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SUMMARY

A series of computer programs written in ICL 1900 series FORTRAN is

presented to generate data for the finite element analysis of shells, with parti-

cular reference to spherical surfaces. The programs are appropriate to a version

of the SEMILOOF element contained in an RAE Structures Department program and to

TRIA3 and QUAD4 elements which are available in a NASTRAN package. Both

descriptions and listings of the programs are given. -.
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I INTRODUCTION

The data input to finite element packages is often of a repetitive nature

and in fixed format which makes manual data preparation both time-consuming and

prone to error. The computer programs described and listed here form a less

tedious and faster alternative to this manual stage of data preparation.

The programs are appropriate either to a finite element program containing

the SEMILOOF thin shell element, held by Structures Department, RAE (see

the Appendix) or for a NASTRAN package , containing the TRIA3 and QUAD4 facet

shell elements, which are accessed via a commercial bureau. The majority of the

programs generate data specifically for meshes on the surface of a sphere, and

they have been used to generate all the data for the hemispherical cap and

patch test problems considered by Morley and 2orris

Two types of program are described. One type alters a free format data

file to one that can be incorporated directly into a data deck. The

other type is for a particular mesh, ie a 'patch', in which only the essential

variable parameters are input.

2 PROGRAM GENDATA

This program generates the x, y and z coordinates on the surface of a

sphere of radius R when the corresponding 6 and * surface coordinates are

given. The program can be used to create either SEMILOOF or NASTRAN QUAD4 data.

In the latter case the GENDATA output is used as input to program GENGRID. For

certain SEMILOOF meshes it is convenient to interpolate the midside node

positions from vertex nodes. For this option, dummy values of e and * at

the midside nodes are given initially and, when the calculation of the rest of

the nodes is completed, the positions of these midside nodes are calculated.

This is done by reading in the number of the midside node together with the nodes

between which it lies and bisecting the geodesic line between the vertices. This

is repeated until the end of the file is reached. Note that constant e gives a
"line of longitude" which is a geodesic line, but constant * gives a "line of

latitude" which is not a geodesic line.

The radius of the sphere, R , is set to 10.0 but this can be altered by

changing a single line in the program.

0%

W.
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The free format input data is as follows:-

NNODE

NODE1  6 1

NODE. 8.

NODE6
NODE Bnnode nnodennode

NODE NOA NOB

where NNODE is the total number of vertex and midside nodes,

ei and *. are the e and 0 coordinates in degrees of node i, 1,2,...,

i, ...,NNODE,

NODE is the midside node lying between NOA and NOB.

The output is to card punch CPO and is of the form NODE. X. Y. Z.1 1 1 1

where X, Y, Z are the x y z coordinates of NODE. 1,2,...,i,...,NNODE.1

The nodes are input in sequential order and checked. If a node is found to be

out of sequence a message is output to line printer LPO.

3 PATCH DATA GENERATION PROGRAMS

These programs generate the x, y and z coordinates, and boundary condition

data for a patch of nine quadrilateral elements or 18 triangular elements on the

surface of a sphere of radius R - 10.0, see Fig 4.

3.1 Programs GENPATCH and GENTRIPAT

Program GENPATCH calculates the data for a 3 x 3 regular mesh of SEMILOOF

or NASTRAN QUAD4 elements as shown in Fig 2a&b respectively. Program GENTRIPAT

calculates the data for a similar mesh of triangular SEMILOOF elements as in

Fig 3a. The input for both of these programs is the same, ie

ITYPE ICASE THEINC PHIINC THEZERO PHIZERO

U'
where ITYPE - I for SEMILOOF output,

- 2 for NASTRAN QUAD4 output,
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ICASE is a variable used in subsequent programs to specify the type of
boundary displacement to be applied,

- 0 for pressure loading,
= I for K constant,

= 2 for K -K constant,

= 3 for Oe constant,

= 4 for c , -C00 constant,

THEINC is the increment per element in the 6 directio, cf Fig 4b,
PHIINC is the increment per element in the 0 direction, cf Fig 4b,

THEZERO is the 0 coordinate of the centre of the patch (usually 0.0 or
45.0),

PHIZERO is the 0 coordinate of the centre of the patch (usually 90.0).

THEINC, PHIINC, THEZERO and PHIZERO are given in degrees.

During the execution of these programs arrays X, Y, Z are filled with the

x, y and z coordinates of each node. Arrays ATHE and APHI are filled with

the e and 0 coordinates in degrees. Note that the midside values of e and

0 are the mean of the values of e and 0 at the vertex nodes, thus the mid-

side node is not necessarily on the geodesic line between the vertex nodes.

For SEMILOOF data, ie ITYPE = 1, the output to CPO is

NODE. X. Y. Z.
1 1 I 1

for i - 1, 2,... ..... , NNODE. The output to CPI is

ICASE

N N ON

0 0.0 0.0

M 6M OM ISIDE

where N is repeated for each vertex node around the boundary and M is

repeated for each midside node around the boundary. ISIDE = 1, 2, 3 or 4 accord-

ing to the side (see Fig 3a).

For NASTRAN QUAD4 data, ie ITYPE = 2, the output to CPO is

GRID NODE. X. Y. Z.
1 1 1 1

for i - 1, 2,..., ..... , NNODE. This can be incorporated directly into a NASTRAN

bulk data deck. The output to CPI is

ICASE

N 9N ON ISIDE

where N is repeated for each node on the boundary and ISIDE - 1, 2, 3, 4 accord-

ing to the side and ISIDE is set equal to 5 for a node on the corner of the patch.

This can then be used directly as input to program GENNASTBC to obtain the actual

displacements around the boundary.
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3.2 Program GENIPAT

This program generates data for a 3 x 3 patch of SEMILOOF or NASTRAN QUAD4

elements on the surface of a sphere. The 6 and 0 coordinates of the four

central vertex nodes are given, enabling the user to generate the coordinates of

a mesh with a regular boundary but an irregular interior, eg as in Fig 3c.

The first line of input is identical to the input for program GENPATCH,

as described in section 3.1, ie

ITYPE ICASE THEINC PHIINC THEZERO PHIZERO

the subsequent lines are, for SEMILOOF:

e14  014

616 016

625 025

627 027

and for NASTRAN:

66 06

a7 07

610 010
e l l o l

All e and 0 coordinates are given in degrees.

The output is similar to that of program GENPATCH.

4 PROGRAM GENNASTBC

This program generates the prescribed boundary condition data for a 3 x 3

patch of NASTRAN QUAD4 elements on the surface of a sphere as in Fig 2b. This

can be done for each of five patch cases as specified by an input parameter.

The input to the program is the output on CPI from program GENPATCH, ie

ICASE

N ON ON ISIDE

where ICASE 0 for constant pressure loading,

I for Ke6 constant,

- 2 for K "1ee constant,
3 for Ce0 constant,

4 for c00 1 -cOO constant,
N' is the node number on the boundary,

6N  and *N are the e and * coordinates, in degrees at node N,

ISIDE is the side number 1, 2, 3 or 4 on which the node is situated

or 5 if the node is on the corner of a patch, (ISIDE is only

read for ICASE - 0).
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The output is to three card punch files CPO, CPI, CP2 ready for inclusion

in a NASTRAN bulk data deck.

4.1 Subroutine PRESSURE

This subroutine calculates the boundary conditions for a patch in a state

of constant pressure acting in a complete sphere. The subroutine is called when

ICASE = 0. For unit pressure loading U , U6  and W , the displacements in the

* and e directions and outward normal to the shell surface respectively, are

U0 = 0

U6  = 0() (4-1)

kR

W 2D(1 +v)

where k h2

12R

h is the shell thickness

D is the flexural rigidity

Eh3

12(1 - v 2 )

v is Poisson's ratio.

The patch may be centred anywhere on the surface of the sphere. Conditions

of symmetry are applied to each side of the patch and are output on single

precision MPC (multi-point constraint) cards on card punch file CPO. (Files CPI

and CP2 remain empty.) On sides I and 3 (see Fig 3a) and 5, (where 5 is a

corner of the patch) the conditions are

- cos 0 cose U - cos 0 sin 6 U + sin 0 U = 0x y z

(4-2)
- sin 6 w + cos 6 w = 0

x y

and on sides 2, 4 and 5 they are

- - sin 6 U + cos6U W 0
x y I(4-3)

-cos Ocos e x cos sine w y + sin w wz
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where Ux , U, Uz  and w xv W y Wz are the displacements and rotations in the

x, y and z directions.

4.2 Subroutine KTHEPHI

This subroutine is called when ICASE -I. It outputs the prescribed

inextensional bending case displacements for the nearly constant curvature change

state, where

K constant

(4-4)

IC = -- K 0O•

The prescribed displacements are

U, = j sin (tan + cot2) cos 20
22

= B(2 - sin 2) cosec * cos 28,

(4-5)

U8  = - 2B cot 0 sin 20,

W B(2 + sin2) cot cosec cos 28

When the patch is centred at 8 = 450 * = 90 these displacements may be written

as

U x 4B cos * cos 3/sin @

3U - - 4B cos * sin 8/sin ,
y

U - B cos 2 8 (sin2€ - 2 cos 2)/sin 2 (4-6)
z

O 4B cos20/R sin3  ,

we 4B sin2 0 cos O/R sin 3  
,

where B R2(I )/Eh 3

and 0 and w are the rotations about the 0 and 0 directions.

0 Ii
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The quantities U x  Uy and Uz , ie freedoms I, 2 and 3 are prescribed on

double precision SPC cards on CPO. w8  and w are resolved into w x , w and

w and are prescribed on double precision HPC cards on CPI, ie

-sin e x wy = 0
(4-7)

--cos0cos4w -cos sinO w + sin wz -w w = 0 .1

To represent the constant terms w0  and w 0 in the multipoint constraints it

is necessary to introduce scalar points which are prescribed to have unit dis-

placement on single precision SPC cards on CP2.

4.3 Subroutine KTHETHE

This subroutine, called when ICASE 2 , is for the nearly constant curva-

ture change state

where K constant,

(4-8)

K 0 0 J

The prescribed displacements are

S I I sin kan2 cot2  cos
T2 =t l2- c 2 )cs2

= - - cot 4 cos 28;: 3

(4-9)

U6  = - (2 - sin 2 )) cosec 4 sin 28

1 2W = - cosec cos 28

When the patch is centred at 8 = 00, 900 these displacements may be written

as

U = - cos 38(cos 2 + 1)/3 sin 4x

nU = sin 38(cos 2 + 1)/3 sin *

= cos 28 cos
z

in2
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= - cos cos 28(sin 2 + 2)/3R sin 3

we  = sin 28(2 sin 2  sin4 4)/6R sin3

The quantiLies Ux, Uy, Uz are prescribed on double precision SPC cards on CPO.

and _ are resolved, as in equation (4-7), into Ax , w and w and are

prescribed on double precision MPC cards on CPI. As in subroutine KTHEPHI

scalar points are again introduced and their displacements fixed on single

precision SPC cards output to CP2.

4.4 Subroutine ETHEPHI

This subroutine, called for ICASE = 3, prescribes boundary displacements

for the nearly constant strain patch test

C8 constant

¢ -c - 0 .

The appropriate displacements are

U@ [{3 + (2 + cos *)cos 44tan2 2

+ {3 - (2 - cos 0) cos 44cot 2 1~ cosec *cos 28

1 3 .2 4
= - cosec 0(4 - 2 sin + sin 40) cos 28 (4-12)

6

For the case when the patch is centred at 8 = 45 , 0 = 900 these displacements

may be written as

Ux - cos 0{- (4 - 2 sin 2 0 + sin4@) cos 8 cos 28
2 3i

+ (2 + sin)(2 sin 6 sin 20 + sin cos 0 cos 246) ,sin3]

Li'



U C _-(4 - 2 sin 2 + sin40) sin e cos 28
-(2 + sin 2 ,)(2 cos 8 sin 28 - sin sin 8 cos 28)/6 sin 3  (4-13)

U 2(1 + Cos2 0) cos 2e
2 sin 4

W f (4 2 sin 2 + sin4) sin 0 cos 2e

+ 3(cos
2 , + 1) cos 28}/6R sin4

2 4
W = cos (2 + sin 0)(1 - sin 0) sin 26/3R sin 4,

The quantities Ux, Uy, U z  are prescribed on double precision SPC cards

on CPO. w and w4  are resolved into wx, Wy and wz ' see equation (4-7),

and prescribed on double precision MPC cards on CPI. Once again it is necessary

to introduce scalar points, as described in subroutine KTHEPHI, and these dis-

placements are fixed on single precision SPC cards output to CP2.

4.5 Subroutine ETHETHE

This subroutine is called when ICASE = 4. It prescribes the boundary

displacements for the nearly constant strain state

where. = - e 0 constant

(4-14)

The displacements are

U = [{3 + (2 + cos 4) cos tan2 2

2 2

- 2 cot, cosec 2 cos 28 , (4-15)

a 2 3 2
U - - cosec 4 sin 8

A. 8 3
1 25

W = -cosec Cos 28.
3 - -
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When the patch is centred at 9 - 00, 4 900 these may be written as

.2 3
Ux = (3 sin24 cos 0 cos 29 - 2 cos 30)/3 sin ,

U - (3 sin 2 sin 0 cos 28 - 2 sin 3e)/3 sin3

Uz  - cos 4 cos 20)sin2, (4-16)

- - 4 cos 4 cos 2e/3R sin 3

we 0.

The quantities Ux, Uy, Uz are prescribed on double precision SPC cards

on CPO. w and w are resolved into wx, W and wz I as in equation (4-7)
0 y

and are prescribed on double precision MPC cards on CPI. Scalar points are

introduced, as described in subroutine KTHEPHI, and their displacements fixed on

single precision SPC cards output to CP2.

r 5 NASTRAN DATA GENERATION PROGRAMS

The programs in this section are to convert free format files containing

either the coordinates of a point or the node numbers around an element into

output that can be directly incorporated into a NASTRAN bulk data deck.

5.1 Program GENCQUAD4

This program gives the element numbering around a QUAD4 quadrilateral

plate element (which is a warped isoparametric plate membrane-bending element).

The output is in the form of NASTRAN CQUAD4 cards.

The input is

N NI N2 N3 N4

where N is the element number.

NI, N2, N3, N4 are the node numbers around element N . This is repeated

for each element until the end of the input file is reached.

The output in fixed format for a constant thickness, homogeneous isotropic

material is in the form.

CQUAD4 N I NI N2 N3 N4 0.

The third field refers to the property card and the eighth field, to the material

orientation.
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5.2 Program GENCTRIA3

This program outputs CTRIA3 cards that can'be included directly into a

NASTRAN bulk data deck. CTRIA3 cards are used to define a triangular plate

element (compatible with the QUAD4 quadrilateral element).

The input, all integers in free format, is

N NI N2 N3

where N is the element number,

NI, N2, N3 are the node numbers around node N

This last line is repeated until the end of the input file is reached.

The output is

CTRIA3 N 1 NI N2 N3 0.

The value of I in the third field refers to the NASTRAN property card and 0.

in the last field gives the orientation of the material, ie for a homogeneous

isotropic material.

5.3 Program GENGRID

This program takes as input the node number and corresponding x, y and

z coordinates of a mesh and outputs them in the form of GRID cards for including

in a NASTRAN bulk data deck. In addition, there is the option of specifying

freedoms that are constrained to zero, ie permanent single point constraints.

The input data is read in in free format and is

NNODE

N i  X. Y. Z.
1 1 3.

N. IFREEDOM

where NNODE is the total number of nodes,

Xi, Yi, Z. are the x, y and z coordinates at node i1

U, (i - 1, 2, ..., NNODE)

N. is the node at which the freedom is being constrained,
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IFREEDOM is a number consisting of any of the integers I 6 with no

embedded blanks, the integer contains I if Ux. - 0 ,J
2 if Uy. - 0 ,

3 if Uz. " 0,.3
4 if wxj - 0

5 if wyj - 0 ,

6 if wz. = 0 ,a

j is repeated for each node to be constrained in this way.

The output is either of the form

GRID I blank X. Y. Z.
1 1 1

or

GRID I blank X. Y. Z. blank IFREEDOM.

NB If

xi, Yi or z. -I

the output field width is exceeded and the number is flagged by an asterisk.

The output file must then be edited to reduce the number of eight characters

and any equal positive numbers reduced similarly to maintain symmetry.

6 PROGRAM CHANGEDATA

This program converts SEMILOOF data to 'facet' data by altering the

position of the midside nodes to be halfway along the straight line joining the

*: two vertex nodes. It takes as its input a SEMILOOF data file and outputs the

node number and new coordinates to a card punch file that can then be edited back

into the original file. If there are more than 200 nodes in the data file, the

program has to be altered to increase the size of arrays X, Y and Z

7 CONCLUSIONS

The computer programs presented here are a faster and more accurate method

of data generation than manual preparation.

The programs have been used extensively to create all of the data required
for the problems considered by Morley and Morris2
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Appendix

SEMILOOF PROGRAM

The program listed below generates the element stiffness matrix and

associated matrices for the SEMILOOF finite element. The master segment

reads in the data and then, for each element in turn, calls subroutine ELSTIF,

which calls other subroutines to calculate the element stiffness matrix.

Immediately before control is returned from subroutine ELSTIF, the matrices

needed to calculate the stresses are written to channel 8. On returning to the

master segment, the element stiffness matrix is written to channel 7 and the

matrices containing pressure and gravity loads are written to channel 9. The

next line of element connectors are then read and the matrix calculation process

repeated.
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SHORTLIST
P ROG RAM(CLOOF )
I N PUT 5zCRO
OUT PUT 6. 1PO
OUTPUT7=ED7/UNFORMATTED(DAF"I)
OUTPUT8SEDg/UNFORMATTED(DAFF,)
OUTPUT9zEDQ/UNr0RMATTE9(CDAV0 

'

TRACE 0
.END
MASTER

C**** PROGRAM TO GENERATE THE ELFIENT STIFFNESS MATRICES AND ASSOCIATED
C**** MATRICES FOR THE SEMILOOF SHELL FINITE E~LEMENT

COMMON/ FRON/E 1ST C528) ,E IR C3?. 2) , NODS (8),*LNODZ
COMMON/SHELL/AREA. ELXYZT(9,4) ,FRAM(3,3) ,POINT(3),
I SIDE, THIK. WSHEL(13,45).XITA(2)# XYZ(241,3)
COMMON/ERNFST/YMODT(10), POIST(10). TH!IKT(10)o DENSTT(10),
IPRESST(1O), LMAT(241), STRES1V24,32)

Do 800 iml,i3
Do 800 J=21,45
WSI4EL(I ,J)=O.O

800 CONTINUE
C
C**** READ PROBlEM PARAMETERS.

- C
4 READ(5v50) NELZ

500 FORMAT(IO)
WRITE(6,601 )NELZ

601 FORMAT(/7H NELZ =,14,()H ELEMENTS)
C

IC**** READ MATERIAL PkOPERTIES AN;) NODAL COORDINATES.
C

MAT Il
DO 6 MAT = 1,MATZ

C**** YmODT CONTAINS Y'OUNGS MODULOS
C**** POIST CONTAINS POISSONS RATIO
C**** THIKT CONTAINS SHELL THICKNV~SS
C**** DENSTT CONTAINS MATERIAL DENS~ITY
C**** PRESST CONTAINS PRESSURE LOADING

READ(5,502) VMODT(MAT)o POIST(MAT). THIKT(MAT)v DENSTT(MAT),
I PRESST(MAT)

502 FORMAT(EO.0.4FO0O)
6 CONTINUE

C**** NZ CONTAINS, THE TOTAL NUMBER OF VETEX AND MIDSIDE NODES
READ(5t591) NZ

591 FnRMAT(IO)
C**** FOR EACH NODE READ IN NODE NUMBER AND X,Y,Z COORDINATES

READ(5,504) (N,(XYZ(N,I), I = 1.3),l N z1,NZ)
504 FORMAT(1IFO.')

WRITE(6,604) ON, (XYZ(N,I).. Iz 1.3). N = I.NZ)
604 FORMAT(/3X,JHN,6X,1 iX9X,IHV,9 X.1HZ/(IX. 13,3F10.6))

WRITE(6t606)
606 FORMAT(/15H ELEMENT NUMBER,-,X,20HNODE NUMBERS = INODS)

C
C**** FOR EACH NODFIREADIN ELEMENT CONNECTIONS AND CALL SEMILOOF ROUTINES
C -

Do 7 NEL = .NF:(.Z I

I.MAT(NEL)1l
N 2NEL
READ(5.59 2) (LNODS(I), I z ,8)

59? FORMATC8IO)
WRITE(6,60A) Nv(LNODS(I),Iu1,8)
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AOR FORMAT(2Ill,QI5,(I129I5))
C**** LNODZ - 6 FOR A TRIANGULAR ELEMENT OR = 8 FOR A QUADRILATERAL ELEMENT

LNODZ=8
IF(LNODS(8).EQ.O)LNOnZ=6

C
C**** CALL SUBROUTTNE TO SrT UP FLEMENT STIFFNESS MATRIX AND ASSOCIATED
C**** MATRICES

CALL ELSTIF(NEL)
C**** WRITE LNODZ CONTAINING NUMBER OF NODES AROUND THE ELEMENT AND ELST
C**** CONTAINING THE FLEMENT STIFVNESS MATRIX TO CHANNEL 7

WPITE(7)LNOnZ
WRITE(7)EL9T

C**** SEE SUBROUTINE ELSTIF FOR PRINT OUT OF LNODZ,STRESM,PT,FR
C**** CONTAINING STRESS INFORIiATION TO CHANNEL 8
C**** WRITE LNOD7 AND ELR CONTAINING PRESSURE AND GRAVITY LOADS
C**** TO CHANNEL 9

WRITE(9)LNODZ
WRITE(9)(ELR(I,l ,I=1,32)

7 CONTINUE
STOP
END
fLOCK DATA

C
C**** TO INITIALIZE COEFFICIENTS FOR CORNER-f1IDSIDE AND LOOF VERSIONS
C
C**** OF QUADRATIC TRIANGLE AND QLIADPILLATERAL FOR SUBROUTINE SFR.
C

DIMENSION COEFA(!66), COEFR(81)
COMMON/COEF/COEF(247)
EQUIVALENCF (COEF(1), COEFA'i)), (COEF(167),COEFB(1))
DATA COEFA/ 1.,-3.,-3., 2., 4., 2., 0., 4., 0.,-4.#-4., 0., 0.,

1 -1., 0.v 2.. 0., 0., 0., 0 , 0.* 0., 4., 0., 0., 0.,-1., 0., 0.,
2 2., 0., 0., 4., 0.,-4.,-4., 0.910683603, 1.577350269,
3 -6.041451P84,-6.106152423, 2.464101615, 8.9282A3230, 1.732050808,
4 -0.244016036, 0.422649731, 2.041451884, 4.196152423,-4.464101615,
5 -4.928203230,-1.732n50808, 0.333333333,-1.422649731,-2.577350269,
6 -1.464101615, 5.000000000, 5.464101615, 1.732050808, 0.333333333,
7 -2.577350269,-1.422649731, 5.464101615, 5.000000000,-1.464101615,
8 -1.732050808,-o.244016936, 2.041451884, 0.422649731,-4.928203230,
0 -4.464101615, 4.1961524?3, 1.732050807, 0.910683602,-6.041451884.
1 1.577350260, 8.928?03210, 2.464101615,-6.196152422,-1.732050807,-
2 -I. ,6.,6.,-6.- 6.,-6.,0.,- 25,0.,0.,.25,.25,.25,-.25,-.25,0.
3 .5,0.,-.5,-.5,o.,0.,0.,.5,0.,-.25,0.,0.,.25,-.25,.25,.25,-.25,0.,
4 .5,.5 ., 0 .,0. .,-.S,-.5,0., i.,-.25,0.,0.,.25,.25,.25,.25,.25o0.
5 .5,0.,.5,-.5,0., 0 .,-.5,c.,-.25,0.,O.,.25,-.25,.25,-.25,.25.o0.,
6 .5,-.5,0.,0.,.,-.5,.5,0. 0.,1.,0.,0.,-1.,0.,-I..0.,0.,I
DATA COEFB/ O.0,e0000000, 0.2165)6351,-0.375000000,-0.093750000.

1 0.216506351, i.281250000,-0.649510053, 0.375000000,-0.324759526,
2 -0.000000n00,-0.216506351,-0.375000000,-0.093750000,-0.216506351,
3 0.281250000, 0.649519053, 0.3750A0000, 0.324759526, 0.000400000,
4 0.375000000, 0.216506351, 0.281250000,-0.216506351,-0.093750000.
5 -0.3750O0000,-.).649519053,-0.32475o526, O.uOOOOOOOO, 0.375000000,
6 -0.216506351, (.281250000, 0.216506351,-0.093750000,-0.375000000,
7 0.649519053, ).324759526,-0.I0000000,-0.216506351, 0.375000000,

0%8 -0.093750000, 0.216S06351, n.281250000, 0.649519053,-0.375000000,
0 -0.324759526, ,.00fO0O0, 0.2165n6351, 0.3750(0000,-0.093750006
1 -0.216506151, ).281?50000,-n.649519053,-0.3750410000, 0.324759526,
2 -0.000000000,-!).375000000,-0.216506351, 0.281250000,-0.216506351,
3 -0.09375000n, o.3750000, A.649519053,-0.3247S9526,-0.000000000,
4 -0.375000000, ,).216506351, (.281250000, 0.2165)6351,-0.093750000,

5 .375,-.640519053,.324759526,1.,0., .,-.75,0. -. 75,l., 0.,0.1
END
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SUBROUTINE ELSTIF(NEL)
C
C**** DEMONSTRATION PROGRAM FOR EL EMENT STIFFNESS ETC.

REAL PTC3,4),FRC3#12)
C

DIMENSION 9(6,32)o BV(192)r DMOD(6,6), DMODV(36), XGAUS(4,4),
i GVECT(6)o GRAVY(3)
COMMONIFRON/ELST(528) ,ELR(32,2) ,LNODS (8) ,LNODZ
coMMON/SWEIL/AREA# EI.XYZT(9.4), FRAM(3,.3), POINT(3),
1 SIDE# 1)41K# 1SHEL(13,45), XITA(2), XYZ(241,3)
COMMONIERNfST/Yt400T(10), POIST(1O), THIKT(1O), DENSTT(10),

I PRESST(1O)* LMAT(241), STRES14(24,32)
EQUIVALENCF (GVECT(1),R)i (GVECT(2)#S), (GVECT(3)#T),
I (GVECT(4),U), (GVECT(5),V), (GVECT(6),W),
2 (B(1,1),BV(i))& (bMOD(1 .1) ,!MODV(1))

C
C**** INITIALISE ARRAYS.
C

DATA XGAUS/O.. 4*.5, 0.v 2*.5, -.577350269* 2*.577350269,
1 3*-.57?350260, 2*.577350 69/
LVABZ a4*LNODZ
1ZA(LVASZ*(LVABZ+1)) /2
DO 2 I a1.IZ

2 ELSTCI) a0.0
DO 3 I a 1.LVABZ

3 ELR(IoI) w0.0
DO 4 N 8 1.LNODZ
D0 4 1 a 1.3

4 FLXYZT(NoI) a XYZ(LNODS(N)tI)
C
C**** DEFINE PRORLEM CONSTANTS.
C

MAT LMATCNEL)
YMOD *YMODT(MAT)
POIS UPOIST(NAT)

DENSTY *DFNSTT(MAT)
PRESS *PRFSST(MAT)
THIK *THIKT(MAT)
DO 6 N a 1.LNOD7

6 ELXYZT(N#4) a THIK
GRAVYCI) 0 0.0

GRAVY(2) a 0.0
GRAVY(3) a 1.0

ilk5
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C
C**** CALL NALOOF AND CREATE MATRIX B AT THE INTEGRATING POINTS.
C

IGAUSZ a LNOfnZ/2
DO 26 IGAU,; z 1.IGAUSZ
XITA(1 2 XGAUS(IGAUSoLNODZ-5)
XITA(2) mXGAUS(IGAUS,LNODZ-4)
CALL HALOOF(NEL)
DO 8 N a 1,LVABZ
8(1#N) z WSI4FL(4,N)
8(2*N) m WSHEL(7,N)
8(3#N) z WSHEL(5,N) + WSHELf6,N)
8(4,N) 2 WRHEL(1O,N)
8(5oN) a WSHEL(12,N)

8 B(6#N) z 2.0*WSHEL(-I1,N)
C
C**** CREATE MODULUS MATRIX FOR CALCULATING THE STIFFNESSES.
C

DO 10 1 z 1,36
10 DMODV(I) a 0.0

GASH z YMOD*AREA*THIK/(1.O-POIS*POTS)
DMODV(1) g GASH
DMODV(2) wGASH*POIS
DMO4DVC7) aGASH*POIS
DMODV(8) vGASH
DMODV(15) = f.5*GASH*(1.0-POTS)
GASH B GASH*THIK*THIK/12.0
DMODV(22) = GASH
DMODV(23) = ASH*POIS
DMODV(28) =GASH*POIS
DM ODV(29) =GASH
DMODV(36) =0.5*GASH*(1.0-POIS)

C
C**** GET DB, A COL.UMN AT A TIME, AND COMPUTE STIFFNESSES.
C

NSTIF 2 0
DO 24 NROW = 1, LVAB7
DO 14 K z 1,6
GASH a 0.0
IDEL a 6*(NROW-K)
LA z 6*K-5
LZ m 6*K
DO 12 L = LA,LZ
L12L*LDEL

12 GASH=GASN+RV(L*DMOlV(L)
14 GVECTCK) *GASH

IDEL a -5
DO 16 KOL =1,NROW
IDEL a IDEL + 6
NSTIFIENSTTF*KOL

16 ELST(NSTIFI )*ELST(NSTIFI )+R*BV(IDEL),S*BV(IDEI.I)
i + T*RV(TDEL+2) + t*BV(IDEL+3) + V*BV(IDEL*4) + W*BV(IDEL+5)

4
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C
C**** ACCUMULATE PRESSURE AND GRAVITY LOADS.

GASH -ELR(NRO&I1)
DO 18 I1 1,3
GRAVY(I) *POINT(I)

GRAVY(3) z 0.0
FACT z AREA*THIK*DENSTY*GRAVY(I)
Do 18 4 =1,

18 GASH z GASH + FACT*FRAM(I,J)*WSHEL(J#NROW)
ELR(NROW,1) = GASH + PRESS*AREA*WSHEL(3,NROW)

C
C**** COMPUTE AND STORE STRESS MATRIX AT GAUSS POINTS.

Do 22 1 = 1,3
J=6*(IGAUS-1 )+T
STRESM(-J NIOW) = GVECT(I)/I(AREA*THIK)

22 STRESM(J+3,NROW) 2GVECT(I,3)*6.OI(AREA*THIK*THIK)
24 NSTIF zNSTIF + NROW

DO 7 Iul#3
PT(I#~IGAUS)=POINT(T)
DO 9 J=1#3
NPx3*( IGAUs- ) *j

9 FR(I,NP)=FRAM(I,J)
7 CONTINUE

26 CONTINUE
C** WRITE LNODZ,STRESM.PT,FR CONTAINING STRESS INFORMATION
C**** TO CHANNEL 8

WRITE(8)LN(ODZ
WRITEM()STRESM
WRITE (8) PT
WRITE (8) FR
RETURN
END
SUBROUTINE HALOOF(NEL)

C** TO CREATE SHAPE FUNCTION ARRAY USHEL, FOR SEMILOOF SHELL ELEMENT.
C
C**** WRITTEN BY BRUCE IRONS# JULY 1972,WASHINGTON D.C.
C

DIMENSION ARFAV(3), FRAME(3#3), GENSID(6,4)p
1 SHEAR(11,43), SIGT(3), SWOP(6)o THIKDD(3,3)o TRANS(2,2)t
2 VLOOF(3,36). WCORN(I0,3), WLOOF(10,3)t XGAUS(4,4), XTLOOF(9,4),
3 XLOCAL(2), XYZDD(3,3), XVZPRE(8,4)
COMMON/FRON/ELST(528),ELR(32.2),LNODS(8).LNODZ
COMMON/SHEtL/AREA. EIXYZT(9.4), FRAM(3,3)o POINT(3),

I SIDE, T,41K, WSHEL(13,45), XITA(2), XYZ(241P3)
EQUIVALENCF eTlTRANS(I,1),, eT12,TRANS(1#2))#
I (T21 ,TRANS(2,1)), (T22,!,RANS(2#2))
DATA 6ENSID/I., -1., 0.9 3*-.5, 0., 1.* -1., 4*1., 0., 1.
1 4*0,, 1., 0., -1., 2*1./.XILOOF/.211324866, 2*.788675134,
2 .211324866, 2*0., .3333333333, 4*0., .211324866, 2*.788675134,
3 Z~I1324866, .3333333333, 2*0., -.577350269t .577350269, 2*1., t
4 .577350269, -.577150260, 7*-I., 0., 2*-I.p -.577350269,
5 .577350269, 2*1., .577350269, -.577350269, 0. 1
6 XGAUS/0., 4*.5, 0., 2*.., -.577350269, 2*.577350269*
7 3*-.577350264., 2v.577350269/, XYZPRE/32*0.0l, OPE/



Appendix 21

C
C**** GENERATE NSTAGE TO DEFINE PATH THROUGH I4ALOOF.
C

N ERROR aI
TF(LNODZ.NF.6. AND .LNODZ.NE.8) GO TO 99
NSTAGE a 4
IFCLNODZ.NF.NOZPRE) NSTAGE =2
NOMPE a LNO1)Z
Do 2 LNOD = lo.INODZ
DO 2 NX c 1,4
IFCELXYZT(LNOD.NX).NE.XYZPRE(LNOD,NX)) NSTAGE 2

2 CONTINUEK IF(NSTAGE.FQ.4) GO TO 18
C
C**** INITIALIZATION FOR NEW ELEMENY. NSTAGE =1. FIND CENTRE COORDINATES
C

AL LIMZ a(3*1.NODZ)/2 - I
LVABZ *4*LNODZ

aLNODZ 1Z
LVABZA z LVABZ + I

3SHEAR(L,J) a 0.0
n'5 X 1,4
GASH A 0.0
LNODZI .LNOnz/2
1)0 4 KORN=I,LNOnZl
DO 4 K z 1.2
K132*KORN+K-2
K226*K-408-LN00Z*(21*K-41)

4 GASH 2 GASH
i +a.0*ELXY?T(KINX)/FLOAT(K2)

5 ELXYZT(QNX) 2GASH
C
C**** DIAGNOSTICS FOR A NEW ELFMENT. RELATE COORDINATES TO CENTRE.

Do 10 I = 1, LNOflZ
N ERRORa2
IF(ELXYZT(?,4).LE.O.l) GO Tfl 99
IF(I.EQ.LNODZ) GO TO 9
JA a 1 41
DO 8 J m JA, LNODZ
N ERROR a 3
!FCLNODS(I).FQ.LNODS(J)) GO TO 99
DO 7K a 1.3
IFCELXYZTCI,K).NF.ELXYZT(J,K)) GO TO 8

7 CONTINUE
N ERROR a 4
GO TO 99

8 CONTINUE
9 00 10 NX a 1.4

-t IFCNX.NES.4) FLXVZT(I,NX) w -:LXYZTCIPNX) -ELXYZTC9#NX)
Inl XYZPRE(INX) *ELXYZT(I#NX)



22 Appendix

C
C**** CREATE SWOP v 1.0 OR -1.0, TO IN
C**** CREATE SWOP a 1.0 OR -1.0, *TO IMPLEM4ENT SIGN CHANGES AT LOOF NODES.
C
C**** ALSO INTERPOLATE TO ESTIMAT"; NORMAL THICKNESSES AT I.OOF NODES.
C

VLOOFCI.LVABZA) a ELXYZT(9s.)
DO 12 NSIDF z 1,6

12 SWOP(NSIDE) v 1.0
LAST 2 LNOnZ - I
DO 14 NEXT a I# LNODZ, 2
MID a LAST + I
IF(LNODS(NEXT).LT.LNODSCLAST)) SWOP(MID/2) 3-1.0
LAST134*LAST-3
VLOOF l, LASTI) =. 455341801*E.XYZT( LAST. 4)
I + .666666667*ELXYZT(MID,4) - .122008468*ELXY'ZTNEXT#4)
MI D124*MID-3
VLOOF(1,Mlnl) *-.122008468*ELXYZT(LAST#4)

1I .666666667*ELXYZTCID,4) + .455341801*ELXYZT(NEXT#4)
C
C**** ALSO CHECK THAT I4IDSIDE NODEiS ARE REASONABLY CENTRAL.
C

GASH a 0.0
GISH a 0.0
GUSH = 0.0
DO 13 I = 1,3
ELMID s ELXYZT(MIDvI)
GASH z GASH + (ELXVZT(NEXT,-)-ELMID)**2
GISH 2GISH + CELXYZT(LAST,!)-ELMIb)**2

13 GUSH 2 GUSH * (ELXYZT(LAST,I),gLXYZT(NEXTI)ELMIDELMID)**2
N ERROR a5
IF(ABS(6A51-GISH).GT.0.040*,GASH'GISH)) GO TO Q9
N ERROR z 6

C IF(GUSH.GT.O.25*(GASH4GISH)) GO TO 99
14 LAST 2 NEXT

c
C**** ORGANISE LOOP AROUND NODES, FOR NSTAGE = 2
C
C**** DO 76 NSTAGE s2,4 (TN NSTAGE)

IS NLOOF a0
16 NLOOF x NLOOF * 1

C**** DO 67 NLOOF a 1, LNODZ.1 IF NSTAGE =2.
C**** OR DO 67 NLOOF = 1, (3*LNODZ)/2 IF NSTAGE x 3

DO 17 1 z 1,2
LNODZ22LNODZ+I-6
IF (NSTAGE .FQ. 2. OR .NLOOF. LE. LNODZ)

I XLOCAL(I)aXJLOOF(NLOOFLNOlZ2)
C
C**** AND ALSO APOUND INTEGRATING POINTS IF NSTAGE 33.

NLOOFI=NLOOF-LNODZ
LNODZ~zLNODZ4 1-6
IF(NSTAGE.FQ.3. AND .NLOOF.qT7.LNODZ)

I XLOCAL(I)XGAJS(NLOOF,LN~ftZ2)
17 CONTYNUE

GO TO 23
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C
C**** OTHERWISE, ORGANISE SINGLE-.:iHOT OPTION, FOR NSTAGE z 4.
C
C**** TEST WHETHER INpUT POINT IS A I.O0F NODE, PLUS OR MINUS o.0001.
C

18 DO 19 I = 1,2
19 XLOCAL(I) a XITA(I)

NLOOFU LNODZA
Do 22 MAYBF m 1,LNODZ
Do 20! 1* 1,2
IF(ABS(XLO"!AI.(T)-XIL(OOF(MAYFiE,LNODZ.I-6)).GT..0001) GO TO 22

20 CONTINUE
NLOOF a MAYBE

22 CONTINUE
C
C**** CREATE VALUES AND XIPETA DERIVATIVES OF XYZ IN XYZDDo T IN THIKDD

t C

23 CONTINUE
CALL SFR(XLOCAL, WCORN, WLOOF, NSTAGE)

DO 27 I= 1,3
DO 26 J a 1,3
GASH a 0.0
DO 24 L a 1,LNODZ
LI UL*K

24 GASH=GASN*wCORN(11 a )*ELXYZT(L,J)
XYZDD(J,I) a GASH
IF(NSTAGE.FQ.2) GO TO 26
GASH * 0.0
DO 25 L a 1,LNODZA
LlwL+K
L2=4*L-1

25 GASHuGASNeWLnOF(LI,I)*VLOOF(J,L2)
THIKDD(JoI) z GASH

26 CONTINUE
27 K 8 1

C
C***. CREATE VECTOR AREA = VAREAP AT GIVEN POINT XIv ETA.
C

CALL VECTOR(XYZDD(1,2), XYZnD(1,3), AREAV1)
CALL SCALAR(AREAV(1)D AREAV(1), ARFASQ)
N ERROR a 7
IF(AREASQ.FQ.0.0) GO TO 99
AREA a SQRT(ARFASQ)

C
C**** NORMALISE VECTOR AREA INTO FRAME# COL.3r AS LOCAL UNIT NORMAL Z.
C
C**** COLUMN 2 OF FRAME BECOMES UNIT Y AROUND EDGE.
C

DO 30 I a 1,3
FRAME(I,3) a AREAVUI)/AREA
GASH v 0.0
90 29 J a 1,2

w. NLOOFIE(NLOOF*1)/2
LNODZ32LNOlZ*J-6

20 GASHaGASNeGENSIl(NLOO)FI,LNODZ3)*XYZDD(I,J.1)
30 FRAME(I,2) 2 GASH
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C
C**** NORMALISE Y, AND IMPLEMENT SWOP BY REVERSING SIGN OF Y.
C
C***. PUT APPROXIMATE VECTOR THICKNESS ETC. INTO VLOOF, FOR NSTAGE z 2
C

N ERROR =8
CALL SCALAR(FRAME(1,2), FRAME(1,2), SIDESQ)
IFCSiDESQ.EQ.O.0) GO TO 99
SIDE a SQRT(SIDESQ)
DO 31 1 21,3
NLOOF4C(NLnOF4 ) /2
FRAME(1,2):FRAME(1,2)*SUOP(1ILOOF4)/SIDE
IFCNSTAGE.NE.2) GO To 31
NLOOFSu4*N, OOF-2
VLOOF(I ,NLOOF5)=FRAME( I,?)
NLOOF6=4*NLOOF-1
NLOOF704*N, OOF-3
VLOOF (I .NLOOF6) =FRAME (I.3)*VILOOF (1,NLOOF7)
NLOOFB=4*NLOOF
VLOOF(I ,NLOOF8)=FRAMF(I13)

31 CONTINUE
C
C**** AND COLUMN I IS UNIT X, THE OUTWARD POINTING IN-PLANE NORMAL.
C

CALL VECTORCFRAME(1,2), FRANF(1,3). FRAME(1,1))
C**** CHECK THAT NORMALS ARE REASONABLY PARAPPEL, WHILE NSTAGE =2.

C
IF(NSTAGE.GT.2) GO TO 35
IF(NLOOF.EO.1) GO TO 67
KZ z 4*NLOOF-4
DO 32 K a 4, KZ, 4
NLOOF9=4*NLOOF
CALL VECTOR(VLOOF(1 ,NLOOF9) ,VLOOF(1 ,K) ,POINT(1))
CALL SCALAR(POINT(1), POINTIl)p COSSQ)
N ERROR = 9

*C IF(COSSQ.GT.O.75) GO TO 99
32 CONTINUE

C
C**** PLACE CONTRIRUTION OF CENTRAL NODE IN VLOOF (NSTAGE *2 ONLY)
C
C**** COMPLETE LOOP NLOOF a I TO LNODZ4I FOR NSTAGE =2.

C
IF(NLOOF.LE.LNOlZ) GO TO 67
THIKC z VLOOF(I,LVABZA)
Do 33 1 a1,3
Do 33 1 a 1,2
LVABZI 3LVABZ+J

33 VLOOF(I,LVABZI)=FRAMF(I,J)*THIKC
GO TO 67

C
C**** CREATE THE WX JACOBIAN MATRIX, AND INVERT IT. (NSTAGE 3 OR 4)
C

35 DO 36 J a 1,2
DO 36 1 a 1.2
CALL SCALARCFRAME(1,I), XYZDD(1,J*1)t TRANS(JoI))

36 CONTINUE
GAS$ a Tli tn

Tli x T22/AREA
T22 z GASH/AREA
T12 a -T12/AREA
721 2 -TZI/AREA
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C
C**** TRANSFORM WCORN AND WLOOF INTO LOCAL XY DERIVATIES.
C

DO 41 N = 1,LNODZA
DO 41 1 = 1,2
GASH a 0.0
GISH 2 0.0
DO 40 J 2 1,2
GASH a GASH + TRANS(IJ)*WCIRN(N+11*J)

40 GISH a GISH 4 TRANS(TJ)*WLOOF(N11,J)
WCORN(NI I) 2 GASH

41 WLOOF(N,I.I) 2 GISH

C
C**** PUT THICKNFSS AND DERIVATIV S INTO LOCAL COORDINATE SYSTEM.
C

DO 45 I z 1,3
DO 44 J • 1,2
POINT(J) 2 0.0

D 44 K z 1,2
44 POINT(J) z POINT(J) + TRANS(JK)*THIKDD(I,K I)

DO 45 J z 1,2
45 THIKDD(IJ+I) 2 POINT(J)

DO 48 J x 1,3

DO 47 1 a 1,3
CALL SCALAR(THIKDD(1.J)o FRAME(1uI), POINT(I))

47 CONTINUE
DO 48 I 1,3

4R THIKDD(IJ) a POINT(I)

THIK • THIKDD(3,1)
N ERROR = 10
IF(THIK.LE.O.0) GO TO 99

C
C**** FIOD THE CHANGE IN LOCAL XY DERIVATIVES ACROSS THICKNESS OF SHELL.
C

DO 57 LNOD z 1,LNODZA
IF(NSTAGE.NE.4) GO TO 51
DO 50 I a 2,3

GASH a 0.0
DO 49 J m 1,2

49 GASH a GASH - THTKDD(J,I)*WCORN(LNOD,J+I)
50 POINT(!) a GASH

C
C**** CREATE WSNFL a SHAPE FUNCTION ARRAY, DISPLACEMENT TERMS FIRST.
C

51 KORN a (LNOD I)/2
DO 54 K s 1,3

KOL a 2*KORN * 3*LNOD + K - 5
IF(LNOD.GT.LNODZ) KOL a 5*LNODZ + 2 + K
DO 53 N a 1,3
FACT 2 FRAME(K,N)
WSNEL(N,KOL) a WCORN(LNOD,1)*FACT
IF(NSTAGE.EQ.4. AND .N.EQ.3) FACT a 0.0

DO 53 ND 2 2,3
N3mN*N*ND

53 WSHEL(N3,KOL)aMCORN(LNOD,ND)*FACT
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Do 54 N p1,2
00 54 ND =2,3
WSWEL(N+7#KOL) WSHEL(N+7,KOL)
N 33N. N+N
1-THIKDD(ND-1 ,1)*WSHELCN3,hcOL)/THIK
N4uN4N*ND+6
IF(NSTAGE.Po. 4) WSH4EL(N4,KOI.):(POINT(ND)*FRAME(K,N)
1 +THIKDD(3,ND)*WCORN(LNOroDN+1)*FRAME(KD3))/THJK

54 CONTINUE
C
C**** INTRODUCE ROTATION TERMS WITH BENDING ACTION INTO.WSHEL.
C

Do 57 L 1,2
KOL01 (L-1)*4*LNODZ + (2-L)*6*KORN + INOD
IF(LNOD.GT.LNODZ) 1(01 a 5*L4ODZ 4 3 - L
Do 56 N = 1,2

* - 1N0D14*LNOD.L-4
CALL SCALAR(VLOOF(1,LNODI),FRAME(1.N),FACT)
WSI4EL(N.7,K01) = FACT*WLOOF(INOD,1)/THIK
IF(NSTAGE.NE.4) GO TO 56
Do0 55 ND c 2.3

55 WSWEL(N4, 1(0)=FACT*WLOOF(LNOD,N)/THIK
*56 CONTINUE

1)0 57 NROW = 1,7
57 WSHEL(NROW,KOL) = 0.0

C**** COMBINE LAST THREE COLUMINS 'iF USHEL TO CREATE NORMAL DEFLECTION.
C

IF(LNODZ.EO.6) 6O TO 61
TZ=3*NSTAGE 4 1

DO0 60 1 = 1,1Z
GASH a 0.0
DO 59 K =1,3
LNODZ2=4*LNODZ,4

59 GASH:GASH+WSHEIU,K,42)*VLOOF(K,LNODZ2)
60 WSNEL(I,43) = GASH
61 IF(NSTAGE.FQ.4) GO TO 86

C
C**** CREATE ARRAY SHEAR, FOR INTkODUCING THE CONSTRAINTS (NSTAGE 33)

C
IF(NLOOF.GT.LNODZ) Go TO 63
DO 62 I 1,LVABZZ
SHEAR(NLOOF,!) = WSHEL(9.I)
SHEAR(1lI) = SHEAR( 1,I) + WSHEL(8,I)*SIDE*THIK*SWOP((NLOOF+1)/2)

62 CONTINUE
GO TO 67

63 DO 66 1(01 1.LVABZ'Z
DO 66 NXY 1.2
LNODZ3XLNOr Z+NXY
GASHZSHEAR (LNO1)A3,KOL)
DO 65 MXY =1,2
LN0DZ434*LNO,%ZNXY
CALL SCALAR(FRA?4F(i,MXY),'VLI)OF(1,LNODZ4),FACT)m

65 GASH z GASH + WSMEL(MXY+7,K(JL)*AREA*THIK*FACT
INO0D Z38LNOnz *N XY

66 SIEAR(LNOD73,KOI.)SGASH



Appendix 27

C
C**** COMPLETE LOOP AROUND LOOF NODES ETC. TO CREATA VLOOF OR SHEAR.
C

67 IF(NLOOF.LF.INOlZ. OR.
I (NSTAGE.EQ.3. AND .NLOOF.LT.(3*LNODZ)/2)) GO TO 16
IF(NSTAGE.IJE.2) GO TO 76

C
C**** CREATE PLUS-MINUS SUM OF THJKNESS VECTORS AT LOOP NODES (NSTAGEs2)
C

Do 70 I 1,3
GASH 20.0
DO 68 N m 3,LVARZ,4

68 GASH a -GASH + VLOOF(I#N)
SIGT(I) 2 GASH

C
C**** AND THE 3X3 MATRIX AeaSOCIATED WITH ITt STORED IN XYZDD.
C DO 70 J a 1,3

GASH 9 0.0
IF(I.EQ.J) GASH = FLOAT(LNODZ)
Do 69 N z 2,LVABZ,4

60 GASH a GASH -VLOOF(I,N)*VLOOF(J,N)
70 XYZDD(I#J) a GASH

C
C**** GET THE ADJUGATE OF THIS 3X3 SYMMETRIC POSITIVE DEFINITE MATRIX.

DO 71 1 a 1,3
K186-1-K
CALL VECTOR(XYZDD(1,1),XYZDD(1 ,KI),FRAME(1,K))

71 K xI
CALL SCALAP(XYZDD(1,1), FRAME(1.1), DETERM)
DO 73 I a 1,3
CALL SCALAR(FRAME(1,1)o SIGT(1), PROD)

73 POINT(I) z PROD/DETERti
C
C**** CORRECT VErTOR THICKNESS IN VLOOF.

FACT a 1.0
Do 75 N a 2,LVABZ,4
FACT 0 -FACT
CALL SCALAR(POINTM1, VLOOF(1,N), PROD)
DO 74 I x 1,3

74 VLOOF(I#N*1) 2 VLOOF(I#N.I) - FACT*(POINT(I)-PROD*VLOOF(I#N))
C
C*** CREATE DIFFERENTIAL DISPLACEMENT VECTORS TO DEFINE ROTATIONS.
C
C**** THIS COMPLFTES WORK FOR NSTAGE u 2
C

TFIRST 2 VLOOF(i,N-1)
CALL VECTOR(VLOOF(1,N), VLO(OF(1 ,N+1), VLOOF(1,N-1)i
Do 75 1 a ,3

75 VLOOF(I,N) m VLOOF(I,N)*TFIRST
Aj NSTAGE a 3

GO TO 15
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C*o SHAHS EEN CREATED IN N'.OOF LOOP FOR NSTAGE 3.
C 76CN IVOT FORDUCING ARRAY SHFAR, AND DO ROW~ INTERCHANGE.

DO 83 LIM = 1,11HZ
KP a VABZ + LIPIVOT a 0.0
00 79 L 2LIM,LIMZ

IF(AOS(PVOT, . T. ABS (SHEAR CL, KP)) )0TO7
PIVOT *SHEARCLOIGKP)

79 CONTINUE
0O 80 K 1,ILVABZZ
CHANGE *SHEAR(LBIG,K)
SHEAR(LBIGK) SHEAR(LIH,K)

C80 SHEAR(LIMK) CHANGE/PIVOT

C**REDUCE ARYSHEAR TO CREATE CONSTRAINT MATRIX,C
C**** THIS COMPLETES WORK FOR NSTAGE = 3C

DO 82 NROW a 1LIMZFACT * SHEAR(NROW,KP)
IF (NROW EQ.LTM. OR .PACT.EQ..0) GO TO A20O 81 KOL = 1 ,LVABZ*Z81 SHEAR(ROWI,KOL) xSHEAR(NROWKOL) 

- FACT*SHEAR(LIH#KOL,82 CONTINUE
83 CONTINUE

NSAG a 4

GO TO 18
C
CC**** USE ARRAY SHEAR TO CONSTRAIN (JSHEL AT THE GIVEN POINT XI,ETA.86 DO 88 1 =I,LVABZ

DO 88 J a 1,13
GASH a WSNFjjJ,

1 )
DO 87 K 21,LIMZ
LVASZKUK+LVA9Z

87 GASNGASH-WSHEL(JLVABZ)SERKI
c 88 WSEL(J,I) z GASH
C**** IMPLEMENT SWOP TO EXCHANGE TWO NORMAL SLOPES.C

DO 92 N w ,LVARZ, 8IF(SWOP(N/8.Ea.1.0) 
GO TO 02DO 91 J a 1,13

CHANGE a WSNFLCJ,N)
WSHEL(J,N) a WSHEL(J,N.1)

91 WSNEL(J,N.i, CHANGF
9? CONTINUE

CC*** ASSEMBLE UXZ, UYZ, VXZ, VYZ TO CREATE WXX, wXY, wyy.C 

t
DO 96 N a I,LVARZ 

U

tSHEL(l0N 2 -WSHELe10,N)WSHEL(11,N) v -0 *(ISHEL(11,N SL1#N) 
n

WSMEL(12,N) N -SHEL(13,N,C WRITE(6,64
0) N, (WSHFL(J.N). j 1.12)96 CONTINUE
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C
C**** PUT POINT# FRAM IN COMMON, ALSO AREA, SIDE WITH INTE6RATING FACTORS

C
AREA = AREA*(FLOAT(LNODZ)-5-6)/2.4
SIDE a SIDF*FLOAT(LN(IDZ'4)/4.O
Do 98 1 z 1,3
POINT(I) a XYZDD(I.1) 4.ELXYZTC9#I)

* DO 98 J z 1,3
98 FRAM(IrJ) = FRAME(I,J)

RETURN
C
C**** WRITE DIAGNOSTIC ERROR MESS.AGE.
C

99 WRITE(6,699) NER~ROR
699 FORMAT(/6H ERROR.15,18H IN SEGMENT HALCOF)

STOP
END
SUBROUTINE VFCTOR(U, V, W)

* C
LC**** TO COMPUTE VECTOR PRODUCT U*V INTO AREA W.

C
DIMENSION U1(3), V(3), W(3)
K a3
DO 2 1 a 1.3
K36-1-K
WK3)'U (K) *V( I) -U( I)*V(K)

RETURN
4 END

SUBROUTINE SCALAR(U, V. PROD)
C
C**** TO COMPUTE SCALAR PRODUCT OF VECTORS U AND V.
C

DIMENSION U(3), V(3)
PROD 20.0
DO 2 1 = 1.3

2 PROD 0 PROn +e U(I)*V(I)
RFTURN
END
SUBROUTINE SFR(XLOCAL, WCORN,ULOOF, NSTAGE)

C
C****. SHAPE FUNTION SUBROUTINE TO SERVE HAOOF.
C

DIMENSION MD(4), TERMV(46), WCORN(10,3), WLOOF(10#3), XLOCAL(2)
COMMON/FRON/ELST(528),ELR(32,2),LNODS(8),LNODZ
COMMON/SHEt 1/AREA, ELXYZT(9.4)o FRAM(3,3). POINT(3)v

I SIDE, THIK# WSHEL(13,45). XTTA(2), XvZ(241,3)
COMMON/COEF/COEF (247)
EOUIVALENCF (WSHFL(1,1), TERMVCI)
DATA MD/8r 43v 90, 171/

C
C**** INITIALIZE AND PREPARE TO CALCULATE TERNV a POLYNOMIAL TERMS.

XC a XLOCAL(1)

Ln ETA a XLOCAL(2)
all IF(ABSCXI).GT.I.O. OR *ARS(ETA).GT.1.0. OR

I .(LNODZ.EQ.6. AND .(X!.Lr.O.O.OR.ETA*(.O-XIETA),LT.O.0)))
2 60To099
IA 32)
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C
C**** CREATE POLYNOMIAL TERMS AND XIF ETA DERIVATIVES.
C

TERMV(1) z 0.0
TERMV(2) x 1.0
NZ a(LNODZe.NSTAGE-3)/2
DO0 6 N - 1, NZ
IAN =IA + N
N2 m N + 15
N3 aN 4 30
Do 4. J a IA,IAN
TERMV(J+N) z TERMY(J)*XI
TERI4V(J*N2) a TERMV(J)*FLOAT( IAN-J)

4 TERMV(J+N3) a TERMV(J-1)*FLOAT(J-IA)
IA xIAN

6 TERMV(IA*N) a T1FRMV(IA-1)*ETA
C
C**** CREATE SPECIAL COMBINATIONS FOR LOOF NODES, ETC.
C

Do 8 I z 8. 38, 15
IF(LNOOZ.EQ.6) TERMV(I)

1 2.O*(TERMl'(I)-TERMV(I+3)) +3.0*(TERMV(1.1)-TERMV(1#2))
IF(LNODZ.Ea.8) TERMY(I) aTERMV(I.2)
IF(LNODZ.Ea.8) TERMV(I*2) x TERMV(1+6)

8 CONTINUE
C
C*** USE TERMV TO FIND WCORN AND WLOOF AND XI, ETA DERIVATIVES.

NFOISZ v (NSTAGE+1)/2
DO 18 NFOIS a1, NFOTSZ
HZ a c3*LNODZ)/2 + NFOIS - 4
IF(NZ.NE.10) GO TO 12
NZ z 9
DO 10 1 a 10,40,15

10 TERMV(I) 2 TERMV(I43) - TERt4V(I+5)
12 K z 0

DO 18 1 a 1,3
Do 16 N a 1,NZ
GASH 2 0.0
LNOOZ6=LNODZ+NFOI 5-6
MDELsMD(LNODZ6),N*NZ-15*I
MA x 16*1-14
MZ a15*1+NZ-14
DO 14 MN MA, MZ
VMDEL*M+MDE I

14 GASHUGASN*TERMV(M)*COEF(MMDEL)
NK*N4K
IF(NFOIS.EO.1)irCORN(NK#I)zGASH
N K*N* K
IF(NFOIS.EO.2)WJiOOF(4K, )zGASH

16 CONTINUE
18 K 2 1

RETURN
CW
C**** ERROR DIAGNOSTYCS, IF POINT LIES OUTSIDE ELEMENT.
C %

99 WRITE(6o610) XI, ETA U

610 FORMAT(/301 FRROR 11 IN SEGMENT SFR, XT m#F15.9,3Xr5NETA *.F15.9)
STOP
END
FINISH
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LIST OF PRINCIPAL SYMBOLS

D flexural rigidity = Eh 3/12(1 - v )

E Young's modulus

k h2/12R
2

h shell thickness

R radius

U x , U, Uz components of displacement acting in the x, y, z direction

Ue9 U@ components of displacement acting in the e, 0 direction

W component of displacement normal to the shell surface

E 0, e eceo components of strain

K0, K 06 components of curvature change

v Poisson's ratio

,w D components of rotation in the x, y, z directions

Wet w components of strain acting in the 0, 0 directions

6 spherical polar coordinate measured in the xy plane,

*spherical polar coordinate measured from the z axis to the
xy plane

r
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Fig 1

LIST
PROGRAM(DATA)
INPUT1=CRO
OUT PUT L PA
OUT PUT3=C P
END
MASTER GENnATA

C**** PROGRAM TO GF.NEI ATE XY,Z CornRDINATES ON THE SURFACE OF A SPHERE
C**** GIVEN THE rnQRE-SPONJING THETA A,'JD P'll CoORDINATFS.
C**** q=RADILIS
C** NN0DETTAI~ NUMtjEH Oc NODES

REAL X(241),v(241),Z(241)
R=10.0
rl=3.14159?653 6
DIF=P1/18Oo

* READ(1#100)NNODE
DO 50 INODE=,NA4OD)E
RE AD (1, 101 N4DETHE, PHI
IF (NODE .NE .INO)r ) WRITE (2. 20')'NODE. ! NODE

C**** CONVERT TI4FTA AND PHI TO RA"IANS
THE=THE*PI;

X(NODE)=R*CoS (THE) *STN (PHI)
S( N0DE ) R*'lN (THE) *STN (PHI)
Z( NODE) =R*'OS (PojI)

50 CONTINUE
C**** READ IN AND CALCULATF 'lIoSIoF NODES NOT ALREADY CALCULATED
C**** NODE LIES b4ALFIJAY ALONG THE GEODESIC LINE BETWEFN NOIA AND NOS

60 READ(1 .102,ENDX'0')N(flE,'InA,.10R
XFACz(X(NOA)+X(j0B).)**2
YFAC=(Y(NOA)Y(,:Od) )**2
ZFACz(Z(NOA)+,IOB))**7
X(NODE)uR*SQRT(XFAC./(XFACYrACZFAr))
Y(NODE):R*Sc'VRT(YFACH'XFACVgACZFAC))
Z(NOE)gR*eoRT(ZFAC/eXFACYFACZFAC))
GOTO 60

70 CONTINUE
DO 80 ZNODW=.NLODE
WPITE(3,30)TNO)Fl( NODF)"(NY)DE),Z(PIODE)

311 C(ANTINUE
STOP

100 FORMAT(IO)
* 101l FORMAT( O.IFfl.O

102 FORMAT( 10)
200 FORMAT (1HO. 'NOl)~l'1,,.'a 40fD.',14)
.100 FORMAT(l4t3FIS. 10,

END~
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LIST
PROGRAM( DATA)
INPUTI WCRO
o UT PuTr3uC PC
OUT PUT 4zC Pl
END
MASTER GENDATCH

C*** PROGRAM TO GFNF ZATE X,V,Z %I1DNAT!A" FO)R A 3*3 PATCH OF
C**** RECTANG~uLA4 EMIENTS OIN A S )4JERICAL SIIRI!ACE.
C*** TH4E INPUT "'ATA IS
C**** ITYPE [CASE THEII4C PHIP'Jr TiE7F,0 PHT.ER:O
C*** ITYPEal FOR E4L3.
C** ITYPEv2 FO AIASYDAM.
C**** ICASE20 FOP PRESSUqt? LO,101NC
C*** ICASENI FOR KTi4Lt:P
C*** iCASE*2 FOR %T4ETH.KPIPI
C**** ICASE=3 FOR ET':P'4I
C**** ICASEv4 FOR FTHTE,Fp4IPH!
C** TIEINCzDEGRFFS SUBTENDFD BY FLF lENT 1,1 THETA DIRECTION.
C** PHIINCNDEGREr.S s!)OB'4DErD %y F'.EIEN! IN PHI rnrRECTION.
C**** THEZEROTHFTA CI)CRD14ATE AT Cl-N RE OF PATCH.
C**** PHIzEROnPHI CO?Dlj,;TE AT C -NTRE OF PATCH,
C***** R=RADIUS OF PATrB4.
C**** ARRAY N CONTAIN,) SE~iILOOF 4;*ThE NUMBERS AO~irD BOUNDARY
C** ARRAY M CONTAINn sB:IYL()(F Wn T F~ NODE ,JJMR-;S AROUND SaJlNDARY
C**** ARRAY NAST CONTAINS NASTPAN NODE NIPmFRS API,)tND BOUINVARY
C~** ARRAY NAST~RnE CNTAfNS THF glr) NIIRE~c, FO;' 74iF NOD)ES IN N~AST
C**** A CORNER OF THE MASTRA4 PAT :4 HAS SIDE=5

REAL X(40) *Y(4S).Z(40).ATHEf4n),APHT(40)

INTEGER N(11?).M(12) ,NAST(12) .NASTSIOF(12)
DATA Nil *3' S *7,1 2,13, '321, *4.36 , 3P,40/
DATA /,6.1,Z3.3,,3,fQ/
DATA NAST/I ,?,3,4,5,FR,9,i2,!3.14,15,16I
DATA NASTSTD)/5,1 Il ,#4,2.4,2.5.3.3,5/

pTa.*141 59;)6536
PiFsPI/180.CI
RFAD(1.lO1I TTYPF, ICAIE,T1F.! J,P&4! INC,T~rZEROPHrZERO

C**** CONVERT TO RADIANS
TH4E INC :THEIVNEC*PI F
PHI INCxPmI TJr*P?
THEZFRO*THEZFRO*P IF

S P94IZER~zPH Tl?.PI)*P IF

'OTO(O,40),I TYpr'

C****

ii,
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C**** CALCULATE COORDTNAT-S FIOR S..411.)OF PATCH
PHI=PHIZFRO+1 .5*PHIINC
NODE .1
Do 30 jul ,L
THEzTNEZERO-1 .5*THEINC
DO 10 J1. 7

I, X(NODE)2R*r09(TdF)*STNPM01
YNODE )zRtN (TqF)*INC PHI

Z CNODE) UR* 't)S(CPH! )K: ATME (NODE)=THL/P! F
iL AP41 (NODE):PWI /PIF

NODExNODE+1
T HEz=TN E+*T H FINC /2 .

10 CnNTINUF
IF(I.EQ.4)GOTO 'in
THE=THEZERO-l .5 bT$EtNC
PP9XPHI-O.5*PHTINC
DO 20 Jul v
X (NODE) =R*flS(TijF) * T N (PH)
Y( NODE)zR*1N (T~ F )*S'N (PH )
7(NODE)=R*O(nS(P,1T)
ATHE(NODE)%TE/IF
APH! (NODE)=PNI/J-IF
NODFENOnE+!
THE:TMETHcINC

20 CONTINUE

PHIzPHI-0.5*PHI INCK30 CONTI NUE
WRITE(40400) !CAiF

C**** PRINT NODE 'IiMiqr,Tr4ETA,PH! FOR EA174 BntuNDARY NODE.

DO 32 1=1,12
NnDEuN (I)

32 WP1TE(4,400)NDi,ATIF(NJDE) ,APHI(Nrt)
WRITE(C4, 401)

C*** PRINT NOPE,THIfTA,PH1.SI'F N-M9FR FOR~ EACH ROUNDARY MIDSIDF NODE

Dn 34 Iml,4
r~o 34 Jai,
M ID uM CK)

*WP ITE(4,40n)M I, AT 41I ))A*H I ('IT D) , T
34 X'=K.1

STOP
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C~*.CALCULATE rnORD1NAT,-1 FOR N,,STRAN PATCH
PHI12PHIZE RO+l. 5*PIRNC
NODEzl
D~o 60 I11
'.HE=THEZERM-i %*T4iE NC

£ O 50 Jul1*4
X (NODE)z=Re rMS ~(T 4gE) *.T N(P HT)

Z (NODE) zp*r(pq(ji )
ATME(AIODE)=T44E/'?1F

uO D EzN ODE +-
THE=THETHF INC

c)CnNTINUE

DHIZPNI.PHT INC

PRIONT NDEX Y ZAT FAC4 NO ,(Nrl),FD

.~.PRINT ICASP
wpITE(4,40P))CASP

~w*PRINT NODE,T4ETA-PHJ, AJ1 SI.)F N!JmBr-K FOR~ EACH BO)UNDARY NOPE.
DO 70 11 I
NODEzNWS( )
!SIDE*NASTSTpE(I)
WPITE(4,4OO))NUD:,ATAP (NI)D-APHT (NODE), TSIDE

7; CONTINUE
STOP

i-1 FORMAT(210.4FO.))
)'FORMAT(14s3FI5.10)

rORMAT(14,2F10.2.14)
tYFORNAT(IU i~.j fl')

END
F IN IS H
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P06 RAM (DATA )
INPUTlxCR0
OUT PUT 3=c Po
01.ITPUT4=cpl
FND
MASTER GENTRIPAT

C**** THIS PROGRim GEJEATFS PATA FOP A PATCH OF 18 TRIANGULAR
C**** SFMILOOF EIEMENTS 01 THE SU-J:~CH OF A SPHERE.
C**** THE INP11T nATA Z3
C** ITYPE ICASE THFtNC 2IJCT!EFO4 PHIZERO
C**** WHERE ITYPF TS )tIMMY'

C****IrASP IS rHE :sO'NnARY DISPLACE-MENT TYPE 0.1,2,3 OR 4
C****THEINC IS THE TNCREMEIT PFR FLEMEN!T IN THE THETA IOIRECTION
C****PHII'JC IS THE INCREiE T PER ELEMENT IN THR PHI DIRECTION
C**** THEZFR) I<: T4~E THETA (;OOURDI-NATE AT THE CENTRE OF THE PATCH
C**** PHIZFRO 1,1 T46 PHi COORDINATE AT THE CENTRE OF THE PATCH

C**** NODE X Y Z ARE IJPI[TTFN TO CP FILE3 FOR FACH NODE AND MIDSIDE NODE
C**** NODE THE PH4I FOR EACH NODE ).N THIE ROPI)NDARY
C** MID THE PHI I!- FOR EArH tlf STDE NO0DE ON THE ROUNDARY
C**** ARE WRITTEN TO CP FI'-F4 FOR ItNPOT TO THF SEHlILOoF PROGRAM

RF AL X(49) Y(49) , Z( 40) AT'it4'9) .APHI (49)
INTEGER N(12) OMii2)tN~AST(12.'

SN CONTAINS THE '!FRTEX NODES ARO;JND THE rOlNtARY OF THE SEMT LOOF PATCH
C**** M CONTAINS THE IIIDSI~nE -'J0flE ' AROUND TH4E BOUNDARY OF THE SEMILOOF PATCH

DATA N/1,3.5.7,15,21 *7Q,35,. ,45,47,4Q/
DATA M/24,6ol4,78,4 2.4,1,46-44,3~6,?f',8/
R=10.0
P12314159?6536
DIF=PI I18O .0
READ(1.1O1)ITYPE.ICAE,THFI,p~ilNr,THEZEROPHTZERU

C**** CONVERT TO RADIANS
THEINCUTHE INr*P IF
P'4IINCEPHI P.C*PIF
THEZERO=THF7ERt'*p F
PHIZERO=PHtZFRO*PIF

C**** CALCULATE COOPDINAT,.S FOR S MILo)OF PATCH
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PHIPHlZER+1.5*PH'rIIJC

DO 30 1 =1,
THE=THE7E~n- 1.5-THE I kiC
OP. 10) J=1 7
X (NODE) =R*rIs (Tr1F) *",7 1 tPHI)
Y ( NODE) =R * IN (T::C:) * T '4 (P HI)
Z (NODE)=R*C(nRp~
ATHE(N0DE)=THE/,-'F
.kPNI (NODE) PHT!/," ! F

NODE =NODF+1
THE=TM4ET4IINC / ..0

10) CONTINIIF
TME=THEZEQ('-1.5*THFIAC
PHI4PHI-0%*PHT'JC

3) CONTINUF
r C** PQINT RESUI.TS'

WRITE(4p4O(')TCA:F
D o 3 2 1 21

3? WITE(4,4i)DT;(ITF.AH(Nr)

Dfl 3 4 1 = ,4
Dn 34 J~

3L K=K(*1
STOP

1ol cnRMAT(2I0,4;-d.))
30, F0RMAT(14v3Fl5.,,l)

A I FORMAT(1O .J I

EiD
F I N I S M
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LIST
PROGRAM (DATA)
INPUTI=CRO
OUTPUT 3=CPO
O U T Pu T 4C P1
END
MASTER rENTPAT

C*** THIS PRflGRANI CAlC.f(l.TES THE X Y Z rOOROTNATES FOR A 3 By 3 PATCH
C**** nF SEMILOOr OR NASTiAN Th11AD-ILATERAL ELEMENTs
C**** WITH A REGk)IAR .,OuftjN:AR 911T '.11TH IRRF6 iJL.AR ; LEMENTS IN THE INTERIOR.
C**** THE INPUT -iATA !S
C**** ITYPE ICASV THFiOJC ()HIjjCr TjFZFRO P;JTZFRO
C**** THEI PHII

(T**16**27 rj)R SFmiinoOF OR (I=6,7,1.'.11) FOR NASTRAN
C*** WHERE ITYPF IS I FOR SE110,19 OR 2 FOR PIASTRAN fATA

Ck***ICAS; IS THE 301INDARY DISPLACEMENT TYPE 0.1,2,3 OR 4
C**** T 4 FI NC IS THE ALFSIJPTFJD)F.D PhR ELEMIENT IN THE THFTA DIRECTION
C**** PMIIN IS THE ANGLF S'1,1(E'.DED) PER ELE:,I.NT IN THE PHI DIRECTION
C**** THEZV.o 1! T4.' THETA OO0RDTNATF AT T4F CE ITRE tjF -HE PATCH
C**** PpiZ;:n r:; THE PHI MIO~IN~ATF AT 'HF cFNTR E oF THE PATCH
C****THE! AND P'-41 ARE THlE THFTA %,Jn) PHI~ COORDTNATEs OF THE VERTEX

C*** NnDES AROUN?- THFE CEdTRAL FL-:MFNT.
REAL X(40),Y(40),Z(.,fl),AiTHE.40),4P (40)
INTEGER N(1 ?), M1 2) ,:IID(16) .N&qT(12) .tJASTSI'-E(1 2)
DlATA N/l ,3,9,7,i2,1'3."3,20,24,3. ,38,4(/
DATA M246 i ~ 3.~j,'~
DATA MID/9,3,14.iO,1.16,i3,.2,14,15,14.16,1',16.1M,%014,25.

I 21 ,16,27, 24,23, ? , ,A25,27. ',127, 20.31 .25, 6,311.27,33/
DATA NAST/1.2,.1,4,5,A,9, 12, .114.15,16)/
DATA NASTSTflE/5,1,'I,S,4,2,4.?,5,3,1,9/

DiFzPI/180.0

C**** CALCULATE rOORDINATLJ F00 SImII.,)OF pATC1!

GOTO(0#75) ,tTD
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DO 30 Tzl,Z
THE=THE?ERO01 .5*T'4V AC
-)p 10 J=1,7
47THE (NOtDE):TI4E

AP0 D ENODE .1
NoE=N0E+lH1C?

ill C-NTINIJF
3F(I.Eq.4)r0TG 30
THE=THEZEROI .5*THE~INC
PHI=PNI-0.5*PH IN4C
,)c 20 J=1,4
AT4E (NEhE) =THE
4PHI(NoflE)zPHI

T WE=THE, rFTINC

I~ CONTINUF

C) (ON T INU F
C**~RAD 14 T~4r TiAtTA Poi PA! OF 7:4- N0')FS OF 7 '4E CFN T PAL El-FMFNT

READ(1,102)ATHF(14),API414,
RFA(1,102)ATHE(j6),APHI(j6i

QEAD (1,102) ATi1927 ,skpH I, *.7,

APHI (MID( 1) 1(:! (;IT!( 1+1) eAPHI (MI1D(T 4-2) 1 )2. :1

y( I )R C US A T H 1 I)*t F)t IS TN Ai I'1 F
Y( I)2R S 1N A T HEI *dt F *I N A~' ( 1~ 1 F~

51:(1)=R*C(,S(ApHv(I)*Pr,)
C***' ,,INT RESUITS

.PITE(4,400)1CA',E

6; P I T E ( 4 , 40 1 N0n ATIF N)I F APHT o4jr

7' 0 1=1,1

~T ="- ( K
WP I TE ( 4 , 4)MI 1 4, T f .I'l I) ,AP4 (MT)

7~ VK+l
~T (P
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C**** CALCULATE rO0R[);NATES FOR N.,,STAN PATCH
75 PHI=PHIZERo4i.5*tI!INC

NiODE1l
DO 85 1=1,4

DO 8U J=1,4
ATME(NODE)zTi4E
APH! (NODE)TPH1
NIODE=NODE+l
THE:THETs ilNC

P41=PWZ-PHT JNC
85 CONTINUE

READ(1 ,102)AeTHPF 7 ) .'q I()
RFAD (1,102) ATIIE c0),AP~4 (10

Dn 90 1=1,12
J = NAS T( I )

90 WRITE(4,4O(),I,ATHJE(J) ,APH4(.4 ,NAS T SUOE(1

C** CALCULATE ANrc PRINT THE X,Y.Z COORnINATES
DO 95 1=1,14)
XI)=R*COS (ATtiE( 1)*PYvF)*S IN.ADHI( V 'PIF)

Y(1)zR*SlN(ATHF)*PTF)*SIN.AP~4[j)*PIF)
7(l)=R*COS(APHIIl)*P!F)

95 WRITE (3,302)?*,X cl).Y (I),? (I
STUP

101 FORMAT(2!0 ,4F0..))
10? FORMAT(RFO.I)
300~ FORMAT(14I4.F15. 10)
302 FORMAT ('GR I f's4X,1 , RX. 3F8. 6)
400 FnRMAT(14s2F102, 14)
401 FORMAT(0 Oj*0 ).)l)

END
F IN ISH
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L I S T
PROGRAM(NAqT)

OLTPUT3=CPn
o jT PU T 4C P1

MASTER 6ENvJNTa.:
C*** THIS PROGRA!I I FA~ N 'iNA~ IDAiEr O

C~** NASTRAN PATCi4.'l',iY,;I1 ,IX,'J".-JZ ARE PRFSCRYh D A~T EACH NoDE

C**** ON THEF ROUN')ARY J 4 AE FOR:M OF ,PC OR MOC C;,QLUS.
C**** ICASE IS RFAD I1J A) T'14E APOR,)POTATF SIRPO&JTINE IS CALLED.
C C* ** ICASEUO P RF S IJRt L'.J'IN '
C Ce. cA S E z I&jCVTFNJJ4~ 1jNnfl!. v',PDA PHT Tq TA ('oxSTANJT

C**-* IASEze f;CWJlJh kI T,%~PPA PH~I 04!,-lAP THE THE CONSTANT
c I* TCAS E =3 MEPeQAN . Ji 4AV lt1. :PSI ijN .:,HI Tt4ET;% COP.STA'ST
Ck**** ICASE=4 MEO* RANL, ic1VOJPTO --l H1 Hl,-FPSYLON THE TH4E CONSTANT

C C*~ * RAINIUS
C*** 4ITMICKNESS

- C~ E=YOUNGS Mt~llILif;
C**** 0NuPO[SSON~ RcrVT.!O *ANA<

*C c 10. TOTAL Nf!'IRE? OF 4nEJ IN PATCHI
C** PTF=PI/lgt = N1JT1I,_0ArifN ;:Af".TtR 7fl rflNVF2T F.: Om I)ECRESS To RADIANS

F= 9. O)Ee,
DNU=0.3
*JOD:1 2
I P 3 16

RFAD(1, 100)jrICA5
*IF(ICASE.EO).n)r L1. .*;EStIVF 1 30 1'F)

STOP
i )ri CtRMAT(TI)

SUB ROUT INE Q E S;9IL)~T~ k;:)
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C***. iCASE *0
C-*** THIS SUBROUINET~ lEAEPATES TiF BOIJNDAPY rON~D1TI0'JS FOR A 3 BY 3 PATCH
C**** O'F NASTRAN QIIA'14 ELEMENTS UJ nER PRFS SURF LOAI IN5
C**** THE INPOuT D4TA .,A.'4 t)F O)CTAl .F' FROM DROr-RAM GENFATCH
C**** THE OUTPUT TR i,iY,'Z,X,W-,4Z FO FACH NODEF AND IS WRITTEN
C**** TO CP FILE3 AS Iar CARDS

DO So I1N,,OD
READ(1#1011I.T4FvP4I,ISI)E

C**** ISIr.EzS REFrRS TO A NODE ON~ THE CORNER OF THE PATCH
THE=THE*PI:
P,4IXPHI*PI r
60 TO03,24,j3,24.13' ,!ST;)

13 CONTINUE
C***fr SIDES 1 ANr) I

AXv-COS (PHI) *COS (T4
AYU-COS(PH1 )*S ,,(THE)
AZzSIN(CPH 1)
RX-SIN(THE)
RysCOS CTHE)
RZ20.
WRITE (3. 302) T,A:, I,AV,I
WRITE(3,301)!,i.qJ
wRITE(3s30o) I,R-, RI v, I
WPITEC-i,301)1I ,,z

r~ TO so

24 CnNTINUF
C**** SIDES 2 ANr% 4

AXO-SIN(THF)
AYUCOS (THEF)
AZ=0.
0X'-C0S(PHI )*C0r.(THli')
R~u-COS(PI4I)*ST ,(THE)
PZZSIN(CPH I)
WRITE(5,304) I A", I iAXg T

WRITE (3,306)', Rv,I, RX, I
WRITE(3,307)1.1 .wZ

5P CONTINUE
101 ;ORMAT(1O,?FO..0 )
300 FORMAT(SMPC i ,1;1,,4 1,F89.6,18,,5 sF8.6#

1sx, gpsp, j)
* 301 FORMAT(,&Mp,,2.11X,l3v06 1,F3.6)

102 FORMAT('MPC 1 ',1i.l.' 1,.~!,' F8.6,
18Xe 314A' .2)

30'4 Fn1RMAT(@AMA4 .12,llX,18,,3 ' ,F8.6)
* 304 FflRNAT(OmPr 1 ~ .. ?.86I~1,F8.6,

I 8X#*SMB', I2)
105 FoRmAT(&MB,12,1,iX,TA,'3' ll6
106 FORMAT(SMPr 1',.. ,atI,4'F.6

1 8Xol& MC' , I2)
107 FnlR4ATCI&NM.1.llX, I,,A F8

STOP
END
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SUBROUTINE KTH.pHI (RH,E,PW1,NOD. IP,P1F)
C**** ICASE x
C**** T41lS SURROUTINC GENERATES MAI;TRAN nOtlNf)ARY DISPLACEMENTS FOR THE
C**** INEXTENSIONAL BZNDIJc1 CAS'E "SAPPA CONSTANT
C**** THFTA 0~41

REAL U(3)
B=R*R*(1.+PNwi)/ CE*4**3)
rDn 10 IONOl
READ~lvllO)%J,THE,PHl

P141:PHI*PIF
CPHIZCOS (PHI)
SPHIZSIN ( P14)
CTHE=COS(THE)

*t. 11(1 )4.*B*CPHT*CTH 1 C'*CTtlC*C-H~E/SPI4I
u(2)3-4.0**cpHI*STHF*STHE*%THE/SPHI
U(3)3-B*CQS(?.O*THE)*(SPHI*,P14i-2.A*CPH!*CPJI)/(SP1I*SPHI)
DO 5 Jzl#3
icz O0*J4N
WRITE(3,300)N#J,U(J) ,K

5 'JRITE(3,301)K

W PNH 1-4.0* 9* CO S(2.0* T H F)/CR * SPH1*3 p H! S PHI)
WX=-STHE
WauCT HE

WR ITE (4,405) N.WX, IP
WR ITE (4. 415) IP, .,.WY, TP
4RITE(4,425)fP.lP,!.bPHI,IP
'4RITE(4,435) TP
WR ITE (5 500) VP

WX=-CTME*CP1
WY2-CPH I*5Se4F
lz=SPN I

* WRITE(4#400)NoWY,IP
WRITE(4.410)IP,;i.,WX,TP
WRITE(4,420)TF.4,WZ,TP
WQITE(4,43fl)tP,lP,WTHE
WRITE(5,S00) IP

ln' CONTINUF
STOP

110t FORMAT( 1O,?FO.O)

1O1 FOHIWAT(I*SPCI.13)

41n FORMAT( O*MDCI I, 12,1A, 1l,5: 41 .E16.9,16X, 10WC21 , 2)

41)5 FORMAT (6 MPC I 12iI X '1*.11 1 51 ' El 6.9,i x ' &M C 2 1 )

4? FORtIAT('*MPC2' * 2,17X.116.1.,X,E16.Q. '9MPC3' .1?)

4jrV FORMATC'*MOC31,12)

E0NDm T(S C ,2X '' 1 ,1X ' . '
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SUBROUTINE KTHF-E(A o I0,PIF)
C**** ICASE a 2
C**** THIS SUBROtUTINF GENERATES NSTRkJ qOlJNDA~RV ITSPi-ACEMENTS FOR THE
C**** INEXTENSIONAI. FlFNtPI'l C~tE <'APPA s-KAPPA CONSTANT

C****THETA THETA PHI PHI
REAL UM3
DO 10 Izl.NOI)
READ(1 ,110)N,THF,4j

PHIuPHI *PI p
CPHICCOS(P41)
SOMIMSIN (Pw I)
CTHE=COS (T4E)
STNEzSIN(TWE)

tJ(2)=STHE**3*(C?-4fi.:P4I+1O/(f*PI

* Do 5 J=1,3

K101 P41

WPXIZ*CpNI*CnS(2.j)*THE)*(1 .I42.3/(SPHI*ePHI))/(3.0*?*SPHI)
WXm-STHF
WYzCTHE
WRITE (4,405) N. wX *IP
WRITE (4, 41 5) P , ' 4 V. Ijp
W I TE (4,425)! P.! P *4,)H I,*IP
WRITE(4,435) IP
1WPITE(5. 503) P
I 031P.1
WTHEz-SIN(2.A*T.;E)*(?.OSPHN*'IPI-4.0/(SPHI*SPHI))/c6.0*R*SPHI)

* WX=-CTHE*CPHI
WY=-CPHII*STHF
WZUSP94I
WRITE(4,400)N.WY, IP
WRITE (4, 41.)IP, qwXD IP
W9ITE(4,420)TP.,4ZIP
WRITE(4,43)TP,P'4TI4F
WRITE(5,5O') IP

10 %PONTINUE
STOP

110 FORMAT(TO.*'Ff.0)
300 FORMAT(,SPr* ,195x.oe,2.16,Fl6.9,,&spC' ,j3)
301 FORMAT(,*SDC'.13)
410( FORMAT(IMPr*'.V)X.'11,1 6,15X~~,1..'MC',
41n FORMAr('*MPCi' ,TZ.1X.litrj15.,.'4',E16.Q),16X, 'gMPC2',I2)
405 FORMAT(IMPC*I',1QXol,1SIA#,X,~',F16.Q,'gMPCI' ,T2)
415 FORMAT( *MpCi ' .2,1x. 161.x. 5. ,E16.Q,16X, &MPr2, .2)
420 FORf4ATCO*MpC2' * 2,17x,I16,ISX, '6',,1. 9 , '&Mpr.3',12)
425 FORMAT( S*Mpr2' (2.1'?. I16,1.'XE16.Q, '&MPC3' .12)
43n FORMAT(I*MPC3' ,12#1x.lifr, 1.1,E1l%. 9 )
435 FnRMAT(I*MPC3',17)
SOfn FORMAT('SPC'.12X,'1 ,18,13X.'1.v1

FWD
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SUBROUTINE ETHEPb4I(R,N19. I.PIF)

C**** ICASE a 3
C**.* THIS SURROITPE GEN JQATF.S N-ISTRAN rOOUNr),'RV ,I1SP.ACEMENTS FOR TH4E
C**** MFMBRANE SOIJDT!o'J E.S1L04J CONS-ANT

C***T'4 T.A P4I
REAL UM(~
1-0 10 IMl.Nemf
SF A (1 .110)N, *T 14F*P Hi
THE=THE*PJ F
041=P41*PIF
CDHI=COS(pm1)
SPHI=SIN(PHI)
CTHE=COS(TWE)

* STME:S IN(TWE)

'J(1) :(-(4.n-2. fl*SPL4i?.PH1 14 DI*CTHE*'"OSr2. O*THE) ,(2. O.SDHT2)
I *(.* H~nN'0TF -PrHI*CT4F*C9'(2.A*TI ) ) )*CP14

2 I(6.0*SPHI2*SPH1)

I *( .~ T E Sl ',TF)-;w.Srl*tS 2.*~F ) *CPHI

I (6. 0*9 pP124Ij

DO 5 JxU1,3
K=1 00*J.'4
WRITE(3,30f1)N,J,t1(J, .K

SWRITEc3,3O1)K

+ 3.0*(Cp,.UoCpH. )*o.?.*lfl(~l)~S
9X!X -S H F

wRITE (4#405)NWA. [P
WRITE(44l<)TP,-1 4y* rP

WRITE(40431;) T

!J RI TE (5 ,503~)vIP

WXU-CTHE*CPrll
WY - C PHI *ST F
W7=SPHI
WRITE(4,400)N,1JV, IP

wRITE(4,42n~)!P,N,w7,TP
WRITE4,430)P.iPWT4E
WQITE(5,5O1) ID

l-) e'ThTI'JUE
STOP

1101 FORMAT(I0#2F-).O

10 P(RMAT('SPC1

4.01 fORMAT('*SpI'.' IQ.; i,1.X'. FI*,'MH'.2

4 F' f) R M Ay M- i: 1 1 .'41F ~1.) XAmPC2

115 pF 'RMAT(*M or!;V.,2, - l',1 .,5 l,. ,1S,)M (2 2
42A FORMAT ( SP' C' . , 1' I , I .,
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SUBROUIJTNE FTHETHE(!<,Nnfh IP-PIF)
C**** ICASE a4
C**** THIS SUBR0IITTNiF GEN6RATE NATAI BOONDARY DISPLACEMENTS FOR THE
C**** MEMBRANE SOLUJTION F~qIL-N ,-EPqlLf)N CONSTANT

***THK:TA THET/i PHI PHI
REAL 1i(3)
DO 10 11l,Nnr
RE AD (1,*110) , T H , P H
THEUTHE*PI P
PH IUPHI*PI C
C PM ICOS (PH I)
SPHIuSIN(PA T)
CTMF=COS(THF)
ST4EmS IN (TI4F
IJ(1 )a(3.0*rP'iI* pI*rTHE*Cn: (3*THE)-2.O*COIS(3.0*THE)) /

I (3.0*SP4!**I)
tj (2)z=(3. O* PHI *",PH vITHE*C' (2 .,)*THE)-2.0'SIN (3, O*THE))
1 i(3.0*SP4I** 3 )
1i(3)UCPHI*I'fl.(2.0*TIF)/(ID4t*SpL41)

Do 5 J =I ,3
'=1 Oo*J+N
WRITE(3,30)N.J,U(.%J),K

IvUIP~l
WPH 1e4 .0*C PH I*OS (2 '. *TNF) /(3. R*SPH! **3)
WXZ-STHE
WYuC THE
WRITE(I.,405)N#WX, I?
WRITE(4,4j%)TP,N,'JY,TP
WRITE(4,425) !P, ,P,~' I ,IP
WRITE(4#439) IP
WRITE(5,500) 'P
ipaIpi
WTHE2O .0
WX=-CTHE*CPH!
WYa-CPH I*S-tiF
wJZmSPMI
URITE(4,40A)NsWV. IP
WRITE (4, 410) P,w WX, ip
WR ITE (4, 42l) 1P,A, Z, 'p
WRITE(4,430)IP,IP,W4THE
WRITE(5,501) IP

11 CONTINUE
STOP

100 FORMAT(I0)
110 FORMAT(I10p?FO. 0)
3on FORMAT(ISPC* ' ,15x(, '1' ,?16,E16.Q), '&PC' ,1)
101 FORMAT(I*Spc',T-:)
400 FORMAT(IMPr&' ,1UXoh1',116,lSX,',FlA.9,'SMPCI' ,12)

415 FORMATQI*MpC1 ,i2,lX.116,15x, '5' EI6.16X. 'AmPC2' 12)
42n F0RMAT(''MPC?',t?,17X,116,15X. '6',FIA.9. 'MPC3',12)

430) FORM4ATC'*r4pcI , 12.A, Il6916x,P16.9q
435 FORmATC'*r4~c3',i2)

END
F 1N1IS
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LIST
PROGRAM(DA'A)
IN P (TIc=CR0
OUTPUT3=CPA
END
MASTER GENtCQIJArI 4

* WRITE(3,3)N,N1,q,3,ji1
nnlTO 10

09 STOP
1011 fORMAT(510i

END
FINISH

LIST
PROGRAM (DATA)
iNPUTI SCRO
O)UT PUT3=C P

M~ASTER GENr7QIA.-
10 9 E AD ( 1,10 0 , F 4 1) Q 9) J hi *I ?.N'

GnTO 10
99 STOP

100 FORb1AT(41O)

END
F IN IS H
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VL LIS T
PROGRAM (DATA)
INPUTI :CRO
OLTPUT2=CPo
oUT PUT 3m=L P0
END

4 MASTER QENflRTO
INTEGER IBC,(250)
RFAL X(250),Y(2%0).2(25o)

L READ(1 .02)N0h;-
Do 10 Iml1,NNlLF

I BC (I0
10 CONTINUE
V( READ(1 1101 ,FND=25),IOC(N)

V GOTO 20
25 DO 30 I.1o?')3

301FI B1C( I) N F* . )'.ILT,:(2, 2010) t ( I) .v( I ) I IR

STOP
100 FORMAT(l0,'lPO.0)
101 FORMAT(2I0)
102 FORMAT(IO)

?01 FOIRMAT('GRI) ',I6-3X,3F8.6,8X,I8)

700 FORMAT(,GR!I' 4X, I3,RX,3FA.e))
END
FI N IS H



Fig 1 concl'd

LIST
PROGRAM (DGP,'-i
TNPUTI1CRO
OUT PUT 3=CP!
END
MASTER CHANrF D.TA

C**** PROGRAM TO ALTFR TC rCV)RDI'ATES OF A SF.MILOOF !'ATA FILE SO THAT
C-*** POSITION 09 THE MIr',YDE mnflflS I HAI.FWAY ALONG 'HE STRAIGHT LINE

*c**** JOINING THE TWn VEQ-9X fi~F
RFAL NIJX (?,) ,210~) Z2'

;t INTEGER ELC3)
C*** READ IN START O)F Dkrl %I.

* READ(1#100)NFL
Qc AD( 1 , 0 - ., R SJ? F4 T
PEA D(1 P 1001NAr!

Ch* READ IN X,Y,Z rJTC
D'O 10 J.1.NA4

C P(nR EACH F1 EMENT EAfl 14 EL,:Mi"'J? COIJNECTIA)NS

D:. 20 J2FL-g 4,1

K2

N~l=EL(J-1

C,. WRITE NODE FOR FAri NODE
Do 40 mil,N,%,

40 wPITE(3,3O!)t ti 0,y1) ,Z(T)
STOP

101' FORMAT(EU.4F0))

107! PFRMAT(81O)

F I ND S
FINISH
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*. Fig 2 Mesh node numbering for patch tests
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Fig 3a-c

SIDE 3

SIDE SIDE
4 2

SIDE I

(a) Side numbering (b) Triangular nesh

/ 4

(c) Irregular meshes

Fig 3a-c Typical meshes used for patch tests



Fig 4a&b

z

a) Co-ordinate system
THEINC

THEZERO
PHIZERO

b) Patch notation

r Fig 4aa~b Patch on the surface of a sphere
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