is provided by a disc. The maximum

number of conical elements is 25. There are various options on methods of

inputing element geometry. One alternative is to provide x and y co-

ordinates for each node. Another is to provide the element angle _ and the

slope length co-ordinates for the element_ two nodes. Finally, if all the

shell elements fit s circular arc with either positive or negative Gsussisn

curvature, special provision is made to use input geometry that utilizes

this fact.

Subroutines are included that calculate the element stiffness and mass

matrices, assemble the overall assemblage stiffness and mass, compute the

frequencies and node shapes and find the static or dynamic nodal displacement

and internal stress resultant response. No provision is made to calculate

internal stresses or strains but see Appendix B for these formulae. Also,

the joint load vector is not computed internally, rather is read in as part

of the input data. This input may tske the form of either applied loads or

applied accelerations. See Chapter I, Section E for discussion of methods

for formulating the joint loads.

2. Subroutines

The principal program, called MAIN, controls most of the inputing of

data and, depending upon the options indicated by the user, utilizes the

several subroutines to carry out the shell analysis. The primary sub-

routines perform the remainder of the data input and virtually all of the
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output of computed quantities. They also control the necessary tape storage.

Following is a list of the primary subroutines and their functions:

L1 Computation of disc stiffness for end closure

L2 Computation of conical element stiffnesses

L3 Computation of element mass matrices; assembly and rearrangement

of overall stiffness and mass matrices

L4 Calculation of frequencies and mode shapes

L5 Numerical integration to get dynamic displacement response

L6 Inversion of overall stiffness to get static displacement and

internal stress responses

L7 Solution for dynamic internal stress response

In turn, the primary subroutines employ various secondary subroutines

to carry out repeated basic calculation procedures. Following is a list of

the secondary subroutines and their functions:

TH@ Calculation of Thomson functions for two arguments

FLEKC@ Calculation of a single conical element stiffness

SHKMT Computation of element mass matrices; assembly of overall

stiffness and mass matrices

SHEKXM Rearrangement of overall mass and stiffness matrices according

to boundary conditions

MULTI

MULT2

RESP_N

SRES

Multiplication of two conformable matrices

Premultiplication of a matrix by the transpose of another matrix

Numerical integration for dynamic displacement response

Calculation of the static internal stress response.
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Finally, there are three standardized secondary subroutines which are drawn

from the SHARE library. Flow charts or F_RTRAN listings will not be given

for these subroutines, since programs of their type are generally available.

These subroutines are:

INVERT

H_WF

Inversion of a square matrix

Computation of eigenvslues and eigenvectors of a matrix

PRINTM Printing a matrix

3. Input

Following are the input qusntitles necessary to indicate desired options

and to provide the required data. Included is the format in which the data

is to be provided and s brief description of the quantities. For a more

detailed definition, see the glossary below. Conditions on the need for

various input quantities are underlined.

N"

NS:

NS@:

NSD:

NFRSC:

NAS:

number of conical elements (maximum 25)

cone geometry input code

NS = 0 for input of s., s. and

NS 2 for input of xlsndJy of nodes

NS = 1 for circular arc, positive Gaussian curvature

NS = -i for circular arc, negative Gaussisn curvature

end closure code

NS@ = 1 for end closure

NS@ = 0 for no closure

static/dynamic code

NSD = 1 for static problem

NSD = 2 for dynamic problem

number of degrees of freedom of restrained node

NFRSC = 0 for fixed node

NFRSC = 1 for hinged node

NFRSC = 2 for hinged horizontal roller

node number at which NFRSC applies (_ N+I)

614
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(XPOIS(I),I = I,N): conical element Poisson ratios

(XE(I),I = I,N): conical element Young's moduli

(HH(1),I = I,NI): conical element thicknesses at nodes

If NS = + i: HD, BETA, R: (see Figure 8)

(XA(I),I = I,N): element arcs (o)

(XALPH(I),I = I,N): element angles (o)

If NS = 2: (XN(1),I = i, NI): x co-ordinates of nodes

(YN(I),I = I,NI): y co-ordinates of nodes

If NS = 0: (XSI(1), XSJ(I), I = I,N): si,s j

(XALPH(I), I = I,N): _ in degrees

If NS@ _ 0: RR, T_, ALPH@, P@IS@, E@: disc data

If NS@ M 0 snd NSD _ I: XWO: unit weight of disc

If NSD _ i: GA: sccelerstion of gravity

(XW(I), I = I,N): unit weight of cones

NEP: number of modes to be used in mode

superposition ( K 3N + NFRSC)

NAF: dynamic force type code

NAF = 0 for free vibration

NAF = 1 for applied forces

NAF = 2 for applied accelerations

MM, NT: integration data

TIME: total time for integration

(AF(1), I = I,NN): nodal load smplitudes

(FA(1), I = I,MMI): force time factors

If NSD = i: (AF(1), I = I,NN): nodal loads

9F8.4

4E18.8

9F8.4

3E18.8

9F8.4

9F8.4

4E18.8

4E18.8

4E18.8

9F8.4

5E14.7

E18.8

E18.8

4E18.8

214

214

E18.8

4E18.8

IOF7.4

4E18.8
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4. Output

The output quantities include echo prints of all the input data as

well as printed intermediate and final results. In each case, the output

is identified when printed. Any difficulties with interpreting the identi-

fication terminology can be resolved using the glosssry below and by studying

the flow chart and program listing. Therefore, s listing of all output data

will not be provided here.

C. Glossary of FORTRAN Variable Names

Following is a partial glossary of the terms used in the computer program.

All input and output quantities are included and also those terms directly

relevant to the basic theory of the proposed method. Intermediate variable

names are not all defined since they are often mere computational entities

or temporary storage devices. The symbols used in the definitions are those

used in Chapter I and the Illustrations and are listed at the beginning of

the report.

A

ACEL

AF( )

AI

AI(,) ,AJ(,)

AIS( ),AJS( )

AIX

AL

= portion of increment to velocity during integration

= acceleration at a given time during response

= amplitude vector for joint loads; static nodal loads

= floating value of index I

= force transformation matrices

= nodal forces at top and bottom nodes in global

co-ordinates for element in question (in LY, these

are for a particular time)

= floating value of IX

: _ = I(rj - ri)/c°s _ I



36

ALPH

ALPHA

ALPH_

AM

AM_

ANT

ATALP

B

BE

BERYI ,BEIYI,

BERYJ ,BEIYJ

BER( )

BETA

BI(,) ,BJ(,)

C

CALP

el(,)

CID( ),CJD( )

cls( ),cJs( )

DBERYI, DBERYJ,

DBEIYI, DBEIYJ

=sngle in degrees for element in question

= angle in radians for element in question

= semi-angle of closure element in degrees

= 2_t w/g for cone

= _t ° Wo/g for closure element

= floating valut of NT

= Itan _I

= portion of increment to displacement during integration

= y� 21/2 for Thomson function computation

= bet Yi etc. for conical element

= scaled down magnitudes of Thomson functions;

first computed value of Thomson functions (8xl)

= angle in degrees from the horizontal of a line joining

the center of the arc and the top of the first

element (Figure 8)

= displacement transformation matrices

= non-integer index in Thomson function computation

= cos

= transformation matrix [Ci]

= nodal displacements for top and bottom of element in

question in local co-ordinates (in L7, these are for

a given time) (3xl)

= nodal forces for top and bottom of element in question

in local co-ordinates (in LT, these are for a given time)

(3xl)

= ber'y i etc. for conical element
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DEE(,)

DI( ),OJ( )

DISP

DT

DXERY I ,DXERYJ ,

DXEIYI, DXEIYJ

DXP

DY

E

EK(,)

EKII(,),EKIJ(,),

EKJI(,),EKJJ(,)

EK0

EKT(,)

E_

EVL( )

EVLI( )

EVT(,)

F(,)

FA( )
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= Et3/12(I-9 2)- for closure element

= Thomson function array (2x8)

= displacements at top and bottom of cone in global

co-ordinates (3xl)

= displacement at a given time during response

= adjustable time increment for time integration

= ker'y i etc. for conical element

= increment of load time factor

= horizontal distance from shell axis to center of

8rc (Figure 8)

= Young's modulus for element in question

= overall stiffness matrix; storage for eigenvectors

[_]; inverted overall stiffness matrix; array of

Joint inertial loads [M] [_] [w2_; storage for

displacement response of each mode at each time

= k . etc. for conical element in question
Ii

= end closure element flexibility or stiffness

= matrix of eigenvectors [_]; storage for [¢]T [K];

storage for [_3 [XDEF]; storage for mode shapes

[_]; storsge for inverse of overall stiffness

= Young's modulus for closure element

2
= vector of eigenvslues W

-2 -I
= vector of eigenvslues _ ; storage for vector of

= matrix of eigenvectors [_]; storage for [_-i] [_]

= element flexibility or stiffness

= time factor of joint loads
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FREQ

FREQ( )

GA

HD

m_( )

I, II

INS

IX

J

J0B

K

L

MC(,)

MJ )MJM

MM

MN

N

NAF

NAS

NASA

= arbitrary fraction (I/32nd) of period

= vector of natural frequencies in cycles per second

= acceleration due to gravity

= horizontal radius st top of first conical element

(Figure 8)

= thicknesses of conical elements at nodes

= indices

= NS 2 = code for cone geometry input

= counter for change in time increment for integration

= index

= index

= index

= index

= modified power of I0 for scaled Thomson functions

= power of ten by which Thomson functions are scaled

= indices for selecting proper displacements for conical

element

= number of time intervals st which response is to be

calculated

= MuN/NT = number of time intervals at which response is

to be recorded for output; number of Thomson function

arguments (M/_ = 1 or 2)

= number of conical elements

= nodal force�acceleration code

= location (node number) of restrained node

= 3(NAS - I) + NFRSC = nodal degree of freedom number

after which there are no restraints
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NEP

NFRSC

NI, NJ

NN

N_UT

NS

NSD

NS0

NT

P( )

PZlS

P@IS0

PI(,)

P2(,)

P3(,)

QKQ(,)

QT(, )

R

RA

= number of modes to be used in the mode superposition

method

= number of degrees of freedom at restrained node

= indices for selection of restraint location

= 3N + NFRSC = total number of degrees of freedom

= counter to indicate when response should be recorded

for output

= cone geometry input code

= static�dynamic problem code

= end closure code

= frequency of time intervals at which response should

be recorded for output (e.g., NT = 3 for every third

interval calculated)

= vector of natural frequencies in radians per second,

= Poisson ratio for element in question

= Poisson ration for end closure element

= array of element forces in local co-ordinates

due to static loading (Nx5)

= array of element forces in local co-ordinates for 8

particular unit mode due to inertial loading (NxS)

= array of amplified static element forces in local

co-ordinates at a particular time (Nx5)

= [¢]T[K][¢] = If], as a check on eigenvalue

calculations

= matrix of eigenvectors (normal mode shapes)

= radius of element arc

= (Yi - Yj)/(xi - x.) = tan _ for element in question3
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RI , RJ

R_

RR

s( )

SALP

SI, SJ

SK_

s_( )

s_z( )

s_2( )

$03( )

SS

ss_2(,)

T( )

TIFS

TIME

W_

TP(,)

= horizontal radii at top and bottom of element,

r. and r.
z 3

= horizontal radius r for end closure element
o

= radius of curvature of end closure element (Figures

3 and 5)

= element forces in local co-ordinates (5xl)

= sin

= slope lengths to top and bottom of element, s and s.
x j

= 2rrr times end closure stiffness
o

= [ko] [un] = end closure node moment and horizontal
force (2xl)

= end closure node moment and horizontal force due to

static load (2xl)

= end closure node moment and horizontal forces for a

particular unit mode due to joint inertial loads (2xl)

= amplified end closure node moment and horizontal

forces.due to static effects at a particular time (2xl)

= slope length to the middle of the conical element

in question

= array of S02 vectors for various unit modes (NEPx2)

= vector of times at which response is given

= amplification factor for static response at a

particular time

= total time for which response is desired

= thickness of end closure element

= for a given time, the total element force response

in local co-ordinates due to inertial loads; for

a given time, the element force response in local

co-ordinates due to both static and inertial loads
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TS02( )

TT

"I_( )

TU2( )

Ul( )

U2( )

U3( )

v( )

VEL

W

X

XA( )

XALPH( )

XBER( )

XCALP ( )

XDEF ( , )

XE( )

XERYI, XERYJ,

XEIYI ,XEIYJ

= force response at end closure node at a particular

time due to both static end inertial loads (2xl)

= total force response at end closure node at a

particular time due to inertial loads (2xl)

= average thickness of element in question =

(t i + tj)/2; time increment

= nodal displacements in global co-ordinates st a

particular time due to both static and inertial

loads (NNxl)

= total nodal displacements in global co-ordinates at

a particular time due to inertial loads (NNxl)

= nodal displacements in global co-ordinates due to

static loads (NNxl)

= nodal displacements in global co-ordinates for s

particular unit mode due to inertial forces (NNxl)

= amplified static displacement response in global

co-ordinates st a particular time (NNxl)

= conical element displacements in local co-ordinates (Sxl)

= velocity at given time during integration

= weight density for element in question

= _/2 = semi slope length of element

= arcs of cones in degrees

= cone angles in degrees

= Thomson functions (16xl)

= cos _ for conical elements

= displacement response of each mode at each time

= Young's modulus for cones

= ker y. etc. for conical elements
l
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XEK( , )

XEKT( , )

XM(,)

XRAF( )

XMII(,) ,XMIJ(, )
XMJI (,) ,XMJJ(,)

XM¢(,)

XMTI I (,) ,XMTI J( ,),

XMTJI (,), XMTJJ(, )

XN( )

X__( )

XNRI( )

XN2( )

XP

XP¢IS( )

XQFT( )

XRI( ),XRJ( )

XSALP( )

XSI( ),XSJ( )

XW( )

XW¢

XXEKT( , ,)

XX

= element stiffness

= symmetrized element stiffness in local co-ordinates

= overall mass matrix; storage for CK_

= [M] [AF 1 where {AF] is acceleration input

= mii etc. for element

= end closure element mass matrix

= mii etc. for element

= x co-ordinate of node

= displacement response of all modes in normal co-ordin3tes

at a given time, i.e., [_(t)}

= generalized force amplified and modified for a given

time, i.e., {P*(tl/w 2}

= -[_(t)/_D 2} for a given time, i.e., XNR - XNR1

= time/factor of load at a given time during integration

= Poisson ratios for conical elements

= generalized force vector ([_I T [XMAF] if [AF] is

acceleration input; [¢]T [AF] if [AF] is force input

= r i and rj for conical elements

= sin _ for conical elements

= si and sj for conical elements

= unit weights of conical elements

= unit weight of end closure element

= array of element stiffnesses

= x i - x. for element in questionJ



XXYY

Y( )

YI ,YJ

YN( )

YY

YS

43

= length of element in question = ((x. - x.) 2 +

(Yi - yj)2)_

1 3

= Thomson function arguments (lx2)

= Thomson function arguments for element in question

= y co-ordinate of node

= Yi - Yj for element in question

= floating value of NS

D. Flow Chart Symbols

Following are the conventions used for the flow chart in this report.

An attempt has been made to keep the flow chart as simple as possible without

loss of detail.

Symbol Meaning

Substitution statement;

subroutine call; basic

computational step; or tape

control statement

Input statement

Output statement

Read and echo print
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TAPE 8

I TAPE 2

Input from tape

Output onto tape

C A _B

A

I=O

>0

Conditional control statement

I0

\ /
I

Of"

I
I
i
I

L_

\
/

Iterative control statement

(do loop)
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INITIALIZE SK22(LI,L2)
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Unconditional control

statements

Drswing link

Statement label st junction

point

Statement label st substitution

statement

Set all elements of the LIxL2

SK22 array equal to zero, i.e.,

_I = I,LI, /
i

_<_ __,_ \F ...... /

l
L

_ ..... SK22(I,J) = 0.0



46

C(LI,L3)=A(LI,L2)_B(L2,L3)

Perform the mstrix (or vector)

multiplicstion [C] = [A_[B], i.e,,

r

l
-<_:IL3>

C(I,J) = 0.0

F
I
i

1 C(I,J) = C(I,J) +

A(I ,K)*B(K,J)
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E. Flow ChBrt

MAIN

_, S, NS0, NSD, NFRSC, NAS I

NN = 3*N + NFRSC

i
XP¢IS(I),I=I,N)
XE(I),I=I,N)

HH(I),I=I,NI)

N, NS, NS0, NSD, NFRSC, NAS [

(XPOIS(1),I=I,N) ]

(XE(1),I=I,N)

C " -4@
NS=O j T

('_XN(I),I=I,N1)

400

____XAD, BETA, R

XA(I) ,I=I,N)

300

(_xsi (i) ,xsJ(i) ,i:1 ,N)1

310_ T

C_ :o)

NSD = i )

()s._- o3 r

T

F

A, (XW(I) ,I=I,N), 1
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MAIN(continued)

CALL L1

CALL L2

CALL L3

I

CNsD--I)
T

CALL L4 I

T

BALL L5 ]

350

T
NSD = I

CALL L7 [

SUBROUTINE L1

I INITIALIZE EK0(2,2)

_NSO =o_)
T

R0 = RR*SIN(ALPH0/57.29578)

POIM = 1.0 + P@IS_

P01M = 1.0 - POIS0

DD0 = EZ*T0**3/(12.0_P01P*

PZIM)

EK0(I,I) = R¢/DD0/POIP

EK0(2,2) = POIM*R0/(E0*T0)

[CALLINWR_rCE_,2,2,M6,C_ i

EKO(I,J)_=_,2),J=_,2) iJ

1..__.__.__.__
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SUBROUTINE L2

YS = NS IINS = NS*NS

A _INS _ tj

F

IF ...... T

IDY = HD - R*YS*COS(BETA/J57.29578)

II = 1,N

%

IIl= II + i |

P¢IS = XP¢IS(II) JE = XE(II)

TT = 0.5*(HH(II) + HH(III))

RTP = SQRT(3.0*(I.O - P@IS**2)

FRT2 = 2.0*SQRT(RTP)

, IF T

ALPH = XALPH(II) [

ALPHA = ALPH/57.29578 ICALP = CCS(ALPHA)
SALP = SIN(ALPHA)

|

RA = SALP/CALP

YY = YN(II) - YN(III)

XX = XN(II) - XN(III)

XXYY = SQRT(YY*YY + XX*XX)

RA = YY/XX

iCALP = XX/XXYY
SALP = YY/XXYY

ATALP = ABS(RA)

CcA <oD

I = ATA (ATAU )

T

ALPHA = 3.1415926 - ATAN(ATALP 1

3O

ALPH = ALPHA*57.29578

XALP(II) = ALPH

XSI(II) = ABS(XN(II)/CALP)

XSJ(II) = ABS(XN(III)/CALP)

420

JXCALP(II) = CALl )

LXSALP(II) = SALP

F

SI = XSI(II)SJ = XSJ(II)
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L2(continued)

X = R*SIN(XA(II)/2.0/57.29578)

RX = R*COS(XA(II)/2.0/57.29578)

SS = (D¥/SAI.,P + RX*YS)*RA

907

°°'°=o
I"THIS IS A CYLINDRICA_.___--_I

LINS _ i_

F

_= _s_xSS+ X

XSI(II) = SI

XSJ(II) = SJ

IYAI = FRT2*SQRT(RA*2.0/TT)

5

< INS# 1)

F

,p

SI = -SS + X

SJ = -SS -X

XSI(II) = SI

XSJ(II) = SJ

T

YAI = FRT2*SQRT(-RA*2.0/I'T)

6

Y(1) = YAI*SQRT(SI)

Y(2) = SQRT(SJ)*YAI

CALL TH¢(Y,2,XBER)

CALL FLEKC0(XBER,Y,E,POIS,SI,

SJ,TT,ALPH,CALP,SALP,XEK)

' +
I

Ib --_K = 1,5 >

I

i _._XXEKT(II ,J,K) = XEK(J,K) I

REWIND 2 I

(( (XXEKT(I ,J,K), I=I,N) ,J=l,5) ,]

K=_,5) I
(XCALP(1) ,I=I,N)
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SUBRDUTINE TH0(Y,MN,XBER)

IPI = 3. ]415926

DELT = PI/8.0

R00T = SQRT(2.0)
MN8 = MN*8,0

(Y(_) _ 27.o_

I.
<.o, )J0B = 1,NN

iYD = Y(JOB)/R00T

CCA = COS(SU(YD - DELT))

SCA = SIN(SU(YD - DELT))

CCB = COS(SU(YD - DELT))

SCB = SIN(SU(YD - DELT))

BE = Y(J_B)/R00T

ICALL XXP(E ,BE,MB) ]

Compute Thomson Functions by

the asymptotic formulation

(Appendix C.2) u_ing E in
place of exp(y/2_).

1

' [IJ =' I + 4 l
J l CALL XC(MBA,BER(IJ),MC(JSB,IJ)) I

)CALL XC(MB,BER(I) ,MC(JOB,I))

----< >I 1=1,4

J

i tlj= i+ 4

MA(I) = MC(JOB,I) - MC(I,I)

-- + 8

MA(IJ) = MC(JgB,IJ) + MC(I,I)

-3

_ |ZJOB = z + (JOB- 1)'8

-_ XBER(KJOB) = B_(K)*I0, O**MA (K)

i,

8O

Continue according to Appendices

IC and D. The remainder of the

[subroutine is strmightforward.
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SUBR@UTINEXC(MA,B,M)

M=MA

---<_BIi.o_

F

r

IM=M+ 1

B = ?. I*B

I
T

--_I i°.__

10.O*B

SUBRDUTINE XXP(E,BE,MB)

B = BE/2.3025851 i

MB = FIX(B) L
E = 10.0**(B - FLOAT(MB))

FUNCTION SU(ARG)

T
i

_-fARG < 3141.0\

I

ISU = ARG ]
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SUBR_JTINE FLEKC_(XBER,Y,

P@IS ,SI ,SJ,TH,ALPH,

C_SALP, S INALP, F)

Ej

BERYl = XBER(1)

BEIYI = XBER(2)

DBERYI = XBER(3)

DBEIYI = XBER(4)

XERYI = XBER(5)

XEIYI = XBER(6)

DXERYI = XBER(7)

DXEIYI = XBER(8)

BERYJ = XBER(9)

BEIYJ = XBER(10)

DBERYJ = XBER(II)

DBEIYJ = XBER(12)

XERYJ = XBER(13)

XEIYJ = XBER(14)

DXERYJ = XBER(15)

DXEIYJ = XBER(IS)

!YI = Y(1)

[YJ = Y(2)

Compute the quantlties inAppendix E, Equations (A5-5)
and the minors d and

m n
the determinate o3 Equatio

[(A5-4)

(ABS(DEL)__ I.OE-_S_

Compute the quantities in I

Equation (A5-3) and in turn

the flexibility coefficients]

in Equation (A5-2)

.0 - A_H

INDRICAL ELEMENT"}

21

r---"(' : ',' >
I, 1
I IF(I,3) = -F(I,3)

IF(I,4) -F(I _4)

I----<,__,,>
i

..... [F(I,5) = -F(I,5)

23

DA(1)

DA(2)

DA(3)

DA(4)

DA(5)

DA(6)

DA(7)

EA(1)
EA(2)

EA(3)
EA(4)

= SJ/Sl

= F(I 2)/F(2,1)

= F(3 2)/F(2,3)

= F(I 4)/F(4,1)

= F(l 5)/F(5,1)

= F(3 4)/F(4,3)

= F(3 5)/F(5,3)

= F(I 3)/F(3,1)

= F(2 4)/F(4,2)

= F(2 5)/F(5,2)

= F(4 5)/F(5,4)

I"SYMMETRY CHECK"

(DA(I),I = 1,7)//
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FLEKC0(continued)

F(I
F(3
F(2
F(4
F(I
F(2
F(3
F(2
F(I
F(4
F(3
F(4

.3) = (F(I,3)+F(3,1))/2
I) = F(I,3)
4) = (F(2,4)+F(4,2))/2
2) = F(2,4)

2) = (F(I,2)+DA(1)*F(2,1))/2

i) = F(I,2)/DA(1)

2) = (F(3,2)+DA(1)*F(2,3))/2

3) = F(3,2)/DA(1)

4) = (F(I,4)+DA(1)*F(4,1))/2

i) = F(I,4)/DA(1)

4) = (F(3,4)+DA(1)*F(4,3))/2

3) = F(3,4)/DA(1)

ALPH < 30.0

31 I T

F

F(I,5) = DA(1)*F(5,1)

F(2,5) = F(5,2)

F(3,5) = DA(1)*F(5,3)

F(4,5) = F(5,4)

32

ALPH

F(I,5) =

F(5,1) =

F(2,5) =

F(5,2) =

F(3,5) =

F(5,3) =

F(4,5) =

F(5,4) =

F

60.0") _--G

(FI,5)+DA(1)*F(5,1))/2

F(I,5)/DA(1)

(F(2,5)+F(5,2))/2

F(2,5)

(F(3,5)+DA(1)*F(5,3))/2

F(3,5)/DA(1)

(F(4,S)+F(5,4))/2

F(4,5)

34

T

(_ALPH < 120.0)

F

T

F(5,1) = F(I,5)/DA(1)

F(5,2) = F(2,5)

F(5,3) = F(3,5)/DA(1)

F(5,4) = F(4,5)

38

[CALL -I

1,57-...... I



SUBR_U TI NE L3

'WIND 2 I

/ TAPE 2

(((XXEKT(I,J,K),I = I,N),J =

1,5),I = 1,5)

(XCALP(1),I = I,N)

(XSALP(I),I = I,N)

....<,= >

___Ix_(i)= ARs(xsI(_),xcA_cI)))XRJ(I) ABS (XSJ(1)*XCALP(I)

,I
TAPE 2 [

(((XXEKT(I,J,K),I = 1,N),J = [

i,5),K = i,5) [
(XCALP(I),I = 1,N) [

(XSALP(I),I = 1,N) [
(x_i(1),i = I,N)

NS¢ = 0 )

JRo-- RR*SIN(A_._/57.295781

55

[INITIALIZE XM0(3 t 3)

AM¢ = 3.1415926*T_*XW0/GA

XM0(1,1) = R0**4*AMg/12.0

XM0(2,2) = R¢**2*AM0/2.0

XM0(3,3) = R0**2*AM0

XM0(I,3) = -R0**3*AM0/4.0

xM_(3ji) = xM¢(1,3)

x_ J
/

CALL SHKMT(XXEKT,XRI ,XRJ,XSALP,

XCALP, XW, GA, HH, EK_, XM0, R0,

Nt_ SDt EK tXM tMN3 _MAXN rMNI iNS0)

NNI = NN - I [

CALL SHEKXM(XM ,NFRSC, NAS, NN ,MN3)

Ll= I+ 1

IXM(I,J) = (XM(I,J) + XM(J,I))/2.O 1

r

/



56

L3 (continued)

l

l IIJ=I - i

I

I, _
!---_xM(i,_) = xM(_,i)

305 L

CALL SHEKXM(EK,NFRSC=NAS,NN, I
M_3)

= i ,NNI>_---_ _
' II L1 = I + i 1

I

F - -- - = LI,
1

;
= (EK(I,J)+EK(JrI))/2. 4L__4EK(I,J)

I

' [i_ = I - i

_--_EK(I,J) = EK(J,I)

SUBR@UTINE SHKMT(XXEKT,XRI,

XRJ,XSALP,XCALP,XW,GA,HH

EK0,XM0,R0,N,NSD,EK,XM,

MN3,MAXN,MNI,NS0)

N13 = (N + 1)'3 1

IINITIAUZEs_(_,_) I

CN_ 0_
= ,,fl

' i
I

,_---_=_,:>
',

-- 3.1415926"R0

J

oso+_i>"

INITIALIZE XM(NI3,NI3)

INITIALIZE CI(3,3)

CI(I,I) = -i.0



SHKMT (continued)

?
INI rIALIZE EK(NI3 ,NI3)

INITIALIZE BI(5,3)

BI(I,I) =-i.0

BI(3,2) =-1.0

INITIALIZE BJ(5,3)

BJ(2,1) = 1.0

BJ(4,2) = 1.0

INITIALIZE AI(3,5)

AI(I,I) = -i.0

AI(2,3) =-i.0

INITIALIZE AJ(3,5)

AJ(I,2) = 1.0

AJ(2_4) = 1.0

I = I,N

,I
'RI = XRI(I)

RJ = XRJ(1)
CALP = XCALP(1)

SALP = XSALP(1)

I

I ---_<K = 1,5 >F-
I

L---IXEK(J,K) = XXEKT(I,J,K) I

NSD = 1

T

J

w = xw(1)

AL=ABS((RJ - RI)/CALP)

Il= I+ 1

TT = 0.5(HH(I) + HH(I1))

AM = 2.0"3. 1415926**TT*W/GA

57

Calculate the submatrices of the i

element msss matrix, I

XMTII, XMTIJ, XMTJI and XMTJJ, I

by straightforward application ]

of Appendix I, Equations (A9-2) ]

RI = RI.2.0.3.1415926RJ = RJ.2.0.3.1415926

I
r
I

i XEKT(I,L) = RI*XEK(I,L)
I
I XEKT(2,L) = RJ*XEK(2,L)

XEKT(3,L) = RI*XEK(3,L)

XEKT(4,L) = RJ*XEK(4,L)

XEKT(5jL) = RJ*XEK(5_L)
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SHKMT (continued)

?
BI (5,2) = -CAI.,P

BI(5,3) = SALP

BJ(5,2) = CALP

BJ(5,3) = -SALP

AI(2,5) = -CALP

AI(3,5) = SALP

AJ(2,5) = CALP

AJ(3,5) = -SALP

E_I(5,3) = XEKT(5,5)_

BI(5j3)

m

EKBJ(5,3) -- XEKT(5,5)*

BJ(5,3)

m

EKII(3,3) = AI(3,5)*

EKBI (5,3)

m

EKIJ(3,3) = AI(3,5)*

EKBJ(5,3)

m

EKJI(3,3) = AJ(3,5)*

EKBI(5,3)

m

EKJJ(3,3) = AJ(3,5)*

EKBJ(5r3)

I_.KII, _.KIJ I

CI(2,2)

CI(3,3)

CI(2,3)

CI(3,2)

= SALP I
= SALP

= CALP I= -CALP

t( 3 mXMCII(3,3) = CI ,3)*

XIVITII(3,3)

XMCIJ(3,3) = cIt(3,3) _

XMTIJ(3,3)

m
XMCJI(3,3) = cIt(3,3) *

XMTJI(3,3)

XMCJJ(3,3) = cIt(3,3) _

XMTJJ(3,3)

XMII(3,3) = XMCII(3,3)_

CI(3,3)

m

XMIJ(3,3) = XMCIJ(3,3)*

CI(3,3)

m

XMJI(3,3) = XIVICJI(3,3)*

CI(3,3)

m

XMJJ(3,3) = XMCJJ(3,3)*

CI(3,3)

,L
IxMII, xMIJ I
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SHKMT (continued)

IiJ =

I2J

---<K

IlK =

I2K =

J = 1,3 >

(I - 1)'3 + J

1"3 + J

i
= 1,3 ,>

(I - 1)'3 + K

1"3 + K

XM(IIJ,IIK) = XM(IIJ,IIK) +

XMII(J,K)

XM(IIJ,I2K) = XM(IIJ,I2K) +

XMIJ(J,K)

XM(I2J,IIK) = XM(I2J,IIK) +

X]VlJI(J ,K)

XM(12J,12K) = XM(12J,12K) +

XMJJ ( J, K)

303

I
I
I llJ = (I - 1)'3 + J

I I2J 1"3 + J

I

IlK = (I - 1)'3 + K

I2K 1.3 + K

EK(I1J,I1K) = EK(IIJ,I1K) +

EKI I (J, K)
EK(I1J,I2K) = EK(I1J,I2K) +

EKIJ(J,K)

EK(I2J,I1K) = EK(I2J,I1K) +

EKJI(J,K)

EK(12J,I2K) = EK(12J,IIK) +

EKJJ(J,K)

I

I

I

_----{_.K(J,K) = _.K(J,K) ÷ SK_(J,K) I

I, i
_--- K= 1,3
I %

i Ix_(j,K) = XM(J,K) + X_(J,K) I
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SUBROUTINE SHEKXM(XM,NFRSC,

NAS ,NN ,MN3)

SUBROUTINE L4

NASA = (NAS - 1)'3 + NFRSC i

r---<I=l,N_
I

, (NASA_ I'>T
I

II F
I

I ,NI= I + 3 - N;RSC,
! I I

I

, .< >! J = I,NN
l

, _ T
i

11 F
I

i INF = J + 3 - NFRSC 1
i !

'_ II

!

I
IxM(I,j)= XM(NI,NJ)

1
I_I= II

I

iNNN = -NN i
NE = -NEP I

#

IREWIND_ I

ITAPE8 i
_ = I,NN) ,J = I,NN)

CALL HOWF(NN,MN3,NNN,XM,EVLI
EKT,A,B,WI,W2) ' ]

ICALL MULT2(EKT,EK,XM,NN,NN,NN,MN3,MN3,MN3) I

i_° _ i

= I,NN),J = I,NN)

ICALL MULTI (XM, EKT, EK ,NN ,NN,
NN,MN3,MN3,MN3) I

----tEWl(I) = 1.0/(SQRT(EVU(I))) I



L4(continued)

?

_____<J:I,NN_
b

IAx=_1,1) ]

I -<I:I,NN>
I

LI = I + i ___I

___[_,_)_-_i,j_.o_)+_'I)'I

-__-<i:2,NN>
IJ = I - i

L

!---lXM(I,J) = XM(J,I)

ICALL HOWF (NN, MN3, NE, XM, EVL,EVT,A,B,WI ,W2)

1
I

k--iEv_(I) = EVL(I)*AX

b, _
I -

, _
I
-----IEVT(I'J) = EVLI(1)*EVT(I,J)

JCALL MULTI (EKT, EVT, QT, NN, NN,NEP ,MN3 ,MN3, MNEP) I

ICALL PRINTM (QT, NN, NEP ,MN3) ]

IREWIND 9

(_( TAPE 9

EK(I ,J)I
= I,NN),J = I,NN)}

61
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L4(continued)

CALL_LT2(QT,EK,E_T,_N,_, 1
NN, _3 ,_¢_EP ,MN3) I

CALL _-ULTI(EKT, QT, QKQ,Nm:', I
NN ,NEP ,MNEP ,MN3 ,MNEP) l

CALL PRINTM(QKQ

i__
I

fI

I IEK(I,J) = QT(I,J) 1.

REWIND 8

(TAPE8 t
((XM(I,J),I = I,NN),J = I,NN)

____(I) = SQRT(EVL(1))

_FREQ(I) = P(I)/6.2831852

I(FREQ(1) ,I = I,NEP

SUBR_)U TI NE MULT2 (A, B, C, N 1N2,

N3 ,MNI ,MN2 ,MN3)

---_I = I,N2>

C(I,J) = 0.0

J

i

I 'IC(l'J) = C(I'B(K,J)J)+ A(K,I)*I

+
SUBR@UTINE MULTI(A,B,C,NI,N2,

N3,MNI,MN2,MN3)

C(I,J) = 0.0

+
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SUBROUTINE L5

' NT

ME

MMI = MM + 1

_AF(I),I = I,NN)

(FA(1),I = I,MMI)

MM,NT I
TIME

(AF(1),I = I,NN)

(FA(I),I = I,_L_

JV
TT = TIME/MM

ANT = FL_AT(NT)

• I
<NAF = lJ T _

I F

IX_mF(NN) = XM(NN,NN)_AF(NN) I

XQFT(NEP) = QTt(NN,NEP)_ [

XMAF (NN) J
I

39

XQFT(NEP) = QTt(NN,NEP)_ I
AF(NN)

CALL RESP_N(P ,XQFT,FA ,XDEF , [NEP ,NT,MMI, TT,MNEP ,MAXP)

MN = MM/NT ]

[CALL PRINTM(XDEF,NEP,MN,MNEP)[

I

(AF(1),I = I,NN) [

(X_F(I),I = 1,NN) [

((XDEF(I,_), I = I,NEP),J = I,MN) [

EKT(NN,MN) = QT(NN,NEP)_ [

XDEF (NEP ,MN) I

I

[ JAI = FLOAT(I)T(1) = TT*AI*ANT

[CALL PRINTM(EKT, NN ,MN ,MN3) ]

TAPE 8 ___(XMAF(1),I = 1,NN)

(I),I = 1,NEp_
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SUBR_U TI NE RESP_N (W, XM,P, X,NM,

NT, L, TT,MAXLD,MAXRP)

160 >N= I,NM

IX= i I
DT = TT

FREQ = 2.0_3.1415926/W(N)/32.0

-----_DT < FREQ T

IX = IX*4 I

DT = DT/4.0 i
J

C1 = DT /2.0

C2 = CI*DT/3.0

C3 = C2"2.0

K= 1

Ng2K/T = NT

C4 = W(N)_'*2

F = 1.0 + C2"C4

DISP = 0.0

VEL = 0.0

ACEL = P(1)*XM(N)

LH= i -I

AIX = FLOAT(IX)

fiX = IX + 1

>I = I,LH

I1 = I + i

DXP = (P(I1) - P(I))/AIX

XP = P(I) + DXP

.... iix>

A = VEL + CI*ACEL

B = DISP + DT*VEL + C3*ACEL

ACEL = (XP*XM(N))/F - (C4/F)*B

VEL = A + CI*ACEL

DISP = B + C2*ACEL

XP = XP + DXP

X(N,K) = DISP

K= K+ 1

NOUT = NOUT + NT

T
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SUBROUTINEL6

I REWIND2

/ TAPE 2

(((XXEKT(I,J,K),I = I,N),J =

1,5) ,K = 1,5)

(XCALP(I),I = I,N

(XSALP(I),I = 1,N)

(XRI(1),I = I,N)

(XRJ(1),I = 1,N)

F

_NSD = i'_ _---

REWIND 9

/TAP E 9

I((EK(I,J)I = I,NN),J = I,NN)

I(AF(I),I = I,NN)

](X_AF(I), I = i,_)

T

©

I

L__I AF(J) = XMAF(J)

310 ,

I CALL INVERT(EK, NN, MN3 ,M4, C4) 1

i
IUI(NN) : EK(NN,NN)_AF(NN) ]

CALL SRES (UI, XXEKT, XCALP, XSALP,

EK0, NAS ,N, NFRSC ,PI ,Sgl ,MAXN,

t£N3)

,mAXN) ICALL PRINTM(PI,N,5

INITIALIZE AI(3,5), AJ(3,5)

AI(I,I) = -1.0

AI(2,3) = -1.O

AJ(1,2) = 1.O

AJ(2,4) = 1.0

NASM = NAS - 1

NASA = (NAS -1)'3 + NFRSC

NFRSCP = NFRSC + 1
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L6 (Continued)

INITIALIZE CI(3

I Cl(l,i) = 1.0 ,3)

J = I,N

CI(2 2) = XSALP(J)

CI(3 3) = XSALP(J)

CI(2 3) = XCALP(J)

CI(3 2) = -XCALP(J)

AI(2 5) = -XSJ(J)/XSI(J)*XCALP(J)

AI(3 5) = XSJ(J)/XSI(J)*XSALP(J)

AJ(2 5) = XCALP(J)

AJ(3_5) = -XSALP(J)

AJS(3) = AJ(3,5)_PI(J,5)

, _M = 1,3 >
[

I___ 1
L MJM = M + JM*3

DI(M) = UI(MJM)

:
' _!

I

L___ MJ=M+ J*3 1DJ(M) = UI(MJ)

?;

I

--ID_(_,-.o,o_Z_LL]

8OO

,------_M: i 3 \
j ' /

I IMp=M+_.3!___ MJM = M + JM*3

, DI(M) = UI(MJM)

DJ(M) = UI(MJ)

802
f-_< 0

=0,

F-'----_ M = I'3 >
(

I MJ = NASA + M

[---- DI(M) = DJ(M)

I_D.J(M)=__9_f _(MJ)
_/

106

MJ = (J 2).3+ NF.sc+ M I___ MUM = (J -1)'3 + NFRSC + M I

DI(M) = UI(MJ) r[DJ(M) = UI(MJM)
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L6 (continued)

CIS(3) = CI(3,3)_AIS(3)

CJS(3) = CI(3,3)_AJS(3)

CID(3) = CI(3,3)_DI(3)

CJD(3) = CI(3,3)_DJ(3)

(J,(CIS(K),K = 1,3),)CJS(K),I

K = 1,3) [

(CID(K),K = 1,3)

!

((PI(I,J),I = I,N),J = 1,5) ]

(S_I(I),I = 1,2) ]

SUBROUTINE SRES(UI,XXEKT,

XCALP,XSALP,EK_,NAS,N,

NFRSC,PI,S0,MAXN,MN3)

NASA = (NAS - 1)'3 + NFRSC INFRSCP = NFBSC + 1

J _o _= I,N

BI(5,2) = -XCALP(J)

BI(5,3) = XSA_(J)
BJ(5,2) = XCALP(J)
BJ(5,3) = -XSALP(J)

I JM = J - 1NASM = NAS - 1

>
I

[ [MJM = M + JM*3 I_--- DI(M) = UI(MJM)
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SRES(continued)

Q
____<,:_,_,_c>
I
i

-----IMJ = M + J*3

IDJ(M) = UI(MJ)

I00

,----_M = 1,3 >
i

i [ MJ = M + J*3
I

L___ MJM = M + JM*3
DI(M) = UI(MJM)

DJ(M) = UI(MJ)

_ jIO2NAS

i=°

I MJ = NASA + M I
--- DI(M) = DJ(M)

DJ(M) = UI(MJ)

F ....

I

I
I
I
I

106

M = 1,3 >

I MJ = (J - 2)*3 + NFRSC + M I

MJM = (J - 1)'3 + NFRSC + M[

.... DI(M) : UI(MJ) I

DJ(M) = UI(MJM) I

95

V(5) = BI(5,3)_DI(3) + '0

t

BJ(5,3)_DJ(3) i

S(5) = XXEKT(J,5,5)_V(5) I

y

_----<K_-1,5>
I

] IPI(J'K) = S(K)

1

CONTINUE
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SUBR_fUTINEL7

MMI =MM+ I i

I I

I REWIND 8 ]

TAPE 8

(XM(I,J),I = I,NN),J = I,NN)

XMAF(I),I = I,NN

XQFT(I),I = I,NEP)

(EKT(I,J),I = I,NN),J = I,NEP)

i
i

l
i

J
)

t

EK(NN,NEP) = XM(NN,NN)_ _]
EKT(NN, NEP.___._))....

--< >J = I,NN

IEK(J,I) = EK(J,I)*P(I)*P(I) I

(((XXEKT(I,J,K),I = I,N),J

= 1,5),K = 1,5)

(XCALP(I),I = I,N)

(XSALP(I),I= 1,N)
(XRI(1),I = I,N)

(XRJ(1),I = I,N)

((Pl(I,J),l = I,N),J = 1,5)

(S_l(1),l = 1,2)

UI(I),I = I,NN)

((EKT(I,J),I = I,NN),J = I,NN_

I REWIND 8

= 1 ,NEP/

U2(NN) = EKT(NN,NN)_EK(NN,I)

I CALL SRES(U2 ,XXEKT,XCALP,
XSALP,EK0,NAS ,N, NFRSC,

P2 ,S@2 ,MAXN ,MN3)

((P2(J,K),J = I,N),K = 1,5)

F---_J = 1,2 >
I

L--Iss_2(I,J) = s_2(J)
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L7 (continued)

TAPE 9

((EK(I,J),I = I,NEP),J =
MN)

(FA(I),I = I,MM1)

INITIALIZE AI(3,5), AJ(3,5) I

AI(I,I) = -1.0

AI(2,3) = -i.0

AJ(I,2) = 1.0

AJ(2,4) = 1.0

NASA = (NAS- 1)'3 + NFRSC
NFRSCP = NFRSC + 1

NASM = NAS - 1

INITIALIZE CI(3,3)

CI(1,1) = 1.0

I = I,MN,

II = I*NT + 1TIFS = FA(II)

a )I

t I U3(J) = UI(J)*TIFS
I

, -.<J: 1,2>
Ji

] -6 S@3(J) = TIFS*S01(J)

i ![_.__
I

I

, _I

_----I P3(,.I,K) = TIFS*PI(,.I,K)

1

I XNR(J) = EK(J,I)

i XNRI(J) = XQFT(J)*TIFS/P(J)/

P(J)

XN2(J) = XNR(J) - XNRI(J)

INITIALIZE TP(N, 5)

INITIALIZE TU2 (NN)

REWIND 8

= 1 ,NEP/



D

i

L7 (continued)

/ TAPE8 i

((P2(II,JJ),II = I,N),JJ = 1,5)I(u2(iz),Ii = 1,NN)

I
V

= TU2(K) + U2(K)*XN2(J) 1

i

TU2(K)
I

TS02(2) = SS02(NEP,2)_XN2(NEP) I

, .(_: 1,2>
I i

' t
[--_TS_(J) = TS_)2(J) + $03(J)

• 9_Q,
¢ Q

U3(J) + TU2(J)

I,N

r----<J:1,_>
I

I

L---- I TU(J) =

F---_K--
, _
p--.<,._-1,_>
' i
L-- I_(K,,_) I

= P3(K,L) + TP(K,L)I
I

I(_(J) ,J = 1,NN)

I"SH,ELL INTERNAL RESPONSES l

IARE

IcA_.LPRIN_(_,N,5,MAXN) J

7 I0J : I,N

AI(2,5) = -XSJ(J)/XSI(J)*

XCALP(J)

AI(3,5) = XSJ(J)/XSI(J)*

XSALP(J)

AJ(2,5) = XCALP(J)

AJ(3,5) = -XSALP(J)

CI(2,2) =- XSALP(J)

CI(3,3) = XSALP(J)

CI(2,3) = XCALP(J)

CI(3,2) = -XCALP(J)

71
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L7 (continued)

/

AIS(3) = AI(3,5)_TP(J,5)

AJS(3) AJ(3,5)_TP(J,5)

IJM=_-I i

1 >o
__ __,_---_

I, _
' I Iu .... MJM = M + JM*3

DI (M) = 'I_(MJM)

,----,.<_=_,_sc>
i

i

___]MJ = M + J*3

h _DJ(M) = TU(MJ)

:

L
i

'tJ

_,.. __ m m

80O

MJ = M + J*3

MJM = M + JM*3

DI(M) = TU(MJM)

DJ(M) = TU(MJ)

802

- NAS

MJ = NASA + M

DI(M) = DJ(M)

DJ(M) = TU(MJ)

.... 106

_M _ 1,3,,/

MJ = (J - 2)*3 + NFRSC + M

MJM = (J - 1)'3 + NFRSC + M R

DI(M) = TU(MJ) i

DJ(M) = 2"d(MJM) I
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L7 (continued)

95

CIS(3) = CI(3,3)_AIS(3)

CJS(3) = CI(3,3)_AJS(3)

CID(3) = CI(3,3)_DI(3)

CJD(3) = CI(3,3)_DJ(3)

(J,(CIS(K),K = 1,3)=(CJS(K)

K=1,3)

(CID(K),K = 1,3)

(CJD(K) ,K = 1,3

710

205



C

20

30
40
50

60
70
90

I00

II0
120
130

140
150

160
|TO
L80
190

2O0
210
220
230

240
250

74

F, FORTRAN Lis tiug

MAIN

COMMON

IN,NS,NSO,NSD,NFRSC,NAS,NN,NEP_NAF,MAXN,MN3,MNI,MNEP_MAXP,MN_MM,NT_

2HD,BETA,R,RR,TO,ALPHO, POISO,EO,XWOtGA,TIME,

3XM(TB,78)vEK(78,/B),P(78), XALPH{25),XPOIS(25),

4XE{25),HH(26),XSI(25),XSJ(25),XW(25)tEKO(2,2)gXA(25}_XN(26)_YN(26F

IO FORMAT |614)

FORMAT (4E18o8)

FORMAT|9F8.4)

FORMAT (3E18.8)

FORMAT (5E14.7)

FORMAT {E18o8)

FORMAT (214)

FORMAT {5Xv23HN,NStNSOpNSD,_FRSC_NAS=614)

FORMAT(5X,6HXALPH:6EI6.8/(IIX96EI6o8))

FORMAT(SX,6HXPOIS=6EI6o8/(IIX_6EI6o8))

FORMAT(5X,3HXE=6EI6.8/(8X,6EI6o8))

FORMAT(5X93HHH=I2F8.4/(8X,L2F8o4))

FORMAT(5XvlOHHDgBETA,R=3E20o8)

FORMAT(5X_3HXA=6EL_.B/(BX,6E£8o8))

FORMAT(8HXSI,XSJ=6EISo8/(8X,6EI8.8))

FORMAT (SX,21HRR,TO,ALPHO,POISO,EO:/SX,SE20.8)

FORMAT (5X,4HXWO:E20.8)

FORMAT{5Xm3HGA:E20.8)

FORMAT|5X,3HXW:6EI_.B/{BX,6EI8o8))

FORMAT (5X_8HNEP_NAF=214)

FORMAT{5X,3HXN=6EIS.8/(8X,6EI8oS)}

FORMAT(SX,3HYN=oEISoS/(SX,6EISoS)}

FORMAT(IHI)

PRINT 240

MAXN=25

MN3=78

MNI:26

MNEP=78

MAXP=78

READ iO_ N_NS_NSO_NSD,NFRSC,NAS

NI=N÷I

NN=N*3+NFRSC

READ 30, (XPOIS(1),I=I_N)

READ 20, {XE(1)_I=I,N)

READ 30, (HH(1),I=I,N[)

PRINT 90_ N,NS_NSO_NSO,NFRSC_NAS

PRINT IIOt {XPOIS(1),I=I,N)

PRINT 120_ (XE(1),I=I_N)

PRINT I30_ (HH|I)gI=I,NI)

INS=NSmNS

IF (INS .EQ. I) GO TO 400

IF INS .EQ. O) GO TU 300

READ 20, (XN(1)gI=I,NI)

READ 20, (YN(1),I=I,NI)

_00

PRINT 220,

PRINT 230,

GO TO 310

READ 20,

PRINT 160_

READ 30,

PRINT I00,

(XN|I),I=I,NI)

(YNII),I=I,NL)

(XSIII),XSJ(1),I=I,N)

(XSIII),XSJII},I=I,_)

(XALPH(1),I:I,N}

(XALPH{I),I=I,N)



C
C
C

C

4OO

340

350

360

GO TO 310

READ 40_ HD,BETA_R

READ 30,[XA(I),I=I,N)

PRINT 140_ HD_BETAtR

PRINT 150, (XA(1),I=I,N)

READ 30, (XALPH(I},I=I_N)

PRINT I009 (XALPH(1),I=I,N)

310 IF (NSO .EQ. O) GO TO 320

READ 50, RR_TO,ALPHOvPOISO_EO

PRINT 170,RR_TO,ALPHD_POISO,ED

320 IF (NSD .EQ. I) GO TO 340

IF (NSO oEQ. O) GO TO 330

READ 60, XWO

PRINT 180_ XWO

330 READ 60, GA

READ 209 (XW{I)_I=I�N)

READ 70_ NEP,N_F

PRINT 190_ GA

PRINT 200_ (XW{I)_I=I,N)

PRINT 2109 NEP,NAF

CALL LI

CALL L2

CALL L3
IF (NSD oEQ. 1) GO TO 350

CALL L4

IF {NAF .EQo O) GO TO 360

CALL L5

CALL Lb

IF (NSD .EQ. I) GO TO 360

CALL L7

GO TO 250

END

lO0

991

SUBROUTINE LI
COMPUTATION OF DISC STIFFNESS FOR END CLDSURE

COMMON

INtNS,NSO,NSD_NFRSC,NAS,NN,NEP,NAFIMAXNtMN3_MNI,MNEP_MAXP_MN�MM_NT_

2HD,BETA_R,RRtTO,ALPHD,POISOtEO,XWDtGA�TIME_

3XM(T8t78}tEK(TB,T8),P(78), XALPH(25)_XPOIS(25)_

4XE(25)_HH(26),XSII25),XSJ{25),XW(25)tEKO(2,2)_XA(25)_XN(26)_YN(26)

DIMENSION M6(2),C6(2}

DO IO0 J=It2

DO IO0 K=It2

EKO(J,K)=O.O

IF {NSO .EQ. O) GO TO 991

RO=RR*SIN(ALPHO/57.29578)

POIP=I.O_POISO

POIM=I.O-POISO

DDO=EO*TO*m3/(12.0JPOIP*POIM)

EKOII,I)=ROIDDO/POIP

EKO(2,2)=POIM*RO/(EO*TO)

CALL INVERT(EKO,2,2,M6,C6)

PRINT iI0_ ((EKOII,J),I=I,2),J=I,2)
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110 FL3,_MA f

a, ETU_N

END

( bX _..q.Hh K L-I=/.t L:.2 b o 8 )

SUB,4OuT INE L2

CCffPUT,_i-[JN i_:.: CL,"_IC4L _!_E'4L.:4T 5TIFFNESSES

rn .[ _ :T :',.S [ C1,'_ ;','{i, _ L:''- 2C" ) _ XSAL P : :_b i__ Y i 2 ) t XEK ( 5_ 5) , XBER (16) , XXEKT ( 25 t 5,5 )

t "_NS, _iSC_'_Si'_',,;i4 5C _.i,A S_.N_NEP_NAF _MAXN_MN3_MNI _MNEP_MAXP_MNsMM_NT,

2__C_ [tC:T_._ _,,,;__4.:k_ }ttt AL.P'.,-tI.. PC [ SC,hOt XWI.J_,GA,T [ME_
_y,_.'! 7?: ?!_] ; 4_£f_4_ ._S) _,F'( ?S] ,. XALPH(25)_×POIS(25),

4 .'-,k [ < L,.' opt-! ,_:'c _ _x::[ ( .! _,.- ._XS,;i 2_ ; _ XwC 25) ,EKO(2,_2 } _XA(25) _,XN(26) _YN(26)
Y 5 :', _.,

IF I i:i3 ,_::',_:,, I ) ;_ IU q_2

)02 [)b ,:.'-!_-_ ! _._k ;.i',,
/ I l=-:l I {-i

PCiS=._,Dt_;3!I I

"=XF: _ ! ; )

TT:L,5*(FI-,{ [i }+ell( I| i}

_iP=SL.,,*<I{:..*_L k_,- PtJIS_-2))

'41,3 '_'A[.-.FHr2_Sc_:.',T(a,A,2.',:/TT)

4 P<[_![ 7

;' F[j:_,_'ZI ;SY.,;?'gI!TH[$

STOP

5 If- ! ,_f',S _",< _ 1) CC

SI .... SS+X
C _.- c: r" ,- a" X

XSr{[!}:S[

XS,J ( [ I ) =SJ

9()9 Y&I f:r':[Z*_-R +_'.".... T{-RA _., O/TT)

IF- _,'43-2} -'-IO,40O_z*lO

40U YY=YN{][I)-Y:,{ Z[].)

X ×=x,",i I [ t 1. _--Xhl g I ,_

X XYY -._S{J#,T [ Y Y-_.YY-_. X X._ XA )

g. A-='.,, y / × X

C AL.P:; X X,' X X _"_

SALP=VY/X4YY

AT_L.P=ABS{R_)

tF (CALP) !b__;':3,20

10 &l_PhA=3. [41 b'_Hb-Z_T_f_ [ &l_k P )

GC TU 30

20 ALPt4A:ATANI"]AL; 3)

30 ALPH=ALPh_*S7o29578

XALPH( I l):t_kP_

XSI ( I [ )=_S ', X_'_(l I ) /(, &l.P )

XSJ( I I }=_,_SIXN( I I 1 )/CALP)

G[; f[] 42(-

IS A C'."LINI)RICAL ELEMENT)

Ti3 '._CO



C

C

I
i.

410 ALPH=XALPH(I])

ALPHA=ALPH/57°29578

CALP=CQS(ALPHA)

SALP=SIN(ALPHA)

RA=SALP/CALP

420 XCALP(II)=CALP-

XSALP(II)=SALP

IF (INS-t) 905_0t_905
_01 X=R*SINIXAIII)/2o/57©29578)

RX=R*COS(XAIII)/2oI57o29578)

SS={DY/SALP+RX*YS)*RA
GO TO 9O7

_:,5 SI=XSI{II)

SJ:XSJ(II)
i •

_i:,7 IF (ALPH-90°G) 3,_5

3 IF (INS oNE. I) GO'TO 908

SI=SS-X

SJ=SS+X

XSI(II)=SI

XSJIII)=SJ

6 Y(I)=YAI*SQRT(SI)

Y(2)=SQRT(SJ)*YAI

CALL THO{Y_2,XSER) "

CALL FLEKCO(XBER_Y,E_POIS_SI_SJ_TT_ALPH_CALPvSALP_XEKI

()0 _CO d=l,b

[)O BOO K=I_b

XXEKT(II_.J_K)=XEKIJ,K)

CONTINUE

3_O

R_W]ND
_RlrE
wRtlE

WKIIE
RETLiRN
tNO

2

(2) (((XXEKT(I,J_K)_I=I_N)_J=I,5)_K=I,5)

{2} (XCALP{I},I=I,N)

{Z) (XSALP{I),I=I,N)

62

SUBROUTINE THO (Y_MN_XBER)

CALCULATION OF THOM_'SON FUNCTIONS FOR TWO ARGUEMENTS

DIMENSION BER(8) ,_MC( 2_ 8) _Y{2) _MA(8) _DER(2_ 8) _,XBER{ 16)

PI=3.1415926

DELT=3 o 141592618.
RE]OT= SQRT (2.0 )

MNB=mN*8

IF (Y(MN)-27o) 80,80_62
DO 201 JOB=I,MN
YD=Y ( JOB )/RCOT
CCA=COS (SU (YD-OELT))

SCA=SIN (SU (YD-DELT))

CCB=COS {SU (YD+DELT))

SCB=SIN (SU (YD+DEI_T))
ltE=Y (JOlt) / RCO.T
CALL XXPIE_BE_B)

C--C o0

VYI=I o0
V,NI=I,O
XV=I _0

";7
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71
72

i21

XNI=I .0
XW=-I .0
XNW=- I o0

WYI=C.O
WNI=OoO

XS=-I o0
XNS:-I.O

SYI=I.O
SNI=I .0
XT=I .0

XNT=I.O
TYI=O,O

T_JI =0.0
C=C+I .G

CS=CCS (C*OI/Q.)

SS=SIN (C*P 1/',. )
XV=XV*{-[. )*(-(2o*C-I _) _-2)*CS/ (C_'?.*Y_ JL}B_ }

XNI=XN[*I-Io)*(-{po_,2-Io)**?)_CS/_:S*_,.*{-Y{J(JC ))

VYI=VYI÷×V
VNI=V_I+XNI
xV=XV/CS

xN I=X__ I/CS
XW:X_*(-Lo }*'-(2.'C-I.},_:?)*,%S,'(C_'_,*Y(J08] )
XNW=XNW* {- 1 . .'._'-{ - ( 2 _ _C-].. ) '_'2 ) *S S i (C*,q o* {-Y( JCh ))
WYi=WYI+X_,

w_I=_;_ I+x,_W

X_=X_/SS
x,XW=x_,_/S S
XS=Xb*(-I. )*i-{E**C-I. )" {2,*C_I _.; )*CS/(C*So*Y(,J{]L_} )

XNS=XNS*(-1. )*{- 12._'21"-1 ; ;*[2o,C+], _ )*CS/(C*6o*(-Y(J_!B)))

SY I =SY I + <S

SXI=S_I+xNS
XS=XS*(2.*C-I. )/(C5"(2.,*C+L. !'_
X_S=XNS*(2o*C-].. )/(C5_(:;.*C÷I. }
XT=ZT*{-I. }* {-{ 2 i:*C-L,, ." , (2o*C+L o :, :,_SSt ',C*8,*Y( JOB ) )
x,xr=X;XF*{-I. }*{-t 2._C-l_ }._,,'2,*C_,[o i )*SS/(C*8.*(-Y{JCLB}) }

TYI=TYI+XT
TN I=TN [ +ANT
XT=}_T*(E.*C-I. )/{SS_#2_C*t _) )
×NT=XNT*{2.*C-I. }/{3S_2o*C+I -i }

IF (Y{JEB}-92.0) 71,71,72
IF {C-Ib.O} 03_121,121
IF (C-7.U) 63t12I,lZL

BYI=SQRT {PI/(2.*Y{JCB} ))/E
Bt!R ( 5 ) =BYI *VNI *CC B +,__Y [ *mNl *SCB

BER ( O ) :BY I * ( WN I *CC b-V_i I*SCF )
BER{ 7)= {-BYI )*{ SN[ _CCA+ IN I_-SCA)
BER ( 8 ) = (-BY I ) • { TNI *CLa-SN I *SCA)
AYI=E/S_RT (Z.*PI*Y(J[]B} }

BER(1)=AYI*{VvI*CC_-WYI*SCA}
BERI/I=AYI*(WYI*CC_+VYI'SCA}
BER I3 ):AYI*( SYI*CCt_-TYI *SCB )

BER(4)=AYI*{ fYI*CCt;+SY I*scr..,)

MBA=-MB

DO 17 I=t,4
I ,J= I+4



¢,

CALL XC [MBA_BER( IJ) _MC(JOB_ IJ} )

17 CALL XC {MB,BER(1),MC|JOB,I))

PRINT 200, CBERI I ) _MC (JOB, I) _.I=1,8)

_.CO FCR!"AT (4(F20.8,1HE,19))

DO 19 I=1,4
IJ=i+4

MA(I)=MC(JOB_ I}-MC(I,I}+8

19 MAC IJ )=MC(JOB, IJ)+MC [I, 1)-8

I)6 297 K=I_8
K JOB:K+( JOB-|)*8

297 XBEP, (K JOB) =BER( K)* IOoO**MA (K)

201 CONTINUE
GO TO 800

80 DU _t8 JOB=I,MN
[F (Y(JU._q}-5,, ! 31_61,61

61 YD=Y _JO_, )/ROOT

CCA=COS {SU [YD-DELT))

SC_=S!N (SU (YO-DELI))
CCrt=CCS (SU (YD.'-DELT))
SCFI=SIN _SU (YD+DELT)}
BE=Y ( ,JC@)/RCL]T
_=EXP _E)

C:O.O

VYI=loO

V._41: i _ 0
XV=.l ,0
XN_:loO
X',_=--I ,,O

x,_ w=- i, %'
WYZ:C©U

_NI=O_O

XS=-| o0
X'_S =- l oC

SY.T=IoO

X_'_T=1o0

fYl=0.O

TNI=OoO

IF {Y(J06)-I5.0} 81,133,133

1.33 C=C+I_O
CS=CUS (C*PI/4,)
SS:-.S IN (C*PII4.}

XV=XV*_I.',*I-I2o*C-lo)**2)*CS/(C*B.*Y(JOB} }
XNI=XNI*I--Io)*(-(2,,*C-Io}**2)*CS/(C*B.*I-Y(JOB) ))

VYI=VYI+XV

VNI:Vt_ I+XNI

XV=XV/CS

X_I=XNI/CS

X_w=X_*.'.- I o )* [-( 2 o-C-I,. )*-2 }DSS/(C*8.*Y(JOB 1 )

XNw=X!,4W*(_I.)*(_ (2o-C-Io}**2)*SS/{C*8.*{-Y_JOB_,)}

WYI=_YI÷XW

WN != _, I +XNW
X_,-X_/ SS

x_,w= X,_/SS

XS=×3-#-1. }_ [-_C2o,-C-1..,_*(2..-C+1o) _*CS/(C*8**Y[JOB)

_3
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XNS:XNS*(-I.)*(-{2.*C-I.}*(2otC+Io!)*CSI(C*B._(-Y(Jr_B)))

SYI=SYI÷XS

SNI=SNI+XN$

KS=×S*(2._C-I.)/(CS*(2.*C+I.))

XNS=XNS_(2.*C-Io)/(CSt{2._C+Io))

XT=XTJ(-I.)*[-(2.*C-Io)_(2.*C+I.)}_SS/ICtSo_Y(JC]_))

XNT=×NT_(-I.)*(-(2.*C-I.)_(2_*C+Io))*SS/|C*6.*(-Y(JGB)))

TYI=TYI+XT

TNI=TNI+XNT

XT=XT-[2.mC-I.)/{SSU(2oiC+Io))

XNT=XNT*(2.*C-I.)/ISS_(2.*C+Io_)

IF (YIJ_)-20.O) 131,131,134

131 IF (C-(2.*Y(JOB))) 133,135_135

134 IF (6-30.0) L33_L3_,135

[_5 BYI=SORT (PI/(2.*Y{JUB)))/E

SER (5 ):HY I*VN I*CCB +<_Y I*^NI*SC_

nER(o)=_YI*(WJI_CC_-VNI*SCB)

BLR(f)=(-BYI)*(SNI*CCA+T_I*SCA)

_ER(S)=(-BYI)*(T;_I*CCA-SNI*SCA)

AYI=E/SQRT (?o*PI*Y(J_B))

BtR(1):^YI*(VYI*CCA-WYI*SCA)-HEx(6)/PI

BLR(2):AYI*(_YI*CCA*VYI*SCA)+BER(5}/PI

_kR{_)=AYI*{SYI*CC_-TYI*SC_)-_ERi_)/PI

BE:_ (4 }=AYI*(TYI*CC_+SY [*SC_} +_E_( /)/PI

PRINT 57, (h_R(1)_I=l_)

UC ii:3 K=I,_

_I XX=Y(J_ii) ,-4

XA=I •

EN= I •

DER(JOB,I)=X_

_2 XA:-XA*XX/(I_.*(I2._Ni*{Zo*_-I.))_*2)

!)ER(J(I_, 1):DEX(JOB_I )+X

EN=_N+I,

83 XX=Y(JC_!)*_

XA=(Y(JC_)*,2}/4.

EN=I_

DER{JCB,2}:XA
H4 XA:-XA*XXI(Io_*I(2._+[.i*IZo*EN}}_2)

OER(J[)B,2)=I)ER(JOB,2)+XA

EN=EN+I.

IF (AHS (XA)-(O.OOCC(]OOI*ABS (DER(J_B_2)))) 86,R6_84

86 XZ=Y(JOB)**4

XA=-Y[J_B)**3/16.

EN=2.

DERIJCB,3)=XA
87 XA=-XA*XZ/(I_.*(2.*CN-2.)*(2.*EN)*((2o*EN-1-)**2})

DER(JOB,3)=DER(JOB,3)+XA

EN=EN+I.

IF (ABS (XA)-|O.OOCCOOOI*ABS (DER(JOB,3)))) 91,91,87

91 XZ=YIJCB)**4

XA=Y(JOB)/2.

EN=2.
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I! '" r '

81

PER l J{CB _ 4) =XA

DER( JGB _,,4 i=DEP,[ JUS_ 4 } +X_

E N::E _-,1-/

IF I_O,S _XA)-IO,OOCOOOOI*ABS [DERiJOB_4) _)} 85_5_92

85 C=C+I00
CS:COS IC*PI/4_I

SS=SIN (C*Pl/4o)
XNI:XNI*[-Io _*[-12o*C-Io}**2}*CS/_C*8o*{-Y(JOB. _)}

VN!=VNI +XN I

XNI=XNI/CS
XNW=XNW*{- Io)*f-I2.*C-lo)**2)*SS/[C*8-*{-Y[JOB) _)

WNI=_N[+XNW

XNW=XNW/SS

XNS:×NS*(-1._*(-(2o*C-lo)*[2o*C+lo) }*CS/(C_8_*(-Y(JOB)| )

SN T.=SN ! +XNS

XNS:XNS*I2°*C- I. }/|CS*,r2_*C+I-} }

XNT=XNT._!-I, I*(-f2.*C-l_)*f2,*C+l_] )*SS/':C*8o*C-Y(JOB)) i

TNI:-TN! -:×NT

XNT=Xi!T* f 2, *C-I, _/ISS*(2_*C+I o) )

IF fC._',Z.*YIJCBI ,_) b5_99_99

'_%' B_"I:Sq#,T _Plti2o*YIJOB}})!_

[;kk ( /;]q, _;)--_',YI* ( _i4 I*CCB-VN !*SCB )

!':E_ [ Jd___ ,, 7 ! -- ( --bY i ) * ! SNI *CCA+TN!*SCA._

XA-I,

E,L,-- i .,

.... _ jr_ r_ t.I-=XA
_-1 ,_,5-- XA*XX,.(]o."t (2_.*ENI*(2.*EN" 1o})*'27

3F'_¢JOB_ I_=I;EP_ JOB,-I_+XA

_if: (,_S _X_.)-(O_OOubOOUl*^'3S (DER!JOB_I_) ,_ 42_42_41

42 _ Y,::- y ( jC31 *_t_
XA =(Y', JOB)**L)!4o

E:'_: ] o

[_ E,,I ( jti_ _ 2 i :XA

43 XA ...... XA,',XX/CIu.*[ {2._EN'+!ol*(2.,*EN)}**2}

DkA ( JiIB _ 21 = I?,t5_. ( JOB _7 ] +XA

EN= L;,'+ I

IF !_[_S (XA)-{O,,UOCuOOOI*ABS (DER(JOB_.2)|) 4_44_4B

44 xy=r,"t:i_,JUB_I)*(ALOG(2,_tYi'JOB) )-_'0ob77215665 +DER{JOB,Z)*PI/4o

EN: i o

YA--_t ,5
XZ=Y ( JC'3 )*'4

XX .... _Z .:64,

XA:YA*XX

F__E:: ( Jg_, _ 5 : =XY+XA

q5 ::N- E _+ i o

YA:.¥6+ 4_*EN- i- _/[4,*(EN**2:_-2o*EN!

XX=" XX*XZ/_I,),,*[ 12o*EN)*(2_*EN_'lo) _*'2

XA: "; _*-XX

:'i!P ( j('['_ 5 _ --'OGi4 ( JOB, 5 _ + XA
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46
[F (_BS (XA)-(O.COCCCOOI*A_S (DER(JDB_5)))) 4b_46:45
XY=DER(JCB_2)*[ALCG(2_/Y(JOn!I-O¢577215665)-DERIJO3,11*PI/4.

bN=l.

YA=Io

XZ=Y{JOB)**4

XX=(Y[JCB}**2)/4.

XA=YA*XX

DER(JOR_6):
47 EN=EN+I.

YA=Y_+(4o*E

XX=-XX*XZ/(
XA=YA*XK

DER(JUB_6)=
IF (4BS (XA

48 XZ=Y(JCB)_
XA=-Y(JCB)_

EN:2o

DER{JOB_3}=

49 X_=-XA*XZ/!

DER(JD8_3}=

EN=EN+to

IF (_6S CXA

XA=Y IJCr_ )/2

EN= 2

CER (JCi

51 XA=-XA

DERIJG

EN=EN+
IF (_B

520XY=DER

IDERIJO

EN=L.
YA=[o5

XX=-2_

53

KY+XA

N-I3_)II(2.*EN-L_)*(Z,*EN-2o))

£6.*({2.*EN-Io)*(2o*EN-2_))**2)

D_R(JOB,o)÷XA

)-(C_O000000L*ABS

4

"31I_.

([)EI{[JOB_6) })} 48, 48,47

XA

t6_*(2o*CN-Z.}*(2_*EN)*((2.*EN-I.}*,2)}

DEK(JO_, _)+XA

;--(GoOO%iJGOOI*ABS {DbRi:JOBt3)))) bO,bO,49
z_

B,_)I=XA

*XZ/(I&_*(2.*L_i-'I_)*i2o*_:Ti--3_)*({2o*EN-2o}**2) }

t.

S {XAI-(Goi.!OCUUOC/*A_S (Ot_(JO_4))_} 52_b2_51

{JUBv_)*(AL.{I:3(2_/YIJOB) )-O_577215665)-DER(JCB_I)/Y(JC6)+

X

D

E

X
Y

X

x

CER(JOB,Y}=DERiJOB,7)+XA
XX:XXIEN

IF (ABS (XA)-(OoOOOOOOO|*ABS

*Y(JOB)_*3132.

A:YA*XX

ERiJOB_7)=XY+XA
N=EN+I_

Z=_N*YIJDB)**4
A=YA+(_._EN-Io)/(4.*iEN**2)-2o_EN)

X .... XX*XZ/(Ib_*((2.*EN)*i2o*EN-I°))**2)

A=YA*XX

(DER(JO6_?)})) 54_54_53

540XY=DER(JCB_4)*IALOGI2_IYIJOB)}-Oob77215665)-DER(JOB,2)/Y(JOB)-

IDERIJOB,3)*PI/4.
EN=I.
YA=I.
XX=YIJCB)/2.
XA=YA*XX

DERIJOB_8)=XY+XA

55 EN=EN+I.

XZ=(2o*EN-lo)*Y(JOB)**4
YA=YA+I4o*EN-3o)/(IZo*EN-I,)*(2o*EN-2o))

XX=-XX*XZ/{15.*((2.*EN-I.}*(2o*EN'-2.))**2)
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C

C

C

C

XA=YA_XX

DER ( JCB, U )=DER ( J(]B, 8 ) +XA

XX= XX/( 2 .-*EN- i. )

IF I_BS (XA!-(OoOOCOOOOI*ABS [DER(JOB_8}i_) 56_55_55

b6 PRTNI 57_ _DER[JOB,I),I=I_8)

57 FORMAT (_E3G°8)

68_ DC 333 K=I_, R

KJOH=K+ (Jl?B-- 1 I*_

_33 XBER (F JOG i =D_R (JUB, K)

8U Ci-iNTINUE

P<[ _T g7_ (X_r_R(I),I=I_NN8)

'47 FOR_'_T 3X_SHTH@M=4EZO,,8/(IOX_4E20.8) ;

C{O &_TUK'4

%UB_;UU I'4E X.C (MA_B,M

SC_L_S SUCH ThA.T B w!ECCNES

_"= M A

2 T...F_l_)._,.%fL_}- io! _,!,|

I F::I_+ i

;;£_ TC 2

c t.'-_4-- i

;.;" FL. 3

c N ;]

B*IO**M hHERE (0ol _LE_ B _LT_ Io0)

S UBr,_CUT I ,_E XXP(E_BD.,MB;

SC_,L.__S SUCH THAT BE = E.,.IO*_MB WHERE l l,.,O oLE,, E .LT..- lOgO)

F,:_E/2 _ 3C 258')I

_' h --il

F=IO_,**IP'FLCAT(MB) )

_, IE!".I; R N

END

FUNCTION SU (ARG)

M_KES A_GUEMENT SMALL ENOUGH TO USE COS AND SIN FUNCTIONS

2 iF (ARG _141=} 4,4_ _

5 ARG=ARG-31WI.5g2b

GL TO 2

4 SU=ARG

REIURN

END

SUBROUTINE FLEKCU(XBER_Y,ErPOIS_SI_SJ,TH,ALPH,COSALP_SINAtP_F)

CAL.CUL_TIQN OF A SINGLE CONICAl. ELEMENT STIFFNESS

DIMENSION F(5_5_,DAIT)_EA(4_XBER{I6)_Y[2)_M5(5)_C5(5)

BERYI=XBERCI)

BEIY!=XB_R{2}

DBEqYI=XBER(3)



O:IE I v !=X?r.P, (/,)

XERYI=XB;cR _ b)

X E _Y _ = X Y,l-_ ( ,.:,}

DXt-i-y i =X_L:R C ;'_

DX.F: IY [ = X'_'.,: ;_ i _;

5E!YJ=XRr_Ki ii:;:

r}_,,E"_ Y,J:x 6E_, ( }. P.

O."E : y,._ -=;.;F,_ _" ( £2

XfRVj:XgqT_t !3;

XEI YJ--.X,_.Px _ l.'_;

[.'X[_:_ Y._:..,K L'.!:,k, : 1'_)

OXi-: i Y,J: :_> L-:_ ! [(_

YI:Y( [}

YJ=Y{/

[3tY I : 6,1=R Y I

b2Y ;. :tie J Y C

_[Y i ::._,cAYI

x2't' [ ._ _,_ I ,/I

_, 3Y J---Y [

3.y!:'_, r

×3vI=yi

•__. (; -* t., :-. t [ Y , ' :" i

-, 7_', ' ,_0 ' ,: 4 'f [ Y.:.

, . , , k 'I,

,,.}.,(:,., fr {!_L _-; E.{>--_-; : S

.4lvI

*P. 2 ,'fI

_XIYI

_X2YI

_-:i: .,_; iI5)_?,tYl

,-; _, ,+".l_ci_XtY[

* [/[:_ k :":.Y I

r. i?BL: ? ';'

"-'DXE [Y [

, ;.'::Y I = "- :::, ,, ". 1

_-; /Y ! :.'2, i: ,_YI

,',/Y I :XL,-:Y i • i;.5_,.v)

dg¥!:Pt) i'h-_;",L:xY: '-" : . 0 '_ ; _ C'- Pi; .TL', } -D gi::- i Y i

_lC.y [:PC f S*,:_: ['_ i _-?, C* t ]. ,-$ ,'-Oi:) : S } * DRERY I

X9 Y ! : P',; : !* -,L-¢.'_ _ .... : _ _:,*. ! _d ;-PL::_ S ; _SXb- ; Y I

XISY[=P(?_S*_r :'/} _'2. C_'(',,:3_'PC_IS_DXE!{YI

- ).YV-E>_/-HLY,) :",,,_,--_, , [ ".J ,"YJ

hZY,J=i:;t IYJ +;:._ _t-, !:.Kv.] ./YJ

v, l _'J : XE _,YJ --2 o _,_Ck , ; ",:',I :YJ

X2fJ =X:_IYJ _2.t,',_)Xt ,',Y J IYJ

p,.x,yj:.yJ *914EKYj "-2 , ,,. • i: i _(I-'F'OIS} _BIYJ

bz_Y,I=YJ *I3_E_'.J - 2_L_C}.oO-.PH}S)_B2YJ

x3YJ:YJ _DX_-_YJ -2,L._{[ o'3 PrI[S',_X|.YJ

X4Y,I=YJ *OXEIYj - Z _ C*( I oO--PCtS? _X2YJ

r_5Y J:---O _ 6*YJ _Dg_:4'Yj

XSYJ:-U._*YJ _,OXLqY.J

X6YJ=-O _ J*YJ _OXEI_.J

B7YJ=BERYJ -OoJ*YJ

BSYJ:SEIYJ -O_5_YJ

X 7YJ=XEF, YJ -0_ 5*Y,I

X8YJ:XEIfJ -O_5*YJ

4IloO+#dISI*BIYJ

_(;.:O{-PC[S}*B2YJ

+{I,,O._PGIS}*XIYJ

÷([oO*PCIS)*X2YJ

_D_E_YJ

*CSEIYJ

.DX_£YJ

_OXEIYJ

/YI

/YI

/Y[

IYI

69YJ:POIS*BERYj -2oO*(I_O+POIS)*D_EIYJ /YJ

_IOYJ=Pi;IS_BEIYJ +2oC*[I_O+POISI*CBERYJ /YJ

XgYJ=PCIS*XLAYJ --2.0*{1.O÷PO[S}_DXEIYJ /YJ

XIOYJ:PCIS*XEIYJ +2_C.{lo!)+POIS}*UXERYJ /YJ

SPI=-X[YJ_X3YJ-X2Vj.×4YJ



_5

a f)

SP2:-X4YI*X3YJ+X3YI*X4YJ

SP3=-XZYI*X3YJ-X2Y|*X4YJ

SP4=X4YI*X2YJ+X3Y!*XlYJ

SP5=XIYI*X2YJ-X2YI*XIYJ

SP6=--XIYI*X3YI-X2YI*X4YI

SPT=-BIYJ_R3YJ-B2YJ*84Y.I

SP8=_B4Yt*B3YJ÷E3YI*B4yJ

sPg=- _IYI*B3YJ-B2YI_4YJ

SFI(J=BAYIiB2YJ+B3Y[,BIYJ

SPII=BIYI*B2YJ_B2YI*_IYJ

SPI2=--BIYI*B3YI-B2YI*B4YI

DMiI=-B3YI_SPI--B2YJ*SP2-B3YJ*SP4

D_!21=B2Y_*SPI-_2YJ*SP3- B3YJ*Sp5

[;Y31=B2YI*SO2+_3YI*SP3- 83YJ*SP6

DM41=_2Y!_SO4+B3YI*bPS+B2YJ*SP6

[.3_!2=04Y!*SPl- U]_j*SP2_U4YJ.SP_

[,_Z2'=BIYI*SPI. B[YJ*SP3_B4YJ*SP5

DM32=_].YI*SP2 64fI*SP3+_;_YC*SP6

D_Z=_IYI*SPk- bqYI*SPS_BIYJ*SP6

EVl_ X3YI_SP7_ X2Yj*SpS- X3VJ.SFIO

DM23=Y2YI*SP7-.X2¥J*SPg-_X3YJ*Sp[]

DV33=X2YI_SPE,-×3Yi *S Pg-'X3YJ*SPI Z

OM43--X2Y I. SP i0 {X3Y [*SP _ I+X2YJ*SPI2

D_i4-: X4v [. SDT-×I Yj _SPB+X4YJ* SPiO

DM_4::XL_I_SPl-:×IYj*SPg÷X4YJ*SPLI

[,_34:-x;YI*SC'?-._-'FI*SPg+X4YJ*SP[2

D_._k=XI'FI*SP_O. X4YT*SPII+×IYJ*SPI2

D_:L=I_LY_'D_:I.t--_m_']*D_2i+BLVJ.OMSI-B4YJ.DM4I

iP:IL_S _UEL_ i,uZ--t_) 3C,40_40

FSS_;_=SI *S/N_I_P /DEL

FSS_J=SJ _b I_L.P /DEL

FYS[)I=C_ 5,_ [ *_2.0/OEL

r_S_J_:O.5*YJ **2oC/DEL

All_- _SSCI*D_II

^I2=-FYS[I_I_:_2I

AI_= FYSCJ_b_4[

A2!=f-SS[;I_D_12

A22=FYSDI_D_22

A23=FSSUJ_DM32

AZ4:FYSCJ*DM42

BII=-FSSCI.D_I3

BI2=--FYSD!*I_WI23

BI3=-FSS_J*D_33

BI4=-FYSCJ_bM43

H21=FSSCI_D_I4

B22=FYSDI*D_24

B23=FSSDJ*DM34

B24=FYSDJ*O_44

CP2=CUSALP /SINaLP /IE*TH)

CPi=2_.O*(3oO*(IoO_POIS_*2)_**O_5*CP2/TH

CP3=CP2*CCSALP

CLQG=AICG(SJ ISI

r(I_I)_CPI*(_L2*B2YI--A22*BIY[+BI2*X2YI-B22,XIY[)

Fi!_z)=:"CP!*!AL4*B2YI- A24*BtY_+BI_X2YI=B24_X1YI}

F{1_3) .... CPI_AII,B_yL-.A2).,B]V_+_II,X2YI_.B21,XIYI_
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F(I,4

F(I_5

F(2,1

F{2_Z

r(2,3

F(2,q

F(2,5

F(3,1

_(3_2

F(3,3

FI3,4

FI3_5

F(4,[

F{4_/

Fi4_3

Fi_,4

=-CPL*IAL_b2YI-&23_BIY_';_I3_X2YI-B23*XIYI)

=CP2*SJ /Sl

=CPI _-(&L2*_]2_,j-fi22I._31Y

--.CF'[+ { &L4_-SZYJ- &26_g_.V

=CPIL*(AII*I_'.PYJ- t_2l _BtY

=CPI_ (_]L3'_L_2'YJ-&7_"3_-hZtY

:'-CP?

.... CP3_ ( A L g _'-5'¢ _T"-,.,:"-'.;. ,_F_8.

=:-" C P 3 _,' _ ).4 ._q ;)'r,'I ," 4 ;'g _ :_"l - II-;

=Pt_! S*:-J *,.,... :;'_[ P i

=C P3 _' ( ;,J .';'"_ J>.5"( J*,_ _;2_!6Y

=CP-"I* ' A I.g_:;5 Y,I_ r_2'+_"!55 Y

•--'(Iu-5-a : _I -'._35 v J <':'.2 ] _,Sb'.."

:.C P 2_ ( "_I. _,* {{ "" '( .; ,_ _ 2 __* _ e,",

=-. p__i r % ,:.5_ , _ _ ,.7,; e'.l '.-'

i'412*X2YJ-B22_'X LYJ )

j-'-_, 14,+ X2YJ-B 24_-X I YJ )

J--P, }. 1 _ Xg"f J-B21. _'X 1YJ )

,! +h 1_3*,X 2Y J--BZ 3*X LYJ )

." ' + '_ ;. i'_XbY [ +H,-'Z*X6YI }

Y [ _-?. _ 4"_ *,bY I +624-_XOY I )

,*'I+_:,3 ],,-x5yr÷B2I*X6YI)

' ,'.+,-;13+XbYI+H23*X6YI

_TH_

j-'P.tZ'*X_Y.J+r".22*X6YJ)

.t +g t 4 _-,K5Y j + 324*X6YJ t

.i _..H i ! -+X _Y.) +_2 I*XbYJ)

.!,-_"L3_'xSYJ_B23*X6YJ)

,." L_,TH !

I:Fr_q=BgY_: ,_,:'Yi

(_FBiO=_._,o¢.; -.- ;(;_, t

L,I:Xg: X'JY.!".Rv ; l

DFXI_=XIOf - ;<I{!zi

d(5,j.)=(;P:;, _\ i <: ,+L;," .. ,.:'.:!.:+:'_i t L..','-:'I2:.; t:XL:'+_2:>--*DFXIO)

r(5,_ !::_,:,_2.:* ._,i-_,-;: !.i _ ..: I .,+,".;!: !. :-:-:.i,. _._.F._+t:.24*DFXlOI

PfS, _l:-:L,',"'_ _!.t ':'!-l" _ _+,'\d] _'.'; ;:"* _.tL"L: I-Xg+BZI'_DFXI-U}

f (:_,g;-(.P:/_ "_L "-,+: !L i: * ;-_a,p:+'::lF ,ij-,,'I3_-:jFXt_+I%23'_l.'-)FXl*_ _,

,'-('_,+b)-:'%,I _'.-'..,_I ,. :, _',_

IF (qOotJ--_t.!'H) 2i+2:-'_23

2L Oi.J 25 [:t_._b

F(I _'l) .... F( l,'_

2b FII_4.!=-'F( !,4

26 l-( I,b}=:- _::{ I,-:,

t,f: T_L: 2 _,

g2 PRINT 2 1

27 FOq,,"ik[ (:.,.z,_g,'._t_f_ t_ ,-Li!v',:% T " _EI]b IHF US_ I}F

GO rc 30

M(]DIFY FI__xI&[L::T'" 1+" f_,,,;:jp'- >,,;L:';:_l::q. SYM'-'L:TRY

23 DA l}=SJ /!;[

I;A, 2)::F(!_,2_/FC?_I i

DA _,):F(3,2)/i-(/+ 3}

DA 4)=F( t_g_/i:_z+, L;

DA 5}:F[ [+5)/F(g,] }

•),_ 6}:F(:{_g},"F{g, 3)

DA 7)=F( 3,5);'F¢5_3}

CA I}:FtI_3}IF{3,[ '_

tA 2)=F(,2_A)/F!4r2}

b.A 3)=F(2_5}/FI"_2)

LA 4)=F(4_SI/FC:)+'z_)

TI=SJ -S!

9b PRINT 50,[(Fllr.'}_J-:I,5)_l=t_:':')

50 FORMAT (bE20_8)

F( 1,3)=IF{ 1, _+F{ 3_ t ) )t2,

FI3,I)=FII,3)

F(2,4)=(F(2,4}+F(4,/) }/2o

F(4_2):F(2_4]
FII_2):(F{I+/'.)e-U_'.I_'+_ (._"_!', _ ?,.

SUBROUTINE CYSTI)

PROPERTIES
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C
C

C
C,

F{2_ I)=F(L_2)/DA{ l)

F I3_2)=(F(3,2)+DA|l)*F{___3!)/2o

FI2,3)=F(3,2)/DA(1)

F( 1 _ 4)=( F| 1,4)+DA( I)*F(4,1 > )/2°

F{4, I)=FI l_ 4)IDA{ I)

Ft3,4_=(F(3,4)+DA(1)_F(4,3}._/2o

F{4,3_=F{3_4)/DA(1)

IF {ALPH-"30=O} 31_,32,32

31 F{I,5)=DAil)*F{3_I)
F(2_5)=F!5_ 2)

F(3,5}=C&{I )*F_b_'3)

F(6tb; _-[-(t')_4)

OC TO 38

32 IFCALPH-60oO} 33_33_34

33 F¢I_5)=(FEI_b)+FCS_.I)*L'.AEti )/2o

F(5, I)=F( i_ 5)/DA! t)

F{ 2, _)= (F ( 2, ) }*¢ C 5,.L'i }12o

FtS_._-'):F(2_5}

Ff 3,5':(F13 ' I)_F{ 5_ _; )/2,. ,. ,b)+DAL

FIS_ 31'=F(3_ 5)fDA(1}

F { 4y 5," = ( F (4,, :__) ÷F i 5 _ _, ) ;/2,

F ( _ ,4 }::F {¢ _5}

(;C TC ?,_

_4 IF I12C_O--.ALPH) 3b_35_.3e

5_., F(b,I!=F(L_'SIiDA(].!

F{Sr2>=F(2_5._

FrSf3)=:F{3,5)/Da{ 1)

F[STz*}=F(q_b)

GC TL" 38

_5 IF !ISCoC;" ALF'It_ 31_,33_33

_g CALL INV_.v,T(F_5_5,_;v':_,,C5)

30 R E T U,°,N

SUR_CUT[K_ L3

COMPbIATION OF ELEMENT MASS MATRICES AND ASSEMBLY AND REARRANGE-

PENT OF OVEkALL STIFFNESS AND MASS MATRICES

DIMENSION XRI{25>_Xi{J(2b}_XXEKT(25_5,5},XMO(3_3_,XCALPC25)_

lXSAtP(25)

COMMON

IN_NS_NSO_NSD_.NF_SC_NAS_NN_NEP_.NAF_MAXN_MN3_MNI_MNEP_MAXP,MN,MM_NT_

2HD_BETA,R_RR,T_ALPHOrPOISOvEO_XWO_.GAvTIME_

3XM{78_TB)_EK[78_78),P(76)_ XALPH(25)_XPOIS|25)_

4XE(25)_HH(26)_XSI{25},XSJ(25},XW(25},EKO(2_2),XA(25)_XN(26}_YN(26)

REWIND 2

READ {2) [({XXEKT(I,J,K),I=I,N)_J=],5)_K=L_5)

READ (2) (XCALP(1)_I=I_N)

READ (2) {XSALP(1),I=I,N)

DC IO I=I_N

XRI(1)=ABS{XSI{I)*XCALP(I}}

10 XRJ{I)=ABS(XSJ{I)*XCAt.P(!)_

REWIND 2
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C

(.

C

C

210

2Ul

202

3O

I00

llO
3'oh

e_00

WRITE (2} (XCALP(I)_I=I_N)
WRITE (2) (XSALP(I),!=I_N)
WRITE (2) (XRI(I)vI=I_N)

WRITE (Z} (XRJ(1)_I=I_N)

IF INSO .EQo 0} GO TO 210
RO=RR*SIN(ALPHO/57o_957U)

IF (NSD .EQ. t) GO ro 3c
COMPUTE BISC MASS mATRIX

I)O 20t I=1_3

DO 201 J=I_3

XMO(I_J)=0oU
IF INS0 oEQo O) GO IO 30
AMO=3.1415926*TO*X_ti/GA

XMO(I,I)=RO**_*AMO/t2oC
XMO(2_2)=RO**2*A_O/2°0
XMO(3_3)=RO**/*A_G

X_O(I,3)=-'RC**3*AH_3/4oC

XMO(3_t)=X_O{I_3)
PRINT 2(_2, X_U

FORH&T (5X,4HXMO=SEZOoR/(OX,3E2OoS))
CALL SHKNT(XX_K[_XXI_XRJ_XSALP_XCALP,XW,GA_i4H_EKOvXMQ_RO_N_NSO_EK,
XM_N3_MAXN,_NI_NSEJ)
NNI=NN-I
IF {NSD °EQ. I) (;_ IL 305
CALL SHbKX_(XM,NFRSC,NAS,._N_MN3)

SYMI'ETRIZE GVLRALL STIFFNESS MATRIX
DO lOu I=l_hN[
LI=I+L

DO IC0 J:LI,N'_

XM(I_J)={X_(|_J)+X_{J_I)}/2.0
DO rio I=2_NN
IJ=l-1
DO IlO J=l_lJ

XM{I,J)=XM(J,I)
CALL SP_KXM(EK,NFRSC_NAS,NN_MNS)

SYM_ETRIZE OVERALL _ASS _ATRIX

DO 400 I=I_NN1
LI=I+I

DO _CO J=LI,I_N

EK(I,J)=(EK(I_J)÷EK{J,I_}/2oO

DO 4[0 I=2_NN
IJ=I-t
DO 410 J=l_IJ

EK(I_J)=EK(J_I)
RETURN

END

SUBROUTINE SHKMT(XXbKT_XRI,XRJ_XSALP,XCALP,XW,GA,HH,EKO,XMO_RQ_

COMPUTATION {]F CONICAL CLEMENT MASS MATRICES. ASSEMBLY OF OVERALL

STIFFNESS AND MASS MATRICES

IN,NSD,EK,XM,_N3,MAXN,MNI_NSG)
DIMENSION EK(NNS_MN{)_XM(MNS_MN_)_HH|MN1)_XXEKT(MAXN_5_5) _XRI(MAXN

I)_XRJ|MAXN)_XCALP(MAXN)_XSALP(MAXN)_EKQ{2_2)
DIMENSION XMU(3,3},SK[]I3,3)_XEK(5_5)_XMTIII3_3)_XMTIJ(3_3)

DIMENSION XMTJI(3_3),X_TJJ(3_)_XEKTI5,5),BII5,3)_BJI5_3)_AI(3,5)
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__ j L:

j. ')

V ()

DIMENSIC_

I)l.Ut!_ S ICf',,

DI_ENSIGN

DI_:NSIEk

•,I_= (r,..+ 1 I.,.3

l_i; 203 I=I_.3

L-;O 2'3-3 J=l_3

SKi")( I, J):CoC

IF C;,.:SC .EC.

l}t; 204 I=lt2

L C 2".;4 J=l_2

o

AJ(3vS)_EKB[IS_3}_EKBJ_5_3)_EKIiI3_3)iEKIJI3_31

E_JI(_53)_E_JJ(_,3)_CI(3_3):,X_di_(3_3}_XMCIJ{3_3)

XFCJI(3_3)_XPCJJI3_3)_X_II(3_3)IXMIJ{393}_XMJ[(3_31

XMJJ(5,_X4(PAXN)

C_ :"_ TC 5C0 ",
.

SKO( I _J)=EKL-.( I_,l!_2o:_*3o1416926*RrJ

PzI:,T 2',1,b_ S_C

_i]4,:,1 { :_X _ _t )K:. = _t:/Ci o £," ( "vX _ 3E2 U, 8 } !

ll- ( ,S_ _, or_C. 1) ,;C T[J 35]

t,C :'C6 I:l_,:\13

"_, J:!,_

I!" !<.=1 3

' ; I,; }:- ,.;'

i

, J ;', t ; ::Io0

• _ .--i_ oC

.>! ..

I _l(J_,(l=,,;.,,

AI(I,I)=--I,_

AI(?_3!=-I._

[_i_. "7 j=1,3
;,c, _ 4 K:itb

h2 ,_JCJ,K):C:_O

_Jfl_2)=ioO

&J(2,4):1o9

DO 200 l:tr_

RI=XRI(1)

RJ=XRJ(1)

CALP=XCALP(1)

SALP=XSALP(1)

DO 284 J=1_5

DO 284 K=I_5

28_ XEK(J_K)=XXbKT{I,J_K)

IF INSC .EQo 1) GO TO 3C2

COMPUTE ELEMENT MASS MATRIX

_=XW(I}
IN LOCAL COORDINATES
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207

208

2_i9

21G

t '30

tO2

70i

302

211

112

113

114

AL= (P,J-R I)/CALP

AL=ABS(AL)

I I=I 4-1

TT=O,,b*(PH( I }+Hiq( i iL))

AM=2 °O_ 3 o 1415_2_* T T _/GA

DC 207 J=l_3

DO 207 K=t_3

XMTI I (j,K) :0_.0
X_Tll(i, I.)=(RI/IOS._,+CALP_A.L/2B( °O)*AL**3_AM

XMT I I (2,2 )= ( 13 o0 *P.I+3o C _'CAL P*AL )*AL*AM/35.0

XMTI [(3 _3 )= (R I+CAL P*AL/4 o0) _'AL*A_"I/3-O

XMTII{ 1,2)'=-(AL_'CALPIOC_O+II _O"R_I2iOoOI*AL**2*AM

xMTII(2_ tl=X:'_fIIll_2)

DE] 208 J=!_3

00 Z08 K=I_ 3
XMTIJ{J,K)=([, O
XMTIJ(I_I'.=-(KI+CAL.)'_ALIZoO_,'+AL**3*AM/i40.O

XMTIJI2,2_=iRI+CALP*AL/2oO)*AL'+A_*9°O/70°O

XMTIJ{3_3,_= (4[+CALP*AL/2.0)*AL*A.M/6_O

XMTiJ( I)2)=-(13_O*/,[/?_O+C_I-P*AL}*AL**2*AM/60oO

XMTIJ(2_ [['=l l]._°_*R]IO=C+CALP*AL)*AL*_'2*AMI70.O

DO 2Og ,/=It3
DO _09 K=t._3
XMIJ I ' J,_, ) =Xh'l I J ( k v J)
DO 210 J=3._3

DO 210 K=I_.3
XMTJ J (J_ K )=C:. ;.i

XMTJJ (1 _ i )= (!".t i [L'._,.._ +C _LP*AL/15F_ _.0 i*AL**3*AM

XMTJJ(2,2)=( 13_'.;'_ I I_)oC+2,.O*C_I..P*AL)*ALmAM/7-(5

X_TJJ( 3, 3)=(P,!I3,,O+C'%LP_AI /4.0)*AL*AM

XMTJJ(1,Z )= (_<I*l I oC/_!O.0+£ALP'_AL/28oG)*AL**2*A/'4

XMTJJ(2v I _=X:'!fJJ ( ] ,2)

?Oiv
162

PR IF',T

FORY,%l
1

PRINT

PlRI.NT

FORt,_AT

I

PRINI

XMTII

X_flJ)

(((Xt.IFII(JvK)_K=I_3)_(XMTIJIJ,L}_L=I,_)),J=I, 3)

XMTJI

XMTJJ)

701_ (({X_aTjI(J_K),K=I_3),{XMTJJiJ)L),L=I,3)), J=1_3)

FOR;_AT (ZX_3_16.,7_41_ 3_16,7)
SYM_ETRIZ_ ELEMENI STIFFNESS MATRIX

RI=RI*2°0*3.1415926

RJ=RJ*2.0*3.L41592o
O0 2It L=tv5

XEKTII,L)=RI*XEKI1,L)

XEKT(Z)L)=RJ*XEKI2,L)

XEKT{3_L)=RI*XEK(3_L)

XEKT(4)L)=RJ*XEK(4,L)

XEKTI5,L)=RJ*XEK(5,L)

PRINT
FORMAT

PRINT

FORMAT

PRINT

FORMAT

112_ XEK

(bX,4HXEK=5E20o8/I9X_SE20o8))
113, RI_RJ

(TX_3HRI=E20.8,SH RJ=E20©8)

114, XtKf

{SX,SHXEKT=SE2Oo8/(IOX,5E20o8))
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CONSTNUCT T_<ANSFORMATION MATP[CES

,.i _b_2}=-CALP

'4I {5_3)=SALP

B.J:5_ 21=CALP

6J( 5_ 3 I =-'SALP

_[2,57 .... CALP

Aj(2_bi=C_.LP

AJ ( 3_,5 } =-S_ LP
Ct)',IPLTE CONTRIBdTId',S TC

DO 03 d=l_5

L{', 63 K=l_,3

EKBI (J_K)=C.',

00 03 L=I,5

63 6KB I ( J,,F )=Ek_ 1 { j _,K) +XEKT(J _ l.] _B I (L_- K)

[v *:4 J=tr5

EK_.JI','_K)=C.:3

DC; b4 L:]._5

c, 4 CKC,J' J , h } =_ K_!J_ J _ K)+X_KI(Jr L)*BJ(LvK )

DU ,55 ._=i_?

{)C; (_9 K=! _ 3

k_. : i < ,l_ _,.) :--C, (;

[;C ,<5 L=I_5

C5 HKI [ (J_'.}=E!:I i(j,K.+AI_JvL *EKP, I [L_K)

L:l {;C ,:=I _ 3

L';; c,6 K=I_3

CK:.;(J_P,,)=C <'.,

_,_, LKTJ;.,J _ }=CYIJCJ_K!+_I J,_L *cKH,,!(L,K)

i;E '__7 j=I_3

LiL. { 7 K=1,3

LK,): _ J, v_=O.L)

i:C ;.7 l.=1_5

:,7 _vj:_j,F,}=E_'j,[ J_K_.÷AJ J,,L}*EKBI(L_K}

U[._ ':'-',.'=I_3

:_'E r.:: K=I_3

[:h,i i: : _ )--,, _,.:7_

'_:: r_<J,J:.I,,,K)=F__JJ ,}_K )+".J{J_L}*_KBJ
P_:" 3 763

? .:3 | IDR#, _T ; &_, -_

i _Lv, .,:j }

PR!:_T 7bl_ ({( CKII{J,K)_K=L;3:,

PR:'JT 70A

7(34 FOR;,AT (_3_

I EKJJ)

PP!";T 7,,,i_ ((( _KJI(JrK}_K=I,3)_¢

iF {NSC .EC. I) O0 TO 301)

C{I'_i!_,,JTECONTRIBUTIONS TC OVERALL

CI (?,2;':SALP

C[t ;,3}=SALP

CI ::;, 3)=C_LP

CI (7_z)=-'CALP

DO 116 J=l_3

LC IlL, K=I_3

OVE<AL.L STIFFNESS MATRIX

L_K_

EKII

EKIJCJ,L)_L=I_3))_J=I_3}

EKJI

EKJJCJ_L)_L=I_3))_J=t_3_

MASS MATRIX
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116

[17

7O5

i
PRINT 701_

PRINT 7O6

706 FORMAF (83H

i XMJJ)

PRINT 701_ ((( XMJI(J_K)_K=t,3)_(
C ACD CONTRIBUTIONS TL_ OVERALL MASS

DO 82 g=t_3
ItJ=lI-l)_3+J

DO 82 K=L_3
ItK=(I-I)*3÷K

82 XM(ItJ,IIK)=XMIIIJ,IIKi+XMII_J_K)

DO _3 J=I_3
IiJ=|I-t)*3+J
DO 83 K=[_3
12K=I*3+K

83 XM(IIJ_I/K)=X_{IIJ_I2K}+XMIJ(J_K)

DO 84 J=t_3
I2J=I*3+J
DO R4 K=193
IIK=(I-I)*3+K

84 XM(I2J,IIK)=XMII2J_I1K)+XNJI(J_K)
00 85 J=t_3
I2J=I*3+J

DO 85 K=I_3
I2K=I*3+K

85 XM(I2J,I2K)=XM(I2JyI2K)+XMJJ(JgK)
C ADO CONTRIBUIIGNS TO OVERALL STIFFNESS MATRIX

303 DO 72 J=1,3
IIJ=lI-1)*3+J

DO 72 K=I_3
IIK=(I-I)*3+K

72 EK(IIJ,IIK)=EK|IIJtI[K)+EKII(JgK)
DO 73 J=l,3

XMCII{J,K)=O.O

XMCIJ(J,K)=C.O

XMCJIIJ_K)=O.O

XMCJJ{J_K}=O°O

DO lt6 L=t_3
XMCIIIJ,K)=XMCI[(JyK)+CI(L_ I)*XMTII(LgK)

XMCIJ{J_K}=XMCIJ(J_K)+CI(L_.i)*XMTIJ(L,K)

XMCJ!(J_K;=XMCJI(J,K)+CI(L_j)*XNTJI(L,K)

XMCJJ{J_K)=XPCJJ(J_K)÷CI(L_,,)*XMTJJ(L_K)

DO tl7 J=I_3

DO 117 K=t_3
XMII(J_K)=O.O
XMIJ(J_K)=O.O
XMJI(J,K)=CoO

XMJJIJ_K)=O®_
DO 117 L=I_3

XMII(JrK)=XNII(J_K)÷XMCII(J_L)*CI(L,K)
XMIJ(J_K)=XMIJ(J,K)+XMCIJ(J_L)*CI(L_K)
XMJIIJ,K)=X_JI(J_K)÷XMCJI(J_L}*CI(L,K)

XMJJ(J_K)=XNJJ(J_K)+XMCJJ(J_L)*CI(L_K)

PRINT 705

FORMAT (_3H XMII

XMIJ}

((( ×MII(J_K}_K=I,3),( XMIJ(J_L)_L=I,3)),J=I,3)

XMJI

XMJJIJ,L),L=I,3)),J=I,3)

MATRIX



93

L

[1J=[ I_ t._3+,J

ui_} t4 K---l_3

73 :}K" ;]j, I?i',' =t:-K

; 2. : ;_:- _,4 j

] }K=', I. J !,._4K

Tq. _':b_'. ) :-J, ) ]KI =LK

_-,L ?!i .!:i;5

L-L-_ 7:., F::I 5

7 b

• , "_(

7_

f .'-:

3 _:.:.

'K_:c,12K)+EKIji,,_

: ?0) 1 1K)+EKJI (J:,K

i-_ : !'?JrliK)-:_._.(t2J_I2K)+EKJj{J:K;

CC:. f : ,. ,_-

/:[;D L:ISC _ T:l F%CSS _''JTRIX TO QVERALLL

i'Li ,'._ J=].:._

, ? ?;_ "=[, 3

L-_ .! K !. i: K ,]_ '4 _+SK[;I ;; K_

iF ' _.::,[; '_.:., ;_ ' ,_:Z Ft} 3C4

t.;; ; [:.i'>.-,,AL-.!I,.:t,T_tl× TC CVE-R&LL

",, ,:, ,.--I _ _

;:.v .)_K':-I,. j_F.+X>'L:I :_:?;,)

• • ,,;[o -_cr

'-:<_LI_ ' : ;_;?,

......li . < _[_ _) _;-. / : :..._ , x._.,._ _

i-)_.,: ; i= } ._;\'4

> -:l.-."

:' 7

7 [: I : =) ,",,

::. "i J -.,

. !-_.._. •. ,:..,.(.

l ! ( d':l +,',:j:-

-'.:-:T L:.-*'-.

_ASS v.t.-TRICES ACCORDING TO

rsi_, L _1:_", L:F _:'.FC:,r,_CICt, :'.it. )_!l.'.E ._,_&DES

. _'.' .:,:._: I:,.T'7.:;7;-:,_.I:VL_;_,_!,._(78)_'(78:_WI(78)_W2178)_rqT(7£_78_ ,

C f] N >..I],,



_4

C

I83

150

283

250

C

2HD_BETA_R,RR,TO,ALPHO,PGISO,EO_XWO_GA,TIME,

3XM(78,78)_EK(78_78),P{78}_ XALPH{25)_XPOIS(25),

4XE(25),_H(20),XSI(25),XSJ{25)yXW(25),EKO(2,2),XAI25),XN(26),YN(26)

EQUIVALENCE {tK,EVT,QKQ)_EXM,QT_QMQ}

NNN=-NN
NE=-NEP

REWIND 8
_RITE (HI I{XMII_J),I=I_NI_J=I,NN)

COMPUTE 5iGE,_VA|_UES (EVLI) ANO EIGENVECTORS

CALL HOWF(Nq_MN3_NNN_XP,EVLI_EKT,A,6_WI,W2)

PRINT 150_ (_VLI(1),I=I_NN)

FORMAT (SX_.SH_TVLI=6EI8o8/[IOX_6E18o8))

CALL MULT2iEKT_K_XP_NN_NN_NN:MN3_MN3_MNB)
REWINO
WRITE (9) ((EKCI,J),Z=I,NN)_J=I_NN }

CALL MULTIiX_EKT_&K_NN_NN_NN_MNB:MNB,MN3)

DG 4C0 I=]._N_
400 EVLI{I!=]oCi(S_I(_:VLI[I}}}

I.)0 401 J=I_:_N

NOR_tALIZE A'4D SY_TKIZ_ X_ = K BAR

aX=X_(t,t)
DO k20 I.=l.,._:;
DO 42(} J=i_P,N

420 XNII_J)=XM,IyJ!/AX
DO ICO l=i__,t

LI=I+I

DO lO0 J:L_ _
[00 XM( [_J)=(X_([_J)+X_(JvI))/2oO

OC_lO I=Zrt\i'.,
IJe_,t

__J=[_IJ.

XM =Xg(J_I)

CO _IG_NVALbFS (EVL} AND EIGENVECTORS

C _F ( NN, _N3, NL, XM, EVL _ EVT_A _B' Wl'W2)_
DO _'.-_ I:I_EP

eVL(I)=EVL(I)*A×
PRINT 2_[)_ {_VL_(I),I=I_NEP_

FORMAT (5X_FEVL=6zIS_8/(gX_6E18oS))
CALCULATE NAfURAL _ODE SHAPES

DO 415 I=I_NN

DO 4t5 J=I,NEP

415 EVT(I,JI=EVL[(1)*EVT[I_J)

CALL MULTI(EKT,_VT,_T_NN,NN,NEP_MN3,MN3,MNEP}

PRINT 21
21FORMAT(bX,25_FIRST NEP MOOESHAPES ARE,)

CALL PRINTM{_T_NN_NEP_MN_)

REWIND 9
REAC {9) ((EK{I,J),I=I_NN)_J=I_NN)
CALL MULT2(_T,EK,EKT,NN,NEP,NN,MN3,MNEP,MNB)

CALL MULTI(EKT_T_Kq_NEP,NN_NEP_MNEP,MN3,MNEP)

CALL PRINTM(_KQ,NEP,NEP,MNEP)

DO 91 I=I,NN

DO 9t J=t_NEP
9t EK{I,J)=QT(I,J)

(EKT) OF XM

(EVT) OF XM = K BAR
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C

17

18

Lg

REWINB 8

READ (8) {(XM(I,J},I=/,F,N)_J--I_NN]

CALL MULT2 {EK, XM_EKT,NN pNEP _NN_MN3,MNEP, MN3)

CALL MULTI (F_KT_EK, (_MQ, hEP,NN,NEP pMNEP_MN3,MNEP)

CALL PR I_TN (CKC _NEP _NEP_,MNF_P )

_<Ew INO 8

READ (B} {(X_',(I_J)_I=I_NN)+J=I_-NNi

CALCULATE NATURAL FREQUENCIES IN RAD/SEC AND IN CPS

DO 17 I=I_NbP

P( I )=SCRT (EVL( I ) )

FRELQ (I }=P( I }16o 283]._52

PRINT 18, (FREQ(1),I=I,r_EP)

i-OR_AT (5 x _5HI-RE _=6E t8 oB/( IOX _:6E ! _ o8 ) }

PRINT 19_ (P(1),J=I,NEP!

FORe'AT ()X,2HP=O_IS.8/_' TX_-6E18_8) )
_ETURN

E "_0

SU_CUTINE MULT2 (A_ B_C_ kl _NZ_N3_ MNI _MN2,MN3 _

P_EMULTIPLICArIUN OF A MATRIX 6*f THL TRANSPOSE

DO 10 I=I_,N2

DLI iO J=I_N_

DC iC K=I,NI

lO C ( '_,J)=C (I _J)+A(K_ I )_'BiK_,J _
RETL! ),:\

OF ANOTHER MATRIX

SU!C -',CUT ! _E WULTI {A_ _,C, hi _N2 _N3_ MNI ,MN2_MN3)

FLLTIPL_C&IION OF I_0 C(.NFORMABL_ MATRICES

!I)I Mr: _'_S I ['];W A( _;",!I _N_i'J2), 3 {Mr<2 _r.'q3)_C{MN[ ,MN3)

1_[; IC I=I_.N[

l;,C IC K=I_N?

IC, C ([ ,J)=C (!,_.I)+_( I ,_K _'_ CK; j )
4ETUR _

z 0

3O

SUB!_CUT I>,IEL5

"_U,_mRICAL INTEGRATIL:N TC GET DYNAMIC DISPLACEMENT RESPONSE

[; [ Mr NS I{_)_ XMAF(78) ,XOFT{ 78> ,AF{ 781 ,_FA(B90I) ,EKT ( 78_ 78) _T{78) _
1CT ( 7_, 7_3 ) ,XDEF (78, le)
C O Y M C;_

I .,,'4S,NSO,NSD_FRSCtNAS_NN_NEP_NAF,MAXN_MN3_MNI,MNEPtMAXP_MN,M_'_NT_
r',,

z _,,}:,ETA_iR,RR, TU,AL.P,_O,POISO,EO,X_U_,GA_,TIME_
_Ai"( (,'-;_,7_) _EK( ?B, 76) _.P(78) _ XALPH{ZS),XPDIS(25),_.

4XE:25),HI!(20) _XSI(25)_XSJi2b}_.X,'_(25) _EKO(2_2) _XA(25),XN|26),YN[26)

_QUIVALENCE (EK, (JT} ,,(XIV,XOEF) _{EKT _FA_
i-OR _AT (4EI_._)

FU_','-AT (IGFT,_4)
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C

C

C
C

_0
70

22O
23O
24O
L60

57

38

39

40

41

_0

44

46

51

FORMAT(_LSoS)

FORMAT (214)

FORMAT (SX96HMM,NT=214)

FORMAT(SX_SHTIM_=E20.8)
FORMAT(5X,3HAF=6EIS.8/(_X,6_I8oSI)

FORMAT(_Xv3HFA=I5FT.4/(SX,I5F7o4))

REAO 70_ _M_NT

READ 60,TIME
MMI=MM+t

READ 20, (AF(1)_I=I_NN)

READ 30, (FA(1),I=I,YMI)

PRINT 22u_ MM,NT

PRINT 230_ TIM_
PRINT 240, {AF(I),I=I,NN)
PRINT 25C, (FA(I)t I=I,MMI)
AM=MM

TT=TIME/AM
ANT:NT

COMPUTE GENEi_ALIZEU LOACING

IF |NAF oEC. 1) GO TO 39

DO 37 I=I,NN
XMAF(I)=G_O
DO 37 J=I_NN
XMAF(I)=K_AF(I)+XM{[,J)tAF(J)

DO 38 I=I_NWP

XQFT(1)=O_O

OU 38 J=IvNN
XQFT(II=XCFTII)+_T(J,I)*XMAFIJ)

GO TO 4[

DO 40 I=L+NEP

XQFT(1)=CoO

00 4G j=I_N_i
XQFI(I)=X_FIII!_jT(J_I)*AF(J)
COMPUTE MIJDAL RESPONSES

CALL RESPUH(P,X_FT,FA,XCEF_HEP:NT,MMI,TT,MNEP,MAXP)

MN=NM/NT

PRINT 50

FORMATIbX_Zt_I,RESPONS_ FOR EACH MODE ARE_)

CALL PRINTM(XOEF_NEP,MN_MNEP)
WRITE (V) (AF(1),I=I,NN)

WRIT_ (9) (X_AF(I},I=I,NN}

WRITE {9) ((XDEF(I,J),I=I,NEP),J=I,MN)

IN GLOBAL COORDINATES BY
WRITE (9) (FA(1),I=IvM_t)

COMPUTE TOTAL DISPLACEMENT RESPONSE

SUPERIMPCSI_G M_DAL RESPONSES

DO 44 I=I_NN

OU 44 J=I,MN

EKT{I,J)=OoO

DO 44 K=I,NEP

EKT(I,J)=EKT(I,J)+QT(I,K)*XOEF(K,J)

DO 46 I=I,MN
AI=I

T(1)=TT*AI*ANT

PRINT 51, TT

FORMAT {5X,24HTIME INTERVAL FOR FA(I}=E20.S)

PRINT 52, (T(1),I=I,MN}



C

C

£

3 o

C

C

')Z FEP,_-!._T (SX_48HCORR£SPCNP_,ING TIME OF

Px ! ,"_T 5

:__5 i-(:_.ar r_,x_261-q:;rbPLACi:lvi:t_T 4ESPCNSE
,:.ALL :_] _Ttvit-KT_,t',_',,,_.f',,,_t_;',3)

.,:,_IT_.- ; _!} (X'AF(I }, r=l_bii'.,}

..,P,::TL_) ;XL:FTr I_I=]_.',EP
":_:TL.-4i.
b ';D

DISPLACEMENT

ARE,)

RESPONSE AREt/(5X

F,.iU__-s ]¢_i_

;F (kl- F:_Ci iC!,I0_20

_:<;:t.: 2-._.-14J.:3926s^(_!132.0

L i-"_ L;T/-' o::
I'T-T [

;{LSFO_F_,X_P,,X WM;.NT_,L_ TT_MAXLDvMAXRP)
c_,_,A_Ir:r4 FfJR DYNAMIC OlbP_ ACEMENT RESPONSE

C ! .';,

< ;,- "1

, , , <

l: !_[ .- !: _ '_( "_

, _ : 1, L _-

/i' =--[i + '_.;:

(i. t '_. ._-Y_ ;IX
" ::,",''. t _ (- i< t,.(l t.:[

' ' Y_ _; " }'/F" CC:4/F)*B.-,-.L..:. -'.: -'-"/. [i;
VI:!. :,_-.Ci_ACEL

i _ { ,,"_ T NE [i r;f" TC I _-_

:'_C L;T :--;,C'_ i+NI

_,i ,,T ] _',_di-
_,p .,_: R.,,
L N[;

X{HAXLDvMAXRP)

OF



C

9 I

{ a

,} L;

5?0

_,I._,

98

SLI3'COT[!'.:_ I..o

I_VL-,<SI .X ,_h .',_:_":LL _,[IFF!q!_SS TO 3ET STATIC DISPLAC_-<ENT AkC

l_Ir,__-.,SI_!'_, i ( _, _ ,'Ji ( _.!,!:J i I} ,.CIS(3) ,CJS [B) ,Cli)(3) rCJl)I 3)

i:I_'i:\5['._ : X._ 4T(.;5,f;,.'_,,_(:LP'Z5),XSALP(Zb) ,blIT_I,Pl(25,5)

i_:_[[ _.,:i)_ ',._'.;,5>: :_ (6: ,._.J_;( 3', .XRI(25)_XR.I!ZS]_XPAF(78)_AF(-IS)

C, v. !\x_

_X

4X

,:iS,(XS":,',_S _ 'F __'.?, ' 'XS_,I%_N,;'ICP;N_F,M&XN,MN3,MNIvMNEP,MAXP_MN,P_'%I ,

_( fL<,74},_£." ( [_. t.' ) _'-'(7 }I , XAI..PH(ZSI,XPOIS(25),

6! 25} ,_!_12,%:" ._51 ! -' ,_.._:".%J{2'_) ×WI25),EKO(2,2),XA(25),XN(26),Y,'(2c)

-'r.w I ",.,..;2

:<F-AI-: t2) ({( </r__!-I [,J,K)_;-[_ !,J:t,5)_K=l,5)

:I_L; (2) (XC_LP([),[::,:\)

_<c_ ('_] I'4.);LP(!),I=I;t\I

_'LA',, ILl (X<['.i; ,'.'=], '!

IF (:_SC .L-t.._ t) ___C FL' [('0

_RIT_ (_.) ({__K(I.,J),I:I_Kr4I,J:I_NI-#)

R_WIr, L;

R_.AC {g) ( (_:_{I J), l:l_h_') _,J=}'_XX

KEAi; Ig) I ",rtl _I: ,'_\)

<_a!_ (S) II..AF I), :l_r\_,i

IF (",f,F oF,",:, t; ,;i _,t"

C _,. tvl J=l ,:',;

_F(J)=XV&F(J)

,]i: I{_ 3L,L

FC:_: _''.T t',C[:,.:',

FOR" A[ (L.x. .:_ _Y= _.. i .';,"i':._._._ ::_P,,q )

CL].'eLlb ._ii ,i_ _ i _:'I ,' i v ,;'_ _ . i,LI._AL Ci_l.- _,[ ,A[*:S

L!' _Ll J: ,_"

'_l { J)=,"._

{]U _l. l F={,:"..

[;[ ( j ) =L£ {.Jl _ _!_ { ,J ' _ _" Ai 'i_ l

P::I tT 24L;_ {[;[{J _.J;.[,.t',)

FOi<,'AT(./<_ _?,:_ST/_,I-It. [ ['3_,;t".CL :L'ql DUk TO AFiK)=/(BX_6EI6o[4})

CALl_ SRCb(UI,XXLKT_.'_CALI',XSALP,hKO_NAS_N_NFRSC,PI_SOI_M6XN_NN3)

PRINT ].0, Sbl

LC FORVAT!bX,4rtSCL=.'LL.- ,_.)

DO 26 J=l_3

I)O 20 K=L_,')

AllJtK)=t,_O

26 t_J(J_Kl=O.0

AlIt,lI=-lo_.

A[(2, J):-lo'_'

A J( L,Z}=l.O

_j(/_q)=t.O

NAS_'I:NA S- i

".._F-_SC P : .;F, SC * t

DO 700 m=L,?,
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DO 700 L=I_3
7uO CI[K,L)=0°O

Cl{l,ll=l.0

DO 710 J=I,N

CI(2,2)=XSALP{J}

CI(3,3)=XSALP(J}

CI C 2_ 3)=XCALP(J)

C I (3,2 )=-XCALP(J)

r_I (2, 5)=--xSJ { J) /XSI (J}*XCALPIJ)

AI {,.I,5)= XSJ(J)/XSI (J)*XSALP(J)

AJ ( 2,5 )=XCALP(J)

AJ ( 3, 5 } =--XSALP ( J )

C C£)MPUT_ ELEMENT NDDAL FURCES IN GLCBAL COORDINATES

DLJ GQ K=I,3

AIS(K)=_.).O

[)If 69 L=I,5

6_ A IS( K )=/_I S (K }+AI (K_.L)*PI (J_,L}

D> 73 K=i,3

AJS(K}=O.0

30 70 L=I,5

7C; AJS(K)=,_JS(K) +AJ(K,L)*PI (J,L)

JP=J-1

C Sr_LF_CT ELEMENT NCD_L DISPLACEMENTS IN GLOBAL COORDINATES

IF (J-NASM) 800,801,.802

_400 DO 44 M=I,3

MJ=_+J*3

FJM=M+JI_.3

DI(r,_)=UI(M.J_)

z_ze Ddl.'_:)=5l (M J)

qC I C 9)

_-til L}(._/0 M=I,,3

_.'_.jM=_'+ JM. 3

20 Ol (I._)=U i (NJ_i)

C[_) 21 M=I_NI--_SC

_vj = _,,+ j ,,.3

21 OJ(m)=UI.(MJ)

i3U 22 M=NFRSCP_3

22 DJI_)=O°O

GF_ TO gb

H02 II- (J-NAS) 104,1105,106

!04 STOP

l_J5 DO 23 M=l_3

MJ=NASA+P

DI(M)=DJ(M)

23 DJ(M)=UI{MJ)

GG TC 95

I06 DO 24 M=l,3

_iJ= ( J-2 )*3+NFRSC+M

MJM= ( J- I ).3+NFR SC+IV

OI(_'.)=UI(MJ)

24 DJIM]=UIIMJN)

C CALCULATE ELEMENT NODAL FORC_-S AND DISPLACEMENTS IN LOCAL COOROS

',_5 DO 7CI _=i_3

CIS(K)=O.O

CJS(K)=O.O

C[D(K'J-",C.,-..



ioo

C

C

C

C

701

14

[5

7tO

200

CJD(K}:OoO

DO 70L L=I_3

CIS(K)=CIS(K)+CI(K,L)*AIS(L)

CJS(K)=CJS(K)+CI(K,L}*AJS(L)

CID{K)=CID(K)+CI(K,L)*CI(L}

CJD(K)=CJD{K)+CI(K,L)*DJ(L)

PRINT 14_ (jv(CIS(K),K=I_3),(CJS(K),K=I,3))

FORMAT(2X,ZHN=I4,gH CIS_CJS=6EI6o8}
PRINT 15, {CID(K),K=I_3)_{CJD{K),K=I93)

FORMAT {8X_gH CID,CJD=6E16o8)

CONTINUE

WRITE (2} I{PI(I_J),I=I_N),J=I_ 5)

wRITE (2) (SGI{I)gI=I92)

WRITE (2} (UI(1),I=I,NN)

RETURN
END

40

124

i00

44

I01

20

SUBROUTINE SAES (UI,XXEKT_XCALP,XSALPgEKO,NAS,N,NFRSC,PIvSC,MAXN,

CALCULATION CF THE STATIC INTERNAL STRESS RESPONSE

IMN3)
DIMENSICN SI3(2},EKUiZ,Z}_pI(MAXN,5),UI(MNB),XXEKTIMAXN,5,5),BI(5,3

I)_6j(5,3)_X_K(5,j),v(5)gS(5),AIS{3),AJS(3)_DI(3),DJ(3)

2,XCALP{_AXN)_XSALP(_AXk}
NASA=INAS-I)*3+_FRS6
NFRSCP=NF4SC+I

O0 40 J=1,2
SO(J)=O.O

DO 40 K=t_2
SU(J)=SC(J)+EKO(J,KI*UtIK)

DO 124 J=[,5

DO !24 K=I_ 3
BI J,K)=CoO

BJ J,K)=O.O
BI I_tl=-toO
8I 3,2)=-1o0
RJ 2,I)=I_O

_J 4,2)=Io0

DO IO J=I_N

BI(5,2)=-XCALP(J)

BI{5,3)=XSALP(J)

BJ(5,2)=XCALP(J)

BJ(5_3)=-XSALP(J)

SELECT ELEMENT NUDAL DISPLACEMENTS IN GLOBAL COORDINATES

JM=J-I

NASM=NAS-I

IF (J-NASM) IO0,[OI,I02

DO 44 M=I,3

MJ=M+J*3

MJM=M+JM_3

DIIM)=UI(MJM)

DJ(M)=UI(MJ)

GO TO 95

DO 20 M=I,3

MJM=M+JM*3
DIIM)=UI|MJM}



L
t
i

C .

DU 21 _=I_NFRSC

MJ=M÷J*3

21 DJ(M)=UI|MJ)

DC 22 M=NFRSCP_3

22 DJ(M)=O.O

GO TO 95

102 IF (J-NAS} 104_105,106

104 GO TC 145

I05 DO 23 M=I,3

MJ=NASA+_

DI {M)=DJ(M)

23 D,J(M)=UI (NJ)

GC TC 95

106 DO 24 M:I_3

M J= (,]-2) *3+NF RSC+M

i'V,J IV: ( J-I )*5+NFRSC+I _

Dl<_i}=bl(WJ}

24 DJ(M:I:L!II'_'.J _-'1
CO!4DUTE ELEMENT DISPL_CEMEN]S

95 DU ._47 K:I_5

v(K):OoU

bC fi] L:1_3

-'q V(Ki=V(K)+H] (K_L)*D|(L)

[,0 45 K=I_b

[;C ',_ L=],3

4._ V(K ):V(K! _-DJt K_L]*DJ(L)
COMPUIE EL_E/_:NT FCIqCES IN LOCAL

DL' 49 K:I_5

CL: "_ L::I, 5

qq X=K(K_L }=XX_KT{J_K,L)

I?C 05 K:I _5

S{K)=L,::

[:L7 c_fi L.=l_5

_u, S{K):S{ K)+X_K(K,L )*V{L}

i)!) 7! K=I,5

II PI(,J,K):S(K)
1L: CO'_T INCE

145 _<ETURN

L:!',;[)

IN LOCAL COORDINATES

COQP, D!N&TES

I01

SLI_3_CUTINE L7

SOI_uTiCN FOR DYNAMIC [NIERNAL STRESS RESPONSE

OIMrNSIt!F4 CI(3_:3)_,DII3),DJ(3)_CIS[3},CJSI3}_CIDI3)_CJD{3)

L'IM{-NS II;% g

i ;<,_,I (25} _ XRJ

2X,_<( ?_),XNR

3},AI(3_b)_A

4CKT(78_TE_)

C I_IMMGN

1 N,N% _ NSO,NS

JXM(78_TS)_E

4XL-(2b) _HH(2

rCU !V_L _;C E

A{3gOl),XQFT(78),XXEKT(25_5_5),XCALP(25),XSALP{25),

(25),U2(lS)rP2{25_5)_U3(781_SO){2)_P3125_5)_Pl{25_5)_

I((8),XN2|78)_TPI25,5)_TU2(?8)_TSO2(2)_SSO2{78_2)_TU(7

J(5_5)_AIS(_)_AJS(3)_Ul(78)_SOl(2)_SO2(2),TSO12)_

XMAF(7B)

D_NFASC,NAS_NN_NEP,NAF_MAXN_MN3_MNI_MNEP_M_XP_MN_M_NT

R_TO,ALPHC,PCISO_E[]_XWO_GA,TIME_

K(TB_/B)_P(78)_ XALPH(25}_XPOIS(25),

e)_XSI(2_)_XSJ(25)_X_(25),EKO(2_2)_XA(25)_XN(26)_YN(26

(EKT,FA)
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C

C

200

201

210

221

203

26

1

2

3

4

MMI=MM+I

WRITE (2)

REWIND 8

READ (8)

REAl] (8)

READ (8)

READ i8)

COMPUTE

l)O 200 l=l_.h'_

DO 2CO J=I+NCP

EKII_J)=CoO

t)O 2OC K=I,_N

EKi [_J)=tK(l_J

DO 201 l=l__kP

DO 201 J=!_'_

EK(JpI)=_KIJ_ [

aEWIND 2

EQUIVALENCE (XM,XCALP)_(XSALP_XCALPI26))_(XRItXSALPI26}),

(XRJ_XRI(26))_(U2_XRJ(26)}v(P2,U2(?9))_{U3_P2(L26))y(P3,U3(79))t

IpItP3[125i}7(X:JR_PI(126))_{X,'_RI_XNRI79)),IXN21XNR](79)),

(TP_X_2i?gl),(TU2,TP(I26)),ISSO2yTU2(79)},

READ (2

READ (2

REAL) (2

READ (2

READ _2

READ (2

READ (2

_EAD (2

READ (2

R_WI_D 8

FOR QACH MOOE_

DUE TO [_4ERIIAL

OG 2t}_ I=I_,;CP

DC 210 J=l_hN

U2(J}=OoO

DO 210 K=l_m_<

CCMPt;TE NCDAL DISPLACEMENTS IN OVERALL COORDINATES

LI]A_;S

U2(JI=U2(J)+EKT(J_K)*EKIK_[}

EO_ _ACH MOD_v CALCuLATC IH£ ELEMENT FORCES AND DISPLACEMENTS IN

LOCAL COCF_DINATES CUE TC INERTIAL LOADING

CALL SReS_U2_×X_KF_XCALP_XSALP,EKOvNAS_N,NFRSC_P2,SO2,MAXN_MN3)

WRITE (a) ((P2(J_K},J=I_S)_K=I_,5)

WRITE C8[ (U2(K) _IK=| _NN}

Dr] 22l J=l_2

SSO2(I_J}=SC2(J)

CONTINUE
READ (9) ({EK(I,J),I=I_NEP)_J=I_MN)

READ (9) (FA{I),I=L,MM/)

DO 20 J=l_3

DO 20 K=I_5

AI{J,K)=UoO

AJ(J,K)=O=O

AIII,1)=-I_O

AII2,3)=-I.O

AJ(I,2)=I_O

(XCALP(I!_I=tvh)

{XSALP([),I=L_X)

(X_I I),l_:l _il)

{X_J I),I=I_N!

{Si;I I),I=i_Z)

{Ot( _,I=I,_N}

{(EKT(I_,J),I=I_hI_),J=I_NN)

( (_K! ! _J) , i=! _NN_ ,J:! ,NN)

{CRP{I,JI,I:I_hN},J:I_NN)

({LKT(I_J_I=I_Nq_J:I_NEP)

[Nt_._[I&L JUINT LOADS

+XM{I _K}_EKT(K_,J)

*PCI}*P(I)

(TU,SSOZII57)},{UI,TU(lg})_{XXEKT_UI(79))
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AJ(2_4)=I.O

NAS.'I = ( NAS-I )* 3+NFRSC

NFP, SCP=NFRSC+I

NAS_=NAS-1

DO 700 K=I_3

O(] 700 L=I_3

log, CI(K_L)=U_O

CI(I,I)=IoO

DO 205 I=I_MN

II:I*NT+I

TIFS=FA ( IT }

C AMPLIFY STATIC RESPCNSE FOR THE

DO 225 J:I_NN

225 U3IJi:UI(J)_TIFS

DO 22U J:l_.2

220 SO3(J)=TIFS*SOIIJW

DO Z08 J:I_N

OO ;.'.0_ K-:I _ b

2U8 P3( J,,K):-T I FS*PI ( J _ K)

C CC'4PLiTE THE TCTAL RESPCNSE IN

C PZ_.RIICUL_P, l'_'C IN _UESFIC;N

DO 206 J=I_.NFP

XF_RCJ)=6K':J_! t

Xi_q; _ J) = _,L_FT t J)-_T [FS/P {J)/P(J )

,_.Cu. _'N2(,_I]:X:_,RCJ)-X>,'RI (J)

i.;L: n:;i:, L:t_5

_, , ] TL'9 ' ": '_":_. , ,:]

r: c _,........

PARTICULAR TIME IN QUESTION

VARIOUS COORDINATE SYSTEMS FOR THE

!<_Ar; t_) i:PZ(IIvJJ)_II:l_N)?JJ=l_5)

_:_lE (£) C[;21II)_II:l_hh)

[;L] P_;7 K=I_N

!)0 2_7 k=l,_

: O? I'PCKrL.,'=Tp_K_L)+P2IK,L)'*XN2(.J).

DU 220 _:i_;_N

/26 TUZ{K)=TUZIK)+U2{K)*XN2(J)

'_O7 CONTINUE

DO 222 K=|T2

DL 222 J=I_N_P

222 TSO2(K)= TSC2IK)+SSO2IJ_,Ki*XN2(J_

I)O 223 J=l_2

223 TSO(J)=TSU2(J)÷SG_IJ)

DO 227 J=t,NN

227 TU(J)=U3IJ)+IU2(J}

DO 209 K=[_N

DO 209 L=t_5

209 TPIKIL)= P3IKrL)+TP (K,L)

PRINT 228, I

PRINT 229_ (TU(J)_J=I_NN)

PR!NT 240

PRI_4T 230= TSU

CALL PRINT_(TP_i_5_WAXN)



i04

DO 710 J=I_N

A1{2,5 =-XSJ(J)IXSIIJ)*XCALP(J)

AI{3,5 = XSJ(J)/XSI{J)*XSALP{J)

AJ(2_5 =XCALP{J)

AJ(3,5 =-'XSALP(J)

CI(2t2 =XSALP{J)

CI{3_3 =XSALP{J)

CI!2_3 =XCALPWJ)

CI{3_2 =-XCALP(J}

DO 69 K=I_3

AIS(K)=O.O

DO 69 L:l,b

69 A_S(K_=&IS_K_+A[[KgL_TP(J_L)

DO lO K=I_3
AJS(K)=O.O

DO 70 L=l_b
70 AJS(K)_-AJS(K)+AJ{K_L)*TP(J_L)

jM:J-t
IF [,J--NASN_ BOO,SOt,802

800 DO 44 M=t,3
Mj=M+J*3
MjM=M+JM*3

DI{M)=TU(MJM)
44 DJ{M)=TUEMJ)

GO TO £5

801 DO 20 M=I,3

MJM=M+JM*3

20 DI{MI=TU(MJM)

DO 21 M=I_NFRSC
MJ=M+J*3

21 DJ[M)=TU(NJ}

DO 22 M=NFRSCPv3
22 OJ{M)=O.O

GO f_ 95

802 IF (J-NAS! i04,i05,lOb

tO4 STOP

105 DO 23 M=i,3
MJ=N_SA+N
DI{MI=DJ{M)

23 DJ_M}=TtJ(MJ)
GO TO 95

rob DO 24 M=I_3
MJ=(J--2)*3+NFRSC+M
MJM=(J-I)*3+NFRSC+M
DI (M)=TLIIN._)

24 DJIN)=TU(MJM)

95 DO 181. K=I_3

CIS(K}=OoO

CJS(K}=L;_O

CIO(K)=Uo_

CJD{K}=O,O

DO 701 L=i_3

CIS(K)=CIS(K)+CI(K,L)*AIS(L)

CJSIK)=CJS(K}+CI(K,L)*AJSIL)

CID(K}=CID(K)+CI(K,L)*DI(L)

701CJDIK)=CJD(KI+CI|K_L)*DJ{L)
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15

(1C

22"¢

PRI;_T

PR [ !'_T

F [-)P,>_&

C;3NT I

CONT 1

FOR:_&

FOR_

F 1.._V,N5

14_ (J, ICIS(K) _K:I, 31 , (CJS(K),K=I_ 3))
Ir [ 2X_ 2Hhl= 14_, gH CIS_CJS=6EI6:8)

15_ (C I_]!K _ ;,K=I _ 3) _ (CJD(K) ,K=I_ 31

T {_X_,_H CID,CJD=6EI{_,,8!

NU E

NU E

T (bX_ EHI,." TIME)=I4}

T (bX_3PTU=6EIo.8/(SX_OEI6o8))

T ( 6 X _./-,I'.TSU= 2 t:16 o 8 )

T(bX_341-_SHELL INTEk.NAL STRESS RESPONSE

i',

ARE)

I('5

i

i,

I
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APPENDICES

A, Integration Formulae

th
For the i normal mode, the equation to be integrated is

" 2

T_(t) + Wi _i(t) = P_(t) = Pif(t).

The time increment is chosen such that

(Ai-i)

At < (1/32) (2n/Wi).

The initial values are

_i(o) = _i(o) = o; _.(o) = P.f(o).
1 i

Then the general integration formulae are

+ At2 :_i. (t) ] )/F_i(t+At) = {Pi[f(t+At) - f(t)] -W2[_(t) + At_.(t) T

h(t+At) = h(t) + At%(t) + 3_ [_i(t) + _i(t+At)/2]

(A1-2)

(AI-3)

(AI-4)

where

F= i+--
At 2 w2

This integration method assumes a linear acceleration distribution over

the increment At.

115
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B. Element Stress-Strain Formulae

Given the element forces in local co-ordinates, it is desired to find

the stress resultants normally used in engineering. For a spherical cap,

these quantities are Me, N@, N¢, Q¢ and M# and the stresses and strains may

in turn be calculated from these using the equations

N¢ • 6M Ne 6M
% =T -_¢ ; % =Y- ±-_e

t t

1 1

e¢ = £ (_¢ - v_ e) ; ¢0 = _ (_ - v %).

(A2-1)

The subscripts ¢ and @ represent meridional and circumferential directions

respectively. For a conical or cylindrical element, the desired resultants
P

are Ns, Qs' Ms, M@ and Ne. The stresses _4%_ strains in this case are

N 6M N 6M

= __is ± _e -fi% t -_ ; = ± -_o
t t t

1

Cs = _ (_s - _ _e) ;
1

_e = E (_e - v _s)"

(A2-2)

The subscripts s and @ represent meridional and circumferential directions

respectively.

i. Stress Resultants for a Spherical Cap

The stress resultants for a spherical cap can be found from M , H
o o

and Qo from the followin K formulae
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Me = M°

+ H cos ¢
N¢ = Qosin ¢o o o

Qo = Qo cos ¢o - Ho sin ¢o

M
8

bei 'Xo] +
N@ = (Et/a) [[CIIM ° + CI2H ° + Cl3Qo] [ber x ° x

O

Et_
ber'x o

+ [C21M ° + C22Ho + C23Qo] [bei Xo + --------O]xo x _2a2 }
0

_2ET

2 [[CIIMo + CI2Ho + CI3Qo] [(i-_) ber'X°x - _ bei Xo ] +
a o

(A2-3)

bei 'x

+ [C21M ° + C22Ho + C23Qo] [(I-_) --------Ox+ _ ber x o] }.
O

The Cij factors are the same as are used in calculating the element flexi-

bilities and expressions for these can be found in Appendix G.

2. Stress Resultants for a Conical Element

The stress resultants for a conical element can be found from Mi, Mj,

Hi, Hi, Nj and Ni = _ Nj from the following formulae
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N
sk

M

s k

Qs i

Qsj

M@k

= N k + HkCOS

= M k

= -H. sin_
i

= Hjsinot

= (2/y2) [[AIIHk + AI2Mk + AI3HI + AI4MI3 [_Yk bei'yk +

+ 2(i-_) (bei Yk + 2 ber'Y.k )] _ [A21Hk + A22M k +
Yk

+ A23H 1 + A24MI] [_Ykber'Yk + 2(i-_) (bet Yk +

2 bei'Y.k)] + + + +
Yk [BIIHk BI2Mk BI3HI BI4MI]"

2 kei'Yk) l - [B21H k +
[_Yk kei'yk + 2(l-_)(kei Yk Yk

+ B22M k + B23HI + B24MI] [_;Ykker'Yk + 2(i-_) (ker Yk +

(A2-4)

2 k_i 'Yk) ] }
Yk

NSk = -(cot ou_2s k) [[AIIH k + AI2M k + AI3H 1 + AI4MI_ [Ykber'y k +

2 bei'Yk) ] + [A21Hk + A22M k + A23H 1 +
- 2(ber Yk Yk

+ A24M1][Ykbei'

2 bei'

Yk - 2(bei Yk + Yk Y.k)] + [BIIH k +

+ BI2M k + BI3H 1 + BI4MI] [Ykker'Yk - 2(ker Yk

2 kei'

Yk

+ [B21Hk + B22M k + B23HI + B24M 1] [Ykkei'Yk +

2 ker'
2(kei Yk + Yk)]} + PrCOt ff Sk,

Yk

Yk)] +
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where Pr is the internal pressure end k = i,j. When k = i then 1 = j and

vice versa. The Aij , Bij and Yk factors are the same as used in calculating

the element flexibilities and expressions for these can be found in Appendix E.

C. Thomson Function Formulae

Depending upon the magnitude of the argument y, there are three different

sets of formulae that ere used to compute the Thomson functions [Reference (i0)].

Computation procedures outlining the application of the different sets ere

given in Appendix D below.

i. Series Formulation

ber y = _ (_l)m 4m
[(2m).]2 ( )' t

m=O

4m+2

[(2m+l):] 2

(_l)m (_)4m,(2m+l)
ker y : -in (_) ber y + _ bei y +m_/_ [(2m):]2

kei y = -ln (_) bei y - _ ber y +m___0 (-1)m , (_)4m+2*(2m+2)
[(2m+ i) : ]2

4m-i

ber'y =_ 2m (_) (-l)m
[(2m):] 2

(_)4m+l (_l)m
bei'y =___ (2m+l) [(2m+l):] 2

ker'y = -In (_) ber'y ber y + E bei'y +
Y

= 4m-I

+m--_ 2m (_1 (-i) m ,(2m+l)
[(2m):] 2

kei'y = -in (_) bei'y bei y E ber'y +
y 4

4m+l m

+ _, (2re+l) (_) (-1) ,(2m+2)
m=O [(2m+I):]2

(A3-1)
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where _ is the logarithmic derivative of the gamma function given by

1 1 1
_(m+l) = i + _ + _ + ...... + - - V

m

_(z) = - y

y = Euler's constant = 0.577215665 ....

2. Asymptotic Formulation

ber y = A(y) [A(y)cos _ - X(y) sin _]

bei y = A(y) [X(y)cos _ + A(Y) sin _]

ber'y = A(y) [$(y)cos 8 - _(Y) sin B]

bei'y-= A(y) [Q(y)cos 8 + ¢(Y) sin 8]

ker y = B(y) [A(-y)cos 8 + X(-Y) sin 8]

kei y = B(y) [X(-y)cos 8 - A(-y) sin 8]

ker'y = -B(y) [¢(-y)cos _ + _(-y) sin _]

kei'y = -B(y) [_(-y)cos _ - $(-y) sin _]

(A3-2)

(A3-3)
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where

A(y) = eY/2_/(2v_y) _ ; B(y) = (_/2y) _ e -y/2_

oe = y/2 _ - u/8 8 = Y/2_ + w/8

N

A(Y) = 1 + Z (-1)C(c1_2)(-32)'''[-(2c-1)2](8y) c
c=l

cos (_c/4)

N

X(y) = c--_
(-i)c(-12)(-32)'''_-(2c-i)21 sin (wc/4)

c_ (8y) c

N

e(y) = 1 +- _ (-i)c(-12)(-32)'''[-(2c-3)21(2c+I)(2c-1) cos (_c/4)

c-_ c: (By) c

_'_N (-i) c(_12)(_32).. .
_(Y) = ) I-(2c-3)2](2c+I)(2c-I) sin (wc/4)

c=l_ c: (8y) c

(A3-4)

3. Modified Asymptotic Formulation

The quantities defined in Equations (A3-4) remain unchanged and the ker

group function in Equations (A3-3) remain the same. However, the ber group

function formulae are modified as follows

ber y = A(y) [A(y)cos _ - X(Y) sin _] -(kei y)/Tt

bei y = A(y) [X(y)cos as + A(y) sin _] + (ker y)/TT

ber'y = A(y) [¢(y)cos _- [}(y) sin _] - (kei'y)/11

bei'y = A(y) [_(y)cos _ + _(y) sin 8] + (ker'y)/rr

(A3-5)
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D. Thomson Function Computation Procedures

If y is the argument and N is the upper limit of summations in the

asymptotic methods then

F

t
IThomson functions

by asymptotic method

with scaling of argu-

ments with SUBROUTINE

XP and of functions

with SUBROUTINE XC

N= 15

<y 27 
F

Thomson func-

tions by modi-

lied asymptotic

method

F

T

T

Thoms on

functions

by series

method

ber group functions

by series method;

ker group functions

by asymptotic method

with N _ 2y

In the series method, calculations are continued until the magnitude of the

calculated term is less than 10 -8 times the current function value.

E. Conical Element Flexibility Formulae

Four fifths of the flexibility coefficients in Equation (13) can be

expressed in terms of the functions

f = Cpq [almbn(Yi ) - arsbt(Yi) + blmkn(Yi) - brskt(Yi)_

= F(i; q; I, m, n; r, s, t)

f = Cpq [almbn(Y i) + arsbt(Yi ) + blmkn(Y i) + brskt(Yi ) ]

= G(i; q; I, m, n; r, s, t).

(A5-I)



The individusl flexibility coefficients sre then given by the following

relstionships

fll = -F(i; I; I, 2, 2; 2, 2, i)

f12 = -F(i; i; i, 4, 2; 2, 4, I)

f13 = -F(i; I; I, I, 2; 2, I, i)

f14 = -F(i; I; I, 3, 2; 2, 3, i)

f15 = (r cot O0/(Et )

f21 = F(j; I; i, 2, 2; 2, 2, i)

f22 = F(j; I; I, 4, 2; 2, 4, I)

f23 = F(J; I; i, I, 2; 2, I, i)

f24 = F(j; i; i, 3, 2; 2, 3, i)

f25 = -(cot _)/(Et)

f31 = -G(i; 3; i, 2, 5; 2, 2, 6)

f32 = -G(i; 3; I, 4, 5; 2, 4, 6)

f33 = -G(i; 3; I, I, 5; 2, i, 6)

f34 = -G(i; 3; i, 3, 5; 2, 3, 6)

f35 = (_) sj cos _)/(Et)

123

(;_5-2)
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where

f41 = G(j; 3; i, 2, 5; 2, 2, 6)

f42 = G(j; 3; i, 4, 5; 2, 4, 6)

f43 = G(J; 3; I, i, 5; 2, I, 6)

f44 = G(J; 3; i, 3, 5; 2, 3, 6)

f45 = -(u sj cos O0/(Et)

f51 = G(j; 2; i, 2, 9; 2, 2, i0) -G(i; 2; i, 2, 9; 2, 2, i0)

f52 = G(j; 2; i, 4, 9; 2, 4, i0) -G(i; 2; i, 4, 9; 2, 4, i0)

f53 = G(j; 2; i, i, 9; 2, I, i0) -G(i; 2; i, i, 9; 2, i, i0)

f54 = G(j; 2; i, 3, 9; 2, 3, 10) -G(i; 2; i, 3, 9; 2, 3, 10)

_55 = (s. in r)/(Et)J

Cp I =
2_3(I-_ 2) ] cot

Et 2

k mnj d (m+2) n

H21 = -HI1 = sisin _;

H23 = -HI3 = sjsin _;

cot _ cot _ cos

; CP2 = Et ; CP3 = Et

for m = I_2 and n = 1,2,3,4

H22 = -H21 = y_/2

= = y2/2
H24 -HI4 j

(A5-3)



and d is the minor of item nm of the following determinatemn

bl(Y i) b2(Y i) kl(Y i) k2(Y i)

b4(Y i) -b3(Y i) k4(Y i) -k3(Y i)

DI(Y j) b2(Y j) kl(Y j) k2(Y j)

D4(Y j) -b3(Y j) k4(Y j) -k3(Y j)

and the rema

bl(Y)

kl(Y)

b3(Y)

k3(Y)

b5(Y)

b6(Y)

k5(Y)

k6(Y)

inlng quantities are given by

= ber y - 2y-lbei'y; b2(Y) = bei y + 2y-lber'y

= ker y - 2y-lkei'y; k2(Y) = kei y + 2y-lker'y

= y ber'y - 2(1-_)bl(Y) ; b4(Y ) = y bei'y - 2(l-_)b2(Y )

= y ker'y - 2(l-_)kl(Y) ; k4(Y ) = y kei'y - l(l-_)k2(Y )

= -_ [y ber'y - 2(l+_)bl(Y)]

= -_ [y bei'y - 2(l+_)b2(Y)]

= -_ [y ker'y - 2(l+_)kl(Y)]

= -_ [y kei'y - 2(l+_)k2(Y)]

bg(y) = ber y - 2(I+9) y-i bei'y

blo(Y) = bei y + 2(i+_) y-i ber'y

k9(Y) = ker y - 2(i+_) y-1 kei'y

klo(Y) = kei y + 2(i+_) y-i ker'y.

The definitions of y and r are

y = 2(3(1-_2)) ((2 tan cO/t) s

r = s ./s

J i.
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(A5-4)

(A5-5)

(A5-6)
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F. Cylindrical Element Flexibility Formulae

Employing the following definitions

K = (3(1-,_2)a2/t2) TM_ ;

Q =K./a; P = e ;

L = cos X + sin k ;

N = e

M = cos I - sin k

(A6"I)

the individual flexibility coefficients in Equation (14) for a 'cylindrical

element may be written

flk = Q(CIk - C2k - C3k - C4k) for k=i,2,3,4

f15 = 0

f2k = Q(-NLCIk + NMC2k + PMC3k + PLC4k) for k = 1,2,3,4

f25 = 0

f3k = -Clk - C3k for k = 1,2,3,4

f35 = (_a)/(Et) (A6-2)

f4k = N(c°SkClk + sinkC2k) + P(c°skC3k + sinXC4k) for k = 1,2,3,4

f45 = -(_)a) / (Et)

f51 = fs2 = 0; f5s = £/(Et)

fSk = (_/2K) (NM-I)CIk + (NL-I)C2k - (PL-I)C3k + (PM-I)C4k for k = 3,4

Here the C quantitites are given by
mn

D 2

C = (_l)m+n nm a for m = 1,2,3,4 and n = 1,2

mn _ 2K 2

D a 3
C = (_l)m+n nm for m = 1,2,3,4 and n = 3,4

ran _ 2K 3

(A6-3)
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whe re

A = (2 sink + P - N) (2 sin k - P + N)

DII = cos 2k- sin 2k - p2 D21 = -L(P-N) - 2P sin k

D31 = p2 _ 1 - sin 2k ; D41 = (P-N) cos k - 2PI sin k

DI2 = M 2 + 2 sin 2 k - p2 D22 = -(P-N) cos k - (P+N) sin k

D32 = 2 sin 2 k ; D42 = -(P-N) sin k

DI3 = -N 2 + sin 2k + cos 2k ; D23 = M(P-N) + 2N sin k

D33 = 1 - N2-sin 2k ; D34 = (P-N) cos k - 2N sin k

DI4 = N 2 - 2 sin 2 k - sin 2k - 1 ; D24 = -(P-N) cos A - (P+N) sink

D34 = 2 sin 2 A ; D44 = -I(P-N) sin k .

(A6-4)

G, Spherical Cap Flexibility Formulae

For a spherical csp element the following parameters are employed

1.

1 2 _
= (aO_/(12(l__))4

Case with Singularity

x = r /L; K = Et3/12(i-_2).
o o

The individual elements of Equation (16) are given by

(A7-1)

= ' + C2kbei'x )/_ for k = 1,2flk (Clkber Xo o

flS = flk (k=3) - (_r ° kei'Xo)/K

f2k = (_/a) [Clk[xober Xo - (l+u)bei'x O] +

+ C2k[Xobei Xo + (l+9)ber'Xo] ] for k = 1,2

3 [xokei x° + (l+_))ker'x + (l+_)/x ]/aKf23 = f2k (k=3) - _ ro o o

(A7-2)
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where

and

2

f3k - _2x (l+v) [-Clkbei'Xo

a

+ C2kber'Xo] +

- Clkber Xo - C2kbei Xo for k = I, 2

_2r _2x l

f33 = f3k (k=3) - _ [ _ (l+v) (ker'x + -- ) - kei x0 X 0

8 0

_2

CII = - _ ber'x o

3
8 X

o

C12 - AEt (s2+r2)
0

1

C13 =_

[ber x (l-v) bei'x ]
0 X 0

o

2
£r

{_'_--_ [ber Xo ker'x
ber'x ker x

o o o

+ m(l-v) ber'x ker'x

x o o
o

] +

_3 3a

[ber x

K(s2+r2) o
o

(l-v)

X
0

bei'x ker'x
o o

(1-V)x bei'Xo ] }

o

_2

C21 = - A-_ bei'x °

3
8 x

o

C22 = AEt (s2+r2)

0

_2r

{ oC23 = _ K

Loem x +
o

[bei x ker'x
0 0

(l-v) bei'x kei'x ] +
X 0 0

o

(l-v)
x
o

ber'x ° ]

- bei'x ker x +
0 0

(l-v)
X

0

(A7-3)

3 2
a

K(e2+r 2)
0

[bei x +
0

-- ber'x ker'x
o o

- [bei x + (l-v) ber'x ]
0 X 0

o

[ber x
0

(I-v

X

0

(i-_) ber }X 'Xo]

0

-- bei' x ]
0

(A7-4)

bei' x -ber'x
o o
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2. Case Without Singularity

The first 2x2 portion of the flexibility matrix in Equation (18) is

identical with the singular case. The additional coefficients required are

2 2

L2 x

=-- @f31 AK [ber x ber'x + bei x bei'x - ( + l) ber'xO O O O O
a

3

e x ° [ x° _2_ __ (l-x,)

f32- Et(a2+r2 o) { (ber2x° + bei2x°) + L7 (I-_;) i

[ ber x bei'x - bei x ber'x o] - _ (I-_ 2) [ber '2 x
o o o 2 o

2 2 s

+ bei '2 Xo_ _ )x o] -(_ + 1) [ber x - bei'x ] .
0 X 0

a 0

]

(A7-5)

H. Flat Plate Flexibility Formulae

i. Annular Ring Element with _ = 0 °

The individual flexibility coefficients in Equation (14) for a flat plate

element with _ 0 °= are given in terms of

- . Et 3) 1_2 2 2
r = rj/r i , K = ( /(12( )) ; Z = r. - r.J i

and are

2 2

r i r i rj

fll = _-_ [(--_-___)+ (_-_) ] ; f12 = r f21

f13 = f14 = O; f15 = r f51

2 2 2
.r. r r.

= ; f22 = _ (l-v) (1-_)f21 (1-2) KZ

f23 = f24 = 0 ; f25 = f52
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f31 = f32 = f35 = O; f34 = r f43

r
i 2 2

f33 = E'-_ [rj + r.1 + _Z]

2
2r. r.

_ ___)___i
f41 = f42 = f45 = O; f43 = EtZ

r ,
2

J [r 2. + r. - _Z ]
f44 = Et---Z j z

2 2 r 2 2 -

r i r i in r 1 KJ [" [I-_)Z 2(T+_)f51 = R- TI_)_ + 2(i+_) ; f52 = - +

2 2

rj (ln r) 2 rjri(l+_)) (3+_;)______Z

f53 : fs4 : o; fss : [ 2z(1- ) *

(AS-l)

2. Annular Ring Element with @ = 180 °

All the non-zero elements from the case _ = 0 ° can be used to construct

the coefficients for the case _ = 180 ° . In all cases except element f55 the

negatives of the above formulae for _ = 0 ° ere to be used.

f55 are identical. In other words

f (180°) = - f (0°) for m, n = 1,2,3,4,5 except mn = 55
n%n

f(180 ) "_(0 °)

55 = f55

The formulae for

(A8-2)

3. Disc Element, Singular Case

For a disc element, the individual flexibility coefficients in Equation

(17) are

r
o

fll = K(l+v------7

f21 = 0 ;

2
r

o

; f12 = O; f13 - 2(I+_;)K

f31 = f13; f32 = 0; f33 - 8(I+_)K

(l-v) r
o

= 0 (A8-3)
f22 = Et ; f23

2
(3+ _) r

0



I 0 Open-Ended Element Mass Formulae

Adopting the following notation

131

= l(r - ri)/cos _[ ; W = 2nt_m ; V = I cos
Y

(A9-1)

the submstrices of the mass matrix in local coordinates for an open-ended

element may be written as follows

ri V

[mii ] = W _ ( llr V

IT
[mij] = [mji = W

m

ri V

13r. V¥_51 + T6

0

llr V- _-T6_ + _6-

0

0

ri V

(_- + T_)

I 13r. V- _+Fg L 0

r.

9 _+ 1--_

0

r.

z V
(_ + T_)

(A9-2)

[mjj] = W

rl V

llr. V

0

llr V

I 13r. 2V

0

0

r.
i V

(_+_)
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J, End Closure Element Mess Formulae

With the following notation

W = 7Tt m
o o o

(AIO-I)

the mass matrix for an end closure element may be written

[_o]

W r4/12
0 0

0

-W r3/4
0 0

-Wor3/4

W r2/2 0
O0

W r 2
0 0

(AIO-2)

J




