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PMF~E

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 options of the program are included. This

and the accompanying Theoretical Manual comprise the documentation of

SHORE-IV program.

, ,

1;'





TABLE OF CONTENTS

Section

Introduction " __ . til • 1

Input for SHORE-IV Program ••••••••••••••••••••••••••••••• 10

Card Formats

Data Cards for

............................. ................. ,. e- .

Each Problem ill •••••••••••••••••••

16

17

A.

B.

Problem Identification Card ••••••••••••••••••••••••

Problem Control Card ..••..••...•.•....•....•.•...•.

17

18

C. Element Cards . . 22

D. Nodal Point Cards . . 29

E. -

F.

Material Information Cards

Displacement Function Card . ..
32

38

G.

H.

1.

Output Requirement Cards •••••••••••••••••••••••••••

Control Data Cards for Dynamic Analysis ••••••••••••

501.1 Cards .

39

45

48

J. Loading Information Cards • e- . 53

K. Data Cards for Dynamic Analysis by Direct
Integration " " _-# __ II .. .. • .. • .. .. .. .. .. .. .. .. .. .. .. • .. .. 58

L. Data Cards for Dynamic Analysis by Response
Spec t r'lJJIl _ # .. .. .. .. • .. • .. .. .. .. .. .. • .. .. .. .. .. 63

M. Last Control Card .. " .. 66

SHORE-IV Program Output - '................ 67

Acknowledgements

Appendices

......................................... 0 .. 71

Appendix A

Appendix B

Appendix C

System Control Cards ••••••••••••••••••••••

Elements of Constitutive Matrix •••••••••••

Intermediate Printout Option Codes ••••••••

72

73

75

Appendix D - Direct Integration Scnemes

! f !

77



Table of Contents (cont.)

Section

Appendix E - Listing of 'FOHARM' ••••••••••••••••••••••• 83

AppendixF - List of 'THPLOT' •••••••••••••••••••••••••• 90

Appendix G - Demonstration Problems •••••••••••••••••••• 92

Example No. 1 - Free Vibration Analysis of a
Cylindrical Shell.................. 93

Example No. 2 - Free Vibration Analysis of a
Hemispherical Shell................ 95

Example No. 3 - Free Vibration Analysis of Empty
Water Tank with Soil Interaction
Effect III • • • • • •• • • • • • • 97

Example No. 4 - Static Analysis of Column Supported
Hyperboloidal Tower Under Wind
Load ••....•.................•..•... 100

Example No. 5 - Dynamic Analysis of a Free-Fixed
Cylindrical Shell Under Blast
Load .•..••••.••.•••. III ••••• III • • • • • • • • 103

Example No. 6 - Hyperboloidal Shell Under Dynamic
Wind Load .........................• 106

Example No. 7 - Response Spectrum Analysis of
Hyperboloidal Shell With Soil
Interaction ~_~_.._~oo: -=-=-109 _

Example No. 8 - Time History Analysis of Hyper-
boloidal Shell •.••••••••••••••••••• 113
a. With Soil Effect
b. Without Soil Effect

References •••••••••••••••••••••••••••••••••••••••••• fl· ••••

.
IV

117



INTRODUCTION

The SHORE-IV 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 supports 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 except

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 solid 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 depth. Cross-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 generation 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 rotational elements

and, -if necessary, cap elements. Discontinuous meridian curves are

permissible, provided a nodal point is located at such discontinuity.

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 considered:

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 ~e directions.

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

acting in the Z, or R directions.

4. Thermal loads.

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

Sa directions can be prescribed. If desired, the base constraints may

be prescribed with reference to the global Cartesian coordinate system

(R,Z).

In the case of dynamic analysis, apart from the above loading

cases, the effect of base accelerations due to earthquake can be considered.

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 integration.

For this purpose, the user has the option of choosing any single step

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

step scheme (e.g. Houbolt's method). Otherwise, Wilson's a-method (with



-3-

AXIS OF SYM.

r---------

r------
Ir------

REGION MOOEL

A HPRS" ELEMeNTS

HPRS ELEMENTS

APPROACH

CONTINUOUS BOUNDARY

SUPCRPOSlTlON

,-------
c OPEN ELEMENT SUPERPOSITION

1-------
SUPERPOSITIONBOUNDARY ELE­

MENT

E EQUIVALENT aOUN- CONTINUOUS BOUNDARY
DARY SYSTEM

o

" HPRS ::. High- Precision Relational Shell

RING FOOTING

SOIL MEDIUM

COLUMNS

Q

u

t

L~-------I

T- ~ ------ ----
c:Q I- _LQ.W!B ....!:J.N.lEL _ --

+

T
w

--L

Figure 1. Proposed Model for _a
Cooling Tower Shell



Ne

-4-

a~

Stress Resultants
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e = 1.4) can be used as the default option. If desired, it is possible

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~hich 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

e = 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 in 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 available. 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 360/65 computer.
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SHORE-IV is an in-core solver requiring less than 500 K in high

speed storage. For 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 also required.
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INPUT FOR SHORE-IV PROGRAM

The input data for the SHORE-IV 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 various types

of problems are shown in Figures 6 to 10.

The program uses seventeen temporary disk files, namely 9, 10, 11,

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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(~JOBEND
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Figure 6·. Input Data Stream for So Job
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Card Formats

'The integer field is expressed as I2, I3, IS, etc., meaning thereby

. integer fields of 2, 3, 5, etc. characters. The floating point numbers

are indicated mostly by F8, F9, FlO, etc., meaning floating point num-

bers with fields of 8, 9, 10, etc. characters. In a few cases the

floating point numbers are expressed as E9, ElO, meaning floating

point numbers with exponents consisting of 9, 10 characters • Floating
~.-. . . -

point ..number~...shal1..be entered with a decimal po.int, and those in E- .

format..and the.inte.gersmust be right justified. For each record (or

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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i)A1'A CARDS FOR EACH PROBLEM

A. - Problem Identification Card:

The information contained on this card is the first_ print out for

each problem and is usually the title assigned to the problem. In- the

last eight columns of this card the code words for input data echo op-

tions are stated.

Columns

2 - 72

73 -79

Format

A

A

Entry

Problem Title to be output with
results

NO' ECHO - if the problem is to be
run without printing the echo of
input data

If the columns 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 information contained on this card is as follows:

1. The number of rotational finite elements used for discretizing

the structure. The maximum number of elements allow~d·i~ 48.

2. The number of harmonic loading cases to be considered.

3. the type of structuralcro~s-sectionwith the following

code numbers:

isotropic

single layer orthotropic

framed

multilayer
(Each layer may be
orthotropic or
isotropic. )

o (at' blank)

1

2

number of layers {must be
odd} • The minimum is 3 and
maximum 7.

In the case of multilayer shells,. even if the number of layers is

not odd and!or the layeTs are unsymmetrical, the problem can be

solved to a point by specifying 2 as the code ulJmber; the output

results will be stress resultants and displacements only.

4. The code number for the type of analysis:

static analysis 0

free vibration analysis 1

time history analysis

mode superposition

response spectrum

direct integration

2

3

4



5. 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].

6. 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

The above data to be supplied for
the first harmonic only

The format of Problem Control Card will be as follows:

1

°
Columns

1 - 5

6 - 10

11 - 15

16 - 20

21 - 25

30 - 35

36 - 40

41 - 45

Format

15

IS

15

IS

15

15

15

15

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

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

I or 0, refers to time history data

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

The flag 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.



C. Element. Cards

One card is required for each element, with the cards placed in

numerical sequence of element numbers. The elements are, required

t.o be numbered consecutively from the top to the bottom of the shell

beginning with element number- 1. Flat plates should be numbered

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 ) •

If some cards are: omitted~ the element information for the omitted

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

ment card. However, element cards for the first and~ elements must

always be supplied.

Each element card should state the element number, the element type,

the meridian definition cnde and certain constants defining the meridian.

For element types, refer to the library of elements' in P,ij;U:t"O 13. In the

case of open type elements, the element type field also states the num­

ber and end conditions of the members comprising the open type element.

For end conditions of open type elements, refer to ,Figure 14. The

meridian definition code defines how the. meridian curve. of the. element

is specified. Far a- global coordinate system the code number is zero (or

blank) and for c,.local coordinate systelll it is the nodal point number where

Z • o. For 'a. type. 2 cap element, the Z-coordinateof the pole must be

zero. The meridian definition code is not appll.cabla in the case of. . .. ",.,

type 4 and type 5 elements.
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Figure 13. Library of Elements



CCDE ·TYPE

6 OPEN

7 OPEN

8 OPEN

9 OPEN

SHAPE

Figure 13. (Contd.)



FUll. CONTINUITY AT
BOTH ENDS

CODE NUMBER: I

MEMBERS MONOLITHiC
PINNED ENDS

CGeE NUMBER:2

MEMBERS AND ENDS
PINNED

CODE NUMBER: 3

TOP CNDS LJXE CODE NO.1

BOT. ENOS LIKE CODE N03
CODE NUMBER:4

TOP ENDS LIKE CODE na2
BOT. €NDS LIKE CODE NO~3

CODE NUMBER:5

TOP ENDS, LIKE CODE NO.3
BOT. ENDS UK£. CODE NO.1
CODE NUMBER: 5

TOP ENDS LIKE c CODZ NO.3
Bor . ENDS LIKE CODE N02
CODE NU'AB£R: 7

Figure 14. End Conditions of Open Type Elements
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In the case of element types 1 to 3, the constants are actually the

six coefficients of the following equation of the meridian curve~

in which

AZ2 + BRZ + CR.2 + DZ + ER + F o

Rand Z are the coordinate defining points on the meridian (see

Figure 11); and A, B, C, D, E, and F are constants for the meridian curve

with the requirement that C should always be positive. In 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-lo~ation of nodal point i,and B equal to ~e

R-location of nodal point (i+1), as shown in Figure 12. IIi the case

of element types 6 to 9, with the theoretical middle surface following

the shape of t:1:e 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:

Columns Format Entry

1 - 3 I3 Element number

4 - 10 I7 Element type (in the case of
op~n typ~ elements see next page)

11 - 13 I3 Meridian definition code

14 - 24 Fll A coefficient

25 - 35 F11 B coefficient

36 - 46 Fll C coefficient

47 - 57 F11 D coefficient

58 - 68 Fll E coefficient

69 - 79 F11 F coefficient
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In the case of open type elements the entry in Columns 4 to·10

shall be

Columns Format:. Entry

4 - 8 1.5 Number of members in the element.

9 11 Code number for end conditions (see
Figu-re 1.4)

10 11 Element type
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D. Nodal Point Cards

One card is requi.red for each nodal point, 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 innermost part to

the outer part of a plate, beginning with nodal point number 1 (see

Figures 11, 12).

If some cards ar~ omitted" the omitted nodal, points are generated at

equal intervals between the defined nodal points. However, nodal point

cards for the first and~ 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 components u, v, w, S$' and

Sa at the nodal po~nt. When a displacement component is zero, the con­

straint code number corresponding to that displacement component 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

constraine~ the code number will be zero (or blank). Constraint codes

for all omitted nodal point cards are set equal to zero. Thus, it is

necessary to provide data for all ~onstrained nodal points. The maximum

number of prescribed non-zero. constraints is limited to 10.

The format of Nodal Point Cards will be as follows:

Columns Format Entry

1 - 5 IS Nodal point number

6 15 FlO Nodal point location (Z-c90rdinate
in global coordinate system)

16 - 20 IS Constraint Code for u-displacement



FIXED BASE
(u =0,v=O,w=O,Pep=O,,8e=O)

TANGENTIALLY PINNED BASE

(u=O,v=O,w=O,!3e =0)
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RADIALLY PINNED BASE
(u=O, v=O,w=o,PcjJ=O)

FULLY PINNED BASE

(u=O v=O w=O). , )

Figure 15. Support Constraints for Open Type Elements



Columns Format

Zl - 25 IS

26 - 30 IS

31 - 35 IS

36 - 40 I5

4~ - 45 IS

-j.L-

Constraint Code for v-displacement

Constraint Code for w-displacement

Constraint Code for S~-rotation

Constraint Code for Sa-rotation

Blank or 1, the former signify that
the support constraints 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 suppor1;= constraints for various

Cnd conditions are shoTNU in Figure 15.



E. Materi~ Information Cards:

In the case of isotropic material, only one material info!'I!lation

car~ placed in nume~cal sequence of element numbers, is required for

each element. If some cards are omitted, the material information

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

However mate~al infonnation cards for the first and~ eletnents

must be supplied. Each materlalinformation card states the eletllent

number, thickness of element, modulus of elasticity, Poisson's ratio,

shear factor, and mass density for the element. !n the case of open

tyPe elements, each material information card states the cross-

sectional area, torsional constant (Saint-Venant 1 s), modulus of

elasticity, moments of inertia about the circumferential and normal axes,

mass density, width and depth of the typical melllber, and Poisson t s

ratio. (.SQQ 'Figure. °16)

The format of Mater~al !nformat~on Cards for isotroEic material will

be a.s follows:

ColU1ml

1 - 3

4 - 12

13 - 21

22 - 30

31 - 39

40 - 48

49 - 57

F01:'mat

13

E9

E9

E9

E9

E9

E9

EntEZ

Element number

~~,kness of element at node. with snaller no:

'thickness of element at nQde with lUger no­
(hi+l)

Modulus of elasticity
.f'

!'oisson r s ratio

Shear factor (default ~ 5/6)

Mass dens ity of material

The format of Matertal Information Cards for o'Oen t!f!e elements

will be as follows:
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SHELL

NODAL CIRCLE 'i+\' 'c::::::==::1

'-----MEMBER OF OPEN
TYf'E ELEMENT

Figure 16.
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Cross-sectional area of member

Moment of inertia about the normal axis

Element numb er

+ I )z

For wind effect
For cols. effect

on the shell
For temp. levels

Width of member (be)

Mass density of material (Y/g)

Torsional constant (10 = I

Modulus of elasticity

Moment of inertia about the
circumferential axis

Column Format

1 - 3 13

4 - 12 E9

13- 21 E9

22 - 30 E9

31 - 39 E9

40 48 E9

49 - 57 E9

58 - 66 E9

67 - 75 E9 Depth of member (d )
c

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 elements must

always be supplied. In 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 te~ elements of the constLtutive

matrix [C], Appendix B.



Format Entry

FlO Cn
FlO C12

FlO C22

FlO C33

FlO C44

FlO C45

FlO C55

FlO C66

First Card:

Columns

1 - 3

4 - 12

13- 21

Second Card:

Columns

1 - 10

11- 20

21 - 30

31 - 40

41 - 50

51 - 60

61 - 70

71- 80

Third Card:

Columns

1 - 10

11 - 20

Format

13

E9

E9

Format

FlO

FlO

~

Element number

Thickness of element at node with smaller no.

Thickness of element at node with larger no.

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 be provided since stresses cannot be computed.

The format of the additional sets of Material Information Cards for

multilayer materials will be as follows:

Fourth Card:

Columns

1 - 5

6 - 15

16 - 25

26 - 35

36 - 45

Fifth Card:

Columns

1 - 5

6 - 15

16 - 25

26 - 35

36 - 45

Sixth Card:

Columns

1 - 5

6 15

16 - 25

26 - 35

36 - 45

Format

IS

FlO

FlO

FlO

FlO

Format

FlO

FlO

FlO

FlO

Format

FlO

FlO

FlO

FlO

Element number

Thickness of middle layer (h )
o

Thickness of layer next to middle (hI)'
i.e. the outermost layer of a three
layer system

Thickness of layer next to hl(hZ)' i.e.
the outermost layer of a five layer system

Thickness of layer next to h2 (h3), i.e.
the outermost layer of a seven layer system

To be left blank

Modulus of elasticity in meridional
direction (E~) for middle layer

- do - for layer '1'

- do - for layer '2'

- go - for layer '3'

To be left blank

Modulus of elasticity in circumferential
direction (Ee) for middle layer

- do - for layer '1'

- do - for layer 'z'

- do - for layer '3'
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Seventh Card:

Columns

1 - 5

6 - 15

16 - 25

26 - 35

36 - 45

Format

FlO

FlO

FlO

FlO

Entry

To be left blank.

Tangential shear modulus (G~e)
for middle layer

- do - for layer '1'

- do - for layer '2'

- do - for layer '3'

When the number 0 f layers is threa, 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 left.

blank..



F. Displacement Function Card:

~ this card if columns 21-25 of the Problem Control Card are left

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

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

value be used for dynamic analysis [4]. Then, this card is not required., -

Otherwise, the degree of p~lynomial approximation for the displacement

functions to be used in forming the stiffness matrix (col. 1-25) and the

mass matrices (col. 26-50) 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 15 Degree of polynomial approximation
for v

11 - 15 IS Degree of polynomial approximation
for w

16 - 20 15 Degree of polynomial approximation
for e~

21 - 25 15 Degree of polynomial approximation
for Sa

26 - 30 15 Degree of polynomial approximation
for u

31 - 35 I5 Degree of polynomial approximation
for v

36 - 40 IS Degree-of polynomial approximation
for w

41 - 45 15 Degree of polynomial approximation
for Slj>

46 - 50 IS Degree of polynomial approximation
for aa
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G. Output Requirement Cards:

a) Tne 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 considered 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

1 - 5

6 - 10

11 - 15

16 - 20

21 - 25

Format

IS

IS

IS

IS

IS

Number of circumferential locations where
displacements, stresses, etc. are desired
(Maximum = 16)

Number of intermediate printout code numbers
specified (Maximum = 8)

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

1, if eigenvalues and eigenvectors are
not to be output; otherwise leave blank

Number of modes to be considered in analysis
types 2 and 3



Columns Format ~

26 - 30 15 1, if input time history, or response
spectrum data are to be printed out;
otherwise leave blank

31 - 32 12 Node number at which detailed output is
required (1st detailed node)

33 - 40 F8 Angle step for this node

41 42 12 Node number at which detailed output is
required (2nd detailed node)

43 - 50 F8 Angle step for this node

71-72

73 - 80

12

F8

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: (5FIO.0)

Columns Format Entry

1 - 10 no Thickness of 1st detailed node

11- 20 FlO Thickness of 2nd detailed node

21 - 30 FlO Thickness of 3rd detailed node

31 - 40 FlO Thickness of 4th detailed node

41 - 50 flO Thickness of 5th detailed node

51 - 60 flO 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
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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 location = 0° only.

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

1 - 10

Format

FlO

Entry

Circumferential location in degrees

The format of Intermediate Printout Option Cards shall be as follows:

Columns 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. It-is

possible to plot the displacement history, the stress resultant history

and the acceleration 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 e - 00 are plotted. Flots can be obtained

either on the line prineer or off-line us:ing a 760/563 Calcomp Plotter System.

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

Columns

1 - 5

6 - 10

11-13

16 - 20

21 - 25

26 - 30

31 - 35

36 - 40

41 - 45

46 - 50

Format

IS

IS

15

IS

15

15

I5

IS

IS

1~ if absolute maximum displacements
are to be printed; otherwise leave
blank.

1, if maximum displacements are to
be printed (at given time step' ,
inte~u); otherwise leave blank..

l~ if displacements are to be printed
at given time step interval; otherwise
leave blank:

The number of displacement compo­
nents for which time histories are
to be plotted (Maximum • 10).

1, if absolute maximum stress resul­
t~ts are to be printed; otherwise
leave· blank.

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

1, 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 (Maximum - 10).

1, if absolute maximum relative
accelerations are to be printed;
othe~ise leave blank. .

1, if maximum relative accelerations
at given time step interval are to
be printed; oth.wl.se leave blank.



Columns

51 -55

56 - 60

61 - 65

Format

IS

15

IS

1, if maximum relative acceleration
at given time step intervals are
r.o be printed; -othe1'"Wise leave b1ank..

The number of~ acceleration compo­
nents for which time histories are to
be plotted (Maximum. 10).

1, if maximum total accelerations at
given time step intervals are to be
printed; otherwise leave blank.

Relative accelerations can be output in the case of base acceleration

only and hence should not be specified for otner loading cases. Moreover,

even in the case of base acceleration, either relative acceleration or

total acceleration can be output, not both. If the columns 16-20, 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 t.o which

plots are desired, shall be stated. The maximum number of degrees of

freedom in each case is limited to ten. In the case o·f displacements and

accelerations, the five degrees of freedom at each node correspond to u,

v, w, a~ and 6e respectively.' In the case of stress resultants, the

five degrees of freedom at each node will refer to N$' Ne, M$' Me' and

Qlfl' respectively, for the purpose of plots only. For instance, for

node number N, the global degrees of freedom for these displacements

(or stJ:BSS resultants) will be (SN -. 4), (5N - 3), (5N, _. Z), (5N - 1), 5N

respectively. _



'!he format. of these Degrees of Freedom Cards shall be as follows:

Columns Format Entry

1 - 5 I5 Global degree of freedom

6 - 10 I5 Global. degree of freedom

etc. etc. etc..



H. Control Data Cards for Dynamic Analysis:

Omit this section in the case of static analysis.

a) The first card in this section t called the t mas s matri.x

card~~efines.whethera lumped mass or a consistent mass 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:

ColUlllIls

1 - 5

Format

F5 l.Ot if lumped mass matrix is to
be used; otherwise leave blank

b) ~ this card if the analysis type is equal to 4. This second

card is called the 'eigenvalue analysis card'. Here the eigenV".uue Pi is

tL~ square of die inverse of the c:'.~~ular frequency lA)i';

The format of Eigenvalue Analysis Card shall be as follows:

Columns

1 - 5

Format

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

6 - 15 FlO

16 - 25 flO

Upper limit for range of eigen-
value CPU)

Lower limit for range of eigen-
value CPt)

26 - 30

31 - 35

F5

F5

Blankt if all roots over the range
p... , PL are desired; otherwise, state
the desired n~ber of first roots
over the range (PUt PL)

Blank if the eigenvector is to be..!!2!:
malized with respect to the largest
component; otherwise, state ·the
degree of freedom with respect to
which the normalization is to be dOl...



Columns

36 - 46

47 - 56

Format

EIO

EIO

Precision of root separation during
the isolation of individual roots
(Default value - 1.OE-lO)

Convergence tolerance factor for the
eigenvalues (Default value • 0.001)

Rere the eigenvalue~ A~ is equal to l/w2 , where w is the circular

frequency in rad./sec. The assigned value of Pu may be based on a rough

estimate [2, J~ or a suitable guess. In most e'ases, the va~ue,

of PL will be set to zero. The output will be helpful in determining if

a proper choice of Pu has been made with respect to the fundamental'fre-

queney, as discussed in t.he nut. section.

The parameter described as the 'precision of root separation' is re-

quired for isolat~ng the desired number of roots,to this accuracy, over

the given range, by the Sturm sequence procedure.

The parameter described as the 'convergence tolerance factor' is

used for checking the accuracy of root convergence during the location of

roots by the inverse iteration technique. Thus~ a~ the end of the r th

step IAr -: Ar _l ' / IAr I 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 Ar+l'

c) Omit this card if the analysis type is equal to 1.- This card, the-

t dynamie .load type card', sta1:11S "one (tt me following code 1nmIbers to

q.f!serlbe the nature of loading,.

External dynamic loading (mechanical
or thermal)

Horizontal base acceleration

Vertical base acceleration

2

3

4



The format of Dynamic Load Type Card shall be as follows:

Columns Format Entry

1 - 5 I5 Relevant code number for load type



1. Soil Cards:

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

are left blank.

a) The first card, the 'Soil Control Card', states the number 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

1 - 5

6 - 10

11 - 15

16 - 20

Format

IS

IS

IS

IS

Total number of layers. If the total number
is 1, elastic half space to be assumed.

Flag for elements data. If 0, data to be
generated. If 1, data to be supplied.

*Limit for the number of harmonics for the
EBS. If 0, all harmonics to be considered.

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

21

31

30

40

-FIO.O

FIO.O

Outer radius of the ring footing.

Width of the ring footing.

41 - 50

51 - 60

FlO.O

FIO.O

*Driving frequency (rad/sec)

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.4 Shear modulus of the layer

H- 2O ElO.4 Poisson's ratio of the layer

21 - 30 ElO.4 Weight density of the layer

31 - 40 ElO.4 Thickness of the layer

c) 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

1 - 5

Format

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 considered 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 a number of cards equal to the number of different materials

preceding them. The format is as follows:

Columns Format Entry

1 - 5 15 The number of first element for the
given materi~l property

6 - 10 15 The number of last element for the given
material property

11- 20 ElO.4 Shear modulus

21 - 30 E1O.4 Poisson's ratio

31 - 40 ElO.4 Weight density
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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=l, 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

number one and finishing with element number NE):

Columns

1 - 10

11 - 20

21 - 30

Format

FlO.O

FlO.O

FlO.O

Entry

Radial (vertical) coordinate of 1st node

DO for 2nd node

DO for 3rd node

71 - 80 FIO.O DO '" for 8th node

d) The last group of cards in this section is the 'Fourier Harmonic

Numbers Cards', one card for each harmoinc. 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

1 - 5

Format

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 control card, the 'loading control card'.

These cards are further followed by one or all of the following

sets of additional cards, excepting in the case of analysis types

1 and 3.

a) Distri.buted Loading Cards - For each region, extending over one

or more elements, one card is required with the distributed loading Fouriet

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.

c) Thermal Loading Cards - For each temperature region) extending

over one or more elements, one card is required with the thermal Fourier

coefficients being either constant or linearly varying between the first

and las~ nodal points of that region.

d) Displacement Cards - For each node With specified displacements,

one card is requi~ed. The maximum permissible number of specified dis-

placement components happens to be ten.

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

Columns

2 - 80

Format

A Any alphanumeric information
identifying the load

The information to be supplied on th~ Loading Control Card ~re -the

harmonic numbers (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. stress free temperature, and

the angle which· the line of symmetry for loadinlt makes with the e • 00 line).

The gravity loading option (valid for static analysis only) is

applicable to harmonics a and 1 only. If it is desired to include

the effect of gravity loading (or a fraction thereof), it is necessary

to set the gravity loading option equal to the weight density of the shell

material (or an appropriate fraction thereof). This option .. applies to the

zero harmonic when the gravity loading is in Z-direction and to

harmonic number 1 when it is in the R-direction. If static an~ysis

due to gravity loading is not desired, the corresponding columns in

the loading control card should be left blank. No distributed loading

cards are required for ~avity loading.

Printout opt1l1n"codes'control the output in the following manner.

Printout Option Code

a

1

2

3

Description of Printout

- No result will 'be printed for the
current harmonic loading case

- Printout will be provided for the
current harmonic loading only

- Printout will be provided for the
subtotal results of all harmonic
loadings up to and including the
current harmonic loading

- 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 loading cases, a printout of the total results is automatically

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

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

harmonics are present.



The format of Loading Centrol Card for each harmon±~will be as fol-

lows:

Number of distributed loading cards
to follow

Harmonic number

Number of concentrated loading cards
to follow

Number of displacement cards to follow
(Maximum .. 10)

Number of thermal loading cards to
follow

Print-out option co~e

Reference temperature

Gravity loading option
(Blank or weight density)

Columns Format

1 - 5 IS

6 - 10 IS

11 - 15 IS

16 - 20 I5

Zl - 25 IS

26 - 30 IS

31 - 40 FlO

41 - SO FlO

51 - 60 FlO Blank, if loading is symmetrical
about e .. 0 0

90.0» if loading is symmetrical
about e .. 90 0

With respect to the data in· columns 51-60, it may further be stated

that if, for instance, for a particular harmonic the loading in the

u-direction and w-direction consists of a cosine term and that in

v-direction a sine 1:ertn» these columns should be left blank. On the

other hand, if the case is reversed, i.e., the sine term is

associated with the u-direction and w-direction and the cosine term

with v-direction, the value in these columns should be 90.0. In the

-
following cards the paren1:he1:1cal values of e refer 1:0 the 1at1:er case.

The format of Distr1.buted Loading Cards for each harmonic will be as

follows:



Columns

1 - 5

6 - 10

u - 20

21 - 30

31 - 40

41 - 50

51 - 60

61 - 70

Format

IS

FlO

FlO

FlO

FlO

FlO

FlO

Entry

Nodal point where loading begins

Nodal point where loading ends

Magnitude of distributed loading
Fourier coefficient in u-di.rec:tion
at the beginning of nodal point at
e .. 0° (or e .. 90°)

Magnitude of distributed loading
Fourier coefficient in u-direction
at the ~ nodal point at e .. 0°
(or e .. 90°)

Magnitude of distributed loading
Fourier coefficient in v-direction
at the beginning nodal point at
e .. 90° (or e .. 0°)

Magnitude of distributed loading
Fourier coefficient in v-direction
at the end nodal point at e .. 90°
.(or e ..()'O)

Magnitude of distributed loading
Fourier coefficient in w-direction
at the beginning nodal point at
&.. 0° (or e .. 90°)

Magnitude of distributed loading
Fourier coefficient in w-direction
at the end nodal point at e .. 0°
(or e .. 90°)

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

monic will be as follows:

Columns

1 - 5

6 - 15

16 - 25

26 - 35

Format

IS

FlO

FlO

FlO

Nodal point number

Fourier coefficient of line load
in u-di.rection at e .. 0° (or e .. 90°)

Fourier coefficient of line load in
v-direction at e .. 90° (or e .. 0°)

Fourier coefficient of line load in
w-direction at e .. 0° (or e .. 90°)



Columns Format Entry

36 - 45 FlO Fourier coefficient of line load in
B~ direction at e :z 0° (or e .. 90°)

46 - 55 FlO Fourier coefficient of line load in
Be direction at 0 ::I 90° (or e .. 0°)

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

Columns ~ Format

1 - 5 Nodal point where the thermal load
begins

6 - 10 I5 Nodal point where the thermal load
ends

11 - 20 FlO Magnitude of the~ surface tem­
perature Fourier coefficient at the
beginning node point

21 - 30 FlO Magnitude of the inner surface tem­
perature Fourier ~icient at the
beginning node point

31 - 40 FlO Magnitude of the outer surface tem­
perature Fourier co;t£icient at
the ~ node point

41 - 50 FlO Magnitude of the inner surface tem­
perature Fourier coefficient at
the ~ node point

FlO51 - 60 Coefficient of thermal expansion
for t:he region ._

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

Columns Fomat Entry

1 - 5 IS Node number

6 - 15 flO Fourier coefficients for u-displacement
at e .. 0° (or e .. 90°)

16 - 25 flO Fourier coefficient for v-displacement
at e -. 90° (or e - 0°)

26 - 35 FlO Fourier coefficient for w-displacement
at e ::I 0° (or e .. 90°)

36 - 45 flO Fourier coefficient for Brrotation
at e ::I 0° (or e .. 90°)

46 - 55 FlO Fourier coefficient for Be-rotation
at e ::I 90° (or e :or 0°)
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K. Control Cards for Dynamic Analysis 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 4 analysis. The following cards

are needed under this group.

a) The first card, c;.a1led the 'direct integration scheme

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

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

given in Appendix 1).

The code numbers for integration schemes,

Single step higher derivation scheme 1

Modified single step higher derivation
schem~ 2

Four-step scheme .3

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

Columns Format Entry

1 - 5 IS Code number for integration scheme
(1, or 2, or 3) Default scheme: 2

6 - 13 FS *Value parameter P1

14 - 21 FS Value parameter P2

22 - 29 F8 Value parameter P3

30 - 37 F8 Value parameter P4

3S - 45 FS Value parameter P5

46 - 53 FS Value parameter P6

54 - 61 FS Value parameter P7

62 - 69 F8 Value parameter P8

* For values of parameters P1 to PS see _;b.ppendix Do. _ !n the case of
the default scheme (Code number = 2)>> P1 is taken as 1.4.
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b) The next card is called t.he 'data card for dynamic

analysis'. It contains the coefficients (CG and Cl) of the proportional

da1ll9ing mat't'u - (CO~ls scalar multip~ier for time functions total .

numbe't' of records in the input time function, number of different time

step lengths to be used, number of time steps between the printing and

the plotting of stress resultants, displacements, etc., number of har-

monics for which the time histories are to be plotted, the initial 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 > carried out for base acceleration.

The format of Data Card for Dynamic Analysis shall be as follows:

Columns Format

1 - 10 FlO

11 - 20 FlO

21 - 30 flO

31 - 35 IS

36 - 40 I5

41 - 45 IS

Coefficient 'CO t of proportional
damping matrix

Coefficient ' ('''1' of proportional.
damping matrix

Scalar multiplier for eheinput:
time function

Total number of record prints in
the input time function

Number of different time step lengths
to be used (Maximum· 4)

Number of time steps between the
printing of maximum displacements,
stress resultants, etc.

46 - 50 . IS Number. of time steps between ~he

printing and plotting of displacements,
stress resultants, stress components,
etc.



Columns

51 - 55

56 - 60

61 - 65

66 - 70

71 - 75

76 - 80

Format

15

15

15

15

IS

IS

-vv-

Number of harmonics for which the histories
are to be plotted

The initial time step for plotting the
histories

The final time step for plotting the
histories

Code number of plotter ( = 1, printer plot;
= 2, Ca1comp plot). If blank punched output
will be generated.

Printer plot spacing (Default = 1)

1, 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 ~lotting

Program suitable for a 760/563 Calcomp Plotter system is given in

Appendix F (Program 'TRPLOT').

c) The next card, 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 Control Card shall be as follows:

Columns Format ~

1 - 5 15 1, if the in~tial nodal displacements
are non-zero; otherwise leave blank

6 - 10 IS 1, if the initial nodal velocities
are non-zero; otherwise leave blank

11 - 15 IS 1, 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 FlO First time step

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

16 - 25 FlO Second time step

26 - 30 15 The last record point number, for this
step, in the input function

etc. etc. etc.

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 functiou'. 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

2 - 72

Format

A Alphan~ric 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 function, which may
<#

be the multiplication factors for any mechanical or thermal loading or

the base acceleration (vertical or horizontal) due to earthquake. In the

case of multiple loading, the multiplication factors should reflect the

net effect of all the components. It 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 FlO Time

11- 20 FlO Value

21 - 30 FlO Time

31 - 40 ~10 Value

etc. etc. etc.

There can be a maximum of four pairs of data per card.
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L. Data Cards for Dynamic Analysis by Response Spectrum

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

a) The first card is the 'modal damping ratio card' and gives the

damping ratio to be used for each mode.

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

Columns Format Entry

1 - 5 15 Mode number

6 -15 FlO Damping ratio

16 - 20 IS Mode number

21 - 30 FlO Damping ratio

etc. etc. etc.

Each damping ratio card may contain a maximum of five pairs of

data. ''the maximum number of modes that can be considered has

been limited to ten.

b) The next card, to be called as the 'response 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

A2 - 72 Any alphanumeric information des­
cribing the response spectrum data

c) The neX1: card, ca'lied the 'e.o:tltr~l'.ca·rd for ,response- .

spectrum', gives information such as the number of damping ratios for ,which

the data is given, the number of record points for each damping ratio,

whether the data consists of spectral velocity or spectral acceleration,

and the scale factor for the spectral values.



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

Columns

1 - 5

6 - 10

11 - 15

16 - 25

Format

IS

IS

IS

FlO

Entu

Number of 'damping ratios for wh:Lch re­
sponse spec1:rum data is given (Max­
imum :I 8)

Number of record points for each
d.a.mPing ratio

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

Scale factor for spectral values
(Default • 1)

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

to which the response spectrum data is given.

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

Columns Format Entry

1 - 10 FlO Damping ratio no. 1

11 - 20 FlO Damping ratio no. 2

21 - 30 FlO Damping ratio no. 3

31 - 40 no Damping ratio no. 4

etc. etc. etc.

e) The following cards, called the tspectral value,. cards , ,

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

lowest) and the corresponding spectral values correspondi:ng.tG 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 FlO Frequency (Hz)

11- 20 FlO Spectral value

21 - 30 FlO Frequency (Hz)

31 - 40 no Spectral value

etc. etc. etc.

There can be a maximum of four pairs of data per card.
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M. Last Control Card:

This card signals termination of job and is the last data car.d t.o

be provided in a job. Preceeding this card the data cards for any number

of problems can be placed.

The format of Last Control Card shall be as follows:

Columns Format Entry

1 - 6 A JlbBEND



SIlORE-IYP,ROGRAM 'OUTPUT

Typical examples of actual ou~put 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 verify them easily. Moreover, as mentioned

earlier, an echo (i..e. card image) of the input data can also be printed

out.

Various checks are performed by the program internally and obvious

errors cause a run to terminate, after printing out the error messages,

before execution of the probl~ takes place.

Printouts for Results:

In the case of Static Analysis, the results of computations printed

out: by the program 0, a:re'comprised:o£ :th,e' £91l0win"g: _

1) For each harmonic number, a table of nodal point displacement

components Cu, v, w. e~ and ee, for sign conveut±on see Figure 2 ) is

printed out together with Z-location of all nodal points.

2) Depending, on the printout option code specified in the Loading

Control Card for a harmonic loading case, tables o~ displacements, stress

resultants (N~, Ne, NiPe, HiP' Me, QiP' and Qa, for sign convention see

Figure 1 ), and stress components (a~, aa, a$6' aI' 02 and aeq) are printed

out: for each e.lement at the nodal points and at the specified number of

intermediate points. The stresses SIGMA(l) (i.e., ( 1) and SIGMA(2) (i.e.,

( 2) are the. principle. stresses"wb:~ ,S!GMA(EQUI) (i..e..) <!eq) is an

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

0'eq

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 elements the displacements and forces

M ,
Y

F.... , Fy ' F , M ,.... z x

and M (for sign convention see Figure 3) at the end o·f the membersz

are printed out. Moreover, the length(s) of the member(s) is also

printed out.

In the case of Free Vibration Analysis. the results printed out by

., the. program. m~y .1X1clude.• the .. following.:. ..

1) A table giving information on isolated roots is printed out. If

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

that number of lowest frequencies e~l to the difference has

been missed. In that case, the problem should be rerun after

suitably increasing the value of Pu•

2) The eigenvalues, circular freque~cies (rad/sec), and cyclic fre­

quency (Hz) for all the desired modes in each harmonic are

printed out.

3) Depending upon the printout option used in the Eigenvalue Analysis ..

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 Analysts a:r~printed.out.

2) Tables of maximum displacements, accelerations, and stress resul­

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:

1) Depending upon the printout option codes specified in the Time

History Output Control Card, tables of absolute maximum displacements,

and/or accelerations (relative or total), and/or stress resultants are

printed out for each harmonic. !he time instants at which such maxima

occur are also printed out in the same table. If, however, the bottom

element of the shell 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 therein are

printed out.

2) If the relevant option code is specified in the Time History Control

Card (and Loading Control Card), stress resultants, stress components,

and displacements at a specified number of time step intervals1n 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 result:ant Fourier coefficient history. Before actual

plotting is done the components to be plott:ed, their maximum values, and

the instant of time when the maxima occurs are tabulated. The components

are defined by the node and the component: numbers 1, 2, 3, 4, and 5, which,

respectively, stand for the components along u, v, w, S4>' and Se in the

case of displacements and accelerations, and N4>' Ne, M4>' Me, and Q~ 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 harmenics corresponding. to the refe.rence position e sa 0°.

When the Calcomp plot option is specified r 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/S63

Calcomp plotter system.

Time Log Printout:

At the end of each problem a 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(i1E.SH(i1RSS) at WashingtonpniverSity Computing Facility

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

history analysis by direct integration, the printer plot option is used,

the last four devices are to be ~eplaced by three scratch tapes (Nos. 26,

27, 28 with data set names NTAP8, NTAP9, NTAPIO, respectively).

IIA EXEC FORTRAN.LIBRARY=·WU6S0E.SHORSS·,PROGRAM=SHORSS
IIGO.FT09FOOI -00 U~IT=SYSOA.SPACE=(TRK,(2S.51,RLSEI .OCB=(RECFM~YBS,
II LRECL=84,BLKSIlE=844 6UFNO=11
IIGO.FTIOFOOl 00 UNIT=SYSOA,SPACE=l72,(5,111,OCB=IRECFM=VBS,LRECL=68,
II BLKSIlE=72 BUFNO=31
IIGO.FTIIFOOI 00 UNIT=SY~OA,SPACE=(TRK,(l,l)1,OCB=(RECFM=VBS,LRECL=112,
II BLKSllE=188,3UFNO=11
IIGO.FT12FOOl DO UNIT=SYSOA,SPACE=(TRK,(lS,SII,OCB=(RECFM-VBS,
II LRECL=1148,BLKSIlE=11S2,BUFNO=11
IIGO.FT13FOOl 00 UNIT=SYSOA,SPACE=(TRK,118,111 ,OC8=(RECFM=VBS,
II LRECL=3700,BLKSIZE=3704,BUFNO=11
IIGO.FT14FOOl 00 UNIT=SYSOA,SPACE=ITRK,(6,111 ,OCB=(RECFM-YBS,
I I LRECL= S204, BLKS I ZE=S208, 8UFNO=l)
IIGO.FT15FOOl DO UNIT-SYSDA,SPACE=(TRK,(lO,71 ,RLSEI,OCB=(RECFM-Y8S,
II LRECL=S24,BLKSIZE=S28,8UFNO=11
IIGO.FT16FOOl DO U~IT=SYSOA,SPACE=(TRK,15,11,RLSEI,DCB=(RECFM=V8S,
II LRECL=1604,8LKSIZE=1608,8UFNO=11
IIGO.FT17FOOl 00 UNIT=SYSOA,SPACE=(TRK.(S,21),OC8=(RECFM-YBS.
II LRECL=1156.BLKSIlE=1160,BUFNO=11
I/GO.FTl8FOOl DO U~JI T=SYSOA,SPACE=( TRK, (10 ,SI ,RLSEI ,OCB=·( RECFM-YBS,
II LRECL=1148,8LKSIZE=1152,BUFNO=11
IIGO.FT19FOOl 00 UNIT=SYSOA,SPACE=(TRK,(S,SI,RLSEI ,OCB=(RECFM=YBS,
II LRECL=164,BLKSIZE=168,BUFNO=11
IIGO.FT20FOOI 00 UNIT=SYSOA,SPACE=(TRK,IS,SI,RLSEI,DCB=(RECFM=VBS,
II LRECL=324,BLKSIZE~328,BUFNO=11
IIGO.FT21FOOl DO UNIT=SYSOA,SPACE=(TRK,15,51,RLSEJ ,OC8=(RECFM=VBS,
II LRECL=324,BLKSIZE=328,BUFNO=11
IIGO.FT22FOOl 00 UNIT=SYSOA,SPACE=(TRK,(l,ll,RLSEI ,OCB=(RECFM=YBS,
II LRECL=84,8LKSIZE=340.BUFNO=11
IIGO.FT23FOOl 00 UNIT=SYSOA.SPACE=(TRK,(S,SI,RLSEl,OC3=(RECFM=VBS,
II LRECL=324,8LKSIZE=328.8UFNO=11
IIGO.FT24FOOl 00 UNIT=SYSOA,SPACE=(TRK,(5.SI,RLSEl .OCB=(RECFM=VBS,
II LRECl~324.8LKSllE=32a,BUfNO=11
IIGO.FT2SFOOl 00 UNIT=SYSOA,SPACE=(TRK,(5,51,RLSEJ ,OC9=(RECFM=VBS,
II LRECL=324,BLKSIZE=328,8UFNO=11
IIGO.FT26FOOl 00 UNIT=SYSDA,SP.\CE"( TRK,(S,SI ,RLSE) ,DC8=(RECFM=VBS,
II LRECL=804,BLKSIZE=808,BUFNO=11
IIGO.FT27FOOl 00 ONIT=SYSOA,SPACE=(TRK,IS,SI,RLSE1,OC3=(RECFM=ves,
II LRECL=804.BLKSIZE=808,BUFNO=ll
IIGO.FT28FOOl 00 UNIT=SYSOA,SPACE=(TRK.(S,SI,RLSEI ,OC8=(RECFM=YBS,
II LRECl=804,8LKSIZE=80a,BuFNO=11
IIGO.PlOTTAPE DO OSNAME=PLOTTAPE,UNIT,.TAPE98.VOL=SER=420S61,OC8=OEN=2,
II OISP=(NE~,KEEPI,LAeEL=(l,SLI

IIGO.SYSlN 00 *
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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.Orthotropic

c­
·33

.(:55

C77

Caa

"

A.h
1.

2(1-11)A.h
.~

A.h3/12.
1. .'.

A.h3/12
1.

A(l-lJ)A.h/2.
J.

A h,
o'

P,e Aoh

P
.::.t! A h
lJa, 0

4 G,eh

lJ,a Aoh3~12.

~
lJa, Aoh3/12.

Ai = E/{1-112); h =total shell thickness

A = shear factor (to suppress transverse shearing strains, i.e.
IG.r~hhoffhy"pothesis, set ;\.=100)

A =:Elb,;,- 11 0}1.)
o ." . 'a, cpa .

Etfl =Young's modulus in 4l-direction

lJ
tfla

, l1e, =Poisson!s ratins for ~ or '9 directions with respect to
e or , directions

GipO' Gipn' Gan =the shear moduli for ~-&, ~-n, and e-n planes
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The elements of constitutive matrix (el for multi~layer orthotropic

and framed shells are given below.

Multi-layer Orthotropic.. . . Framed

Cl2

. C,,33

C,45

CS5

C:66

0.77

·C aa

o

o

(A ) ,etc. =the value or A , etc for layer 'k'
ok' . 0

=thickness of layer 'k'

=the distance from the centroid of layer k to middle
" sUrfa:ce', assuming symmetrical layers (see Fig. 5)

A~, Ae

~41' Ke
d d41' e
E, G

= the area of members of frame in ~,e directions

= St. Venant torsional constants in ~,a directions

=the spacing of meridional and circumferential members

= Young's and Shear moduli
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APPENDIX C

INTERMEDIATE PRINTOUT OPTION CODES

Code No.

86

87

88

89

90

91

92

93 .

Ref. Subroutines

GLMX

FIN'A
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 =0 6x (no. of nodes) for j = a
and lax (No. of nodes) for j > O. The
elements of these matrices need to be
multiplied by 27T for j = 0, and by 7T for
j > O.

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
27T for j = 0, and by 7T for j > O. More­
over, the elements of A need to be mul­
tiplied by a fac~or 106 .

Structure loading vector as RF (1 to M)
array. Where M =5 x (No. of nodes) for
j > 0, and 3 x (No. of nodes) for j =0 O.
The elements of all these vectors should
be multiplied by 2rr for j = 0, and by rr
for j > O.

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

Local of nodes and three intermediate
points on the meridian of each element
with respect to the global coordinate
system.

Temperature loading data for an element.
Printout is in the form of an array
IX (1 to 30)*.

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

Coefficients of Direct Integration Scheme.

* TX(l) to TX(S) and TX(16) to TX(19)

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

= Temperature data

= Elastic and thermal properties



TX(7) to TX(ll) and" TX(lS) = Geometric data

TX(20) to TX(30) = Thermal loading data. For further
details see subroutine TEMP. "

** AS(l) = Overall thickness

AS(2) =" Equivalent area per unit length of
middle surface in terms of outer
layer (ep- direction)

AS(3) = - do (a-direction)

AS(4) = - do (4)a-direction, for shear
stress calculation due to N</>a)

AS(5) = EquiValent moment of inertia per
unit length of middle surface in
terms of' outer layer (ep-direction)

AS(6) = - do (a-direction)

AS(7) = - do (4)6-direction, for shear
stress calculation due to Mepe)
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APPENDIX D

-

1.. Single Step Higher Derivative Schemes.[4 J:

After the stiffness matrix [K] and mass matrix [M] has been formed,

it is necessary to evaulate the following constants.

1-

1(-- 1)
2P1



A •
9

~o·

1

1
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1
~1:a (- -1)2PI

~2'"

P2
PI ~t

P2 )A
l3

... (- - I
PI

where

PI' P2 , P3 = the parameters of integration scheme

~t = the time step

:a the coefficients of Rayleigh damping matrix

Next, it is necessary to form the modified stiffness matr~ It is

fo1low~d by forward elimination•

..
[K] ... [Kl + ~ [M]

Then, the modified load vector is formed as below.
.. 1~3
{F(t:+~t)} = {F(t+~t)} + -p- {F(t:)}

3
..

+ [M] (A3{~(t)} + A4{~(t)} + A5{~(t)})
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-Finally, the displacements {~(t+A't)} are calculated by back substitution.

Thus,

and the true displacement vector at time't+At' will then be

the corresponding velocity and acceleration vectors are then calculated from

- ~
{A(t+At)} 2 ~{A(t+At)} - ~{A(t)} - ~O{!(t)} - ~{A(t)}

In the case of Newmark's ~method, P3 '" 1. For Wilson's 6-method,

Pl 2 1/6 and P2 '" 1/2. For an unconditionally stable scheme, in the first

case. one should take Pl '" 1/4 and Pz '" 1/2. and in the later case P3 = 1.4.
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2. Multistep (3,-step) Schemes[4].:

Here the constants to be evaluated are

( l+ PlCi)
at

P2(C~-c-l~ )

at

P (c·-c A...)
3 '0 r-r.

At

A •6

where PI' P2' etc. are the parameters of integration scheme.

Here the· modified s~iffness matrix and load vector will be

-{F(t+at)} ,. {F(t+at)} + [M] (A
3
{a(t)} +
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_.
As in scheme l~ after solving the following for {~(t+6t)}

the displacement vector is calculated from

+ Ag{6(t-2At)}) / AZ

In the case of first time step~ i.e. at t"'At~ it is necessary to

modify some of the aforementioned constants as below.

c ...
2

~* .. (~A2 - C2) I (A
2

- C
l

)

...

A
3
* .. (AlAZ - CZ) I (A

Z
- C

1
)

...
A

4
* a (A3 - P

2
C

3
)

For this step~ Ar~ A3, A4, and AS are to be replaced ~Y Ar*, ~*,

A4*, and AS*' Moreover, it is necessary to evaluate the following



{A(-At)} a

In the case of Houbo1t's scheme

p "" 11/·6· p. - -3· o· P "" 1 5· P .. -i/-3·1 '2 ·'3 e'4 '
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APPENDIX E

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

c **•••••••••••**.**.*** ***•••***.MAINOOOl
C MAI~0002

C THIS IS THE MAIN :a~TROl. PROGRAM FOR CALCULArtNG FOURIER COEFS FORMAIN0003
C A~ AAI8TRARY LOAD FUNCTION DISTRIBUTED AROUND THE CIRCUMFERENCe MAI~OOO~

C FOR TWO SITUATIONS 14AIN0005
C . 11 WHEN THE ORDINATES ARE GIVEN AT EQUAL INTERVALS MAIN0006
C AND THE NUMBER OF ORDINATES A~e EQUAL TO THE MAI~0007

C NUMBER OF FOURIER coefFICIENTS (Ifl*OI MAIN0008
C ZJ WHEN EITHER THE NUMBER OF ORDINATES ARE DIFFEREHTMAIN0009
C FROM THE DeSIRED NUM8ER OF FOURIER COEFFICIENTS MAINOOI0
C OR THE INTERVAl.S BETweeN THe ORDINATes ARE NOT iliA ["10011 ..
C EQUAl OR BOTH (IF\.>()) MAIN0012
C MAIH0013
C PROGRAMMEO a y; MAlNOOl4-
C PRODYOT KUMAR BASU MAI~0015

C WASHINGTON UNtVERSITV MAl~0016

C AUGUST, 197& . MAINOOl1
C MAIN0018
C •••*•••••••••••••••••••••••••••••••••, •••••••••••••••••••*••••*•••MA{~OOl9

IMPLICIT REAL.8 (A-H,P-I) MAIN0020
OIMENSION VALI50.,A~G(501,X(50J,Y(50t,H(~50),A(25l.B(25),P(50), MAIN0021

x HEO(ZOI,CCZOO,25l ,T(ZQOl.OtZ5,2001 HAI~0022

C HAIN0023
C ttl = "fUMBEIt Of DATA 50S rQR WHICH FOURIER coeFFICIENTS ARe MAIN0024
C ReQUIREO MU~0025

C ~OIM s NUMBER OF GIVEN ORDINATES (AT Eg~AL INTERVALS OR OTHERWISElMAIN002b
C , P~OV10EO THE LAST QRDINATE FOR NS=O CORRESPONOS TO THErA-360 MAINAOZ6
C DEGReES, AND THH FOR NS>O TO THEU=lSODEGREeS. MAIN8026
C NO = 2 TIMES tHe ~AXIMUH n~oeR OF H4RMONICS TO BE MAINOO?1
C rCTTeo p~us 1 (l.E. THE NUM8ER Of COSINE TeRMS MAIN0028
C AND SINE TERMS TO ae CONSIDERED + 11 MAI~OOZq

C IF IFL sO: ~a < ~DI~ MAlN0030
C IFL a 0, ~O INTERPOl.ATION USING CUBIC SPLINES MA[N0031
C ) 0, INTERPOLATION NECESSARY, IF THE ORDINATES ARE NOT AT MAIN0032
C EQUAL INTERVAL AND 'NOIM-I' is HOT 000 MAIN0033
C NOO a 0, ~O PUNCHED OUTPUT OF TIME HISTORY OATA MAIN0034
C 1,PUNt~ED OUTPUT OF TIME HISTORY DATA REOUIRED MAI~003S

C IF NOO s 0, PUT NHC • O. AND NHS a 0 MAIN0036
C IF NOO • 1, ~HC * NUMBER OF HARMONICS(COS, TO BE PUNCHED 8EGINNING~AIN0037

C wITH THE ZEROETH; MAXIMUM VALUe. (NO-11/2 + 1 MAI~0038

C NHS • Nu~eER OF HARHONIC~(S[N' TO aE PU~CHEC 8EGtNNtNGMAtNQQ39
C WlTHTIiE FIRST; 14AXI14lJ,'l • INO-l l/2 MAIN0040
C lDF • 0, OATA IS INPUT TIME STEPWISE MAIN0041
C IOF 2 1, OlTA IS INPUT POINlwISE MAIN0042
C TIl" INITIAl. TIME INEEDED IF NDO=U MUN0043
C r5 • TIME STEP (NEEOeO IF NOO=L) MAIN0044

TII=O.O MAIN0045
T5=0.0 MAtN0046
AMIN s 1.000 MAI~0047
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WIUTE( 6,501
50 FORMATCIH1//17H*****ERROR IN iNPUT OATA••••NUM6ER OF FOURIER

~ICIENTS SPECIFIED IS WRONG)

GO TO ZOO
60 CONTINUE

NN =< NO/l
NM a NO - N~1*2

IF(NM.EQ.11 GO TO 4

P'E ~ 4~ooo*aATANIAMtNI

READe 5,11 HEO ,NI ,NOO" NO, I FL ,tJDO, I~HC ,NHS, IOF
1 FORMATI20A4/8151

NHS • NHS + 1
IFINOD.EQ.OI GO TO 23
REAOCS,21) TII,TS

21 FORMAT(ZF12.61
TI a TIl
00 ZZ Ial,NI
TIll :a TI

2Z TI :a TI + TS
23 CONTINUe

W~ITeI6,51' NI,NOIM,NO,IFL,NDO,NHC,NHS,TII,TS
51 FORMATI7IS,2F12.61

IF(lfl.GT.OI GO TO 60
NK = NOlM - 1

iF(NO.LE.NK) GO TO 60

IN nlPUr DA TA****NUM8ER OF FOUR 1ER

c
C

C

C
W'l I TEl 6,401

40 FORMATlIH11/69H••••*ERROR
XICJENTS IS NOT 0001

GO TO 200
4 CONTINUE

WRITE(6,ZI HEU
2 FORMATIIHL/20h4111

MO • NO
iFlIFl.NE.O.ANO.NO.LT.ZSI
MOll a 140 - 1
NOL 1 .. NO - 1
M a NOLl/2
)(lll a O.O
Vlll·0.0
PI = Z.O*PVE/NO
Plea Z.O.PVE/MO
aD 3 101 L, NUL L

3 X(I+ll :a XI I I + PI
00 24 I a 1,MOLl

2ft. '11+1) a YIU + PIE

MO=25 •

MAIN0048
MAI~0049

MAIN0050
MAINOOSl
"'~IN005Z
MAIN0053
"AINOOS4
"AIN0055
MAI~OOS6

MAIN0057
MAINOOS8··
MAIN0059
MAI~0060

MUN0061
MAIN0062
MAI~0063

MAIN0064
MAlN0065
MAIN0066
MAI~0067

CO!ffMAIN0068
MAIN0069
HAIN0070
MAIN0071
MAINOOT2
MAINOOn
MAIN0014
HAIN0075
MAINO()16
HA tNOO 71

COEfFMAIN0018
MAIN0079
MAINOOSO
MAIN0081
HAtH0082
MAIN0083
MUNAOS3
MAIN80S3
MAlNC083
HAIN0084
MAI~0085

MAIN0086
MAIN0087
MUNOOSS
MAINA08S
MAI~0089

MAIN0090
MAI~0091

MA.IN0092



REAOCS,SI IARGCII,I::l,NOIMI MAIN0093
5 FORMATISFIO.61 MAIN0094

C MAIN0095
C MAI~OOq6

C MAI~OOq7

C MAIN0098
IF( rOF.EQ.OI GO TO 4S MAlN0099
00 49 K - 1,NOIM MArNOIOO
READC5,431 (e(L,KI ,L::l ,NO MAINOIOI

43 FORMATlSF10.41 MAINOIOZ
49 CONTI~UE MAINOI03
4500 100 NIP - 1,NI MUN0104-

IFC IOF.EQ.lI GO TO 46 "UNOI05
READ(S,61 lVALll),I::l,NOIM) MAINOI06

6 FQRMATI8FIO.4) MAIN0107
GO TO 48 "AINOIoa

46 DO 47 I::l.NDIM MAINOl09
47 VALlI) a ClNIP,I) MAINOIlO
48 w~ITEC6,71 ~IP MAINOlll

7 FORMATlI15X,20HI~PUT DATA SET NO.:: ,ISI15X,16HTHETA IN DEGREES,5X,MAINOl12
X13HPReSSU~E HEADIII MAINOll3

00 8 l-l,NOIM MAINOl14
ARGO:: ARGIII MAINOllS
ARGCI) ~ ARGD*PVE/180.0 MAINOl16

8 wRITEC6,91 UGD,VALlI) MAIN0117
9 FJRMATC10X,F10.6,6X,E12.S/I HAINOl18

IF(lFL.EQ.OI GO TO 18 MAINOl19
WRITEC6,lOI NIP HAIN0120

10 FORMAT (lHl,5X,66H INTERPOLATED VALUES AS PER CU6lC SPLINE SCHEME MAIN0121
X FOR DATA SeT NO.::,ISI15X,lbHTHETA IN OEGREES,5X,26HINTERPOLATEO PHAIN0122
XRESSURE HEADIII MAINOL23

C HAIN0124
CALL CUBS~LlVAL,ARG,NDIM,MO,y,H,IERI MAI~0125

C MAIN0126
18 IF({FL.EQ.OI NN :: NDIM - 1 MAIN0127

IFllfL.NE.OI NN :: lola MAlN012a
xo ~ 0.0 MAIN0129
00 11 I :: 1,NN "AIN0130
IF(IFL.EQ.O) GO TO 25 MAIN0131
P(II :: YlII MAlN0132
XO :: (I-11*360.0/MO MAIN0133
WRITE(6tl21 XO,Y([I MAIN0134
GO TO 11 . MAIN0135

25 PCII a VALlI) MAIN0136
11 CONTINUE MAIN0137
12 FaRMAT(10X,F10.6,6X~FIO.6/1 MAINOI38

WRITE(6,131 NIP MAIN0139
13 FORMATCIH1,5X,49H VALUES OF FOURIER COEFFICIENTS FOR DATA SET NO.::MAIN0140

~,I5115~,16H HAR~ONIC NUM8ER,~X,25H COEFFICIeNTS FOR COSIJXI,5X,2SHMAIN0141



x COEFFIC1ENTS FOR SINIJXI/IJ
141=14+1
CALL FQURIEIPtNN,Ml,A,StIER.PVE)
00 15 J-l,Ml
1.1. = J - 1
WRlTe(6tH) I.l.tA(J),8(JI

14FQRMATII0XtI5t20X,F10.6.20Xt FIO.61
15 CONTINUE

IFINIP.EQ.NII GO TO 99
00 20 K=L,NOIM

20 A~GIK) = ARGI~I.L80.0/PV=

YllI .. 0.0
DQ 30 1=1,140

30 VII+11 = y(tl + Z.PVE/MQ
99 CONTINue

IF(NDO.EQ.OI GO TO 98
00 3L K:altNHC

31 OINIP,KI = A(~I

IFINS.GT.O) GO TO 98
IF(NIP.EQ.1I GO TO 98
00 32 K=2,NHS
KK = NHC + K - 1

32 DINIP,KKI a S(KI
98 CONTINUe

100 CONfI~Ue

IF(NOD.eC.OI GO TO 200
NHS = NHS - 1
IF(NS.GT.OI NHS=O
NH .. tiHC + NHS
00 150 K=I,NH
WRITE( 7, ltOI K

110 FORMAT(lH tI31
IFITII.LT.O.000001I GO TO 140
WRITEI7t lZ01 T(ll,Oll,KI,TI2I,OI2,KI,fI31,0(3,KI

lZ0 FORMAT(20X,6FI0.51
WRITE(7,1301 ITIJI,OIJ,KI,J=4,NII

130 FORMAT(4(FI0.5,FI0.51)
GO TO 150

140 CONTI~UE

WRITE17,1301 ITIJ),OIJ,KI,J=l,NII
150 CONT I~Ue

WR IfEl 6, 1601
160 FORMATlIH1/40H ••••MEAN VALUES OF FOURIER COeFFICIENTS/II0X,

X34HFOURIER COEFF. NO. MEAN VAlUe/II
00 180 Ka l,NIt
TIKI = 0.0
00 115 J a l,lIIl
TIK) ,. TIKI + OIJ,KI
IFIJ.LT.NII GO TO 175

MU!II0142
MAlN0143
MAIN0144
MAIN0145
MAlNOl"6
MAiN01"7
MAfN0148
MAIN0149
MAIN01SO
MAlNOl51
MAIN0152
MAINA152
MAIN0153
MAlN0154
MAINOl5!)
MUN0156
MAIN0157
MAI~OI58

MUN0159
MAIN0160
MAIN0161
MUN0162
MAIN0163
MAIN0164
I4UN016S
MUNOH6
MUN0167
I4AIN0168
MUN0169

. MAIN0110
MUNOl7l
HAINOl72
MAINOl73
MAIN0174
MAIN0175
MAlN0176
MAIN0177
MAlNOl7a
MAIN0179
MUNOlaO
MAINOlSl
",UNOISl
HAIN0183
MAINOIS4
MAINOl8S
MUNOla6
MAlNOla7
MAINOlSS
MUNOIB9



AFC a TC KIINl
WRITEC6.1101 K.4FC

170 FORMATl18X.I4.LIX.FIZ~6)

. 175 CaNT {,Nue
180 CON TINue
200 STOP

END
SUBROUTINE FOURIE(P.~O.Ml,A,8.1ER,PVel

c
C THIS SUBROUTINE CALCULATES THE FOURIER COEFFICIENTS
C
C

IMPLICIT Re~L*8 CA-~.P-ZI

DIMENSION ~(II.S( 11 ,PC 11
c
C CHECK FOR P~RAMETER ERRORS

M a 141 - 1
IER=O

ZO IFtM) 30.40.40
30 IER::aZ

RETURN
40 N .. (NO - 11/2

IFCM-NI 60.60.50
50 IERai

RETURN
c
C COMPUTE AND PRESET CONSTANTS
C

60 ANaN
CJEF::aZ.0/C2.0*AN+l.01
CONST..PVe*COSF
Sl .. DSINCCONSTI
Cl a OCOSCCONSTl
Ca l.0
S=O.O
J=l
PZ"'P(ll

70 U2=0.0
Ul.:0.0
I=2*~Hl

C
C FORM FOURIER COEFFICIENTS RECURSIVELY
C

75 ·UOaPlIJ+Z.O*C*U1-UZ
UZ=Ul
U1=UO
1= 1-1
IFII-lI 80,80,75

80 AIJlaCOEF*(PZ+C*Ul-U21

MAIN0190
MAlN0191
MAIN019Z
MAl~0193

MAIN0194
MAIN0195
MAIN0196
FOURIOOl
FOURIOOZ
FOUR 1003.
FOURI004
FOURI005
FOUR 1006
FOURI007
FOURIOOS
FOURf009
FOURfOLD
FOUR 1011
FOURI012
FOURI013
FOURI014
FOURl015
FOURIOl6
FOURIOl7
FOUR IOL8
FOUIU019
FOURIOZO
FOUR IOZ1
FOURIC'2Z
FOURI023
FOURIOZ4
FOURIOZ5
FOURI026
FOURI027
FOUR 1028
FOUIU029
FOURI030
FOURI031
FOUR 103Z
FOUR·I033
FOURI034
FOUR 1035
FOURI036
FOURI037
FOURI03S
FOUR 1039
FOURI040
FOURI041
FOURI04Z
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I

THIS $UBROUTINE CARRIES OUT CUBIC SPLINE INTERPOLATION

B(JI=COEF*S*Ul
IF(J-(H+1II 90,100,100

90 Q=Cl*C-Sl*S
5=Cl*S+Sl*C
e-g
J .. J+l
GO TO 70

100 4(11=4(11*0.5
RETURN
END :
SUBROUTINE CUBSPL(F,X,N,M,G,H,IERI

DO 5 I=l,Nl
J2"'I2+[
H( I I=X( [+l'-X( I I
Ii I JZI= (F ( 1+Il-F I II I/H ( I I

5 C.ONTINUE
00 10 I=2,Nl

J2=[2+I
J3= I3+I
J4=I4+I
J5=I5+I
J6=[6+[
J7=I7+I
H(J31=H( I-ll+H(·I I
H(J41=.S*HfI-11/H (J31
H(J51=(H(J21-H(J2-111/HfJ31
H(J61=H(JSI+H(J51
H(J71=H(J61+~(J5)

laCON TPIUE

C·
C
C
C

C

C

DIMENSION
DOUBLE PRECISION
DATA

I2"'N
I3=N+N
14" I3+N
I5=I4+N
I6=I5+N
I7=I6+N
18= 17+N
I9=I8+N
NT=i.6
IER = 0
~u .. N-l

F(ll,Xll"G(l',H(lj
F,X,H,G,EPSLN,OMEGA,ETA,W,HTl,HT2,PROO,OELSQS
EPSL~,OMEGA/l.0-l~tl.0717967697244908001

FOURI043
FOURI044
FOUR 1045
FOURI046
FQURI047
FOURI048
FOURI049
FOUR 1050
FOUR 1051
FOURI052
eUBSPOOl.
CU8SPOOZ
eUBSP003
CUBSP004
CU8SP005
CU85P006
CU85P007
CU8SP008
CU8SP009
CUBSPOI0
cueSPOll
CUBSPOIZ
CUBSP013
CUBSP014
CU8SP01S
CU8SP016
CUBSP017
CU8SP018
CUBSPO I'~

CU8SP020
CUBSP021
CU8SPOZ2
CUBSPOZ3
CU8SP024
CU8SP025
CU8SPOZ6
CU8SPOZ7
CUBSP028
CU8SP029
CUBSP030
CUBSP031
CU8SP032
eU8SP033
CUBSP034
CU8SP035
CUBSP036
CUBSP037
CU8SP038
CU6SP039
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HI f6.1I:0. CUBSPOItO
J6=[6+N CU8SP041
H( J6l"0. CU8SPOlt2

C CU85P043
KCOUNT:O CU8SP044

15 ETA=O. CU"BSP045
KCOUNT"KCOUN T+ 1 CUBSP046
00 25 [:o2,N1 CU8SP047

JIt=[4+[ CU8SP048
J6= [6+1 CUBSPOlt9
J7.. t7+[ CUBSP050
W=(H(J1)-H(J4)*H(J6-1)-1.5-H(J411.H(J6+il-HIJ6»*OMEGA CU8SP051
IFIDA8SIWl.LE.ETAl GO TO 20 CUBSP052
En"OA8 SI loU CUBSP053

C CUBSP054
20 HIJ61"HIJ6l+W CU8SP055
25 CONTINUE CU8SP056

IFIKCOUNT.GT.NT) ~O TO 75 CUBSP057
[F CETA.GE.EPSLN) GO TO 15 CU8SP05l:l

C CUBSP059
00 30 1=1,N1 CUBSP060

J6.. 16+[ CUBSP061
J8=[8+1 CU8SP062
HtJ81"IHIJ6+11-HfJ61l/~ll) CU8SP063

30 CONTINUE CU8SP064
00 65 J=1,M CU85P065

1=1 CU85P066
J9"19+J CUBSP067
[F IG.(Jl-XI 11 I 70,60,35 CU8SPQ/')8

35 [F IGfJI-XINII 45,50,10 CU8$P069
40 [F fG(JI-XCllI 55,60,45 CU8SP070
1t5 1"1+1 CU8SPOll

GO TO 40 CU8SP07Z
50 l:olf CUaSP073
55 1:01-1 CUBSP074

C CUBSP075
60 J6-16+1 CU8$P076

JZ"IZ+I Cli8SP077
J a.. [8+1 CU85P078
HTl-Gf Jl-XII I' CU8SP.079
HTZ=GIJl-XII+ll CUBSP080
PROO-HTl*HT2 CU8SP081
H(J9'''HIJ61+~T1·HIJ81 CUBSP082
DELSQS=IHIJ61+H(J6+11+HIJ911/6. CUBSP083
GIJ ):0 FIll +H n • HI JZ)+PRQO*OELSQS CUBSP084

65 CONTI~·we CUBSP085
GO TO 9005 CUBSP086

70 IER:z1Z9 CUBSP087
GO TO 9000 CUeSPOlt8



7S IER2 130
9000 CONTINUE
900~ RETURN

END

CUBSPQS9
CUBSP090
CU8SP091
CUBSPQ92

c
c ********************•••**********************.****••**••****.*.***
C
C INPUT FORMAT FOR FOHARM
C
C .***.**********••*************************************.***********
C
C 1) fl~ST CARD: TITL: CARD 120A41
C ANY ALP~ANUMeRIC INFORMATION ABOUT OATA
C oeSIREO TO SE PRINTED WITH THE RESULT
C
C 2) seCOND CARD: CONTROL CARO (SIS.
C NI.NOIM.NO.IFL.NOO.NHC.NHS.tOF (fOR oeSCRIPTION
C OF THESE PARAMETERS SEe COMMENTS)
C
C 31 THIRD CARD : INITl~L TIME CARD (lf12.bl - OPTIONAL
C TII.TS (NEeOED ONLY IF NDD=l'
C
C ~) LOCATION CARDS: t8F10.b}
C LOCATION OF NorM POINTS IN DEGREES
C
C 5) ORDINATE CARDS:
C CASE 1 - DATA IS INPUT TIME STEPwIse 18FIO.41
C FOR EACH TIME STEP. THE QRDINATES AROUNQ THE
C CIRCUMFERENCE ARE INPUT CONSECUTIVELY
C CASE l - DATA IS INPUT POINTwISE 18F10.41
C FOR eA:H POINT THE ORDINATE CORRESPONDING
C TO eACH TIME STEP IS INPUT SUCCESSIVELY.
C.
C ********.*.**.*••*.*******•••****.****.**************************.
c
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DEMONSTRATION PROBLEMS
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Figure 20. Hemispherical Shell



Example 3 - FJtee VJ.bJtCLt1.ol1. Ana..ty!.>J.-6 on Empty Wa.:teJt Ta.n.k. wilh SoU

In:teJta.cUon. E66ec.:t.

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 soil 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 foundation.

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 Flexi~le Foundation



iiHO OF tNPUT DATA DE~K .••••••••••••••••••• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••*.

FREE V IS. MUL. OF ACYL HoIDitlCAL SHELL. WITH SOIL EFFi:CT {UNIiS : I(~FTl

- \ 7 t L 3 1. I.
1 0.0
Z % 0

7 Ib.O
@ 18 .0

-25.
-25.

100.. o. 5.
~ 1 1 Z7 0

_. C
35 e. 8 0.05

.1600E+04 .ftOOOe .3500E-02 .1000E+02
--j71H'i +Qft .350QS 3800=-0 Z .15005+02

• 7~OE.04 .3 SOOE .3800E-02 .zoooe+oz
.aOOe!! +04 3333i 37501:-02 3500E+02

~ 3 11:100E+04 .4.Q.OOE • HOCe-02

" ft .3 oooe +0" • ZSOOE .4000e-oz
5 7 1750e*04 .3 c OOS .3 8 OOi-02

" 8 .2 oooe+o" .33335 • 3750e-02
0 11 1750S+0" • 3500e .3900e-02

12 lEI .2 OOOE +04 .33335 .3750e-02o. 1:1. 12. 12. 12. 6. a o.
o. o. O. 5. 10. 10. 10. 5.

12. 15. 1 a-. lA 18. l5. 12 q.
O. o. o. 5. 10. 10. 10. ,.
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Example. 4 - S:ta.:tLc. An.a1..Y.6-<A 06 Column Su.ppoJr.:te.d HypeJtbo.R..oJ..da.e. ToweJt UndeJt

Wind Loa.d

The tower shown in Fig. 22 was analyzed using ten sixth-order general

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

o

1

2

3

4

5

Fourier Coefficient

-0.064317

-2.072903

-3.846021

-3.404910

-3.962074

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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Ex,ampl.e. 6 - HypeJtbol.o.i.da.e. Shell. UndeJt Dynamic. Woo Load

The tower of Fig. 22 is analyzed for the wind loading, digitized at

0.5 sec. internal, shown in Fig. 25. This analysis was preceded by a free

vibration analysis to determine..the damping coefficients (~ = 0.276, B =

0.0058) and to select the time step (~t = 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 given in 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 columns 30-35 and 36-40 of

the problem control card were left blank. The results are presented and

discussed in the Theoretical Manual.
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Example 7 - Reoponoe Spewwm AnalqJ.>AA on HqpeJtbolo-<.da1. Shell. Wilh

Soil rn.:teJta.cUon..

The tower shown in Fig. 26 is analyzed under the ground motion

given by the response spectrum of Fig. 2]. The damping ratios for both

the shell and the soil 'is 5% of <he critical damping ratio. 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 (112). The results are presented and discussed in the

Theoretical Manual.
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Example. 8 - Tune. H-<.otOJl.y AVIP.1..y~-<.o on HYPeJl.boloJ..da1. Shell

a.. WUh Soil Enne.e.:t
b. WUhotLt Soil Enne.a

The tower of Fig. 26 is analyzed under El-Centro Earthquake

(5-18-1940) EW Compo The soil medium is considered as elastic 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 five seconds

and the time step for Newmark S method integration is taken 0.02 second

in case a (soil-structure interaction) and 0.005 second in case b (fixed

base). Th~ damping coefficients (a=O.7l5779 and S=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 (6=0°) for the soil-structure interaction case (case

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