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ABSTRACT

Two computer programs hagg been developed to perforin a linear
and nonlinear elastic analysis\sf_sholls of revolution under arbi-
trary loading with asymmetrical stiffness properties in the circum-
ferential direction as well as variable thickness properties in the
meridional direction. The method of analysis is the matrix displace-
ment method of structural analysis. Input data define the elastic
and geometric properties of the elements, the coordinates and con-
straints of the nodes, and the direction, magnitude and location
of the loads. Output data consist mainly of the displacements of
the nodes and the strains and stress resultants at the center of

each element. The general purpose of this report is to provide a

guideline for the preparation of input data for the computer codes.
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CHAPLER I

INTRODUCTION

I.1 GENERAL

Digital computer programs written in FORTRAN IV have been
developed to perform the computations required in the linear and
nonlinear elastic analysis of shells of revolution under arbitrary
loading with asymmetrical thickness properties in the circumferential
direction as well as in the meridional directionl’z. The purpose of
this User's Manual is to provide to the engineer readily understood

and easily applied information about the computer codes and the pre-

paration of input data.

1.2 BRIEF REVIEW OF THE THEORY

The method of approach is the matrix displacement method of
structural analysis.

The shell of revelution is idealizad and discretized as an
assemblage of curved elements connected together at their nodal
circles or nodes (Fig. 1). The element curvature in the meridional
direction is described by tne slope between the axis of revolution
and a tangent to the shell element in the meridional direction and
is represented by a second order polynomial function of the
meridional distance. The length of ¢the element, measured along the
meridian, is obtained by assuming an arc of a circle passing through

the nodes with the specified nodal slopes.

e S St g £
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The deformations of the element are represented by three linear
displacement components in the normal, meridional and circumferential
directions (Fig. 2). These displacements are expressed by polynomials

i in the meridional distance and a Fourier serles in the circumferential

angle,
The generalized nodal forces are obtained by concentrating the

external forces as line loads applied at the nodes. This is accomplished

*
g,
§,

by equating tha virtual work performed by these lumped loads movirg
through the virtual nodal displacements, to the virtual work produced
by the external forces undergoing the specified virtual displacements.

The components of the external loading are represented by a Fourier

e B N e I

series in the circumferential angle. These external load components
are assumed to have a stepwise variation in the circumferential
direction (Fig. 3). When there exist concentrated ring loads applied
at the nodes, these loads are added to those due to the distributed

loading to form the total generalized forces.

The strain-displacement relationships used are those given by

e B s B o I

Novozhilov3 retaining for the nonlinear analysis only the terms

1

suggested by von Karmana.

¥

The element stiffness matrix is obtained by applying Castigliano's

theorem and observing the coupling of the harmonics. The coupling

M P“
M 5

of the harmonics is due to the fact that the shell element may

have variable thickness properties in the circumferential direction.
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The thickness of the shell elemoent I8 assumed to have a stepwise
variati. ad is represented by a Fourler series in the clrcum-
ferertin® angle (Fig. 4).

The stiffness matrix for the entire shell is formed by
summing up the appropricte stiffness matrices for the various finite
elements.

The displacements are obtained by solving the system of é
linear simultaneous equations using Choleski's method. ’

To account for the geometric nonlinearities, the total internal

energy is separated into a sum of two parts

U= UL + UNL

where UL is the expression for the strain energy based on linear
theory and UNl is the contribution due to the nonlinear terms.
The nonlinear terms are regarded as additional generalized forces.

These additional forces are obtsined by applying Castigliano's theorem

resulting in the following equations of equilibrium
. A
[<]{d = {a} - {aq (UNL)}

where [ﬁ] is the stiffness of the structure, {q} represents the i

generalized displacements, {Q} describes the generalized forces

and {32- (UNL)} expresses the additional generalized forces due to
v
nonlinearities.

The solution of the equations of equilibrium is accomplished
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using onc of the three following approaches dependivs on the type of
the problem to be solved:

a) Tn this method the deformation is analyzed by varying the
loading in small increments and performing a linear analysis of the
deformation due tc each load increment. For the first increment the
solution is purely linear. For the second increment 2 lincar extra-
polation is used and for the third and succeeding increments a
quadratic interpolation is employed to generate the deflections to be
used in the calculation of the additional forces for the next increment,
The process is repeated until the total loading is applied.

b) In this second method the total loading is applied and an
iteration is performed. The first approximation of the nonlinear
terms is obtained by using a linear solution. The iteration pro-
cedure is used until convergence occurs or the number of iterations
performed equals the maximum specified number.

¢) In this combined method the load is applied by increments.

The solution for each increment is obtained by iterating until con-
vergence occurs., The displacements are then extrapolated, in the

same fashion as in the method (a) and the nonlinear terms are evaluated
for the next increment. The process is repeated until the total

loading is reached.

|
|
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CHAPTER 11

RECOMENDATIONS AND SPECIFICATIONS
11,1 GENFRAL

Certaln important factors must be taken into account when using
this proposed numerical method in order to have a reallstic representa-
tion of the actual structure. For this matter, it is advisable that the
practicing enginecr have a reasonable understanding o{ the structure to
be able to discretize the shell in a justifiable manner. In some cases,
an inadequate idealization may cause unrealistic results in some arecas
of the shell, leading to a misunderstanding of the behavior of the

structure.
11.2 RECOMENDATIONS

Some recomendations are herein presented to provide an indication
of the type of care that the inexperienced user must exercise.

l. Elements should be clusely spaced and concentrated in regions
where rapid variation in the displacements and stresses may occur. For
example, near a clamped boundary where the bending moment may vary rapidly.

2. Elements should be concentrated in regions whgre thefe is a
rapid change in the material properties.

3. The number of harmonics in the Fourier expansion of the
displacement components must be such ‘s to account for all significant
modes of deformations. If a shell deforms symmetrically only A harmonics

are needed. In the case where it is anticipated that the shell will

§
i
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deform asymmetrically both A and B harmonics must be used. In most

enginecring applications satisfactory results may be obtLained with

only few harmonics.

5. In the solution of the equilibrium equations for the nonlinear

analysis use the load increment approach for slightly nonlinecar

problems and use the combined load increment iteration method to

estimate buckling loads.

II1.3 SPECIFICATIONS

1. Machine: IBM 7094, IBM 360/65, UNIVAC 1108

2. Language: FORTRAN IV

3. Program capacity (based on machine size):

(a)
(b)
(c)
(d)

(e)
(£)

(g)

(h)

50 elements (NELEMS)

17 harmonics (NH = IA + IB)

29 Simpson's stations for the numerical integrations (NET)
10 angles along the circumference where the displacements,
strains and stresses are required (NUNKTH)

10 elements restrained (NEREST)

20 comment cards

50 angles along the circumference where the thickness of
the element is specified (NC)

74 angles along the circumference where the external

loadings are spacified (NDP). The thickness of the element
as well as the distributed external loads are assumed to

have a stepwise variation in the circumferential direction.
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8.

10.

11.
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Each discrete clement may be constituted of any homogencous

and isotropic material,

The elements may have constant as well as varying thickness

properties in the circumferential direction.

Symmetrical as well as asymmetrical loads may be applied to

the structure,

Loads may be of two types:

(a) Uniform constant load between any two angles along the
circumference. Concentrated point loads may be considered
as pressure loadings distributed over a small area.

(b) Concentrated ring loads applied at the nodes.

Pressure loadings are described in the shell coordinate system.

Concentrated ring loads are described for each harmonic in the

cylindrical coordinate system.

Displacements are expressed in the cylindrical coordinate

system,

Restraints:

(a) Free - unconstrained in a component direction

(b) Fixed - a rigid support

Sandwich type shells may also be analyzed.
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CHAPTER 111

COMPUTER PROGRAMS
IT11.1 GENERAL

Based on the storage capacity of the 1BM 7094, the computer
programs are linked into five overlay segments as shown in Fig. 5
and Fig. 6.

The computer codes accept a description of the structure in
terms of the ccordinates of the nodes (radial and axial), the slopes
at the nodes and the elastic and geometric properties (thickness,
Young's modulus and Poiszson's ratio) of the elements joining them.

For shells of revolution with a geometry composed of a
combination of a spherical cap, fillet and a cylinder the programs

are capable of generating the shell geometry internally thus reducing

g

considerably the input data.
The flow charts given in Fig. 7 and Fig. 8 indicate the sequence

of the principal operat?-ns as they are performed in the programs.

iI1.2 PRINTOUT GENERATED BY THE PROGRAMS

1. General information. This information is read in as comment

cards and output as general information giving a description of the

problem being analyzed or any other comment.

2. Nomenclature. This printout defines all symbols used.
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3. Elastic and geometric properties. The coordinates (axial and
radial) and slopes are listed for each node. The elastic constants
(Young's modulus and Poisson's ratio) are listed for each clement. In
this section are also reported the number of harmonics and the number
of Simpson's stations used in the analysis,

4, Table of thicknesses. The thickness variacion along the circum-
ference is described for each element.

5. Boundary conditions. This describes the way the structure
is restrained,.

6. Applied loads on the struccure. The pressure components in the
shell coordinate system (meridional, normal and tangential) are listed
for each loaded element. The concentrated ring load components in the
cylindrical coordinate system (tangential, radial and angular) are
listed for each loaded element and for each harmonic.

7. Displacement components of nodes. The displacement components
in the cylindrical coordinate system (axial, tangential, radial and angular)
are listed for each node and for each specified angle along the circum-
ference,

8. Strains and changes in curvature. The strains and changes in
€

curvature (es, € Ks’ KS and Kse) are listed at the center of

6 g8’

each element and for each specified angle along the circumference.

9. Stress resultants. The stress resultants (Ns’ Ne, N M

sp’ 's°?

Me and Mse) are listed at the center of each element and for each

specified angle along the circumference.

T ——
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10, Maximum computed displacement components and stress resultants,
A table summarizing each maximum computcd displacement and stress
resultant component is presented. This table specifies: (a) the node
and the angle along the clrcumference where each computed displacement
component is largest, and (b) the element and the anglc along the
circumference where each computed stress resultant is largest.

11. For the nonlinear analysis, a printout for each load increment
and for each iteration i1s presented for displacement, strain and

stress resultant components.
ITII.3 INPUT DATA DESCRIPTION

A general description of the input data for the linear as well
as for the nonlinear computer programs is presented.

The sequence of information to be provided is as follows:

A. Number of problems to be solved in a single run (NPROBL).

B. Explanatory comments (TITL). As many as 20 cards can be used
for general comments as long as punching starts in column 1.
If the number of comment cards is less than 20 input a blank
card after all comment cards.

C. One card providing information concerning number of harmonics,
tape number assignment, eirc. The only difference iﬁ the input
data for the linear and nonlinear programs is in the information

given in this card.

C(linear): for the linear program use this card (IA,IB, ISCRAS3,
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NELEMS, NET, NEREST, NUNKTH, NAMES, HS, NA, NB, IDEN, PROBLE,
ISAVE) and omit the card € (nonlinecar).

C(nonlincar): for the nonlinear program us: this card (IA, 1B,
ISCRA3, NELEMS, NET, NEREST, NUNKTH, NA, NB, NDELQ, ITER, ITLAST,
ISAVE, NAMES, HS, IDEN, PROBLE, EROR, X, NSTRAI, TPLAST, XSM)

and omit the card C(linear).

If the load 1is applied over a circular area give information
concerning the location of the loaded area, the radius of the
circular area, etc. (APPO, THELO, RC, RL, PR). Otherwise, in-
put a blank card and loading is described according to cards Ll
and/or L2,

Angles (in degrees) measured along the -circumference where
displacements, strains and stresses are to be evaluated (XTHETA).
Define shell geometry:

Fl1 - Shell has a geometry as described in Fig. 9.

Fl.a - Input RCAP, RFILET and RMAX. If there is not a fillet,

i.e., the shell is spherical or the sphere is connected
directly to the cylinder, RFILET = 0,

There must be continuity in slope between sphere and fillet.
If there is a cylinder, RMAX is the radius of the cylinder.
If there is not a cylinder RMAX is the maximum radial

(cylindrical) coordinate of the shell.

Next, divide the shell into n parts. In the case of Fig. 9, the

shell was divided into 8 parts. Define N as NS + NF, where NS represents
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the number o. parts of the sphere and NF the number of parts of the

fillet, .f there is not a fillet, NF = O,

F 1 . b

Fl.c

Fl.d

Fl.e

Fl.f

Fl.g

F2

NOTE 1:

NOTE 2:

G.

Input NPARTS = N if there is not a cylinder; Iinput

NPARTS = N 4 1, if there is a cvlinder. (In the case

of Fig. 9, NPARTS = 6),

Input number of elements in part 1, angle ¢1 and state

if there i1s a cylinder connected at the end of part 1

(NE1, T1, NCYLIN).

Input number of elements in part 2, angle ¢2 and

coding for the cylinder (NE2, T2, NCYLIN).

Repeat for all parts of the sphere and fillet,

Input number of elements in part 1 (NEl) of cvlinder and
distance S1 (NEl, S1).

Repeat for all parts of the cylinder.

If the shell has any surface of revolution shave (Fig. 10),
give for each element 21, Z2, ROl, PHY1l.and PHY2.

If the shell has a geometry as described in Fig. 9 input

a blank card just after the E cards and the geometry is
described by the Fl cards.

If the shell has any surface of revolution shape, all Fl cards
are omitted.

Element thickness. Thickness can be giveun for one element or
for a set of elements if all elements in the set have the same

thickness. If an element has a varying thickness, this variation

'is described by giving the thickness (THI) at various aneles

(THET) along the circumference. Thicknesses are assumed to

be constant from one angle to the next.
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Element modulus of elasticity (EM). Here agaln, this informmation

can be given for one element or for a set of elements.

Element Poisson's ratio (POISSO). This also can be input for

one element or for a set of clements,

Elements restrained (IELRES). Specify which :lements are

restrained.

Describe how each element is restrained (REST).

Loads on the structure other than loads applied over a circular

area. There are two types of loading: (a) uniform load on

the element and (b) concentrated ring load at each node of

the element,

L1l - Uniform load: Give each load component (meridional,
normal and tangential) followed by the angle (in degrees)
along the circumference identifying beginning of applied
load. Loads are assumed to be constant from one angle
to the next (P,R,S,0).

L2 - Ring load: Ring loads are given in the cylindrical
coordinate system. Give ring load for each harmonic.

Input total load instead of load per unit length.
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COLUMNS

1-80

3-4
7-8

11-12

15-16
19-20

23-24

u-ll.--

Card (A)

VARIABLE

NAME

NPROBL

TITL

IA

IB

NELEMS

NET

NEREST

Comment

C card

DESCRIPTION

Number of problems to be solved in

a single run, Integer, right justified,

cards (B)

Any alphanumeric information can be
punched in these cards as long as
punching starts in column 1. Up to 20
cards can be used. If the number of
comments cards is less than 20, input

a blank card after all comment cards.

(linear)

Number of A (cosine) harmonics

Number of B (sine) harmounics

(Maximum of 17 IA + IB harmonics)

This field is used to assign a logical
unit number to one binary tape

Mumber of elements (50 maximum)

Number of Simpson's stations to be

used in numerical integrations (29 maximum)

Number of restrained elements (10 maximum)
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COLUMNS

27-28

29-32

33-42

43-45

46-48

49-52

53-56

L S ORI B, A i 0

VARIABLE
NAME

NUNKTH

NAMES

HS

NA

NB

IDEN

PROBLE

DESCRIPTION

Number of angles where displacements,
strains and stresses are to be
evaluated (10 maximum)

If the structure is a sandwich type
shell, punch in thig fiecld the word
"SAND", Otherwise leave blank,

If the structure is a sandwich type
shell punch, anywhere in this field,
the distance between face sheets.

Use a decimal point.

Number of cosine terms in the Fourier
expansion of the element thickness
Number of sine terms in the Fourier
expansion (maximum of 49 NA + NB)
Punch in this field any alphanumeric
information for identificatiun purposes.
It can be left blank. |

If the structure to be solved was solved
previously and tape ISCRAS containing
shell geometric and elastic properties
was saved and is to be used for this

problem punch in this field the word
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COLUMNS VARIABLF DESCRIPTION
NAME

"RRUN". In the case of a RRUN (rerun),
the tape from the previous run must be
mounted on logical unit ISCRA3 before
exccution., Be sure to use as ISCRA3 a
logical unit which is not used by the
system to avoid destruction of informa-
tion on the tape. If it is not a
RRUN, leave this field blank.

57 ISAVE If this field is left blank, all geometric
and elastic properties of the shell are
stored on tape ISCRA3 and it can be
used later on in a rerun. A message 1is
printed on line to save tape ISCRA3,

In the case of a RRUN, input only comment
cards (B), card C, card D, card E and
loading. Be sure to have in each rum an
A card. If one does not want to save
tape ISCRA3, punch in thiq field any
number different from zero.

NOTE: Except as noted, all variables must be integers, right justified.

C card (nonlinear)
For the nonlinear program use this card
instead of the card C previously described.

For the linear program omit this card.
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COLUMNS

11-12
14-15

17-18

20-21

23-24

26-27

28-30
31-33

VARIABLE
NAME

1A
1B

ISCRA3

NELEMS

NET

NEREST

NUNKTH

NA

NB

NDELQ

ITER

-17-

DESCRIPTION

Number of A (cosine) harmonics

Number of B (sine) harmonics

This field is used to assign a logical
uniy number to one binary tape.

Number of elements (50 maximum)

Number of Simpson's stations to be used
in numerical integrations (29 maximum)
Number of restrained elements (10 maximum)
Number of angles where displacement,
strains and stresses are to be evaluated
(10 maximum)

Number of cosine terms in the Fourier
expansion of the element thickness. z
Number of sine terms in the Fourier
expansion (maximum of 49 NA + NB).
Number of load increments.

Maximum number of iterations allowed

for each load increment. Depending on
the approach chosen to sol§e the equi~
librium equations,. the variable ITER
may be positive, negative or zero.

If ITER is positive, iterations will

be performed for each load increment
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COLUMNS

34--36

39

VARIARLE
NAME

ITLAST

IS AV

DESCRIPTION

untjl convergence is satlsfiod
according to the specified kROR., If
the solutiun does not couverge after
ITER iterations the program stops.

If ITER is negative, the program
iterates ITER times for each load
increment, without checking for
convergence, If ITER = 0, no iteration
is performed unless the variable ITLAST
is greater than zero, in whilch case
there 2re 1TLAST iteraticons for the
last load increment,

If ITER 1s zerc or negative and ITLAST
is greater than ITER the program will
iterate ITLAST times for the last load
increment. If ITLAST = 0, the program
proceads according to the value of ITLR.
If this fleld is left blank, all
geometric and elastic properties of the
shell are stored on tape ISCRA3 and they

can be used later on in a RRUN (rerua).

v R S

o Bt i

A message Is printed on line to save tape
ISCRA3. In the case of a RRUN input only
comment cards (¥), card C, cavrd D, card E

and loading.
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40-43

44- 48

49-52

53-56

N
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VARTABLE
NAME

NAMES

HS

IDEN

PROBLE
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DESCRIPTION

Be sure to have in each run an

A card. If one does not want to save
tape ISCRA3, punch in this field
any number different from zero.

If the structure is a sandwich

type shell, punch in this field

the word "SAND", Otherwise

leave it blank.

If the structure is a sandwich

type shell, punch, anywhere in this
field, the distance between face
sheets. Use a decimal point.

Punch in this field any alphanumeric

information for identification purposes.

It can be left blank.

If the structure to be sclved was
solved previously and tape ISCRA3
containing shell geometric and elastic
properties was saved and is to be

used for this problem, punch in this

field the word "RRUN". 1In

THE E e bttt ot
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the case of a RRUN (rerun), the tape
from the previous run must be mounted
on logical unit LSCRA3 before execution.
Be sure to use as ISCRA3 a logical unit
which is not used by the system to avoid

destruction of information on the tape.

If it is not a RRUN, leave this field blank.

If ITER is positive, iteration will be
performed for each load increment until
convergence 1s satisfied according to
the specified EROR, i.e.,

R O !
9

< EROR

where q represents the displacement
for the ith iteration and 9.1 is the
displacement for the (i-1)th iteration.
If ITER is zero or negative, leave this
field blank.

Extrapolation factor to calculate the
generalized loads due to nonlinearities.
If X =0, 9 = 4qy., and the nonlinear
terms are evaluated based on the dis-
placements at the previous loading. If

X = 1 the usual quadratic extrapclation

occurs.

B o e

T 3 1 s M b P T ey




vy PR M N AN TEE B s o

py |

 g—

e

COLUMNS VARIABLE
‘ NAME

69 NSTRAI

70 IPLAST
71-77 XSM

«21-

DESCRIPTION

If this field is left blank information
concerning the strains.and changes in
curvature will be printed. If one does
not want to have the strains and changes
in curvature printed out, punch in this
field any number different from zero.
If IPLAST is zero, the strains, changes
in curvature and stresses are evaluated
only when convergence occurs. Otherwise
punch any other number in this field

and the strains, changes in curvature
and stresses are evaluated for each
iteration,

It may occur that for some problems the
displacements in some region of the
shell become very small and the convergence
criterion

i B |

9y
may require an extra number of iterations.

< EROR

Punch anywhere in this field the absolute
value of the smallest displacement regarded

as significant. If the displacements are

T

ST
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COLUMNS VARIABLE DESCRIPTION
NAME
smaller than this specified value there
is no checking for convergence for these
displacements. Th.s field can be left
blank. !
D card :
1-4 APPO If the load is applied over a circular %
area (Fig. 11), punch the word '"APOL". ;
11-20 THELO Angle 6 in degrees. %
;
21-30 RC Distance Rc ;
31-40 RL Radius RL
41-50 PR Pressure Pr §

NOTE 1: Variables can be punched anywhere in the field. Use a decimal point.

NOTE 2: The center of the load must be situated inside thz region regarded
as first and second quadrants.,

NOTE 3: If the load is not applied over a circular area, input a blank

card and the loading is described using cards L1 and/or L2.

E card
1-10 XTHETA Angle (in degrees) where displacements,
11-20 strains and stresses are to be evaluated.
21-30 Use two cards if the number of angles is “
31-40 : greater than 8, The number can be punched

41-50 anywhere in the field with a decimal point
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COLUMNS VARIABLE
NAME

51--60

61-70

71-80

DESCRIPTION

The number of angles must agree with the
value of NUNKTH given previously on

card C.

Geometry card (Fl.a)

1-10 RCAP
11--20 RFILET
21-30 RMAX

Radius of the sphere

Radius of the fillet

If there is a cylinder, input the radius

of the cylinder, if there is not a cylinder,
input the maximum radial (cylindrical)
coordinate of the shell, (See Figs. 9

and 12).

NOTE: These variables can be punched anywhere in the field, with a decimal

point.

Geometry card (Fl.b)

1-5 NPARTS

(See description given previously Fl.b)

Integer, right justified.

Geometry card (Fl.c, Fl.d, Fl.e)

There will be N of these cards (N = NS + NF).

One card for cach part of the sphere and

L ETHRTREL o

i 540 et | W s w2
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COLUMNS VARIABLE
NAME

1-5 NE1

6-15 Tl

16 NCYLIN

fmmny PN kg e I ) R BB T e

Geometry card

gy

1-5 NE1

AE——— ]
[ S 2 ]

[T |

6-15 sl

right justified.

DESCRIPTTON

the fillet.

Number of elements in the part. Integer
right justified.

Punch anywhere in this field the angle ¢l
(in deg), with a decimal point (See Fig. 9).
If there is a cylinder connected at the

end of the part punch 1 in this column,

Otherwide, leave it blank.

T e

NOTE: Repeat for all parts of the sphere
and fillet.

B R

(F1.f, Fl.g) {

There will be Ncy cards, where Ncy is the
number of parts in the cylinder. If there
is not a cylinder, these cards are omitted.

Number of elements in the part. Integer,

Punch anywhere in this field the distance
between subdivisions (See Fig. 9) in the
cylinder. Use a decimal point.

NOTE: Repeat for all parts of the cylinder.
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COLUMNS VARIABLE DESCRIPTION
NAME

Geometry card (F2)

See Fig., 10. If the shell has any surface
of revolution shape, give for each elenent
the information below in E12.5 FORMAT.
Consequently, there will be NELEMS of these
cards, where NELEMS represents the number
of elements in the shell. 1In this case all

Fl cards are omitted.

1-12 Zl Axlal coordinate of element first node

13-24 z2 Axial coordinate of element second node

25-36 RO1 Radial (cylindrical) ccordinate of element
first node

37-48 RO2 Radial (eylindrical) coordinate of element

gecond node

49-60 PHY1 Angle between meridian and the axis of
tevolution, at the element first node

61-72 PHY2 Angle between meridian and the axis of
revolution, at the element second node
NOTE 1: Repeat for all elements in the shell,
NOTE 2: If cards Fl are given, cards F2

are omitted and input a blank card aftar

the E cards.
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COLUMNS

9-10

14-15

16-25

29-30

VARLABLE

NAME

DESCRIPTION

Element thickness (G)

NAMET

1EL1

IFL2

THIK

NC

Punch in this field the word "CONS" 1if the

thickness 1s constant over one element or

a set of elements. Otherwise leave it blank.

First element number of a set of elements
where the thickness is described (Fig. 4).
Last element number of the set. IELl and
1IEL2 are integers right justified. If the
set contains only one element the fields
for IEL1 and 1EL2 may be left blank.

If the thicknass is constant over each
element of the set, punch anywhere in the
field the thickness. Use a decimal point.
If the thickness is not constant leave it
blank.

Number of angles where the thickness is
specified. If the thickness 1s constant
this field may be left blank. NC is an
integer, right justified.

If the thickness is not constant, this
additional information must be given

to describe it.




COLUMNS

1-10

11-20

21-30
31-40
41-50
51-60
61-70
71-80

1-4

9-10

VARIABLE
NAME

THET

THI

THET
THI
THET
THI
THET
THI

DESCRIPTION

Punch anywhere in thig field the angle
in degreces, where the thickness is
specified. The first point to be given
is at 0.0 degrees.

Anywhere in this field the thickness
corresponding to the angle THET must be
given.

NC values of THET and

THI (engle and thickness) must be given in
the subsequent fields. If NC is larger
than 4, use additional

cards. A decimal point

must be always used.

Modulus of elasticity (H)

NAM

IEL1

Punch in this field the word

"CONS" if the modulus of elasticity
is the same for a set of elements.
First element number of a set of
elements with a constant modulus of

elasticity.




COLUMNS

14-15

16-25

9-10

R Sttt Sail

14-15
g 16-25

6-10

~28-

VARLABLE DESCRIPTION

NANE

1EL2 Last elemen:. number of the set., 1If
the sct contains only one element the
fields for NAM, IEL{ and IEL2 may be
left blank., IELl and IEL2 are integers,
right justified.

EM The value of the modulus of elasticity
for the set. It can be punched anywhere
in this field, with a decimal point.
There will be one card 1f the modulus
of elasticity is constant for all
elements and several cards if the
modulus of elasticity varies with the

element,

Poisson's ratio (I)

NAM Follow the same instructions as
IEL1 for the modulus of elasticity
1EL2

POISSO

Boundary conditions (J) - Which nodes are restrained

IELRES Punch in these fields the number

of each element having a restraint.

e
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COLUMNS

11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50

10

15

20

25

VARTABLE
NAIE

“29-

DESCRIFTION

One can have up to 10 restrained
clements., Elemeat aumber must be
right justified.

For example., 1If the structure has
50 elements and the last

node is fixed, punch

the number 50 in colunns 4 and 5.

Boundary conditions (K) - Specify types ot restrains

REST

Input one card for each restrained
element.,

Number of the restrained element.
Integer, right justified.

If axial component .f the first node
of element J is restrained, punch

1 in this column. Otherwisé leave it
blank.

Same for the tangential component

of the first node.

Same for the radial component of the
first node.

Same for the angular component of

the first node,
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COLUMNS VARIABLE DESCRIPTION
NAME ‘
4
i‘
30 These fields are for the displacement i
35 componeints of the second node of
40 element J.
45 é
%
Uniform load (L) ;
1-5 IELL Element number where load 1is applied. %
Integer, right justified. é
9-10 NDPP Number of point loads. Integer, i
right justified (Fig. 3).
11-14 NSTOP If load is uniformly distributed over all
subsequent elements starting with
element IELL, punch in this field !
the word '"CONS'". Other wise leave
it blank.
i6 IXXX Punch 1 in this field if there is
a ring load applied at any ﬁode of
this element, for the £irst harmonic.
Othervise leave it blank.
17 Punch 1, if there i1s a ring load
18 for the second harmonic,
19 ' for the third harmonic, and so on, for
20 | all harmonics.
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COLUMNS VARIABLE DESCRIPTION
NAME
21
etc.
32
Uniform load (L1) 2
{
1-10 P Meridional load component per unit area i
11-20 R Normal load " " " " %
21-30 S Tangential load " " " " %
31-40 0 Angle in degrees where these loads are %

applied. The first point to be given
is at 0.0 degrees. Variables can be
punched anywhere in the field. Use
a decimal point. Input as many as NDPP
cards. Maximum of 74 point loads
If the load is applied over a circular
area and it was described by card D,
omit these cards.

Ring load (L2)
If there is a ring load applied
at the element, give for each harmouic
the corresponding ring load. Ring loads
are applied in the cylindrical

coordinate system. Input the total

ring load rather than load per unit

length.




l COLUMNS VARIABLE DESCRIPTION
. : NAME
j 1-10 FORCE Axial component a* the element first node
11-20 Tangential " W " "
21-30 Radial " noon " " "
31-40 Angular " noow " " L ;
41-50 Axial " wooon w second é
51-60 Tangential " "ton " " " %
; 61-70 Radial " Poon " " " :
; 71-80 Angular " roon " " " §
i Variables can be punched anywhere in y
| the field. Use a decimal point. i
. %
i %
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CHAPTER 1V

EXAMPLE PROBLEMS
Iv.1 - SAMPLE PROBLEM NO, 1 -

The first example problem is for the nonlinear elastic analysis of
the scalloped Apollo aft heat shield. The aft heat shield is of
honeycomb construction with scalloped face sheets. The face sheet
thicknesses and shell geometry are shown in Fig. 13.

The structure is subjected to a uniform pressure of - 200 psi dis-
tributed over a circular area of twenty inches radius and a pitch angle
of 15° (Fig. 14). The shell is clamped at the base and 50 elements are
used in the analysis. The Poisson's ratio and the Young's modulus
are constant over the entire shell. As the loading and the thickness
variation are symmetrical about the origin (6 = 0% only A harmonics
are needed. The pressure loading is applied in four increments of fifty
psi each and the increment-iteration method is used to solve the
equilibrium equations. A maximum of twenty iterations for each load
increment is used. The listing of the input data and the (orresponding
output are given in Appendix A.

IV.2 - SAMPLE PROBLEM NO. 2 -

This sample problem is a hemispherical shell, of five inches radius,
under a uniform external pressure of - 100 psi distributed over its

entire surface (Fig. 15). The structure is subdivided into thirty elements

Ky il 5 i
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and it is assumed to be clamped at the base. The Poisson's ratio, Young's
modulus aud thickness are constant for all elements. As the shell is

anticipated to deform symmetrically only A harmonics are needed.

IV, 3 - SAMPLE PROBLEM NO. 3 -

This problem is a re~-run of the sample problem no. 2 with a new
loading. The shell is subjected to a uniform internal pressure of
10 psi applied on elements 26 through 30. The elastic and geometric
properties of the structure are the same as for the previous example
and both problems are solved in a single run.

IV. 4 - SAMPLE PROBLEM NO. 4 =~

A circular plate with a circular hole under a total ring load of
10 1bs., is analyzed (Fig. 16). The geometry of the plate is input
rather than generated by the computer. The radius of the plate is ten
inches and the radius of the circular hole is two inches. The structure

is subdivided into eight elements and it is assumed to be simply supported

at node nine,

IV. 5 - SAMPLE PROBLEM NO. 5 =~

Next consider a spherical cap of twenty inches radius with varying
thickness properties in the circumferential direction (Fig. 17.) The
shell is subjected to a uniform pressure of - 10 psi distributed over a
circular area of three inches radius. The center of the circular area where
the loading is applied is located at cen inches from the center of the shell

and at 45° from the origin (8 = 5°). The shell is subdivided into twenty

S

ERENE,
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eleyents and clamped at the base., The structure is anticipated to deflect
asymmcetrically and both A and B harmonics are required. The displacements,
strains and stresses are evaluated at four diflerent angles along the

the circumference.
IV. 6 - SAMPLLE PROBLEM NO. 6 -

The shell of sample problem no. 5 is re-analyzed with a new loading.
The center of the circular ares where the loading is applied 1s moved
to the origin (6 = 0°). The digplacements, strains and stresses are
evaluated at six different angles along the circunference. This example
1s a re-run of problem no. 5 using the tape ISCRA3 saved from the previous

run,

IV. 7 ~ SAMPLE PROBLEM NO., 7 =

This structure is a combination of a spherical cap and a cylinder
(Fig. 18). The radius of the spherical cap is ten inches. The radius of
the cylinder is also ten inches and its depth is fifty inches. Both cap
and cylinder are divided into 25 elements. Therefore, the total number
of elements in the structural idealization is fifty.

As the shell is subjected to a uniform pressure and the structure
deforms axisymmetrically only the 0A harmonic is needed. The node 26
is restrained in the radial dire-~tion and furthermore the structure

is clamped at the base,.
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