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PREFACE

The SHORE-IV program can be used for the static and dynamic analysis
of arbitrarily loaded thin elastic shells of revolution with or without
column supports, in the elastic regime. The soil effect on the dynamic
behaviour can be considered. This manual describes the procedure to be
followed in preparing the input data for this program and also assists
in .the interpretation of the output. A number of sample inputs and
outputs utilizing the various optiohs of the program are included. This
and the accompanying Theoretical Manual comprise the documentation of

SHORE-IV program,
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INTRODUCTION

The SHORE—;V program is designed for the linear static and dynamic
analysis of arbitrarily loaded thin to moderately thick elastic shells
of revolution. The meridional curve of the shell may have any quadratic
shape including the closed end case. The shell may be isotropic, or
single or multi~layer orthotropic, with the two principal material
directions at any point coinciding with the two principal directions of
the middle surface. The shell may have discrete supp&rts in the form of
a framework of linear members with various end conditions and arrange-
ments. Such a framework may also be located at any other level exceptr
at the top. Also, complete framed structures having the form of a
surface of revolution with the linear members running along the principal
directions of the middle surface can be analyzed. As a special case,
flat axisymmetric plates may also be considered.

Axisymmetric shells founded on footing foundations may be analyzed
dynamically including the soil-structure interaction effect. The soil
model consists of isoparametric quadratic selid axisymmetric elements
with transmitting boundaries to account for the far-field effect. The
soil may be an elastic half-space or horizontally layered strata underlied
by bedrock at an actual or assumed aepth. Crouss~anisotropy for the soil
material is assumed. Element to element variation of material properties
is admissible. The user may supply detailed information for the soil
data or may supply only as few as three cards for the soil data, with
automatic data genera£ion by the program.- In the case of deep foundations

the soil effect can not be considered.



The shell is discretized by a series of curved rotatiomal elements
and, -if necessary, cap elements. Discontinuous meridian curves are
permissible, provided a nodal peint is located at such discontinuiﬁy.
The thickness of an element may vary linearly along the meridian. Element
to element variation of material properties is admissible. Figure (1)
shows the system model.

In the case of static analysis the following_loading conditions can
be considéred:

1. Distributed pressure loading acting in the u, v, and w

directions (for sign convention see Figures 2, 3, and 4)

2. Concentrated line loads applied.at designated nodal points

in the u, v, w, S¢, and 86 directious.

3. Gravity loads due to self-weight (or a fraction thereof)

acting in the Z, or R directrions.

4.  Thermal loads.

In addition, non-zero nodal displacements in the u, v, w, B,, and

¢
se directions can be prescribed. If desired, the base constraints may
be prescribed with reference to the giobal Cartesian ccordinate system
{R,Z).

In the case of dynamic analysis, apart from the above loading
cases, the effect of base accelerarions due to earthquake can be cousidered.
It is possible to use either a consistent or a lumped mass matrix; but,
for better results, it is preferable to use the former. The program is
capable of carrying out time-history analysis by direct integratiom.
For this purpose, the user has the option of choosing any siﬁgle step

higher derivative scheme (e.g., Newmark's, Wilson's, etc.) or any multi-

step scheme (e.g. Houbolt's methed). Otherwise, Wilson's 6-method (with
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8 = 1.4) can be used as the default option. If desired, it is possiblé
to specify more than one time step. This may sometimes be helpful in
saving computer time, Earthquake analysis can also be carried out'by
the response spectrum method. The free vibration analysis is carried
out by the combined Sturm sequence and inverse iteration technique [1].

All loads “which are not axisymmetric are required to be expanded

‘in Fourier harmonics; for this purpose, a separate program package
(FOHARM) may be used. The loading need not be symmetric about the

8§ = 0° line, i.e. both sine and cosine harmonics can be considered
simultaneously. The number of harmonics to be considered will depend
upon the nature of the loading and the accuracy desired. The distributed
loadings and the temperature distribution may vary linearly along the
meridian of each element.

The input data format is such that repetitive data is reduced to
minimum. Moreover, in the event of some specific errors im input data,
the run is terminated before the problem is executed and the corresponding
error code, or message is printed out.

Various printout options for displacements, stress-resultants and
stresses are availéble. The time history plot for displacements and
stress resultants can be obtained on the printer. Alternatively, for
offline plotting on a 760/563 Calcomp plotter system, a plot tape can
be created. Also, the time history results can be obtained on punched
cards for further uses.

This program is an extension of the Shell of Revolution Finite
Element Program SHORE-III {2,3]. It is written in FORTRAN IV language

and has been developed on an IBM 36(/65 computer.



-o—

SHORE-IV is an in~core solver requiring less than 500 K in high
speed storage. TFor running the program it is necessary to use the .
overlay structure shown in Figure 5.

The input data and intermediate results are required to be stored
on seventeen scratch disk files and three tapes. For Calcomp plotting a

800 bpi, 9-track tape is alse required.
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Figure 5.

NOTE; Subroutines x‘:hrked with an Asterdsk (*) ire
Installation Dependenc.

Overlay Struecture of SHORE-IV




- Ly—-

INPUT FOR SHORE-IV PROGRAM

The input data for the SHORE-LV program consists of complete data
sets for each problem to be run, placed sequentially. The data for each
problem is organized into a number of groups associated with card types
A through L. Some of these groups, namely those corresponding to card
types E, G, H, etc., are subdivided into various optional blocks of
input data, There is no limit to the number of problems that can be
executed per run. The schematics of input data decks for wvarious types
of problems are shown in Figures 6 to 10.

The program uses seventeen temporary disk files, namely 9, 10, 1l,
e+ 25, and three temporary tapes, namely 26, 27 and 28. In the case of
dynamic analysis when Calcomp plotting of time history response is
desired, a permanent tape, the PLOTTAPE, (9 track, 800 bpi), is required.
Therefore, the above mentioned deck should be preceded by suitable
system control cards allocating the above mentioned spaces. For example,
on an IBM 360/65 computing system, the JCL statements shown in Appendix A

may be used.
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Card Formats

The integer field is expressed as I2, 13, I5, etc., meaning thereby
 integer fiélds of 2, 3, 35, etc. characters, The flecating point.uumbers
are indicated mostly by F8, F9, Fl0, etc., meaning flogting poiﬁt num-—
bers with fields of 8, 9, 10, etc., characters. In a few cases the
floating point numbers are expressed as E9, E10, meaning floating
point numbers with exponents. consisting 0£ 9,’10-characters;. Floating J
pointnpumbgr§";Hai;_béfeﬁtéréd_wi:haé'&ecimal,po}ﬁc;.and those in E- .
format.and the integers must be right justified. TFor each record (o
card) of 80 columns, the formats shall be as stated in subsequent sections.
Units

Any consistent units may be used. Of course, the force and distance
units for all input quantities should be the same. For convenience the

units used may be stated on any of the title cards.
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DATA CARDS FOR EACH PROBLEM
A, - Problem Identification Card:
The information contained om this card is the first print out for
each problem and is usually the title assigned to the frcblem. In the
last eight columns of this éard the code words for input data echo op-

tions are stated.

Columns " Format Entry
2 - 72 A Problem Title to he outpﬁt with
results
73 =719 A "NO ECHO = if the problem is to be
run without printing the eche of
input data

1f the colums 73 - 80 are left blank the input data echo is printed

and also the problem is run.
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B, Problem Control Card:
The iﬁfcrmation contained on this card is as follows:
1, 7The number of rotational finite elements used for discretiging
the structure. The maximum number of elements. allowed is 48.
2. The number of ﬁarmonic loading cases to be considered.

3. The type of structural crogs-section with the following

" ¢ode numbers:

isotropic ' : 0 (or blank)
single layer orthotropic 1
framed 2
multilayer number cof layers (must be
(Each layer may be odd). The minimum is 3 and
orthotropic or maximum 7.
isotropic.) »

In the case of multilayer shells, even 1if the number of layers is
not odd and/or the layers are ungymmetrical, the problem can be
solved ta a point by specifying 2 as the code number; the output

results will be stress resultaats and displacements only.

4, The code number for the type of analysis:
static analysis 0
free vibration analysis 1
time history.analysis
mode superposition ' Z
regponse spectrum 3

direct integration 3



keI

The maximum degree of polynomial approximation to be used in

the stiffness and mass matrices. The maximum is 6, and the

default value is 3.

It is recommended that 6 be used for

static analysis and 3 for dynamic analysis [3].

The code number to avoid inputing of repetitive data required

for the time history analysis by direct integration:

Control data for dynamic analysis,
or time history data to be supplied
for each harmonic 1

The above data to be supplied for
the first harmonic only 0

The format of Problem Control Card will be as follows:

Columns
1 5
6 - 10

i1 - 15

16 - 20

21 - 25

30 - 35

36 - 40

41 - 45

Format

15

15

15

i5

I5

I5

15

I5

Entry

Number of finite elements to be used
Number of harmonic loading cases

Relevant code number for shell material
Code number for type of analysis

Maximum degree of polynomial approximation

1l or 0, refers to control data for
dynamic analysis by direct integration

1 or 0, refers te time history data

1 or 0, refers to soil-structure inter-
action effect

The f£lag 1 in the sixth field signifies that the control data card

for dynamic analysis, J(b), is input separately for each harmonic. If

left blank, it signifies that this card is input for the first harmonic

only. Similarly, the flag 1 in the seventh field signifies that the

input time function cards, J(e) and J(f), are input separately for each

harmonic.

Otherwise, the same are input for the first harmonic only.
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If the columns 41 to 45 are left blank the soil-structure interaction
is not considered.

If the flag 1 appears in the column 45 the interaction effect is
considered and the soil data of section "I must be supplied.

For static analysis columns 41 to 45 must always be left blank.
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C. Element Cards

One card is required for each element, with the cards placed in
numerical sequence of elemenf numbers., The elements are_requifed
to be-ﬁumherad consecutively from the top to the bottom of the shell
beginning with element number 1. Flat plates should be numbgred
consecutively from‘inside.to outside, Only one cap element may be
used for the analysis of a closed shell of revolution and this must
be numbered element 1. (See Figures 11 and 12).

1f some cards ars omitted, the element information for theromitted

elements is set equal to the element information on the preceding ele-

menﬁ card. Eowever,_element cards for the first and last elements must
'~ always be supplied.

Each element card should state the elemenf number, the element type,
the meridian definition cnde and certain constants defining the meridian.
For element types, refer to the library of elements in Figu;n 13. Iﬁ the
case of open type elements, the elemenﬁ tfpe field also states the num-
ber and end conditions of the members comprising the open type eslement,
For end conditions of open type 2lements, refer to:Figure 14. The
me:idiaﬁ definition code defines how the meridian curve of the element
is gpecifiad. Fd:aﬁélobal coordinate system the code number is zero (or
blank) and for clocal cocrdinate system it is the nodal point number where
Z =0, Fora type 2 cap eclement, the Z-ccordinate of the pole must be
zerg, The meridian definition code is not applicable.in_thg“qaqeuof

type 4 énd,type 5 elements.
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In the case of element types 1 to 3, the constants are actualiy the

gix coefficients of the—following equation of the meridian curve:

AZP 4 BRZ + CRE + DZ+ER+F = O

in which

R agd Z»éfé;ﬁgi;éoordinata defi#i#glp9ints Qn the meridian (see
Figure 11), and A, B, C, D, E, and E are constants for the méridian curve
with the reéuiremenc that C should always be positive. 1In the case of ele- ~
ment types 4 and 5, it is required to specify the coefficients A and B
only, A being equal to the R-location of nodal point i and B equal to the
R-location of nodal point (i+l), as shown in Figure 12. In the case
of element types 6 to 9, with the .theoretical middlé sﬁrface following

_ the shape of the frustum of a cone, it is necessary to specify the

coefficients D, E, and F only.

The format of Element Cards will be as follows:

Columms Format Entry
1-3 13 Element number
4 =10 7. Element type (in the case of
open type elements see next page)
11 - 13 13 : Meridian definition ceode
146 - 24 Fll A coefficient
25 - 35 F1l B ccefficient
36 - 46 F11~ C coefficient
47 - 57 Fl1 D caefficient
58 - 68 Fl1 E coefficient

69 - 79 Fll F coefficient
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In the case of open type =lements the entry in Columns & to 10

shall be
Columns Format Entry
4 -8 15 Number of members in the element
9 Il Code number for eand conditians (see
Figure 14)

10 Il Element type
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D. Nodal Point Cards

One card is required for each nodal peint, placed in numerical se-
quence of nodal numbers. Nodal points must be numbered consecutively
from the top to the bottom of a shell. or from the innefmost parﬁ to
the ouﬁer part of a plate, beginning wiéh nodal point number 1 (see
Figures 11, 12},

If sbme:cards are omitted, the omitted nodalvpoints‘aregeuératedat
equal intervals between the defined nodal points, However, nodal point

cards for the first and last nodal points must always be supplied.

Each nodal point card states the nodal point number, Z-coordinate
of the nodal point in global coordinate system and the geometric con-
straints corresponding to the displacement compoments u, v, w, B¢, and
Be at the nodal point. AWhen a3 displacement component is zero, the con=
straint code number ccrrésponding to that displacement componenﬁ will be
1. When a non-zero displacement component is specified, the constraint
code number will be 2. If, however, the displacement component is not
comstrained, the ¢ode number will be zero (or blank). Constraint codes

for all pmitted nodal point cards are set equal to zero. Thus, it is
necessary to provide data for all comstraiped nodal points. Thé maximum
vumber of prescribed none-zero comstraints is limited to 10.

The format of Nodal Point Cards will be as follows:

Columns Format Entry
1-5 . I5 Nodal point number
6 - 15 Fl0 Nodal point locatioun (Z-coordinate

in global coordinate system)

16 - 20 I3 ' Constraint Code for u-displacement
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FIXED BASE ~ RADIALLY PINNED BASE
(u=0,v=0,w=0,,5¢=0,,c99=0) (u=O,v=O,w=O,,8¢=O)

7 /A

TANGENTIALLY PINNED BASE FULLY PINNED BASE
(u=0;v=0,w‘=0,,39=0} (u=0,v=0,w=0)

Figure 15. GSupport Constraints for Open Type Elements



Calumns Format
2L - 25 15
26 - 30 15
31 - 35 15
36 - 40 I5
41 - 45 I5

-3L-

En:zz

Constrzint Code for v-displacement
Constraint Code for w-displacement

Coustraianr Code for B, ~rotation

$

Constraint Code for B e-rccation

Blank or 1, the former signify that
the support comstraints refer to the
curvilinear reference frame and the
later signifies that the same refer
to the global cartesian reference frame

For the case of open type elements the support comstraints for various

ond condirions are showm in Figure 15.
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E. Materdial Information Cards:

In the case of isotropic material, only ome material information
card placed in numerical sequence of element numbers, 1s required for
each element.» If some czards are omitted, the material information
for the omitted elements are set equal to those on the preceding card.
However material information cards for the first and last elements
must be supplied., ZEach material information card states the element
number,‘thickness of elemgnc, modulus of elasticity, Podsson's ratio,
sheaf factor, and ﬁass.densi:y for the element. In the case of open
type elements, each material information card statas the cross-
sectional arsa, torsional constant (Sazint-Venant's), modulus of
elasticity, moments of inertia about the circumferential aﬁd normal axes,
mass demsity, width and depth of the typical meuber, and Poisson's

ratio. (Seaa Figure.'l6)

The format of Mateiial Information Cards for isotropic material will

be as follows:

1-3 I3 Element number
4 - 12 ES ?xigsk.ness of element at node.with smaller no.
hy

13 - 21 ES Thickness of element at node with larger no-
' (hys1)
2 - 30 0 Modulus of alasticity
PN 4
a - 39 ES Poisson's ratio
40 - 48 o) Shear factor {(default = 5{6)
49 - 57 ES Mass density of material

The format of Material Information Cards for open type elements

will be as follows:.
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ﬁ* 2 SHELL.

MEMBER OF OPEN.
TYPE ELEMENT

Figure 16.



Column Format Entry

1- 3 13 Element number

4 - 12 E9 Crogs-sectional area of member
13 - 21 E9 Torsional constant (IO =1 + Iz)
22 - 30 pole Modulus of elasticity

31 - 39 E9 Moment of inertia about the

circumferential axis

40 - 48 E9 Moment of inertia about the normal axis
49 - 57 9 Mass density of material (v/g)
58 - 66 E9 Width of member (bc) For wind effect

For cols, effect
on the shell
For temp, levels

67 - 75 E9 Depth of member (dc)

76 - 80 F5 Poisson's ratio
Note: Maximum number of different values for Poisson's ratio for open-
type elements is 16.

In the case of single layer orthotropic or multi-layer materials
or framed structures, a set of three material information cards are
required for each element, placed in numerical sequence of element
numbers. If such card sets are omitted, the material information for

the omitted elements are set equal to those on the preceding set.

However, material property cards for the first and last elemeunts must

always be supplied. 1In this case, the first material information card
for each element contains the element number, and thickness of element.
The second and third cards contain .the ten elements of the constiturive

matrix [C], Appendix B.



First Caxd:

Columns Format
1- 3 13
4 - 12 E9
13 - 21 E9
Second Card:
Columns Format
1-10 F10
11 - 20 F10
21 - 30 F10
31 - 40 F10
41 - 50 F10
51 - 60 F10
6l - 70 F10
71 - 80 Fi0
Third Card:
Columms  Format
1-10 F10
11 - 20 7F10

L%

Entry

Element number
Thickness of element at node with smaller no.

Thickness of element at node with larger no.

Entry

C11

€12

€22

Ca3

A

C45

Css5

Co6

Entry

Cy7

Cgs

In the case of multi-layer shells, these three cards should be

followed by another group of four material information cards. For each

element there will then be a total of seven cards. All such sets shall

be arranged in numerical sequence of element numbers and, as above,

intermediate sets may be omitted, The last four cards in each set

contain information regarding thicknesses and elastic constants for each

layer of the element (see Figure 2). The maximum allowable number of

layers is seven and the layers should be symmetrical about the middle
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surface in all respects. It may, however, be noted that if the number of

layers is even and/or the layers are unsymmetrical, the last four cards

in the set need not he provided since stresses cannot be computedf

The format of the additional sets of Material Information Cards for

multilayer materials will be as follows:

Fourth Card:

Columns Format
l- 5 15
6 - 15 F10
16 - 25 F10
26 - 35 F10
36 - 45 Fl0
Fifth Card:
Columns Format
l1- 5
6 - 15 Fl0
16 - 25 Fi0
26 - 35 Fl0
36 - 45 F10
Sixth Card:
Columms Format
1-5
6 - 15 F10
16 - 25 F10
26 - 35 ¥10
36 - 45 F10

Entry
Element number
Thickness of middle layer (ho)
Thickness of layer next to middle (h

i.e. the outermost layer of a three
layer system

D

Thickness of layer next to h,(h,), i.e.
the outermost layer of a five layer system

Thickness of layer next to hz(h ), i.e.
the outermost layer of a seven iayer system

Eptry
To be left blank

Modulus of elasticity in meridional

direction (E¢) for middle layer
- do - for layer 'l1'
- do - for layer '2'

- do - for layer '3°

Entry
To be left blank

Modulus of elasticity in circumferential

direction (Ee) for middle layer
- do - for layer '1'
- do - for layer '2!

- do - for layer '3’
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Sevanth Card:

Columns Format Entry
1=-5 To be left blank
6 - 15 F10 Tangential shear modulus (G¢9)
: for middle layer
16 - 25 F10 - do - for layer 'l
26 - 35 Fl0 - do - for layer '2'
36 = 45 F10 - do - for layer '3'

When the number of layers is three, the last two entries in each
of the above four cards should be left blank. Similarly, in the case
of five layers the last entry in each of these cards should be laft

blank.



¥F. Displacement Function Card:

Omit this card if columns 21-23 of the Problem Control Card are leftl

blank. For static anmalysis, it is recommended that 6 be used in each field

from columms 1-25. At the present time, it is recommended that the default

value be used for dynamic analysis [4]. Them, this card is not required.
Otherwise, the degree of polynomial approximatiom for the displaceﬁent
functions tc be usaed in forming the stiffness matrix (col. 1-~23) and the
mass matrices {col. 256-=5Q) may be specified shown below. HoWever,>the maxi-
mum permissible degree is 6. In the case of static analysis the columns 26

to 50 relating to the mass matrix should be left blank.

Column =  Format Entry
1-5 ' I5 Degree of polynomial approximation
for u
6 - 10 I3 Degree of polynomial approximation
for v
11 - 15 15 Degree of polynomial approximation
' for w
16 - 20 15 Degree of polynomial approximation
for B¢
21 - 25 15 Degree of polynomial approximation
for Ba
26 - 30 15 Degree of polynomial approximation
for u
31 - 35 15 Degree of polynomial approximation
for v
36 - 40 I5 Degree. of polynomial approximation
for w
41 - 45 I5 Degree of polynomial approximation
for By
46 - 50 15 Degree of polynomial approximatiom

for Bg
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G. Output Requirement Cards:

a) The first card, the 'output control card', states the number of
circumferential locations where displacements, stresses, etc. in each
element are desired to be printed out, and also the number of inter-
mediate printout options desired. For available options see Appendix C.
The third field in this card represents the number of intermediate
stations within each element at which it is desired to compute displace-
ments and stresses. The default number is 5 and maximum is 9. The
fourth field states the number of modes to be counsidered in the case of
time history analysis by modal superposition (analysis type 2) or response
spectrum analysis (analysis type 3) and the sixth field indicates if it
is necessary to print out the input time history data for each time step
or the input response spectrum data. The seventh field to the sixteenth
field indicates the nodal points for detailed output and the corresponding
circumferential angle step for each node.

It should be noted that further output control information is
specified on the 'Loading Control Card', which is described later.

The format of Output Control Card will be as follows:

Columns Format Entry
l - 5 15 Number of circumferential locations where

displacements, stresses, etc, are desired
(Maximum = 16)

6 - 10 I3 Number of intermediate printout code numbers
specified (Maximum = 8)

11 - 13 I5 Number of intermediate stations per element
where displacements, stresses, etc., are
desired (Maximum = 9; Default = 5)

16 - 20 I5 1, 1if eigenvalues and eigenvectors are
not to be output; otherwise leave blank

21 - 25 I5 Number of modes to be considered in analysis
types 2 and 3




Columns
26 - 30
31 - 32
33 - 40
41 - 42
43 = 30
71 - 72
73 - 80

Format
15
I2
F8
12

F8

12

F8

="

Entry

1, if jpput time history, or response
spectrum data are to be printed out;
otherwise leave blank

Node number at which detailed output is
required (lst detailed node)

Angle step for this node

Node number at which detailed output is
required (2nd detailed node)

Angle gtep for this node

Node number at which detailed output is
required (5th detailed node)

Angle step for this node

Note: Maximum number of nodes for detailed output is five.

The "Output Control Card" should be followed by "the nodal thickness

card" if columns 31 + 80 are not blank.

The format of the nodal thickness card shall be as follows:

Columns
1 ~-10
11 - 20
21 - 30
31 - 40
41 - 50
51 - 60

Format
F10
Fl0
F10
F10
F10

F10

Entry

Thickness of lst detailed node
Thickness of 2nd detailed node
Thickness of 3rd detailed node
Thickness of 4th detailed node
Thickness of 5th detailed node

Last circumferential location at which

detailed output is required (default = 180°%)

If the first field of the output control card is not left blank,

the above card (cards) should be followed by the stated number of

circumferential location cards, one card for each location stating the

(5F10.0)
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circumferential location (in degrees) where displacements, stresses,
etc., are to be output. ‘The maximum number of locations is 16. If,
however, the first field of the output control card is left blank; no
circumferential location cards are required and results are output for
the locatiom = 0° omly.

If the second field in the output control card is not blank, the
circumferential location cards (if any) should be followed by the stated
number of intermediate printout option code cards, one card for each
option code. There are eight option code numbers, namely 86 to 93. For
a description of intermediate printouts corresponding to these option
codes, see Appendix C, If, however, columns 6 - 10 in the output control
card are left blank, no intermediate printout option code cards are
required.

The format of Circumferential Location Cards shall be as follows:

Columns Format Entry
1-10 F10 Circumferential location in degrees

The format 6f Intermediate Printout Option Cards shall be as follows:

Colunns Format Entry
1~ 5 15 Intermediate printout option code

b) In the case of time history analysis only, i.e. analysis types
2 and 4, one or more of the following cards are necessary. The first
card is called the 'time history output control card’, This card )
states both the form and the extent of output desired. Any subsequent
cards are necessary only if the plotting option is utilized. 1It-is

possible to plot the displacement history, the stress resultant history

and the acceletation history. The maximum number of components allowed



for each case is ten,

The response due to any number of harmonics be-

ginning with the first may be plotted. At the end, the sum total results

of all the stated harmonics at 6 = 0° are plotted., Plots can be obtainmed

either on the line printer or off-line using a 760/563 C:-ilccmp Plotter System.

The format of Time History OQutput Control Card will be as follows:

Columns Format
l1-5 15
6 - 10 15

11 - 15 15
16 - 20 I35
21 - 25 I5
26 - 30 I3
31 -~ 35 | 15
36 - 40 I5

41 - 45 I5

46 - 30 IS5

Entry

1, 1f absclute maximum displacements
are to be printed; otherwise leave
blank. '

1, if maximum displacements are to
be printed (at given time step -
interval); otherwise leave blank.

1, if displacements are to be printed
at given time step interval; otherwise
leave blank, .

The number of displacement campo-
nents for which time histories are
to be plotted (Maximum = 10).

1, if sbsolute maximum gtress resul-
tants are to be printed; otherwise
leave blank.

1, if maximum stress resultants are
to be printed(at given time step
interval);otherwise leave blank.

L, if stress resultants and stress
components are to be printed at a given
time step interval; otherwise leave blank.

The number of stress resultant compo-
nents for which time histories are

to be plotted (Maximom = 10).

1, if absolute maximum relative
accelerations are to be printed;
otherwise leave blank. )

1, if maximum relative accelerations
at given time step interval ara to
be printed; oth wise leave blank.
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Columpms Format Entry
51 =55 5 1, if maximum relative acceleration

at given time step intervals are
ro be printed; otherwise leave blask.

36 - 60 15 The number of total acceleration compo-
nents for which time histories are to
be plotted (Maxdimum = 10).

61 - 63 I5 1, if maximum total accelerations at
given time step intervals are o be
printed; otherwise leave blank,

Relative accelerations can be output in the case of base acceleration
only and hence should not be specified for other loading cases. Moreover,
even in the case of base acceleration, either relative acceleration or
total acceleration can be output, not both. If the ceolumms 16-2Q0, 36-40,
and 56-60 of the above card are not blank, an additional data card is re~
quired for each,placed in the same order. On each of these cards the
global degrees of freedom (in increasing order) corresponding to which
plots are desired, shall be stated. The maximum number of degrees of
freedom in each case is limited to cen. In the case of displacements and
aéceleracions,:he five degrees of freedom at each node correspond to u{

v, w, 8, and B, respectively. In the case of stress resultants, the

¢
five degrees of freedom at each node will refer to N¢, Ng» M¢, My, and
Q¢, respectively, for the purpese of plots only. For instance, for
node number N, the global degrees of freedom for these displacements

(or stress resultants) will be (5N = 4), (5N =~ 3), (SN.~2), (5N - 1), 5N

regpectively.
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The format.of these Degrees of Freedom Cards shall be as follows:

Columms =  Format Entry
1-5 I5 Global degree of freedom
6 - 10 I5 Global. degree of freedom

etc, ace. etec.
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H., Control Data Cards for Dymamic Analysis:
Omit this section in the case of static amalysis.
&) The first card in this section, called the 'mass matrix
card',:deﬁins-whether a lumped mass or a consistent mas‘s matrix is to be

used. However, the consistent mass matrix is always preferable in the

opinion of the authors.

The format of Mass Matrix Card shall be as follows:

Columns Format Entry
1=35 Fs 1.0, if lumped mass matrix 1s to

ba uged; ctherwisa leave blank
b) Omit this card if the analysis type is equal to 4. This second
card is called the "eigemvalue analysis card'., Here the eigenvalue P 4 1s
the square of the inverse of the cticular frequency wes

The format of Eigenvalue Analysis Card shall be as follows:

Calumns Format Entry

1-5 F5 1.0, if eigenvectors are not de-
sired; otherwise leave blank

6 ~ 15 F10 Upper limit for range of eigen-

. value (PU)

16 - 25 T F10 Lower limit for range of eigen-
value (PL)

26 - 30 FS Blank, if all roots over the range

P--, P1, are desired; otherwise, state
the desired number of first roots
over the range (Py, Pr)

31 - 35 F5 Blank if the eigenvector is to be mor-
malized with respect to the largest
component; otherwise, state -the
degree of freedom with respect to
which the normalization is to be doun-
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Columms Format Entry

36 ~ 46 E10 Precision of root separation during
the isolation of individual roots
(Default value = 1,0E~10)

47 - 56 ElQ Convergence tolerance factor for the
eigenvalues (Default value = 0,001)

Here the eigenvalue, A, is aquzal to 1/w2, where w is the c¢ircular
frequency in rad./sec, The assigned value of,PU may be based on a rough
estimate [2.], or a suitable guess., In most cases, the value
of By will be set to zero. The output will be helpful in determining if
a proper choice of Pp has been made witrh respect to-the fundamental fre-

quency, as discussed in the pext .section.

The parameter described as the }precision of root separation' is re-
quired for isolating the desired number of roots . to this accuracy, over
the given range, by the Sturm sequence procedure.

The parameter described as the 'convergemece tolerance factor' is
used for checking the accuracy of root convergence during the location of
roots by the inverse iteration technique. Thus, at the end of the rth
step ,Ilr f‘lr_ll/lkrl will be the measure of convergence, and if this
value happens to be less than the convergence tolerance factor (usually
set between 0,001 and 0.0001) then Ar is taken to be equal to A .

. ¢) Omit this card if the analysis type is equal to l. This card, the
‘dynamie'load_typg card', statge-one ot the following eode mumbers to

describe the nature of loading,

External dynamic loading (mechanical
or thermal) -

Horizontal base acceleration 3

Vertical base acceleration 4
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The format of Dymamic Load Type Card shall be as follows:

Columns Format Entry

1-5 15 Belevant code number for load type



- G

I. Soil Cards:

Omit this section if columns 41 - 45 of the Problem Control Carxd

are left blank.

a) The first card, the 'Soil Control Card', states the numbgr of
horizontal soil layers beneath the ring footing, the type of element
data generation, the upper limit harmonic number for which the soil
formulation is to be applied, the output of the soil analysis, the ring
footing data, and, finally, the driving frequency of the soil analysis
as well as the damping ratio for such analysis. The format for the

'Soil Control Card' shall be as follows:

Columns Format Entry
1- 35 I5 Total number of layers. If the total number

is 1, elastic half space to be assumed.

6 - 10 15 Flag for elements data. 1If 0, data to be
generated. If 1, data to be supplied.

11 - 15 15 #Limit for the number of harmonics for the
EBS. If 0, all harmonics to be considered.

16 - 20 15 Flag for the intermediate soil analysis
results output. If 0, no intermediate results
to be printed out.

21 - 30 F10.0 Outer radius of the ring footing.

31 - 40 ¥10.0 Width of the ring footing.

41 - 50 F10.0 #Driving frequency (rad/sec)

51 - 60 F10.0 Soil damping (percentage of critical damping).

b) The 'Soil Control Card' shall be followed by the 'layers informa-
tion cards' which consist of a card for each layer containing the material

properties and thickness of the layer.

*For explanation see Theoretical Manual and the Example Problems,



The format of each card placed in order shall be as .follows:

Columns Format Entry

1-10 ElO.é Shear modulus of the layer
11 - 20 E10.4 Poisson's ratio of the layer
21 - 30 E10.4 Weight density of the layer
31 - 40 E10.4 Thickness of the layer

¢} If the columns 6 - 10 in the 'Soil Control Card' are not left
blank, the 'Soil Elements Data Cards' must be supplied. These cards
consist of one control card and material and geometry cards.

The first card in the 'Soil Elements Data Cards' shall contain the
number of different materials in the core region. Its format shall be

as follows:

Columns Format Entry
1- 5 15 Number of different materials in the Finite

Element region of the soil model
Note: the total number of different materials input may be greater
than the true‘number of different materials. due to the fact that
each material has to be congidered as a new material for a group of
elements in succession (see example number 3 in Appendix G).
The following cards are the material information cards and they
consist of a2 number of cards equal to the number of different materials

preceding them. The format is as fellows:

Columns Format Entry
1- 35 I35 The number of first element for the

given material property

6 - 10 I5 The number ¢f last element for the given
material property

11 - 20 E10.4 Shear modulus
21 - 30 £10.4 Poisson's ratio

31 - 40 E10.4 Weight density



-50-

The following cards are the nodal point cards for the soil elements
and they consist of NE cards, where NE equals twice the total number of
elements in the FE zone‘(see Figure 17). The total number of elements
must be 4 NL where NL is the total number of layers (if NL=1, for the
elastic half space case, the total number of elements shall be 24 elements).
For each element there shall be two cards, the first containing the
radial coordinates of the eight nodes and the second containing the
vertical coordinates of the nodes (see Figure 18).

The format of either card shall be as follows (starting with element

nuber one and finishing with element number NE):

Columns Format Entry

1 - 10 F10.0 Radial (vertical) coordinate of lst node
11 - 20 F10.0 DO ... for 2nd node

21 - 30 F10.0 DO ... for 3rd node

71 - 80 ¥F10.0 DO .., for 8th node

d) The last group of cards in this section is the 'Fourier Harmonic
Numbers Cards’, one_card for each harmeinc. The total number of these
data cards group is equal to the total number of harmonics specified
in the problem control card., However if columns 11 - 15 in the 'Soil
Control Card' are not blank, only the limit number of harmonics must
be supplied.

The format of the 'Fourier Harmonic Numbers Cards' are as follows:

Columns Format Entry
1- 5 15 Harmonic number

Note: For soil analysis, only harmonics zero and 1 are available.
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J. Loading Information Cards:

For each harmonic, there shall be one title card, the 'load -
title card', followed by a comtrol card, the 'loading control card'.
These cards are further followed by ome or all of the following
sets of additional cagds, excepting in the case of analysis types
1l and 3.

a) Distributed Loading Cards = For sach region, extending over oﬁe
or more elements, ome card is required with the distributed loading Fourier
coefficients being either constant or linearly varying between the first
and last nodal points of that region.

‘b) Concentrated Loading Cards - One card is required for each nodal
point,

e) Thermal'Loading Cards - For each temperature region, extending
over one or more elements, one card is required with the thermal Fourier
coefficients being either comstant or lineafly varying between the first
and last nodal points of that region.

d) Displacement Cards -~ For each node with sgecified displacements,
one cafd is required. The maximum permissible number of specified dis-
placement components happens to,ﬁe ten.

The format for the Load Title Czrd shall be as follows:

Columns Format Entry
2 - 80 A Any alphanumerie information

identifying the load
The information to be supplied on the loading Control Card are che

harmonic pumbers (0,1,2,3, etc.), the numbers of distributed loading cards,



concentrated nodal loading cards, thermal loading cards and displacement
cards to follow, printout option code (0, or 1, or 2, or 3}, gravity
loading option, reference temperature (i.e. streés free temperature, and
the angle which the line of symmetry for loading makes with the 6 = 0° line).
The gravity loading option (valid for static analysis only) is
applicable to harmonics 0 and 1 only. If it is desired to inglude
the effect of gravity loading (or a fraction thereof), it 1s necessary
to set the gravity loading option equal to the weight density of the shell
material (or an appropriate fractionm thereof), This option.applies to the
zero harmonie when the gravity loading is in Z-direetion and to
harmonic number 1 when it is in the R~direction. If static analysis
 due to gravity loading is not desired, the corresponding columms in
the loading con;rol card should be left blank. No distributed loading
cards are required for gfavity loading.
Printout cptiun;éodesrcontrol the output in the following mannez.

Printout Option Code Description of Printout

C = No result will be printed for the
current harmonic loading case

1 - Printout will be provided for the
current harmeonic loading only

2 = Printout will be provided for the
suprotal results of all harmonic
loadings up to and including the
current harmonic loading

3 ' = Printout will be provided for the
current harmonic loading and also
the subtotal results of all harmonic
loadings up to and including the
current harmonic loading

Regardless of the printout option codes specified for different
harmonic lcading cases, a printout of the total results is auﬁomatically

provided after the final harmonic loading case is completed. The uger is

cautioned that codes 1 and 2 may produce very volummious output if several

harmonics are present.



=2

The format of Loading Control Card for each harmomie will be as fole

lows:
‘Columns Format Entry
1-3 13 Earmonic number
6 - 10 I5 Number of distributed loading cards
toe follow
11l - 15 15 Number of concentrated loading cards
te follow
16 - 20 13 Number of thermal loading cards to
follow
21 - 25 I3 Number of displacement cards to follow
(Mazdmum = 10)
26 - 30 135 Print-out option code
31 - 40 F10 Gravity loading cption
(Blank or weight demsity)
41 - 350 © F10 Reference temperature
51 - 60 Fi0 Blank, if loading is symmetrical

about § a (°
90.0, if loading is symmetrical
about 8 = 9Q°

With respect to the data in'coiumns 51-60, it may further be stated
that 1f, for instance, for a particular harmonic the loadiﬁg in the
u~direction and w;directian consists of a cosine term and that in
vy-direction a sine term, these columns should be left blank. On the
other hand, if the case i§ reversed, i.e., the sine term is

associated with the u-direction and w~dirsctior and the cosine term
with v=direction, the value in these columms should be 90.0. In the
following cards the parenthetical values of 8 refer to the lattef case,

The format of Distributed Loading Caxds for each harmonic will be as

follows:
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Columns Format Entry

1-5 IS Nodal point where loading begins
6 - 10 Is . | Nodzl point where loading ends
11 - 20 . Fl10 Magnitude of distributed loading

Fourier coefficient in u=direction
at the beginning of nodal peint at
g = 0° (oxr 6 = 90°)

21 - 30 Fl0 Magnitude of distributed loading
Fourier coefficient in u-direction
at the epd nodal point at 6 = Q°
{(or &8 = 90°)

31 - 40 Fl0 Magnitude of distributed loading
Fourier coefficient in v-direction

at the begimning nodal point at
8 = 90° (or & = Q°)

41 ~ 50 F10 Magnitude of distributed loading
Fourier coefficient in v-direction
at the end nodal point at 8 = 90°
{or 8 = 0°)

51 - 80 F10 Magnitude of distributed lcading
Fourier coefficient in w-diractiom
at the beginning nodal point at
g = 0° (or 8 = 90°)

61 - 70 F10 Magnitude of distributed loading
Fourier coefficient in w~direction
at the end nodal point at 6 = Q°
{or 8 = 90°)

The format of-Concentrated Nodal Circle Loading Cards for each har-

monic will be as follows:

Columns: Format Entry
l=35 5 Nodal point number
6 =15 r1i0 Fourier coefficient of line load

in u=direction at & = 0° (or 8 = 90°)

16 = 23 F10 ' Fourier coefficient of line load in
v-direction at 8 = 90° (or 8§ = (0°)

26 - 35 F10 Fourier coefficient of line load in
w-direction at 8 = 0° (or & = 90°)



Columns Format Entry

36 - 45 F10 Fourier coefficient of line load in
B¢ direction at 8 = 0° (or & = 90°)

46 = 55 F10 Fourier coefficient of line load in
Bg direction at 0 = 90° (or & = 0°)

The format of Thermal Loading Cards for each harmonic shall be as
follows:

Columms , Format’ Entry
1-35 I5 Nodal point where the thermal load
begins
6 - 10 I5 Nodal point where the thermal load
ends
11 - 20 Fl0 Magnitude of the outer surfaces tem-

perature Fourier coefficient at the
beginning node point :

21 - 30 . F10 Magnitudé;of the ipner surface tem-
: perature Fourier coefficient at the
beginoning node poinc

31 - 40 Fl0 Magnitude of the outer surface tem~
perature Fourier coefficient at
the end node point

41 - 30 Flo Magnitude of the inmer surface tem-

perature Fourier coefficient ar
the end node point

51 - 60 F10 Coefficient of thermal expansion
. ‘ : for the region

The format of Displacement Cards for each harmonic will be as follows:

Colummns - Format Entry
1-5 15 Node numbar
6 - 15 F10 Fourier coefficients for u-displacement

at 8 = 0° (or & = 90°)

16 - 25 F10 Fourier coefficient for v-displacement
at 8 = 90° (or 8 = 0°)

26 = 35 F10 Fourier coefficient for w—displacement
at & = 0° (or 8 = 90°)

36 =~ 45 Fl10 Fourier coefficient for B¢-rotation
at 8 = 0° (or & = 90%)

46 =~ 55 kFlO Fourier coefficient for Bg-rotation
at 8 = 90° (or 9 = 0°)
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K. Control Cards for Dynamic Anzlysis by Direct Integration:

Omit this section if the analysis type is not equal to 4. In

most cases, it is very helpful to run a free vibration analysis

(Type 1) before carrying out a Type & analysis.

are needed under this group.

The following cards

a) The first card, called the 'direct integraticn scheme

éard', states the integration scheme to be used and the values of control

parameters for the scheme. The details of three altermative schemes are

given in Appendixz D.

The code numbers for integration schemes,

Single step higher derivation scheme

Modified single step higher derivation

scheme

Four~stap scheme

2
3

The format of Direct Integration Scheme Card shall be as follows:

Columns Format
1-35 I3
6 - 13 F8
14 - 21 ‘ F8
22 - 29 ¥8
30 - 37 F38
38 - 45 ¥8
46 - 53 F8
54 - 61 F8
62 - 69 F8

Entry

Code number for integration scheme
Defzult scheme: 2

(1, or
*Value
Value
Value
Value
Value
Value
Value

Value

2, or 3)

parameter
paraﬁeter
parameter
- parameter
parameter
parameter
parametar

parameter

Pl
P2
P3
P4
P5
P6
B7

P8

* For values of parameters Pl to P8 see _Appendix D.. .
the defaulr scheme (Code number = 2), PL is taken as l.4.

In the case of



b) The next card is called the 'data card for dynamic
analysis;. It contains the coefficients (C0 and Cl) of the proportional
damping matrix - [CyM+C,K], scalar multiplier for time fuwnctiom, total .
number of records in the input tiﬁe function, number of different time
step lengths to be used, number of time steps between the printing and
the plotting of stress resultants, displacements, ete., number of har- .
monics for which the time histories are to be plotted, the initiszl and
final step numbers for plotting histories, the plotting device to be
used (line printer or the Calcomp plotter) or the punched output cards,
printer plot spacing, and code number which signifies whether or not the

analysis is being cdrried out for base acceleration.

The format of Data Card for Dymamic Analygis shall be as follows:

Columms 'Format Entry -
1 -10 Flo Coefficient "Cy' of proportiomal

damping matrix-

11 - 20 F10 Coefficient '“1' of proportiomal
damping matrix

21 - 30 F10 Scalar multiplier for the input
; time function

31 - 35 15 Total mumber of record prints ia
the input time function

36 - 40 15 Number of diffevrent time step lengths
to be used (Maximum = 4)

41 =~ 43 I5 Number of time steps between the
printing of maximum displacements,
stress resultants, ekc.

46 - 50 . 15 Number of time steps between the
printing and plotting of displacements,
stress resultants, stress components,
etc.



Columns Format Entry

51 - 55 15 Number of harmonics for which the histories
are to be plotted

56 - 60 15 The initial time step for plotting the
histories

6l - 65 I5 The final time step for plotting the
histories

66 - 70 15 Code number of plotter ( = 1, printer plot;

= 2, Calcomp plot). If blank punched output
will be generated.

71 - 75 15 Printer plot spacing (Default = 1)

76 - 80 I3 1l, loading is due to base acceleration;
otherwise leave blank

The above card may be repeated for each harmonic provided that the
column 35 in the problem control card is not left blank.
Note: The punched cards option can be very useful as the plotting sub-
routines are installation. dependent (see the overlay structure of
Figure 4) and by choosing such option one may use the punched time
history with the appropriate local plotting routine available. A Plotting
Program suitable for a 760/563 Calcomp Plotter system is given in
Appendix F (Program ‘THPLOT').

¢) The next Eard, called the 'initial condition control card',
specifies whether the nodal displacements, or velocities or accelerations
are non-zero at the starting time.

The format of Initial Condition Contrcol Card shall be as follows:

Columns Format Entry
1- 5 I5 1, if the dinditial nodal displacements

are non~zero; otherwise leave blank

6 - 10 Is 1, if the initial nodal velocities
are non-zereo} otherwise leave blank

11 - 15 IS 1l, if the initial nodal accelerations
are non-zero; otherwise leave blank
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In the above card only one of the three responses may be taken
as non-zero. In the case of earthquake loading it is preferable to use
a blank card.

d) The following card, called the 'time step control card', gives
the time step length and the record point number of the input time function
up to which it is to be used. A maximum number of five time steps can be
specified, provided that all time steps are integral multiples of the
smallest time step specified. In order to reduce the effect of artificial
damping introduced by the integration scheme it is desirable that the
maximum time step length used be not more than, say, one-tenth the
smallest natural period,

The format of Time Step Control Card shall be as follows:

Columns Format Entry

1-10 F10 First time step

11 - 15 15 The last record point number, for this
step, in the input function

16 - 25 F10 Second time step

26 - 30 I3 The last record point number, for this

step, in the input function
etc. etc. ete.
Note: In the case of a fixed foundation, one should be especially
careful in choosing the time steps for the numerical integration.
Relatively large time steps may cause numerical instability and the
solution may diverge instead of converging (see Example number 8).
e) The next card is the 'title card-for input time functionr'. This

card is required only if the column 30 of the Output Control Card is

net left blank.
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The format of Title Card for Input Time Function shall be as follows:

Columns Format Entry
2-72 A Alphanumeric information about the load
function

f) The next card (or cards), called the 'record points card',

provides the record points of the time history input fuanction, which may
: a

be the multiplication factors for amy mechanical or thermal loading or
the base acceleration (vertical or horizontal) due to earthquake. In the
case of multiple lcading, the multiplication factors should reflect the
net effect of all the components. vIt is necessary to provide this card
(or cards) for each harmonic only if these factors are different for
different harmonics and column 40 or Problem Control Card is not left
blank.

The format of Record Points Card(s) shall be as follows:

Columns Format Entry
1-10 F10 Time
11 - 20 F10 Value
21 - 30 Fl0 Time
31 - 40 Flo Value
etc. etc. etc.

There can be a maximum of four pairs of data per card.



L. Data Cards for Dynamic Analysis by Response Spectrum

Omit this section if the analysis type is not equal to 3.

a) The first card is the "modal damping ratic card’ and gives the
damping ratio to be used for each mode.

The format of Modal Damping Ratio Card shall be as follows:

Columnsg Format Entry

1-5 15 Mode number

6 = 15 F10 Damping rtatic
16 - 20 15 Mode pumber
21 - 30 Fl10 Damping ratio

ete. ete. ete.

Each damping ratio card may contain a maximum of five pairs of
data, The maximunm numbef of modes that can be considered has
been iimited to ten,

b} The next card, to be called as the '"respomse spectrum data title
card', is needed only if the column 30 of output control card is not left

blank.

The format of Response Spectrum Data Title Card shall be as follows:

Columns Format Entry
2-72 A Any alphanumeric information des-

cribing the response spectrum data
c) The next card, called the 'c.a;trpi-‘_.ca;-.rd- for response .
spectrum', gives information such as the number of damping ratiocs for which
the data is given, the number of record poigts for aagh damping ratios,
whether the data consists of spectral velocity or spectral acceleratiom,

and the scale factor for the spectral values.



The format of Control Card for Response Spectrum shall be as follows:

Columns Format
l-5 IS

6 - 10 I5
11 - 15 15
16 - 25 Fl0

Entry

Number of ‘damping ratios for which re-
sponse spectTum data is given (Max-
imum = §)

Number of record points for each
damping ratio

1, if spectral velocity is given
2, 1f spectral acceleration is given

Scale factor for spectral values
(Default = 1)

d) The next card gives the values of damping ratios correspouding

to which the response spectrum data is given.

The format of Spectral Damping Ratio Cards shall be as follows:

Columms ‘Format
1-10 F10
11 - 20 Fl0
21 - 30 F10
31 - 40 F10
ete, etg.

. Emtry

D;mping ratio no, 1
Damping ratio mo. 2
Damping ratio mo. 3
Damping ratio mo. 4

ete.

e) The following cards, called the 'spectral value.cards’',

give the frequencies (starting from the highest and going towards the

lowest) and the corresponding spectral values corrasponding.te each damping

ratio at a time starting with damping ratio no. 1,

The format of Spectral Value Cards shall be as follows:
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Columns Format Entry

1-10 F10 Frequency (Hz)
11 - 20 F10 Spectral value
21 - 30 F10 Frequency (Hz)
31 - 40 F10 Spectral value

ete, - ete. etec.

There can be a maximum of four pairs of data per card.
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M. Last Contrel Cazd:

This card signals termipation of job and is the last data caxd to
be provided in a job. Preceeding this card the data cards for any number
of problems can be placed.,

The format of Last Contreol Card shall be as follows:

Columns Format Entry

1-6 A JOBEND
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SHORE-IV PROGRAM ‘OUTPUT

Typical examples of actual output will be supplied on request.
Printouts for: Input Data:

All input data for each problem are printed out in suitable formats
in order that the user can ﬁerify them easily. Moreover, as mentioned
earlier, an echo (i.e. card image) of the input data can also be printeﬁ
out.

Various checks are performed by the program intermally and obvious
errors cause a run to termipate, after printing out the error mess;;ges,.
before execution of the problem takes place.

Printouts for Results:

In the case of Static¢ Analysis, the results of computatiorsprinted

out by the program =re comprised .of -the f_éllowi:rg:ﬁ

1) For =sach harmonic number, a table of nodal point displacement
components (u, v, w, By and B85, for sign conveation see Figura_z Y 1is
printed out t&gether ;ich Z-lacation of all nodal points.

2) Depending on the printout option code specified in the Loading
Control Card for a2 harmonic loading case, tables of displacements, stress
~ resultants (N¢, Ne; H¢e, M¢, Mg, Qps and Qg, for sign convention see
Figure 1 ), and stress components (a¢, Tgs T48s T1» Ty and ceq) are printed
out for each alement at the neodal points and at the gpecified number of
intermediste points, The stresses SIGMA(l) (i.e., cl) and STGMA(Z) (i.e.,
02) are the principle stresses, while  SIGMA(EQUI) ({.e., ceq) is an

equivalent stress, corresponding to von Mises~yield criterion, defined by
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the expression

2 2
Ueq = (al) - cl 7 + (az)

The meridional length of the element and its thickness at the top and
bottom nodes are also given. The non~dimensionalized arc length variable
s is used to define locations along each meridian curve and this variable
ranges from 0 at the top to 1 at the bottom node of an element. In the

case of open~type elemenﬁs the displacements and forces F

o Fos Fou M

Y’ 2 %
My, and Mz (for sign convention see Figure 3 ) at the end of the members
are printed out. Moreover, the length(s) of the member(s) is also

printed out.

In the case of Free Vibration Analvsis, the results printed out by

..the.pregram may.include.the.followings:

1) A table giwving infcrmatién on isolateg roots‘is printed out; 1f
in the first line of this table, the number of roots with
values less than the upper limit for P (i.e. PU) happens to be
less than the order of stiffness or mass matrix, it signifies

lthat number of lowest fraquencies equsl to the difference has
“been missed, In that case, the problem should be rerun after
suitably incréasing the value of PU‘

2) The eigedvalﬁes, circular frequencies (rad/sec),‘and cyclic fre-
quency (Hz) for all the desired modes in each harmomic are
printad out,

3) Depending upon the printout optioﬁ used in the Eigenvalué Analysiéj
Card, the normalized eigenvectors corresponding to each mode are

printed out,
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In the case of Response Spectrum Analysis, the results of computation

printed out by-the program may comprise of the following:
1) Results same as those for the Free Vibration Analysis are'printed out.
2} Tables qf maximum displacements, acgelerations, and stress rasul-
tants for each mode are printed out,
3) Tables of root mean square values of maximum displacements,
accelerations, and stress resultants for each mode are printed
out.

In the case of Time History Analysis by Direct Integration, the re-

sults of computation printed out by the program may include the fol-
lowing: 7

1) Depending upon the printout option codes specified in the Time
History Qutput Cuﬁtrol Card, tables of absolute maximum displacemeats,
and/or accelerations (relative or total), and/or stress resultants are
printed out for each harmonic. The time instants at which such maxima
occur are also printed out in the same table. If, héwever, the bottom
element of the shéll happens to be open-type, the stress resultants
at the base of the shell are printed out as zero, irrespective of
the support conditions of the members of the open type element,
Again, if the maximum responses at a given number of time step intervals
are desired, similar tables with the time range number stated thersin are
printed out,

2) If the relevant option code is specified in the Time History Control
Card (and Loading Contzol Card), stress reéultants, stress componénts,

and displacements at a specified number of time step intervals im the form



of tables similar to those described for static analysis are printed out,
The instant of time for which the values are valid are also printed out,
Plots for Time History Response:

Two alternative kinds of plots are possible, namely the printer plot
and the Calcomp plot. The plots can be for the displacement Fourier coeffi~
cient history, and/or the. total acceleration Fourier coefficient history,
and/or the stress resultant Fourier coefficient history. Before actual
plotting is done the components to be plotted, their maximum values, and
the instant of time when the maxima occurs are tabulated. The components
are defined by the node and the component numbefs 1, 2, 3, 4, and 5, which,
respectively, stand for the components alomg u, v, w, Bos and By in the
case of displacements and accelerations, and Ny, Ng, My, Mg, and Qy in the
case of stress resultants. First the plotting is done for the individual
harmonics and is then followed at the end by resultant plots for all the
specified harmonics corresponding to the reference position & = 0°,

When the Calcomp plot option is specified, a table of plotted values,
for each harmonic only are printed out. In this case the program actually
creates a plot tape to finally carry out off-line plotting on a 760/563
Calcomp plotter system,

Time Log Printout:

At the end of each problem a2 time-log for the problem is printed out,

The time-log states the CPU time in seconds required to execute different

sections of a problem.
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APPENDIX A
SYSTEM CONTROL CARDS
The image of the system control cards used to run SHORE-IV from
permanent file (WU65¢E;SH¢RSS) at Washington University Computing Facility

using an IBM 360/65 computer is shown below. in the case of time

If,
history analysis by direct integration, the printer plot option is used,
the last four devices are to be replaced by three scratch tapes (Nos. 26,

27, 28 with data set names NTAPS, NTAP9, NIAPL0, respectively).
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APPENDIX B
ELEMENTS OF CONSTITUTIVE MATRIX |
The elements of constitutive matrix [C] for isotropic and single-layer

orthotropic shells are given below.

Isotropic ' " Single~layer Crthotropic
Ciz2 u Aih , - Pse Ak
: ' u 9
Ca2 A'ih 42 th
c  2(1-u)A R ke
33 - ( u)‘i tbeh
_ . 3
, Cf?‘u o Aih 112 th /12
: 3 ’ 3710
Cus. w A;R3/12 (uyq Agh%/22
Css5 A 113/12 Eig‘ 3
i “94: th /12: |
] .
- 6 3
Css - (1-u)a,n%/ G¢e h3/3
.077 ' A(1-v )Aih/e . )‘G‘pnh
Cas l(l—u)Aih/2 | AGy h

A = E/(1~p2); h = total shell thickness

A = ghear factor'(to suppress transverse shearing strains, i.e.
Kircdhhoff hypothesis, set A=100)

A
o

Eq’ltl 1= ue¢‘“¢e) -

E, = Young's modulus in ¢-direction

9

u¢a, ue¢ = Poisson's ratins for ¢ or @ directions with respect o
8 or ¢ directions

G¢a, G¢n’ Gen = the shear moduli for $-0, ¢-n, and é-n planes
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The elements of constitutive matrix [C] for multi-layer orthotropic

and framed shells are given below,

Mult;flgyet Orthotropic . Framed
' EA
) o )
L
Ci2 %‘: (kg Ao)!ihk o
u ' " "EA
g 6
c (2 a) ~—
22 h ”-.Lé’é - khk de
- Ay By
c 435 (c 26 (=— + —
33 ?‘ ¢e)£.‘k (d¢ 3,
) 2 EI
2 —%
Cu T (a) (52 + %.)hk g,
2
2, B
. ,
Bl
- Yoo S e
Css § ("e A,) (g g5imy )
¢ -]
2
K X
‘ 2 i G %, 8
Ces “’% (6ol (5" + 1oy 4(d¢ * de)
GA
—2
€77 "? (Cynd P ")‘f"-&;
GA
* 0
Caa o (Con) B A =
(A ) , etc. = the value of A_, etc for layer 'k'
Ok . . : ) o
By = thickness of layer 'k
Ck = the distance from the centroid of layer k to middle
" surface, assuming symmetrical layers (see Fig. 5)
Ab, Ae = the area of members of frame in ¢,0 directions
K,» Kq = St. Venant torsional constants in ¢,8 directions
d¢, de = the spacing of meridional and circumferential members

E, G = Young's and Shear moduli



Code No.

g6

87

88

&9

50

91

92

93
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APPENDIX C

INTERMEDIATE PRINTOUT OPTION €ODES

Ref. Subroutines

GLMX

FINA
FMINA
ESOT
EMOT

GLMX

CALQF

ARC

LASH

SST
MST

Description of Intermediate Printout

Upper diagonal part of structure stiff-
ness and mass matrices in banded form

as arrays GS (1 to N) and GM (1 to N).
Where, N = 6x (no. of nodes) for j =0
and 10x (No. of nodes) for j » 0. The
alements of these matrices need to be
multiplied by 27 for j = 0, and by 7 for
j> 0.

Upper diagonal part of improved element
stiffness and mass matrices as arrays

A and AM or BM, The elements of all
these matrices need to be multiplied by
27 for j = 0, and by v for j > 0. More-
over, the elements of A need to be mul-
tiplied by a factor 106,

Structure loading vector as RF (1 to M)
array., Whera M = 5 x (No, of nodes) for
j >0, and 3 x (No. of nodes) for j = 0,
The elements of all these vectors should

. be multiplied by 2r for j = 0, and by =

for j » 0.

Element nodal loading vector as QF (1 to
6) and QFC (1 to 10) arrays corresponding
to harmonic numbers j = 0, and j > O,
respectively,

Local of nodes and thrze intermedizte
points on the meridian of each element
with respect to the global coordinate
systenm.

Temperature loading data for an element.
Princout is in the form of an array
TX (1 te 30)%*,

Section properties of multi-layer ortho-
tropic material as AS (1 to 7)** array.

Coefficients of Direct Integration Scheme.

* TX(1) to TX(5) and TX(16) to TX(19S) = Temperature data

TR(6), TX(12), TX(14)

= Elastic and thermal properties



*%

™X(7) to TX(11) and TX(15)

- m(20) to TX(30)

AS(1)

AS(2)

- AS(3)

As(h)

As(5)

As(6) -
AS(T)

]

1

il

il

"

Geometric data

Thermal loading data. For further
detalls see subroutine TEMP. -

Overall thickness

Equivelent area per unit length of

. middle surface in terms of outer

layer {¢ - direction)

"=~ do ~ {8-direction)
- do - {48-directiocn, for shear
stress calculation due to N¢B)

Equivalent moment of inertia per
unit length of middle surface in
terms of outer layer (¢-direction)

- do - {8-direction)

- do - (¢8-direction, for shear

stress calculation due to M¢e)
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APPENDIX D
_DIRECT INTEGRATION SCHEMES |
1. Single Step Higher Darivative Schemes.{4]:
After the stiffness matrix [K] and mass matrix [M] has beén foimed,_

C it is-necessary to evaulate the following constants.

. 1 Py 5 Co 7 P P3Cy.
4 = 7 vt 3w Gy )
: PlA:, 1 1
P.P. C
L o.2 2f3 G
AZ P3+P At
1
f e ol P2 PaComACy (-2
3 PlAtz Py At R
PP
1 P T 1 2 .
A R (T o )@y A ) ¢ (A-RST) A A
PLac ‘o T3t |
p. P
1 2 P3 ‘
A5 = (ﬁ;'l) + (—-z—r:-;--l)(co-p.lcl)a.t +
P.-1
2 3
> . p.2 ae. L (=)
{P3 P3)Al > 4 P3,
1
A = (8- g )
3
¢y
A7= (Az‘l)At"'I-’;f
P, P P,(P,-1)
2 F3 3P4 2
AS = (-—ZP—--I)clAt + 3 At
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o™ 7 it

&, = (3F--1)

13

where

Pi, 29 P3 = the parameters of integration scheme

At "= the time step
CO, Ql = the coefficients of Rayleigh damping matrix
Next, it 1s necessary to form the modified stiffness matrix. It is

followed by forward elimimation.

(K] = [K]+4; [¥]

Then, the modified load vector is formed as below.

1°P3

Ps

(F(E+AL)} = (F(c+ar)} +

{F(e)}

+ M) (a,0a(0)} + A (A(®)} + AS{Zm})
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Finally; the displacements {E(t+ﬁ"t)} are calculated by back substitution.
Thus,

(Beev o} = [RI7F {F(ean)}

and the true displacement vector at time 't+At' will then be
C{A(eHaE)} = ((A(eHaE)} + ALIA(D)} + AL LA} + ALIAE)D) A,
the corresponding velocity and acceleration vectors are them calculated from

b)) = A (A} - A A} - AplA)} - IRINGY:

{B(eH0)} = A{A(eHAD)} - AYIAD)} = A (A(®)} - A (A(2)}

In the case of Newmark's g-method, P3 = 1. For Wilson's &-method,

P, = 1/6 and P2 = 1/2, For an unconditionally stable scheme, in the first

case, one should take P, = 1/4 and P

1 g = 1/2, and in the later case P

3 = Lebde
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2. Multistep (3~step) Schemes[4l:
Here the constants to be evaluated are

P | -
(52 + PG / (At +CyCp)

'}

A

e
. 18
Ay ( L+ 3 )

At At
o = B B (G-GA)
4 At2 At
A = ~—5 - At
At
P
"ZQL
Ag Y3
P.C
a ol
A7 = I
. A
3
At

where Pl, PZ’ atc, are the parameters of integration scheme.

Here the modified stiffness matrix and load vector will be

(K] = (K] +4 [

(Ferar)} = (F(e+ar)} + [M] (A (A(D)} +

AQ{A(t—At)} +* AS{A(t—ZAt)})
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As in scheme 1, after sol{ring the following for {4(c+at)}
[K] {a(t+at)} = bt:ﬁ.'(t-!-At)}
.the digplacement vecﬁor is. calculated from
C{A(e+AR)} = '({K(t,-f-At)i + A'S{A(t)} - .A.}{A{t.—ét)‘}
+ Agla(e=280)D) / 4,

In the case of fi;st time step, i.e. at t=At, it 13 necessary to

modify some of the aforementioned constants as below,

C1 (P3 - 8P4)91

Cz = (P7 + SPS) * (P3 + 81’4)c0

o
[

I Bl S U Bt

Arm (A, -0 /(4 - T

Agh = (aghy = ) 1 (ay =T

Ak = (Ag = PyCy)

[
*
[ ]

For this step, Al’ A3, A&’ and AS are to be replaced ?y Al*, A3*>

AA*’ and As*. Moreover, it is necessary to avaluate the following



(a(-00)} = {A(O)E- At {A(0)} + ac% {£(0)}/2.0
{AC ~228)} = = {A(Q)F + 2 {A(-ae)} + Al (R (0)}

In the case of Houbolt's scheme

B, = 11/6; P, =-3.0; B, = 1.5; P, =-1/3;

Py = 2.0; By ==5.0; B, =4.0; By = -L.0

7 8
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APPENDIX E

LISTING OF 'FORHAM' (Program for calculating Fourier Coefficients)

OOOOOCMDOO0O00O0DOONOO00

OO0 00O00

X

SUBERRSREEE RS AXRARRBARERELFRETERAARREENE AR RFERE R R B AR R RER R L SR RRERMA [INOOOL

. : MAINGOO2
THIS 1S THE MAIN CONTROL PROGRAM FQR CALCULATING FOQURIER COEFS FORMAINGOOC3
AN ARIBTRARY LOAD FUNCTION DISTRIBUTED ARDUND THE CIRCUMFERENCE MAINQOO%

FOR THO SITUATIDNS MAINQQOQS
' 11 WHEN THE ORDINATES ARE GIVEN AT EQUAL INTERVALS MA INOQOS
AND THE NUMBER OF QROINATES ARE EQUAL TO THE MAINQQOT

NUMBER OF FQURIER COEFFICIENTS (IFL=0) #A INQQQS8

2) WHEN EITHER THE NUMBER OF ORDINATES ARE DIFFERENTMAINOOU9
FROM THE DESIRED NUMBER OF FQURIER COEFFICIENTS MAINQOLO
OR THE INTERVALS BETWEEN THE OROINATES ARE wNOT MAINGOLL |

EQUAL OR BOTH {(1FL>0} MAINOO12

' MAINQOLS
PROGRAMME(] BYs MAINGO LS
PRODYOT KUMAR BASUD . kalINQOLS

WASHINGTON UNIVERSITY MAINQOLS

AUGUST, 1975 g MAINGOLT

MAINDOLS

ERREFRRPXFRE XX SEERXRRE XXX RRRER AR NGRS SRR AR R A KR p xRk Rk ewwwkreMa [NOQLY
IMPLICIT REAL®8 (A=H,P-=Z) MAINOG20
DIMENSION VALISO)ARGISQ) ¢+ X150} +Y{50) +H(4650},4025),8{25),P{50), MaiNOO21
HED(201,01200+251,7T(2003,0125,200! MAINQOZ22Z

MAINCGO23

Ni = MUMBER OF DATA SETS FOR WHICH FOURLER CDEFFICIENTS ARE MAINQOZ%
REQUIRED - MA [NQQ25

NOIM = NUMBER OF GIVEN ORDINAfES {AT EQUAL INTERVALS OR DTHERWISEIMAINQO26
y PROVIDED THE LAST ORDIMATE FOR NS=0 CIRRESPONDS TO THETA=360 MAINADZS

DEGREES, AND THAT FOR NS>Q TQ THETA=180 DEGREES. MAINBO26
NG = 2 TIMES THE MAXIMUM NRDER OF HARMONICS TO BE MAINQO2T
FITTED PLUS L ([.E. THE NUMBER OF COSINE TERMS MA INQO28

AND SINE TERMS T BE CONSIDERED + 1) M3 INQO29

iF IFL = 0 * NO < NDIM MAINQOG30

IFL a2 @, NO INTERPOLATION USING CUBIC SPLINES MA{NQO31
> O+ [NTERPOLATION NECESS4ARY, IF THE ORDINATES ARE NOT AT MA INOO32
EQUAL INTERYAL AND *NOtM-1+ [S NOYT OOCO MA INQO33

NOO = O, NO PUNCHED QUTPUT QF TIME HISTQRY DATA Ma [NQQ 34
1,PUNCHED DUTPUT OF TIME MISTORY DATA REQUIRED MAINOO3S

[F NOO = O, PUT NMC = Oy AND NHS = 0 MAINOO3S

IF NOD = 1, NHC = NUMBER OF HARMONICS{COS) TG BE PUNCHED BEGINNINGMAINOO3T
WITH THE ZEROETH: MAXIMUM VALUE = (NO=1)/2 & 1 MAINGO3S
NHS = NUMBER OF HARNONICS(SIN} TO 8E PYNCHED BEGINNINGMAINQO39

WITH THE FIRST: MAXIMUM = (NDO-1)/2 MAINDOAO

IDF = Q4 OATA IS INPUT TIME STEPWISE - MAINOD4L
I0F = 14 DATA IS INPUT PUINTWISE . MAINGQG42
TII = INITIAL TIME INEEDED IF NOD=1) MAINQO43
TS = TIME STEP (NEEDED IF NDODsL) MA INQO44
Ti[=0.0 MAINOO4S

TS=0.0 MAINQO4S

AMIN = 1,000 MAINQQ4T



21

22
23

51

PYE = 4,000%DATAN(AMIN)

READISs1l) HED NI ¢NDIMyNOIFL JNDOsHHC«NHS 5 [DF
FORMAT{20A4/815)

NHS = NHS + 1|

[FINDD.EQ.O) GO TO 23

READ(S,21) TI1,.T8

FORMAT(2F12.81}

TL = TI1

00 22 I=l4NI

7)) = 11

Tl = 71 + TS

CONTINUE

WRITE(S451) NIsNDIMNOoIFL NBDyNHC¢yNHSTII,TS
FORMAT(T7I54+2F12.5)

IFUIFL.GT.Q) 6O TO &0

NK = NDIM -~ 1

IF(NC.LE.NK) GO TO 60
WRITE{6+50)

MA'INOO48
MAINQOOQ49
MAINOOSO
MAINOOS]
MAINOOSZ
MAINDOS3
MAINOOS54
MAINQOS5
MAINQOSS
MAINQOS57
MAINQOOSE ~
MA INOQ59
MA INQOQ6&Q
MAINQOS&1
MAINOQOG2
MAINOOS&3
MA INQQ64
MAINOQ6S
MA INQOG6
MA INQQ&LT

50 FORMATULHL//TTH*#==2ERROR IN INPUT DATA**e3NUMBER OF FOURIER CUEFFMAINOO&S
RICIENTS SPECIFIED [S WRONG)

60

GO TO 2400

CONTINUE

NN = NQ/2

NM = NO = NM=*2
[F{NM.EQ.l) GO TO 4

WR ITE( 6940}

MAINCOQG&9
MAINQOTOQ
MAINOGTL
MAINQQ?2
MAINOOTY
MAINQO T4
MAINOQTS
MAINQOTE
MAINGOT?

40 FORMAT(LHL//69n=»x=xxERAGR [N [NPUT DATA#**#NUHBER OF FOURIER COEFFMAINOOTS

%

2

XICIENTS IS NOT 00O}

GO To 200
CONTINUE
WRITE{&+2) HEL
FORMATILHL/20A4/7/)
MO = NO

. IFUIFLNE. 0. AND«NOLLT. 25) MQ=25 ¢

3

24

MOLL = MO - )

NOLY = MO - 1

M = NOLL/2

Al 1)=0.0

Y{1120.0

PL = 2.0%PYE/NO
PIE = 2.,0%PYE/MD
00 3 [=L.NOLL
X(I+1} = X{I) + PI
00 24 1 = 1,MDLL
YiI+«l) = ¥{l) + PIE

MAINQO79
MA INO080
MAINQOSL
MA INOOS2
MAINOOA3
MAINAOA3
MAINBOA3
MAINCO83
MATNOOS4
MA INOD2S
MAINOOS6
MAINOOST
MA INQQOBS8
MAINAOSHS
MATNOOBS
MA INQQSIC
MAINOOSL
MAEINOQ92



cnon

43
49
45

&

46
47
48

7

READ(5+5) (ARG(I},I=LeNOIM)
FORMAT{8F10.0)

IF{IDF.EQ.0) GO TO 45

DO 49 K = L.NDIM
READ(S+431 (C{L+K) L=l NI}
FORMAT{8F10. 4}

CONTINUE

D3 100 NIP = 1,.NIT
[F{IDF.EQ.l) GO TO 46
READIS+6) (VALIL)I=LeNDIM}
FORMATISF10.4)

GO TO 48

DO 47 [=1.NDIM

VALII} s C{NIP,I)}

WRITE( 6,7} NIP

—-Qo-

MA INO093
MAINO094
MAINOO9S
MAINOG94
MAINGO97
MAINOO9S
MA INGO99
MAING1G0
MAINOLOL
MAING102
MAINOL03
MAINGLO%
MAINO105
MAING106
MAINOLQ?
MAINOL108
MAING109
MAINOL110
MATINOL11

FORMAT(//5X420HINPUT DATA SET NQ.= .ISIISX,leTHETA IN DEGREES,5X,MAINOLL2
X13HPRESSURE HEAD//}

DO 8 I=1sNDIM

ARGD = ARGEI)

ARG(LI} = ARGOD#PYE/180.0
WRITE(649) ARGD,VALII)
FIRMAT{L1O0XeFLlO.6+6X9EL12.5/)
IF{1FL.EQ.Q} GO TO 18
WRITE(&+1Q) NIP

MAINQL13
MAINOLLS
MAINQLLS
MAINOLl6
MAINQLLY
Ma(NOLllg
MAINQLLY
MAINO120

10 FORMAT (1HLlsS5Xs86H INTERPOLATED VALUES AS PER CUBIC SPLINE SCHEME MAINGIZ1

i8

25
11
12

13

CALL CUBSPLIVAL+ARGoNOIMeMO,Y 4HeIER)

IF{IFL.NE.O) NN = MO
X0 = 0.0 -

00 11 I = 1l.NN
[FUIFL.EQ.D0) GO TO 25
pLI) = YU(I)

X0 = ([-1)%360,0/M0
WRITE{6+12) XDoY([}
60 10 11

PUL)Y = vaAL(l)
CONTINUE
FIRMAT{LOX+Fl0.6+6XeF10.67)
WRITEL 6,13} NIP

X. FOR DATA SET NO.=,15//5X,158HTHETA IN DEGREES+5X,26HINTERPQLATED PMAINQGL122
XRESSURE HEAD//)

MAINQL23
MAINOLl24
MA INQ125
HMAINOQL26
MAINQ127
MAINOQ128
MAINOL29
MAINGQL30
MAINOL131
MaINOL32
MAINOL133
MAINQL34

"MAING13S

MATNOL 36
MAINQL37
MAINQL38
MAINOL39

FORMAT(1H1,5X,494 VALUES OF FOURIER COEFFICIENTS FOR DATA SET NO,.=MAINGLl40
X9 [5//5K L6H HARMONIC NUMBER5X+25H COEFFICIENTS FOR COS{JX)e5Xs25HMAINOL 4L



L4
15

20

30
99

31

3z

28

X COEFFICIENTS FOR SIN{JXIZ/)
Mi=M+l

CALL FOURIE{ P, NNsMl,A+BelERPYE)
00 15 J=1,M1

tL=Jd-=-1

WRITE(S&e14} LLeA(J) 81 4]
FORMATI 10X ¢15+20X+sF10,6+20X+F10e6)
CONTINUE oo
IFINIP.EQ.NI) GO TO 99

DO 20 K=Ll.NOIM

ARGIK) = ARGI{R)*180.0/PYE
Y{l}l = Q.0

02 30 [=1+M0

Y{I+l) = Y(1) + 2%*PYE/MO
CONTINUE

IFINDD.EQ.0O} GO TO 98

DO 3L K=1sNHC

DINIP,K) = A{K)

IFINS.GT.0} 30 TO 98
iF{NIP.EQ.1}) GO TO 98

D3 32 K=2,NHS

KK = NHE ¢ K = 1

DINIP«KK) = B(K]

CONTINUVE

100 CONTINUE

110

[F{NDD.EQ.Q) GO TO 200

NHS = NHS = 1

{F{NS.GT.0) NHS=0

NH = NHC + NHS

00 150 K=l,NH

WRITE{ 741100 X

FORMATU{LH ,13)

IF{TIIL.LT.0,0Q00001) GO TO 140

WRITE(T7:120) TUL)O(L4K)eT(2)40(24K)sT(31,0(3,K1

120 FQRMAT{20X,6F1C.5)

WRITE{T+130) (T(J),00(JsK)sdmeNI)

130 FORMAT{4(F10.5+F10.5))

GO TO 150

140 CONTINUE

WRITE{74130) ({T{J)00J9K)eJd=1,N1)

150 CONTINUE

160

WRITE(64160)

FORMATI1H1/40H *exxMEAN VALUES OF FQURIER COEFFICIENTS// 10X,
X34HFOURIER COEFF. NO. MEAN VALUE//}

00 180 K=1.Nn

TIK} = 0.0

DD 175 J=l,NI
TIK) = T(K) + D(Jei)
IFIJ.LT.NL) GO TO 175

MAINQL42
MAINOL43
MAINO144
MAINOL45
MAINQL46
MAINOL47
MAINOL44
MA INO149
MAINOLSO
MAINOLS1
MAINOLS52
MAINALS2
MAINO153
MAINOL54
MAINGL55

"MAINOLS5S

MAINCOLS7
MalNGlS8
MAINQ159
MAINOQ1l&0
MAINOLSL
MAINOL162
MAINO163
MAINOLGA
MAINOL&5
MAINCl66
MAINQ167
MAINOLGS
MAENQL&9

" MAINOL17Q

MAINOQLT71
MAING172
MAINO173
MAINO174
MAINQL175
MAINOLT7S
MAEINQLTT
MAINOLTB
MA [NOL179
MAEINOLBO
MAINGiB1
MA[NOL32
MAINOLS3
MAINQL 84
MAENQLBS
MAINGL 86
MAINQLBT
MAINOQ18S
MAINOLB9



170

- 175

QOO0

(el gl

o0

QOO0

180
2090

20
30

40

50

60

70

75

aa

AFC = TIK)/NI

WRITE{ 6y 170} K4AFC
FORMATILIBXsL4s11%sF12461

CONT{NUE

CONTINUE

sTQP

END

SUBROUTINE FOURIE{P,NO,MLsA,BslER,PYE)

THIS SUBROUTINE CALGULATES THE FOURIER COEFFICIENTS
[MPLICIT REAL*8 (A-H,P-1)

DIMENSION A(1),B8(1}1,P(1}

CHECK FOR PARAMETER ERRORS

M=z ML~
[ER=0

IFIM) 30,40+40
{ER=2

RETURN

N = (NO = 1)72
IF{M=N) 60s60U+50
IER=1

RETURN

COMPUTE AND PRESET CONSTANTES

AN=N
CIEF=22,0/(2.0%AN+1.0)
CONST=PYE#*COEF
S1 2 DSINGLONSTI
Cl1 = DCOS{CONST)
C*1.0

$5=0.0

J=1

Pz=p(1)

U2=0.0

UL=0.0

[=2%N+1

FORM POURIER COEFFICIENTS RECURSIVELY

Uo=P(1)+2,0%CeUL1-U2
u2=Ul

ul=uQ

[=[=1

If -1} 80!80'75
AtJI=COER*(PZ+Cryl~U2)

MAINOL90
MAINOL9]
MAINO192
MAINO193
MAINO194
MAINO195
MAINOL196
FOURIOO1
FOUR 002
FOUR1003 .
FOUR 1004
FOUR 1005
FOUR [006
FOUR 1007
FOUR 1008
FOUR 1009
FOURIOLO
FOUR1011
FOUR[O12
FOURIOL3
FOURIOL4
FOURIOLS
FOURLO16
FOURIOL?
FOUR[OLS
FOURIOLY
FOUR 020
FOUR1021
FOUR 1022
FOUR Q23
FOURI0Z4
FOUR 1025
FOUR 1026
FQUR 1027
FOUR[028
FOUR 1029
FOUR 1030
FOUR 1031
FOUR 1032
FOUR1033
FOURT034
FOUR 1035
FOURT036
FOUR1037
FOUR 1038
FOUR1039
FOURI040
FOUR 041

FOURIQ42 -
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81J)=COEF*SayL
IF{J={M+1}} 90,100,100
90 Q=CL#C-S1#*§
S=CLlES+SL¥C
€=Q
J=Jd+l
GO T3 70
100 A(1)=A{1)%*0.5
RETURN
END |
SUBROUTINE CUBSPLIF,XsNsMeGsHsIER}

THIS $UBRDUTINE CARRIES QUT CUBIC SPLINE INTERPOLATIODN

DIMENSION FOL)oX (1) 4GLL} H{L)
DOUBLE PRECISION FeXsHoGeEPSLNIOMEGAPET Ay WyHT 1+ HT2,PROD, DELSQS
DATA EPSLN¢OMEGA/1.0~14+1.071796769724430800/

[2=N
[3=N+N
[4=213+N
I1S=l4eN
[6=[5+N
IT=16+N
18=17+N
19=18+N
NT=ié
IER = 0
ML = Nel

DO 5 TI=1,N1
42=[2+1
H{D)=X({+1)=X{I}
HIJ2)=(F(I+1)=FLI}) /ML)
5 CONTINUE
DO 10 [I=2,N1
J23l2+}
J3=13+1
Jé=l4+]
JSa[5+]
Je=16+]
JT=l 7+l
H{J3)={I=-1)+H{T)
HtJa)= . 5#H{I-1) /8 {43}
H{JS5)={H{J2)-H{ J2-1) 1 /{43
H{JOI=H{JS) +H (5}
HUJTI=H(J6)+4(J5)
10 CONTINUE

FOURIQ43
FOURIG44
FOURIQ45
FOUR 1044
FQURIQ4T
FOURI0Q438
FOURIOQ49
FOUR 1050
FOURIDS1
FOUR 1052
cuBsspoOl .
€uUBsPO02
cusspo03
CUBSPOC4
CUBSPOOS
cuBsPogs
CuUBsSPOOT
CuBspoCa
cuasPaes
cuasPola
CuUBSPrOLL
cusspolz
cussPQl3
CUBSPUIL4
CUBSPOLS
CUBSPOLS
cusspPoLy
cugseols
¢uUBsPO1I”
cugsPa2o
cusspro2l
cussPg22
CuUBSPQ23
CUBSPO24
cussPQ2s
CuUBSPO26
CuBspPQ27
cyBspozs8
cuBsPo29
CUBSPQ10
cuasPo3l
cuasprgiz
cussp0is
CuUBsSPQl4
cuBs,Q3s
cusseo3ée
cussaQ3v
cussPO3s
cuasePo3e



15

i ® b inag

H{T6+11=0.
Je=16+N
HEJ6}=0.

KCOQUNT=C
ETA’O- '
KCOUNT=KCOUNT+1

00 25 [32.NL

29
25

3

a5
49
45

50
55

60

&5

70

J4=14+]

Joal6+!

J7=1T7+1

W (H{JTI=H{Ja 1 #H{ J6=1)={.5-H{JG) ) =H{J6+1 1-H{J6) ) *OMEGA
IFIDABS(W}.LEL.ETA) GO TO 20

ETA=DABS{ W)

H{J6)3H{J6 ) +W
CONTINUE
IFIKCOUNT.GT.NT) G0 TQ 75
IF (ETALGELEPSLN} GO TO 15

D3 30 [=1sN1
Jamlsel
Je=[8+!
H{JBlIs{H{Jo+l)=HI A} )} /H(T)
CONTINUE
00 65 J=1+M
=1
JI=[9+ Y
IF (GUJ)=X{1)]} 70,60,35
IF (G{JI=XIN)) 45,50,70
IF 1GLJ)=X{I)) 5560445
=i+l '
50 TO 4Q
1=\
I=]~1

Jé=16+1
J2=[2+1
J8=18+1
HT1=G{Jd}=X{I}
HT2=GlJd)=X{l+1)
PROD=HTI*HTZ
H{J ) aH{JH I +H T AH (JY)
DELSQS={H{Jo)+H{Jo+ 1) +H(JF) /6,
G(JI=F{I)+HTL* H{J2)+PROD*DELSQS
CONTINUE
GO TO 9005
1ER=129
GO To 9000

CUBSPO40
CUBSPO4L
CUBSP042
CUBSPO43
CUBSPO44
CUBSPO4S
CUBSPO46
CUBSPQ4T
cuBsPO48
CuUBSPO49
CUBSPQ50
CUBSPOS1
cuBsPQs2
CUBSPOS3
CUBSPOS4

© CuUasPOss

CuBsSPOSS
cussPQOs7
CuasPo5y
cuaspPass
cuasPosd
cugsrasl
cyasPa6e2
cuasP06e3
CUBSPQG4A
CuasPoes
cuasPoes
cugasPae?
CUBSPOAY
cuasPOs9
cuaspavo
cuasPo7l
cusspQ72
cuasePovs
CUBSPO74
cuBsPO?s
cuBsseO7s
cuaseo7v
cuaspo7s
cuasro79
cusspra8Q
cugspodl
cussp082
cussePos83
CugsSPO8+
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75 IER=130

9000 CONTINUE
9005 RETURN
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END
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INPUT FORMAT FOR FOHARM

EREARV RSN AR UL RR IR AR AREURRLAERRREE R LY AR RN BTN L LSRR RS RRRN

1) FIRST CARD : TITLE CARD (20A4)
ANY ALPHANUMERIC INFORMATION ARCUT DATA
DESIRED TO BE PRINTED WITH THE RESULT

2} SECOND CARD: CONTROL CARD (BI5%
N{ oNOLM,NOsIFLsNODyNHG 1 NHS s IDF (FOR DESCRIPT ION
OF THESE PARAMETERS SEE CUMMENTS)

3) THIRD CARD : INITIAL TIME CARD (2F12.6) - QPTIONAL
TI1+TS (NEEDED ONLY IF NDD=1}

4) LOCATION CARDS ¢ (8F10.6)
LOCATION OF NDIM POINTS IN DEGREES

S} ORDINATE CARDS:
CASE 1 - DATA IS5 INPUT TIME STEPWISE (8FL0.4) .
FOR EACH TIME STEP THE GROINATES ARQUND THE
CIRCUMFERENCE ARE INPUT CONSECUTIVELY
CASE 2 - DATA [5 INPUT POINTHWISE (4F10.4)
FOR EASH POINT THE OROINATE CORRESPONDING
TOQ EACH TIME STEP 15 [NPUT SUCCESSIVELY.

BEEKREBEERERBU A LD B MNP AT AR BRI ERREBEZEERRER R R R R R R SRR REE AR LK RRRE

cugsrPossg
<uBsSPO90
CuBsPO91
CUBSPO92
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SIMPLE
SUPPORT

E

YZ
MOOULUS OF ELASTICITY « 30l
POISSONS RATIO = O3

MASS DENSITY = 0-736% 10 ac/u‘

Figure 20. Hemispherical Shell
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Example 3 ~ Free Vibration Analysdis of Empty Water Tank with Scil
Interaction Egfect.

The tank shown in Fig. 21 was analyzed using seven sixth-order
general elements, the seventh element is the ring footing of the tank.
The s0il is modeled with sixteen isoparametric quadratic solid elements.
The soil model is analyzed at a driving frequency of 358.8 rad/sec, the
fundamental frequency of the tank on rigid foundatioun.

The input data echo of the problem is given in the following page.

The results are presented in the Theoretical Manual.
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Figure 21. Cylindrical Water Tank on Flexible Foundation
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ANAL. UF‘A CYE!NURICAL‘SHELL HI?H’SBIL EFFECT (UNITS 3 KIFT)
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k3 %0
— % il -
7 1540 ,
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253357 s —Hard-E 160 — . L 4553E
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25e 23, 25 35. 45, 45. . .
23 25 27 27, 27 25. 23. 23e
3. FEN 3s. 3s. -45. 5. S5, 352
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45, 45, 45, 8225 80, a0, 30, 5245
12 15. 1a. 18, é&. 15. 12+ 12.
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Example 4 - Sitatic Analysis of Column Supported Hyperbolodidal Tower Undenr
Wind Load ‘

The tower shown in Fig. 22 was analyzed using ten sixth-order genmeral
elements and open-type element {Type 7) at the base. It was analyzed for
a mean static wind pressure expressed in terms of the following six harmon-

ies.

Harmonic Number Fourier Coefficient
0 -0.064317
1 -2.072903
2 ~-3.846021
3 ~3.404910
4 -3.962074
5 0.3289617

The input data echo of the problem is given in the following page. The

results are presented in the Theoretical Manual.
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Figure 22. Discretization of Hyperboloidal Creek Tower
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Example 6 - Hyperboloidal Shell Under Dynamic Wind Load

The tower of Fig. 22 is analyzed for the wind loading, digitized at
0.5 sec. intermal, shown in Fig. 25. This analysis was preceded by a free
vibration analysis to determine..the damping coefficients (o = 0.276, 8 =
0.0C058) and to select the time step (At = 0.025 sec.). The pressure was
assumed constant over the height of the tower and eight harmonics were used.
The input data echo for the problem is given4in the following page. It may
be noted that the control card for dynamic analysis for direct integration,
data card for dynamic analysis, and the record points cards are provided
for the first harmonic only. Accordingly the columms 30-35 and 36-40 of
the preoblem control card were left 5lank. The results are presented and

discussed in the Theoretical Manual.
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Example 7 - Response Spectrum Analysis o4 Hyperbolodidal Shell With

Soll Intenaction.

The tower shown in Fig. 26 is analyzed under the ground motion
given by the response spectrum of Fig. 27. The damping ratios for both
the shell and the sodil 'is 5% of £he critical damping ratic. The analysis
of the soil is carried out under driving frequency of 20 rad/sec, The
soil medium is an elastic half space with shear modulus of 1600 k/sq.
ft. and Poisson's.ratio of 0.4. The input data echo for the problem is
given in page (1ll2). The results are presented and discussed in the

Theoretical Manual.



i R Ly

2 7)

{5

.00)

- el

60.12)

¢

Loz 48
80 DIAG.

”

Az”

13,62)
0.00) FL

R.FOCTING

[ e S

Cocling Tower on a Hypothetical
Foundation

Figure 26.



PSUEDO~RELATIVE VELOQITY  (FT/SEC.)

100

=-LiLi=

0.0
vy

0.0

| I W W L S T Ll

0.01

0.10 1.0 10.0
UNCAMPED NATURAL PERIOD (SEC.)

HORIZONTAL [0.20g , 5% Damping]

Figure 27, Horizontal Response Spectrum



- . PR A
! L . . R o ’ . T . X Ozme—l
_ : : : sope -y 0011 _f£1282°% -
_ 001*1 000S*2 . OSE" ® _,mmdn.x_ w.Nmow. ._mmmn.nn oua.w&“nu,mmmc oor
' B . o A X T \n ) R
N (3SS)  ONTAWYA S0°0. o W W. S . (WANI3TAE TSNOASTN FY INOZ THOH] 1=
R . o : : g0 . €., co* R mo.., , w,,
||||n|.||nL : ) . R . I .. 1 . L v .
ieAR |Sd N T - T
% >an_”w9w51mmwum:10._ﬁamm IR . ' .o . o 1 = mmﬁIDZ UuZDEIz«I .
S k . coe 20-300GE * oo+uooc¢."¢o+uoco_.
: . G0%0 _sgz . - *gp 2eGz2 . - -
: . P e ) . s ) ¢ -
. ! e : s e __edpp - s
t . f i . * . . . R ) L :
e — : Q%06 : : 0y . BG6°0_ 299940 feeeet
. S*%. - 6 0°6 L 06 v 0°6 T 1 € £ _
o ) R Z0-38G9b°  3991H° .~ D.901°60+7161°G 300°02° ~ J000° %6 ' .
NI ' - 2991°* .3000°% uooo.wwo1mmno¢. 37631 34G°21S043¥094G  Iviece: IL)G°ZIE
. . ! E— 20-3859%°* 3J99Iv*> . IAL991°G0+3(61°G . 300S°E  30866°L
ot e . 20-38S94%  999I%° " 3)991°G0+3161°S 30866° .- 30LER*9
(U c0-3RS9YY  I90T1v: T IZ991°G0+II61°S FOIEB® ¢ ' 32999°G
y _ . 20-28%9%* ‘J991%* - ,I2991°G0+3161°G 32999 ' .32999°F
) R 20-30G9%y° © F991%°  31991°6043161°6  32999° _J000° je
S L. ¢ 20-3869%* . 3A991H° . m»oc«.mo+m~m_.n. 30001 3EEE°*11
0y - SRR T e : ~o0o0°02v, .Ot.
: : L e __.0BE*9ah . 6
. - A AT L TTowRtesE, e -
! : : SURARS S . *0 LY =
S — PRSI .4 Nhn.co~v.a-A””‘.
rA: L2 0 8 AP A: N 082666662 °. S - o 1 i 6
. - : ZeoritzeLe v i— Y0R.666662° .. - 4 o _ . 0 2i0® 3
! M 2891112%28 * 1~ @omhamooomo A : RSN . o .1 - . ..h..
26288 29vG22EC6G° 20 1— £S10%°6 - ' ( - . - 0 U K3
X hmn.o¢mwmmdmm~m.smmhma m»mcc.nmﬂ. R n.-t o - m - ,q
‘ : _ .m.m.m HilM. mn«m R | n~m>q<z< z:mpuwan wmzamnum v..zm a0 za.hmub
_ \ : Ak : ; . T
— R o....m.....o."..aﬁ..‘O'.'.ﬁa'..'o » m *® o. .m. .000'.’n....°.d..mu ]A...o..J.Jm....
8 L L 9 9 . ¢ g #. .¢ < ..t 2 2 1t v 0 -
o ************************+*****4*****»***********n*»*&**************************
. . L . MJ3Q V4VO r:azu 40 OHD3
. — = - . _
| ! v . . . ¢ “ .
\ LB ! 4 0 . L




-LLlJI=

Example & ~ Time Historny Analysis of Hyperbololdal Shell
a. With Sodl Effect
b, Without Soil Effect

The tower of Fig. 26 is analyzed under El-Centro Earthquake
(5-18-1940) EW Comp., The soil medium is considered as elastié half
space as in Example 7 and then the analysis repeated with fixed lower
boundary at node #10. The time of the analysis is taken as fivé seconds
and the time step for Newmark B method integration is taken 0.02 second
in case a (soil-structure interaction) and 0.005 second in case b (fixed
base). Thg damping coefficients (a=0.715779 and B=0.003356) are obtained
based on 5% damping ratio for the first two modes of vibration (the
modes of vibrations are obtained in Example 7). The input data echo
for the problem is given in the next two pages. Fig. 28 shows the plot
of M

at node #7 (0=0°) for the soil-structure interaction case (case

¢

a). The rest of the results are presented in the Theoretical Manual.
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