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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

descnptlons and listings of the programs are given, =
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1 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 packagel, 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 Morrisz.

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, Ze¢ 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 6 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 6 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,




The free format input data is as follows:-

NNODE
NODE, e.‘ 4"1
NODE. 6, ¢.

i i i
NODE nnode ¢nnode

nnode
NODE NOA NOB
where NNODE is the total number of vertex and midside nodes,

ei and ¢i are the 6 and ¢ 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 NODEi Xi Yi Zi
where X, Y, Z are the x y z coordinates of NODEi 1525¢¢0yly.00,NNODE.
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, <e

ITYPE ICASE THEINC PHIINC THEZERO PHIZERO

%S6 135

where ITYPE = 1 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,

= 1 for K¢e constant,
= 2 for K¢¢, “Kgg constant,
= 3 for €¢0 constant,
= 4 for e¢¢, “€g0 constant,

THEINC is the increment per element in the 6 direction, ¢f Fig 4b,
PHIINC is the increment per element in the ¢ direction, cf Fig 4b,

THEZERO is the © coordinate of the centre of the patch (usually 0.0 or
45.0),
PHIZERO is the ¢ 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 2z coordinates of each node. Arrays ATHE and APHI are filled with
the 8 and ¢ coordinates in degrees. Note that the midside values of 0 and
¢ are the mean of the values of © and ¢ at the vertex nodes, thus the mid-
side node is not necessarily on the geodesic line between the vertex nodes,
For SEMILOOF data, Ze ITYPE = 1, the output to CPO is
NODEi Xi Yi Zi

for i=1, 2,,..i,..., NNODE, The output to CPl is

ICASE

N o\ N

0 0.0 0.0

M 8y by 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, Ze ITYPE = 2, the output to CPO is
GRID NODE:.L Xi Yi . Zi
for i = |, 2,,.4y i30¢., NNODE, This can be incorporated directly into a NASTRAN
bulk data deck. The output to CPl is
ICASE

N 6 ISIDE

N N ,
where N 1is 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.




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 8 and ¢ 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, Ze

ITYPE ICASE THEINC PHIINC THEZERO PHIZERO

the subsequent lines are, for SEMILOOF:

84 %14
%6 ‘16
825 425
807 9y

and for NASTRAN:

% %
8 ¢
%0 %0
8

o
All 6 and ¢ 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 CPl from program GENPATCH, 7e

ICASE
N oy oy ISIDE
whece ICASE = O for constant pressure loading,
= | for Ke¢ constant,
= 2 for K¢¢. “Xgg constant,
= 3 for ee¢ constant,
= 4 for ew v “€ag constant,

N is the node number on the boundary,
eN and ¢N are the ©® and ¢ coordinates, in degrees at node N,

vS6 1318

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 = Q),
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The output is to three card punch files CPO, CPl, 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¢, Ue and W , the displacements in the

¢ and 6 directions and outward normal to the shell surface respectively, are

v =0 h
¢
Y = 0, } (4-1)
W —-——-——kR2
2D(1 + v) J
2
where k = —73 >
I2R

h 1is the shell thickness
D 1is the flexural rigidity

Eh3

12(1 - vz)

v 1is Poisson's ratio.

The patch may be centred anywhere on the surface of the sphere. Conditions
of gymmetry 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 1 and 3 (see Fig 3a) and 5, (where 5 is a

corner of the patch) the conditions are

-~ cos ¢ co88U_-cos8 ¢ 8in 6 U + s8in¢ U = 0
x y z
(4-2)
-sin B w_+cos 8w = 0
X y
and on sides 2, 4 and 5 they are
-8in 86U + cosoU = 0
X y
(4-3)

- cos ¢ cos e«»x - cos ¢ sing Qy + sin ¢ w, = 0
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where U, Uy, Uz and W s my, w are the displacements and rotations in the
X, v and z directions,

4,2 Subroutine KTHEPHI

This subroutine is called when ICASE = 1, It outputs the prescribed

inextensional bending case displacements for the nearly constant curvature change
state, Wwhere

P .S )
K6¢ constant
) (4=4)

K = -k  =0.

¢¢ 66 J

The prescribed displacements are
- B 29 4 cot? & ’
U¢ 3 sin ¢ (tan 3 + cot 2) cos 28 ,

= B(2 - sin2¢) cosec ¢ cos 20 ,

) (4~5)
U, = = 2B cot ¢ sin 26 ,

W = B(2 + sin2¢) cot ¢ cosec ¢ cos 20 .

4

When the patch is centred at 6 = 450, ¢ = 90° these displacements may be written

as

3 A
) Ux = 4B cos ¢ cos 0/siné¢ ,

. 3 .

Uy = = 4B cos ¢ sin"8/sin¢ ,

U = -Bcos2 e(sin2¢ -2 cosz¢)/sin2¢ s > (4-6)
. 3

w¢ = 4B cos26/R gin" ¢ ,

. . 3
Wy = 4B sin2 6 cos ¢/R sin™¢ , J f

where B = Rz(l - v)/Eh3

and we and w¢ are the rotations about the 6 and ¢ directions.

%S$6 138
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The quantities Ux’ Uy and Uz , 2e freedoms 1, 2 and 3 are prescribed on
double precision SPC cards on CPO, w, and w, are resolved into w_ s wy and

0 ¢

w, and are prescribed on double precision MPC cards on CPl, Ze

-sinfw +cosbw ~w, = 0,
X y
(4=7)
- cos B cosbw ~cos ¢ sinbw_+ sindw —w, = 0.
p 4 y z 0

To represent the constant terms g and W, 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¢¢ = - Kee = constant ,
(4-8)
Ke¢ - 0 .
The prescribed displacements are
\
= L s 29 _ o2
U¢ = 73 sin ) (}an > cot 2) cos 26 ,
1
= - 3-cot ¢ cos 26 ,
> (4-9)
Ue = %-(2 - sin2¢) cosec ¢ sin 26 ,
W = - %-cosec2¢ cos 20 .
/

When the patch is centred at 6 = 00, ¢ = 90° these displacements may be written

as

Ux = - cos3e(cosz¢ +1)/3 sin ¢ ,

Uy = sin3e(cosz¢ + 1)/3 sin ¢ ,

U, = cos 20 cos ¢(1 - 12> 3, (4-10)
sin"¢
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w, = = cos ¢ cos 26(sin2¢ + 2)/3R sin3¢ .

¢

wg = sin 26(2 sin2¢ - sin4¢ - 4)/6R sin3¢ .

The quantities Ux’ Uy’ Uz are prescribed on double precision SPC cards on CPO,
w, and w, are resolved, as in equation (4-7), into s wy and w, and are

8 ¢
prescribed on double precision MPC cards on CPl. 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

ae¢ = constant
(4-11)
e¢¢ = T g T 0.
The appropriate displacements are
v = - L {3 + (2 + cos ¢) cos ¢} tan2 L} )
¢ 12 2
29
+ {3 - (2 - cos ¢) cos ¢ ¢ cot 7 | cosec ¢ cos 28 ,
= - %-cosec3¢(4 -2 sin2¢ + sin4¢) cos 26 , > (4~12)
1 2 . 2 .
Ue = - i-cot ¢ cosec”¢(2 + sin"¢) sin 26 ,
W = l-cot ¢ cosec2¢(2 + sin2¢) cos 26 . /

6
For the case when the patch is centred at 6 = 450, ¢ = 90° these displacements

may be written as

Ux = cos ¢{- (4 - 2 sin2¢ + sin4¢) cos 6 cos 20

+ (2 + sin2¢)(2 sin 6 sin 20 + sin ¢ cos 6 cos 29)}//; sin3¢ .

%96 138
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Uy = cos ¢{'-(4 -2 sin2¢ + sin4¢) sin 6 cos 26
- (2 + sin2¢)(2 cos 6 sin '8 - sin ¢ sin 6 cos ZG)h/g sin3¢ o, (4-13)
g = ! (1 + c052¢) cos 20 ,
z .
2 sin ¢
_ . 2 . 4 .
w¢ = {- (4 - 2 sin“¢ + sin ¢) sin ¢ cos 28
+ 3(cos2¢ + 1) cos 28 }/GR sin4¢ »
_ . 2 . . . 4
wg = cos $(2 + sin“$) (] - sin ¢) sin 26/3R sin'¢ . /

The quantities Ux’ Uy’ Uz are prescribed on double precision SPC cards
on CPO, wg and w¢ are resolved into s wy and w, » See equation (4-7),
and prescribed on double precision MPC cards on CPl. 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 Cr2.

4,5 Subroutine ETHETHE

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

displacements for the nearly constant strain state

)
where e¢¢ = = Eee = constant ,
} (4=14)
E9¢ = 0 . )
The displacements are
- - 29 1
U¢ 13 [{3 + (2 + cos ¢) cos ¢} tan 2
2 ¢
- {3 ~ (2 - cos ¢) cos ¢} cot 3] cosec ¢ cos 20 ,
2 2 '
= - 3-cot ¢ cosec ¢ cos 26 , > (4=15)

u = - % cosec3¢ sin29 ,

%-cosec2¢ cos 26 .,

=
[}
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When the patch is centred at 6 = 0°, ¢ = 90° these may be written as

\
Ux = (3 sin2¢ cos © cos 206 - 2 cos 30)/3 sin3¢ s
L2, . , 3
Uy = (3 sin"¢ sin 8 cos 20 - 2 sin 36)/3 sin"¢ ,
U, = cos ¢ cos Ze/sin2¢ , } (4~16)
. 3
@, = - 4 cos ¢ cos 20/3R sin"¢ ,
wg = 0.
p

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

on CPO, wg and w¢ are resolved into wx’-wy and w, » as in equation (4-7)
and are prescribed on double precision MPC cards on CPl. Scalar points are
introduced, as described in subroutine KTHEPHI, and their displacements fixed omn

single precision SPC cards output to CP2,

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 1is the element number,

N1, 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 1 NI N2 N3 N& O.
The third field refers to the property card and the eighth field, to the material

orientation,

%66 13s
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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 1s the element number,

N1, 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 N1 N2 N3 0.

The value of 1 in the third field refers to rthe NASTRAN property card and O.
in the last field gives the orientation of the material, Ze 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, ¢ permanent single point constraints.

The input data is read in in free format and is

NNODE
Ni Xi Yi Zi
Nj IFREEDOM

where NNODE is the total number of nodes,

X;» Yi’ zi are the x, y and z coordinates at node i ,
(i=1, 2, +.., NNODE) ,

Nj is the node at which the freedom is being constrained,
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IFREEDOM is a number consisting of any of the integers 1| + 6 with no

embedded blanks, the integer contains ! if Ux, =0 ,

J
2 if ij =0,
3 if Uzj =0,
4 if wxj =0,
5 if myj =0,
6 if wz. =0,
J
j 1is repeated for each node to be constrained in this way.
The output is either of the form
GRID I blank X, Y. Z,
i i i
or
GRID I blank Xi Yi Zi blank IFREEDOM.
NB If

X. , or z, g -1
i? yl 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

2
for the problems considered by Morley and Morris .
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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 chanmel 9. The
next line of element connectors are then read and the matrix calculation process

repeated.




Appendix

; SHORTLIST

E PROGRAM(LOOF)

- INPUTS=CRO

' OUTPUT6=LPO

g OUTPUT7=ED7?/UNFORMATTED(DAF?)

f OUTPUT8=EDR/UNFORMATTED(DAFH)

s OUTPUT9=EDO /JUNFORMATTED (DAFN)

; TRACE 0

- END
MASTER

Cx#xx PROGRAM TO GENERATE THE ELFMENT STIFFNESS MATRICES AND ASSOCIATED

Cewww MATRICES FOR THE SEMULOOF SHELL FINITE FLEMENT
COMMON/FRON/ELST(528),ELR(32,2),LNODS(8),LNODZ
COMMON/SHELL/ARFA, ELXYZT(9.,4),FRAM(3,3),POINT(3),
1 SIDE, THIK:+ WSHEL(13,45) -XITA(2), XYZ2(241,3)
COMMON/ERNEST/YMODT (10), POIST(10)., THIKTC(10), DENSTT(10),
1 PRESST(10). ILMAT(241), STRESM(24,32)
PO 800 1=1,13
po0 800 J=1,45
WSKEL(I,J)=0.0

800 CONTINUE

Cex»v READ PROBIFM PARAMETERS.

4 READ(5,500) NELZ
500 FORMAT(10)
WRITE(6,609)NELZ
601 FORMAT(/7H NELZ =,14,9H ELEMENTS)

Cex+v+ READ MATERIAL PKROPERTIES AN) NODAL COORDINATES.

MATZ2=1
DO 6 MAT = 1,MaTZ
Cevxs YMODT CONTAINS VOUNGS MODULUS
Cwswxs POIST CONTAINS POISSONS RAT]O
Cewuse THIKT CONTAINS SHELL THICKNFESS
Cawns DENSTT CONTAINS MATERIAL DENSITY
Cr#w» PRESST CONTAINS PRESSURE LOADING
READ(5,502) YMOpRT(MAT), POIST(MAT), THIKT(MAT), DENSTT(MAT),
1 PRESST(MAT)
502 FORMAT(EO.0,4FD.0)
6 CONTINUE ;
Cx*w+x N2 CONTAINS THE TOTAL NUMBEKR OF VETEX AMD MIDSIDE NODES i
READ(5,591) NZ !
591 FNRMAT(10) .
Cxwa*x FOR EACH NODF READ IN NODE NUMBER AND X,Y,Z COORDINATES
READ(S5,504) (N, (XYZ(N,I), I = 1,3), N = 1,N2)
504 FORMATC(IO,3FO.0)
WRITE(6,604) (N, (XYZ(N,I). 1 = 1,3), N = 1,N2)
6046 FORMATC/3X,AHN,6X e THX i OX,THY ,OX,THZ/(1X.,13,3F10.6))
WRITE(6,606)
606 FORMAT(/15H FLEMENT NUMBER,5X,20HNODE NUMBERS = LNODS)

Cewws FNR EACH NODF,READIN ELEMENT CONNECTIONS AND CALL SEMILOOF ROUTINES

DO 7 NEL = 1.NF. 2

LMAT(NEL) =1

N = NEL

READ(5,592) (LNODS(I), I = 1,8)
59?2 FORMAT(3810)

WRITE(6,608) N, (LNODS(I),I=1,8)

<
[Ta)
=)
-
1S
wv
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Appendix 17

A0R FORMAT(2I111,915,¢122.915))
Cxwws LNODZ = 6 FOR A TRIANGULAR FLEMENT OR = 8 FOR A QUADRILATERAL ELEMENT
LNODZ=8
IFCLNODS(8) . EQ.0)LNONZ=6

Cewww CALL SUBROUTINF TO SET UP ELEMENT STIFFNESS MATRIX AND ASSOCIATED
Cevww MATRICES
CALL ELSTIF(NEL)
Cewsnr WRITE LNODZ CONTAINING NUMBXR OF NODES AROUND THE ELEMENT AND ELST
Cwewww CONTAINING THE 7LEMENT STIFSNESS MATRIX TO CHANNEL 7
WRITE(7)LNODZ
WRITE(7)ELSY
Caxwwx SEE SUBROUTINE FULSTIF FOR PRINT OUT OF LNODZ,STRESM,PT,FR
Cxxww CONTAINING STRESS INFORMATION TO CHANNEL 8
Cxvwx WRITE LNODZ AND ELR CONTAINING PRESSURE AND GRAVITY LOADS
C+«wx TO CHANNEL ©
WRITE(9)LNODZ
WRITE(?)CELR(I,1),1=1,32)
7 CONTINUE
STOP
END
RLOCK DATA

Cxwxv TO INITIALIZE COEFFYCIENTS FOR CORNER-MIDSIDE AND LOOF VERSIONS
Cswwwx OF QUADRATIC TRIANGLE AND QUADRILLATERAL FOR SUBROUTINE SFR,

DIMENSION COFEFA(166). COEFR(81)

COMMON/COEF/COFF(247)

FQUIVALENCE (COFF(1), COEFA¢1)), (COEF(167),COEFB(1))

DATA COEFA/ Toe=3cr=3.0 2.0 4. 2., 0., 4., 0.--4..-4.. O-l 0.,
“1.¢ 0.¢ 2., 0., 0, 0..0 ., 0,, 0., 6,, 0,,0,, 0.,~1,, 0., 0.,
2. o-' 0., 4., 0.!-‘.1-4.1 0-9106836031 1-577350269!
~6,061451284,-6.196152423, 2.464901615, 8,928203230, 1,732050808,
~0.244016036, 0.422649731, 2.041451884, 4,196152423,-4,464101615,
~4,928203230,~-1.732050808, 0.333333333,-1.422649731,-2,577350269,
~1.464101615, 5.000000000, 5.464101615, 1.732050808, 0,333333333,
-2.577350269,~1.422649731, 5.464101615, 5,000000000,~1.464101615,
~1.732050808,~-0.264016936, 2.0461451884, 0.422649731,~4.928203230,
~4,464101615, 4.196152423, 1.732050807, 0.910683602,~6,04145188¢,
1.577350269, 5.928203230, 2.464101615,-6,.196152422,~1.732050807.
‘1-!6-:6.:‘6-0-6-0'6.'0.o‘.25-0.00.'-25!.25'.25".251‘-2500.'
.51001'051‘-510.10--0.1.500.1'.25-0.00.'.255'.25'.25:.250'.25:0.‘
.5:-500-00.,0..'-5,'.5'0.r4.:‘.25.0.nO.p.ZS:.25'.250.250.25.0.r
e940.0.5/=.5+0.,0.,0.4=.5:,".+,=.25,0.+0.,.25,-.25,.25¢-.25,.25,0.,
.5:-.5.0..0..0..-.5..5.0.-0..1.:0..0..-1..0..-1..0..0.'1./

DATA COEFB/ 0.0:0000000, 0.216516351,-0.375000000,-0.093750000.,
0.216506351, .,281250000,-0.,649519053, 0.3575000000,~0,32475952¢6,
-0.000000000,-0.216506351,-0,375000000,-0.993750000,~0.216506351,
0.281250000, 0.649519053, 0,.375000000, 0.324759526, 0.000600000,
0.375000000, 0,216506351, 0.281250000,-0.216506351,~-0.09375000¢C.
-0.375000090,~0,649519053,-0.324759526, 0.0N0000000, 0.375000000.
«0.216506351, (:.2R1250000, 0.216506351,-0,093750000,-0,375000000,
0.649519153, 1,324759526,-0.900000000,-0.216506351, 0.375000000,
-0.093750000, 0.216506351, 0,281250000, 0.649519053,-0.375000000,
«0.324759526, a.900n00000, N, 216506351, 0.375060000,-0,093750000 .
~0.216506351, 1.281250000,-0,649519053,=-0.375000000, 0,.324759526,
-0.000000000,-0.375000000,-0.216506351, 0.281250000,-0,216506351,
~0.093750000, n,375000000, 0,649519053,~0.324759524,=-0,000000000,
-0.375000000, ,).216506351, Nn,281250000, 0.2165,6351,-0,093750000,
.375,-,640519053,.324759524,1.,0,,0,,=.75,0.,~.75,0..,0.,0.,/

END

OWVMEP NN 0D NIV WN =
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18 Appendix

SUBROUTINE ELSTIF(NEL)

c
Cewns DEMONSTRATION PROGRAM FOR ELEMENT STIFFNESS ETC.
REAL PV(3,4),FR(3:,12)

C
f DIMENSION B(6.32), BV(192), DMOD(6.,6), DMODV(36), XGAUS(4,4),
- 1 GVECT(6), GRAVY(3)
g COMMON/FRON/ELST(528),ELR(32,2),LNODS(8),LNODZ
' 1 SIDE, THIK, WSHEL?13,45), XTITA(2), XY2(241,3)
COMMON/ERNEST/YMODT (10>, POIST(10), THIKT(10), DENSTT(10),
1 PRESST(10), LMAT(241), STRESM(24,32)
EQUIVALENCFE (GVECT(1),R), (GVECT(2),S8), (GVECT(3).T),
1 (GVECT(4),U), (GVECT(5),V), (GVECT(6),W),
2 (B(1,1),BV(1)), (DMOD(1,1),DMODV (1))
c
Cewes INITIALISE ARRAVS.
c
DATA XGAUS/0.+ 4*.5, 0., 2*.5, =-.577350269, 2+.577350269,
1 I#=,5773502609, 2+.577350269/
LVABZ = 4+ NOD2
125 (LVABZ#* (LVAB2+1)) /2
po 21 = 1,12
2 ELST(1) = 0,0
00 3 1 = 1,LVAB?
3 ELR(I,1) = 0.0
DO 4 N = 1,LNOD2
Do 4 I = 1,3
4 ELXYZT(N,I) = XYZ(LNODS(N).,D)
C
C+#+a+ DEFINE PROALEM CONSTANTS.
c

MAT = LMAT(NEL)
YMOD = YMODPT(MAT)
POIS = POIST(MAT)
DENSTY = DENSTT(MAT)
PRESS = PRESST(MAT)
THIK = THIKT(MAT)
DO 6 N = 1, NOD2
6 ELXYZIT(N.4) = THIK

GRAVY(1) = 0.0
GRAVY(2) = 0.0
GRAVY(3) = 1.0

/7
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Appendix 19

c
Cxw*x% CALL HALOOF AND CREATE MATRIX B AT THE INTEGRATING POINTS,
c
1GAUSZ = LNODZ/2
DO 26 IGAUS = 1,IGAUSZ
. XITAC1) = XGAUS(IGAUS,LNODZ-5)
XITA(2) = XGAUS(IGAUS,LNODZ-4)
CALL HALOOF (NEL)
{ 0 8 N = 1,LVABZ
3 : B(1.,N) WSHEL(4,N)
| B(2,N) WSHEL(7,N)
k B(3,N) WSHEL(5,N) + WSHEL 6,N)
¥ - B(4,N) WSHEL(10,N)
}} B(S,N) WSHEL(12,N)
. 8 B(6,N) 2.0*WSHELC(11,N)

Cawes CREATE MODULUS MATRIX FOR CALCULATING TME STIFFNESSES.

DO 10 I = 1,36
10 DMODV(I) = (.0
GASH = YMOD®AREA®THIK/(1.0-201S#+PO1S)
DMODV(1) = GASH
DMODV(2) = GASH#POIS
DMODV(7) = GASH+POIS
= DMODV(8) = GASH
DMODV(15) = 0.5+GASH*(1.0-POIS)
GASH = GASH#THIK#THIK/12.0
] DMODV(22) = GASH
2 DMODV(23) = GASH#POIS
' DMODV(28) = GASH#POIS
DMODV(29) = GASH
DMODV(36) = 0.5+GASH*(1,0-POIS)

W

W

Ca#wws GET DB, A COLUMN AT A TIME, AND COMPUTE STIFFNESSES.

NSTIF = 0
PO 24 NROW = 1, LVAB?
DO 14 K = 1,6
GASH = 0.0
LDEL = 6*(NROW=K)
LA = 6#K=5
L2 = 6%
PO 12 L = LA,LZ
L1=L+LDEL
12 GASH=GASH+BV(L1)*DMONV(L) !
14 GVECT(K) = GASH i
IDEL = =5
PO 16 KOL = 1,NROW
IDEL = IDEL + 6
, NSTIFISNSTIF«KOL :
16 ELST(NSTIF1)SELST(NSTIF1)+R*BV(IDEL)+S*BV(IDEL+1)
1 + T*BV(TDEL42) + U*BV(IDEL+3) + V*BV(IDEL+4) + W#BV(IDEL+S5)

~r
[Ta]
o
-
&
7]




Chwns

18

Crhnw

22
24

26
Covwe
Crwas

Connn

Cornsd

1
?
3
1

1

NOWN NN -

ACCUMULATE pRESSURE AND GRAVITY LOADS.

GASNH = ELR(NROW,1)

p0o 18 1 = 1,3

GRAVY(I1) = pOINT(ID)

GRAVY(3) = 0.0

FACY = AREA*THIK*DENSTY®*GRAVY(I)

po0 18 J = 1,3

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

COMPUTE AND STORE STRESS MATRIX AT GAUSS POINTS,

D0 22 I = 1,3

J=6*(IGAUS=1)+1

STRESM(J/,NROW) = GVECT(1)/(AREA*THIK)
STRESM(J+3,NROW) = GVECT(I+3)*6_ 0/ (AREA*THIK*THIK)
NSTIF = NSTIF + NROY

po0 7 1=1,3

PTC(I,IGAUS)=POINT(I)

p0 9 J=1,3

NPE3* (1GAUS=1)+J

FR(I,NP)=FrRAM(],J)

CONTINUE

CONTINUE

WRITE LNODZ,STRESM,PT,FR CONTAINING STRESS INFORMATION
TO CHANNEL 8

WRITE(B)LNOD2

WRITE(B)STRESM

WRITE(8)PT

WRITE(8)FR

RETURN

END

SUBROUTINE HALOOF(NEL)

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

DIMENSION ARFAV(3), FRAME(3,3), GENSID(6,4),
SHEAR(11,43), SIGT(3), SWOP(6), THIKDD(3,3), TRANS(2,2),
VLOOF(3,34), WCORN(10,3): WLOOF(10,3), XGAUS(4,4), XTLOOF(9.,4).,
XLOCAL(2), XYZDD(3,3), XY2PRE(8.4)

COMMON/FRON/ELST(528) ,ELR(32.2),LNODS(8),LNODZ

COMMON/SHELL/AREA, ELXY2T(9.4), FRAM(3,3), POINT(3),
SIDE, THIK, WSHEL¢13,45), XITA(2), XY2(241,3)

EQUIVALENCF ¢T11.TRANS(1,1):, (T12,TRANS(1,2)).,
(T21,TRANS(2,1)), (T22.TRANS(2.2))

DATA GENSID/1., "1., 0.. In-.5, 0., 1., “-1., %1, 0., =1.,
4*0,., 1., 0., =1., 2#1./ .XILOOF/.211324866, 2+,788675134,
.211324866, 2+0., .3333333333, 4«0., ,211324866, 2+,788675134,
.211324866, .3333333333, 2+0,, =-.577350269, .577350269, 2+1.,
.577350269, =.577350269, 2%=1., 0., 2%=1., =.577350269,
.577350269, 2+1., .577350269, ~.57735026%9, 0. /.,
XGAUS/O0., 4+.5, 0., 2«,5, =.577350269, 2+,577350269.
3%#=,57735026G., 2%.577350269/, XYZPRE/32+0,0/, NOZPRE/O/
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c
Chvwd
¢
.‘vv 2
)
: c
Coadaw
C
3
4
5
c

¢

str 954

10

GENERATE NSTAGE TO DFFINE PATH THROUGH HALOOF.

N ERROR = 1

TF(LNODZ.NE. 6. AND ,LNODZ.NE.8) GO TO 99

NSTAGE = 4

IFC(LNODZ.NF NOZPRE) NSTAGE = 2

NOZPRE = LNONDZ

PO 2 LNOD = 1,1NODZ

DO 2 NX = 1,4

TFCELXYZT(LNOD,NX).NE ,XYZPRECLNOD,NX)) NSTAGE = 2
CONTINUE

TF(NSTAGE.EQ.4) GO TN 18

INITIALIZATION FOR NEW ELEMENY. NSTAGE = 1., FIND CENTRE COORDINATES

LIMZ = (3% NODZ)/2 -~ 1
LVABZ = 4#* | NOD2

LNODZA LNODZ + 1
LVABZA LVABZ + 1
LVABZ2 LVABZ «+ LIMZ
po 3 L LNODZA,LIMZ
PO 3 J 1,LVABZ22
SHEAR(L,J) = 0,0

N0 5 NX = 1,4

GASH = 0.0
LNOD21=LNOD2/2

DO & KORN=1q,LNOD21

DO 4 K = 1,2
K132#KORN+K=2
K22216*K=408=LNODZ*(21%K=41)
GASH = GASH

1 +8,07ELXYZT(K1,NX)/FLOAT(K2)

ELXYZT(9,NXx) = GASH

Cewws DIAGNOSTICS FOR A NEW ELFMENT, RELATE COORDINATES TO CENTRE,

pO0 10 I = 1, LNONDZ

N ERROR = 2

TFCELXY2T(1,4)  LE.O0,0) GO Tn 99
1F(1.EQ.LNODZ) G0 TO 9

JA =1 ¢+ 1

DO 8 J = JA, LNODZ

N ERROR = 3

TECLNODSC(IY. FQ.ILNODSC(J)) GO TO 99

PN 7 K = 1,3
IFCELXY2T(1,K) . NF.ELXY2T(J,X)) GO TO 8

CONTINUE
N ERROR = &
GO0 TO 99
CONTINUE
00 10 NX = 1,4

IF(NX.NE, &) ELXYZTC(I,NX) = ZLXYZT(I,NX) = ELXYZT(9,NX)
XYZPRE(TI,NX) = ELXYZT(1,NX)




22

Cadvuw
Cawnn

Cudew

12

1 + .666666667+ELXYZT(MID,4) = ,122008468*ELXYZT(NEXT,4)

1 4+ .666666667*ELXY2ZT(MID,4) + ,455341801+ELXYZT(NEXT,4)

c
Cuhdw

¢

13

14

Crvawn

Cutiw
18
16
Crane
Cutrn

1
¢

Cannwn

¢

1
17

Appendix

CREATE SWOp = 1.0 OR =1,0. TO IN
CREATE SWOP = 1,0 OR ~1.0, TO IMPLEMENT SIGN CHANGES AT LOOF NODES.

ALSO INTERPOLATE TO ESTIMAT: NORMAL THICKNESSES AT 1L.OOF NODES.

VLOOF (1,LVABZA) = ELXYZIT(9.,4)

p0 12 NSIDF = 1,6

SWOP(NSIDE) = 1.0

LAST = LNODZ - 1

DO 14 NEXT = 1, LNODZ, 2

MID = LAST + 1

TF(LNODS(NEXT).LT.LNODSCLAST)) SWOP(MID/2) = =1.0
LAST1=4#LAST=3

VLOOF(1,LAST1)=_455341801+E XYZT(LAST4)

MID1I=4+MID-3
VLOOF(1,MID1) = ~,122008468*ELXYZT(LAST,4)

ALSO CHECK THAT MIDSIDE NODES ARE REASONABLY CENTRAL.

GASH = 0.0

GISH = 0,0

GUSN = 0.0

poO 13 1 = 1,3

ELMID = ELXY2T(MID.,I)

GASH = GASH + (ELXYZT(NEXT,I)=ELMID)#**2

GISH = GISH + (ELXYZT(LAST,1)=ELMID)#%2

GUSH = GUSH + (ELXYZT(LAST,ID+ELXY2T(NEXT,1)~ELMID=ELMID) ##2
N ERROR = §

IFCABS (GASH=GISH).6T.0.040%GASH+GISH)) GO TO ©¢9
N ERROR = 6

IF(GUSH, GT.0.25«(GASH+GISH)) GO TO 99

LAST = NEXT

ORGANISE LOOP AROUND NODES, FOR NSTAGE = 2

D0 76 NSTAGE = 2,4 (TN NSTAGE)

NLOOF = 0

NLOOF = NLOOF + 1

DO 67 NLOOF = 1, LNODZ+1 If NSTAGE = 2,

OR DO 67 NLOOF = 1, (3#LNODZ)>/2 IF NSTAGE = 3.

DO 17 1 = 1,2

LNODZ2=LNODZ+1-6

TF(NSTAGE.FQ.2. OR _NLOOF.LE.LNOD2)
XLOCAL(I)=XTLOOF(NLOOF,LNODZ2)

AND ALSO AROUND INTEGRATING POINTS IF NSTAGE = 3,

NLOOF1=NLOOF=LNODZ

LNODZ2=LNODZ+1-6

IF(NSTAGE.EQ.3. AND _NLOOF.GT.LNOD2)
XLOCAL(I)=XGAUNS(NLOOF1,LNONZ2)

CONTINUE

G0 10 23
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c
Chhud
c
Chdns
c
18
19
20
22
c
Cads
c
23
24
25
26
27
¢
Cuawns
c
c
Croewnn
c
Curnaw
c

29
30

OTHNERWISE, ORGANISE SINGLE=3HOT OPTION, FOR NSTAGE = 4,
TEST WHETHER INPUT POINT IS A LOOF NODE, PLUS OR MINUS 00,0001,

PO 19 I = 1,2
XLOCALCI) = XITACD)
NLOOF= LNODZA

DO 22 MAYBE = 1,LNODZ ‘
PO 20 I = 1,2 L
TFC(ABS(XLONALCY)=XILOOF(MAYRE, LNODZ+1-6)).6T,.0.0001) GO TO 22 ]
CONTINUE N
NLOOF = MAYBF B
CONTINUE

CREATE VALUES AND XI,ETA DERIVATIVES OF X,Y,Z IN XY2ZDD, T IN THIKDD

CONTINUE

CALL SFR(XLOCAL, WCORN, WLOOF, NSTAGE)
K =0

po 27 1= 1,3

DO 26 ¥ = 1,3

GASH = 0.0
DO 24 L = 1,LNOD2
L1=L+K

GASHEGASH+WCORN (L, I)*ELXYZT(L,J)
XY2ZDD(J, 1) = GASH

IF(NSTAGE.EQ.2) GO TO 26

GASH = 0.0

D0 25 L = 1,LNODZA

L1=L+K

L2=4wL=~1

GASHEGASH4WLOOF (L1,1)*VLOOF (J,L2)
THIKDD(J, 1) = GASH

CONTINUE

K =1

CREATE VECTOR AREA = VAREA, AT GIVEN POINT XI, ETA.

CALL VECTOR(XYZDD(1,2), XYZDD(1,3), AREAV(1))
CALL SCALAR(ARFAV(1), AREAV(1), AREASQ)

N ERROR = ?

IFC(AREASQ,.EQ.0.0) GO TO 99

AREA = SQRT(AREASQ)

NORMALISE VECTOR AREA INTO FRAME, COL.3, AS LOCAL UNIT NORMAL 2,
COLUMN 2 OF FRAME BECOMES UNTT Y AROUND EDGE.

po0 30 I = 1,3

FRAME(I,3) = AREAV(I)/AREA

GASH = 0.0

no 29 J = 1,2

NLOOFI=(NLOOF+1)/2

LNODZ3=zLNONZ+ =y
GASHEGASH+GENSID(NLOOF1,LNODZ3)#XYZDD(I,J+1)
FRAME(1,2) = GASH




24

C
Chvuw
Chene
C

31
c
Cawaw
c
Cerwn
c
c

32
c
Corns
C
Conne
c

33
c
Centse
C

35

36

Appendix

NORMALISE Y, AND IMPLEMENT SWOP BY REVERSING SIGN OF Y,

PUT APPROXTMATE VECTOR THICKNESS ETC. INTO VLOOF, FOR NSTAGE = 2
N ERROR = 8

CALL SCALAR(FRAME(1,2), FRAME(1,2).,
1F(SiDESQ.FqQ.0.0) GO TO 99

SIDE = SQRT(SIDESQ)

PO 31 1 = 1,3

NLOOF&4=(NLONOF+1) /2
FRAME(Y,2)=FRAME(1,2)+SYOP(NLOOFA4)/SIDE
TF(NSTAGE.NE.2) GO TO 31

NLOOF5=4#NI QOF~-2
VLOOF(I,NLOOFS5)=FRAME(I,2)
NLOOF6=4+NLOOF~1

NLOOF7=m4+NI 00F~3
VLOOF(I,NLOOFS)=FRAME(I,3)*YVLOOF(4,NLOOF?)
NLOOF8=4+NLOOF

VLOOF(I ,NLOOF8)=FRAME(I1.,3)

CONTINUE

SIDESQ)

AND COLUMN 1 IS UNIT X, THE OUTWARD POINTING IN-PLANE NORMAL,
CALL VECTOR(FRAME(1,2), FRAME(1,3), FRAME(1,1))

CHECK THAT NORMALS ARE REASONABLY PARAPPEL, WHILE NSTAGE = 2,
IF(NSTAGE.GT.2) 6O TO 35

IF(NLOOF.EQ.1) GO TO 67

KZ = 4*NLOOF=4

PO 32 K = 4, KZ, 4

NLOOF9=4+*NLOOF

CALL VECTOR(VLOOF(1,NLOOF9),VLOOF(1,K),POINT(1))

CALL SCALAR(POINT(1), POINT1), COSSQ)

N ERROR = 9

1F(C0SSQ.6T,0.75) GO TO 99

CONTINUE

PLACE CONTRIBUTION OF CENTRAL NODE IN VLOOF (NSTAGE = 2 ONLY)
COMPLETE LOOP NLOOF = 41 TO LNODZ2+1 FOR NSTAGE = 2,

IF(NLOOF.LE.LNOPZ) GO TO 67
THIKC = VLOOF(1,LVABZA)

po 33 1 = 1,3

D0 33 J = 1,2

LVABZ1=LVABZ+J
VLOOF(I,LVARZ1)=FRAME(1,J)*THIKC
GO 10 67

CREATE THE 2X2 JACOBTIAN MATRIX, AND INVERT 1IT,

(NSTAGE = 3 OR &)

50 36 J = 1,2

50 36 I = 1,2 "
CALL SCALAR(CFRAME(1,1), XYZDD(1,4+1), TRANSCJ,I)) a
CONTINUE ©
GASH = T11 2
T11 = T22/AREA

T22 = GASH/AREA

T12 = =T12/AREA

729 = =T21/AREA
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c
Carnnw
c

40

41
c
Canww
C

44

45

47

4R
c
Crnnwn
c

49

50
c
Conae
c

51

53

TRANSFORM WCORN AND WLOOF INTO LOCAL X,Y DERIVATIES.

DO 41 N = 1,LNOD2ZA

PO 41 ! = 4,2

GASH = 0.0

GISH = 0,0

DO 40 y = 1,2

GASH = GASH + TRANS(I,J)#WCORN(N+11,d)
GISH = GISH + TRANS(T,J)*WLOOF(N+11,J)
WCORN(N,I+1) = GASH

WLOOF(N,1+41) = GISH

PUT THICKNESS AND DERIVATIVES INTO LOCAL COORDINATE SYSTEM,

D0 44 J
POINT(J) = 0_0

DD 44 K = 1,2

POINT(J) = POINT(J) + TRANS(J,K)*THIKDD(1,K+1)
DO 45 J = 1,2

THIKDD(1,J+1) = POINT(J)

DO 48 J = 1,3

DO 47 1 = 1,3

CALL SCALAR(THIKDPD(1.,J), FRAME(1,1), POINT(D))
CONTINUE

DO 48 1 = 1,3

THIKDDC(I,J) = POINT(I)

THIK = THIkDD(3,1)

N ERROR = 10

IF(THIK, LE.0.0) GO TO 99

FIHD TME CHANGE IN LOCAL X,Y DERIVATIVES ACROSS THICKNESS OF SHELL.

DO 57 LNOD = 1, .NODZA

IF(NSTAGE.NE.4) GO TO 51

po 50 1 = 2,3

GASH = 0.0

DO 49 J = 1,2

GASH = GASH = THIKDDC(J,I)*WCORNCLNOD,J*1)
POINT(1) = GASH

el

CREATE WSHNEL = SHAPE FUNCTION ARRAY, DISPLACEMENT TERMS FIRST,

KORN = (LNOD+1)/2

PO 54 K = 1,3

KOL = 2+KORN + 3+({NOD ¢ K = §
IFC(LNOD,GT, LNODZ) KOI = S#LNODZ + 2 + K
DO 53 N = 1,3

FACT = PRAME(K,N)

WSHEL(N,KOL) = WCORNCLNOD,1)*FACT
IF(NSTAGE,.EQ.4, AND _N.EQ.3) FACT = 0.0
DO S3 ND = 2,3

N3ISNeN+ND
WSHEL(N3,KOL)=WCORN(LNOD,ND)*FACT




Cx#*% INTRODUCE ROTATION TERMS WITH BENDING ACTION INTO WSHEL.

c
c
55
56
87
C
Crrnwn
c
9
60
61
c
Codkwn
c

62

63

65

66

1

1
S4 CONTINUE

Appendix

DO 5S4 N = 1,2
00 54 ND = 2,3
WSHEL(N+7,KOL) = WSHEL(N+7.,XOL)
N3=N+N+ND
“THIKDD(ND=1,1)*WSHEL(N3,K0L)/THIK
NLENENEND 4
TF(NSTAGE.FQ.4) WSHEL(NA,KOL)=(POINT(ND)*FRAME (K,N)
+ THIKDD(3/ND)*WCORN(LNON,N+1)*FRAME(K,3))/THIK

L —

poO 57 L = 1,2

KOL = (L=1)#4* I NODZ + (2=-L)*A*KORN + LNOD
IFCLNOD.GT.LNODZ) KOL = 5+LNODZ + 3 - L
D0 56 N = 1,2

LNOD1=4*LNOD+L=4

CALL SCALAR(VLOOF(1,LNOD1),FRAME(1.,N)/FACT)
WSHEL(N+7,k0L) = FACT+*WLOOF:(!'NOD,1)/THIK
IF(NSTAGE.NE.4) GO TO 56

Do 55 ND = 2,3

N4=N+N+ND+4

WSHEL(N&4  KOL)=FACT*|LOOF(LNOD,ND)/THIK
CONTINUE

D0 57 NROW = 1,7

WSHEL(NROW,xOLY = 0.0

COMBINE LAST THREE COLUMNS uF WSHEL TO CREATE NORMAL DEFLECTION,

IF(LNODZ.EQ.6) 6O TO 61

1Z = 3%NSTAGE + 1

PO 60 I = 1,12

GASH = 0.0

D0 59 K = 1,3

LNOD22=4*LNODZ+4

GASH=GASH+WSHEL (1,K+42)*VLOOF(K,LNODZ2)
WSHEL(I,43) = G6ASH

IF(NSTAGE.FQ.4) GO TO 86

CREATE ARRAY SHEAR, FOR INTKODUCING THE CONSTRAINTS (NSTAGE = 3) %%

IF(NLOOF.GT.LNODZ) GN TO 63

DO 62 I = 1,LVABZZ

SHEAR(NLOOF,1) = WSHEL(9.I)

SHEAR(11,1) = SHEAR(11,1) + WSHEL(8,1)*SIDE*THIK*SWOP((NLOOF+1)/2)
CONTINUE

G0 TO 67

DO 66 KOL = 1.LvABZZ :
DO 66 NXY = 1,2 ;
LNODZ3=LNONZeNXY

GASH=SHEAR(LNOD23,KOL)

DO 65 MXY = 1,2

LNODZ4=4+LNOPZaNXY

CALL SCALAR(FRAME(T,MXY),VLOOF(1,LNOD24),FALCT)
GASH = GASH + WSHEL(MXY+?,KOL)*AREA#THIK*FACT
LNODZ3sLNONRZaNXY

SHEARC(LNOD?3,K01L)Y=GASH
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Appendix 27

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

¢
67 TF(NLOOF,.LE.LNODZ. OR.
1 (NSTAGE.EQ.3. AND .NLOOF.LT.(3*LNODZ)/2)) GO TO 16
IF(NSTAGE.NE.2) GO TO 76
c
Cowew CREATE PLUS=MINUS SUM OF THIKNESS VECTORS AT LOOF NODES (NSTAGE=2)
¢ !
pO 70 1 = 4,3 5
GASN = 0.0 ‘
DO 68 N = 3,LVABZ.4
68 GASH = =GASH + VLOOF(I,N) i
SIGT(1) = GASH 5
c .
Cenws AND THE 3X3 MATRIX ASSOCTATED WITH IT, STORED IN XY2DD,
c
D0 70 J = 1,3
GASN = 0.0
IFCIL.EQ.J) GASH = FLOAT(LNODZ)
PO 69 N = 2,LVABZ.,4
69 GASH = GASH =VLOOF(I,N)*VLOOF(J,N)
70 XYZDD(I,J) = GASH
¢
Cx#ws GET THE ADJUGATE OF THIS 3X3 SYMMETRIC POSITIVE DEFINITE MATRIX,
C 1
K = 3
PO 71 I = 1,3
K126-1=K 1
CALL VECTOR(XYZDD(1,1),XYZDD(1.K1),FRAME(1,K))
71 € = 1
CALL SCALAR(XYZDD(1,1), FRAME(1.,1), DETERM)
PO 7?3 1 = 1,3
CALL SCALAR(FRAME(1,7), SI16T(1), PROD)
73 POINT(I) = PROD/DETERM
c
C+##w» CORRECT VEFTOR THICKNESS IN VLOOF.
c
FACT = 1.0
DO 75 N = 2,LVABZ,4
FACT = «~FACT
CALL SCALAP(pOINT(1)' VLOOF(4,N), PROD) '
; PO 74 1 = 1,3 -
: 764 VLOOF(I,N#1) = VLOOF(I,N¢1) = FACT#(POINT(1)=PROD*VLOOF(I.,N)) !
: ¢
{ Cewns CREATE DIFFERENTIAL DISPLACEMENT VECTORS TO DEFINE ROTATIONS.
C
i Cenws THIS COMPLFTES WORK FOR NSTAGE = 2
i ¢ ¥
: TFIRST = VLOOF(1,N=1) , |
CALL VECTOR(VLOOF(1,N), VLOOF(1,N+1), VLOOF(1,N=1)) |
3 0 7S 1 = 1,3
o 75 VLOOF(I,N) = VLOOF(I,N)*TRIKST
ol NSTAGE = 3
w

G0 70 15




79

80
Caaaw

Cruwn

81
83

Creuwe

84

87

Cranyn

91
92

Crane

Appendix

SHEAR NAS aggy CREATED InN NiOOF LOO0P FOR NSTAGE = 3,
CHOOSE plvoy FOR REDUCING ARRAY SHEaAR, AND DO ROW INTERCNANGE.

CONTINUE

DO 83 LIM = 1,LIM2 ’ ’
KP = Lvas2 LimM

PIVOT = 0.9

DO 79 | = LIM,LIM2Z
IF(ABS(PIVOT).GT.AES(SNEAR(L,KP))) GO0 10 79
LBIG =

PIVOT = SHEAR(LBIG.KP)

CONYINUE

DO 80 Kk = 1,LVAR22

CHANGE = SHEAR(LBIG,K)

suEAR(leG,K) 2 SHEAR(LIM,K)

SHEAR(LIM, k) = CHANGE/pTIVOT

REDUCE ARRAY SHEAR TO CREATE CONSTRAINT MATRIX,
THIS COMPLETES WORK FOR NSTAGE = 3,

D0 82 NprOW = 1T, LIM2

FACT = SHEAR (NROW, Kp)

lF(NROH.EO.L!M, OR .FACT.EQ.0.0) G0 YO 82

DO 81 koL = 1,LVAB2?

SHEAR(NROU,KOL) = SHEAR(NROU.KOL) - FACT*SHEAR(LIM.KOL)
CONYINUE

CONTINUE

NSTAGE = ¢

60 TO 18

USE ARRAY SHEAR TO CONSTRAIN WSHEL AT Txe GIVEN POINT XI,ETA,

DO 88 |
D0 88 y = 4,43

GASH = WSKEL¢J, 1)

b0 87 K = T.LIMZ

LVABZK=K+Lyan2
GASN:GASH~HSHEL(J:LVABZK)*SHEAR(K:!)
WSNELCJ, 1) - GASH

]
-
-
-
<
2
w©
~N

IMPLEMENT syop TO EXCHANGE Two NORMAL SiOPES,

DO 92 N = 8,LVAR2, 8
!F(SHOP(N/B).EQ.?.O) GO T0 0
00 91 J = 4,43

CHANGE = WSHEL (4. N)
WSHELCJ,N) = WSHEL(J,N=1)
WSNEL(J,N~1) = CHANGE
CONTINUE

ASSEMBLE uxz, Uvz, vxz, vvyz ro CREATE wxx, WXY, wyy,

DO 96 N = 1.LVAR2Z

WSHELC10,N) = ~WSHEL(10,N)

WSHEL(19,N) » -0.5*(VSHEL(11.N)#HSHEL(12.N))
WSHEL(12,N) = ~WSHEL(13,N)
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Appendix 29

Cewwws SHAPE FUNTION SUBROUTINE TO SERVE HAOOF.

c
Covnw

c
98

c
Crudd

c
99
699

c
Chwan

C
2

c
Crdvaw

C
2

c

c

c
Cranw

c

PUT POINT, FRAM IN COMMON, ALSO AREA, SIDE WITH INTEGRATING FACTORS

AREA = AREA#(FLOAT(LNODZ)=-5.6)/2.4
SIDE = SIDE«FLOAT(LNODZ~4)/4.0

po 981 = 1,3

POINT(I) = XYZDD(I,1) *+ ELXYZT(9,I)
po 98 4 = 1,3

FRAM(1,J) = FRAME(1,Jd)

RETURN

WRITE DIAGNOSTIC ERROR MESSAGE.

WRITE(6,699) NERROR

FORMAT(/6H ERROR,IS,18H IN SEGMENT HALCOF)
STOP

END :
SUBROUTINE VECTOR(U, V, W)

TO COMPUTE VECTOR PRODUCT UxV INTO AREA W.

DIMENSION U(3), V(3). W(3)
K = 3

p0 21 = 1,3

K326=1=K
W(K3)2UCK)#V (1) =U(I)*V(K)
K =1

RETURN

END :
SUBROUTINE SCALAR(U, V, PROD)

YO COMPUTE SCALAR PRODUCT OF VECTORS U AND V. :

DIMENSION Uu(3), V(3) :
PROD = 0.0 ?
DOZI=113

PROD = PROD + U(1)*V(])

RETURN

END

SUBROUTINE SFR(XLOCAL, WCORN,WLOOF, NSTAGE)

DIMENSION MD(4), TERMV(46), WCORN(10.,3), WLOOF(10,3), XLOCAL(2)
COMMON/FRON/ELST(528) ,ELR(32,2),LNODS(8),LNODZ
COMMON/SHE! L/AREA, ELXYZT(9,4), FRAM(3,3)., POINT(3),

SIDE, THIK, WSHMEL(13,45). XITA(2), XYZ2(241,3) :
COMMON/COEF/COEF(247) !
EQUIVALENCE (WSHFL(1,1), TERMV(1))
DATA MD/8, 43, 90, 171/

INITIALIZE AND PREPARE TO CALCULATE TERNV = POLYNOMIAL TERMS,

X1 = XLOCAL(Y)

ETA = XL0CAL(2)

IECABS(XI).GT.1.0. OR ,ARS(CETA).GT .1.0. OR
.(LNOD2.EQ.6. AND .(X!1.LT.0.0.0R.ETA%(1.0=-XI=-ETA).LT.0.0)))
G0 TO0 99

IA = 2 )




30
c
Cuvhn
c
4
6
c
Cohwaw
c
8
c
Canaw
c
10
12
14
16
18
¢
Canae
c
99
410

Appendix

CREATE POLYNOMIAL TERMS AND X1, ETA DERIVATIVES,

TERMV(1) = 0.0

TERMY(2) = 1.0

NZ = (LNODZ+NSTAGE=3)/2

PO 6 N = 1, N2

IAN = A + §

N2 = N + 15

N3 = N + 30

D0 4 J = [A,1AN

TERMV(JeN) = TERMV(J)*X1
TERMV(J#N2) = TERMV(J)*ELOAT(IAN=J)
TERMV(J#N3) = TERMV(J=1)+FLOAT(J=1A)
1A = IAN

TERMV(IASN) = TERMV(TA=1)%ETA

CREATE SPECIAL COMBINATIONS FOR LOOF NODES, ETC,

p0 8 I = 8, 38, 15
IF(LNOD2.E0.6) TERMV(]) =
2.0%(TERMV(I)=-TERMV(I+3)) + 3. 0#(TERMV(I+1)=TERMV(I¢2))
TF(LNODZ.EQ,8) TERMV(I) = TERMV(1+2)
1F(LNODZ,EQ.8) TERMV(]42) = TERMV(I+6)
CONTINUE

USE TERMV TO FIND WCORN AND WLOOF AND Xi, ETA DERIVATIVES,

NFOIS2 = (NSTAGE+1)/2
00 18 NFOIS = 1, NFOTS2
NZ = (3*LNOD2)/2 + NFOIS - 4 i
1F(NZ.NE.10) GO TO 12 !
N2 =29 !
pO 10 I = 10,40,15

TERMV(I) = TERMY(I+3) =~ TERMV(1+5)
K =0
0018131'
PO 16 N = 1,
GASH = 0.0
LNODZ6=LNODZ+NFOI5~6
MDEL=MD(LNODZ6)+N*NZ=15#1

MA = 16»1=-14

M2 = 1S*1eN2=14

DO 14 M = MA, M2?

MMDEL=M+MDE L
GASH=GASH+TERMV (M) *COEF (MMDEL)
NKEN+K

IF(NFOIS.EQ. 1)WCORN(NK,I)=GASH
NKEN+K
IF(NFOIS.E0,2)WLOOF(NK,I)=GASH
CONTINUE

K = 1

RETURN

ki
NZ

ERROR DIAGNOSTT(CS, IF POINT LIES OUTSIDE ELEMENT,

%66 38

MRITE(6,610) X1, ETA

FORMAT(/30¥ ERROR 11 IN SEGMENT SFR, XI =,F15.9,3X,5HETA =,F15.9)
sTO0P

END

FINISH JE— ‘
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LIST OF PRINCIPAL SYMBOLS

flexural rigidity = Eh3/12(1 - vz)

Young's modulus

n2/128

shell thickness

radius

components of displacement acting in the x, y, z direction
components of displacement acting in the 6, ¢ direction
component of displacement normal to the shell surface
components of strain

components of curvature change

Poisson's ratio

components of rotation in the x, y, 2z directions
compohents of strain acting in the 6, ¢ directions
spherical polar coordinate measured in the xy plane,

spherical polar coordinate measured from the z axis to the
Xy plane

31
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Fig 1

LIST
PROGRAM(DATA)
- INPUT=CRO
OUTPUT2=LPN
OUTPUT3=CPN
, . END ’
MASTER GENRATA ‘
Cxwnx* PROGRAM TO GENERATE ¥,Y,Z COORDINATES ON THE SURFACE OF A SPHERE
Cenensr GIVEN THE cNRRESPON)OTNG THETA AND PHI CONORDINATES.,
Cexex R=RADIUS ’
: Cw#*x+ NNODE=TOTAL NUMgeR 0F NOpEgS
- REAL X(241),V¥(2412,2¢241) 1
f‘ R=10.0
- P1=3.1415926536 :
PI1F=P1/480.9 ;
READ(1,100)NNODE
PN SO0 INCDE=1,N4ODE
READ(1,101YNODE, THE, PHI '
TF(NODE.NE.INODZIWRITE(2,200 YNODE, TNODE :
. Cxwwx CONVERT THFTA AND PHU TO RANTIANS '
- THE=THE*PIF ;
PHTI=PHI#PIF ' ;
» X(NODEX=R*OS(THE) *SIN(PHT) !
3 Y(NODE)=R*#SIN(THE)#STN(PH])
Z(NODE)=R*r0S(Pi}1)
50 CONTINUE
Cewxs READ IN AND CALCULATF HIDSInF NODES NOT ALREADY CALCULATED
Ceanx NNDE LIES HALFWAY ALONG THE GEODESTC LIME BETWEEN NDOA AND NOB
60 READ(1,102,END=T0)NONE,NNA, 108
XFACZ(X(NOAY+X(40B) «#2
YEAC=(Y(NQA)+Y(Nd) ) *#2
ZEACS(Z(NCA)+2(HNB) ) #w)
X{NODE)=R*SORT(XFAC/ (XFAC+YCAC+ZFAr))
Y(NODE)=R#SQRT(VYFAC/ (XFAC+VFaC+ZFAC))
Z(NODE)=R*cqQRT(ZFAC/ (XFAC+YFAC+2FALC))
GOTO 60
70 CONTINUE
DO 80 INODE=1.N}ODE
WRITE(3,300) INOF, X INODF)Y,YCINODEY, Z(INODE)
- 8% CONTINUE
| STUP
100 FORMAT(IV)
101 FORMA7<§0.3FO.0)
102 FORMAT(IID
200 ENRMAT (1HO,'NOnFY, 1,.'3 NOD .V, 14)
: 300 FORMAT(14,3¢f15,10),
| END
EINISH

-
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Chrinw
Cowawn
Covnw
Craus
Cevnw
Cuvns
Canvaw
Chnwe
Coanvww
Crvet
Conwv
Crone
Coone
Cowde
Crauxr
[ 2 XX
Canvns
Crmwasn
Crdran
Crewe
Chreunr

Covnxr

Cavesr

Crnns

LIST

PROGRAM(DATA)

INPUT13CRO

ouTPUT3I=CPn

QUTPUT4=CP1

END

MASTER GENDATCH

PROGRAM TO GENEUATE X,V,2 “nDXDINATES FOR A 3#3 PATCH OF
RECTANGULAR ELENENTS ON A S>HERICAL SURFACE,

THE INPUT naATA (S

ITYPE ICASE THEINC PHIIY, THEZFERO PpHIZERQ

ITYPE=Y FOR SEM{LIO:,

ITYPE=2 FOT NAST2AN,

ICASE=0 FORr PRESSURY LOADING

ICASE=1 FOR KTHpEPH]

ICASE=Z FORW XTYHETHR,KPHIPHI

1CASE=3 FOR ETMPHI]

1CASE=4 FUQ ETHETHE,FpPHIPHI

THEINCIDEGREES SUBTSNOED BY FLEUENT IN THETA DIRECTION,
PHIINC=DEGRERS SUBTENDED BY FLEMENT IN PHI DIRECTION,
THEZERO=THETA CNARDINATE AT (ENFRE NF PaATCH,
PHIZERO=PHI CUQXRDINATE AT (C:NTRE OFfF PATCH,

R=RADIUS OF PAT M.

ARRAY N CONTAINS SEMILOUF NADE MUMBERS ARONMD BOUNDARY
ARRAY M CONTALINS SENTLOOF M:nSTAE NODE HUMB-RS AROUND BOUNDARY
ARRAY NAST CONTATINS NASTRAN NODE NUYMBERS ARUUND gOUNDARY
ARRAY NASTSINE CONTATNS THE SIng NUNMBERS FOP® THF NQDES IN NAST
A CORNER OF THE NASTRAN PAT :H HAS SIDE=S

REAL X(40),Y(4N),2(40) ,ATHEZ4LD) ,APHT (40D

INTEGER N(12)¢M(12),NAST(12) ,NHASTSIDF(12)

DATA N/1,3,5.7,12,13.2%,29,%4,35,38,40/

DATA M/2,4,6,14,22,37,30,37,35,3n,10,8/

DATA NAST/1,2,3,4,5,R,9,42,43,14,15,16/

DATA NASTSTHE/S5,1,1,5,4,2,4,2,5,3,3,5/

R=10,0

P123,1415926536

PI1F=P1/180.0
READ(Y1,10M)YTTYPr, ICASE, THEL i ,PHTING, THEZERO,PHIZERD
CONVERT TO RADINS

THEINC=THEINC*D [ F

PHIINCEZPNITNC#*PTE

THEZERO=THEZERN=PIF

PHIZERU=PNTZERNPIF

50T0(0,40),17YpE

TM Str 954/2
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Cewws CALCULATE COORDTNATES FUR S.MILJOF PATCH
PHI=PHIZERO+1.5+PHIINC
NODE=1
’ . po 30 1=1,4
THE=ZTHEZERN=1.S«THEINC
, 00 10 J=1,7
| X(NODE)=R#(OS(TAE) «STN(PHIT)
: Y(NODE)=R#SIN(THE)*STIN(PHI)
L Z(NODE) =R* S (PHT)
;‘ ATHE(NODE) =THE/PIF
4 APMI (NODE)=pHI/pIF
E NODE=NODE+1
b THEZTHE+THEINC/2.9 t
3. 10 CNPNTINUE ;
~ IFC(I.EQ.4)GOTO 30
THESTHE2ERO=1.5+4THEINC
PHI=ZPHI=0,5+PHT NC
50 20 J=1,4
X (NODE)=R#COS(T(E)«3TH(PHT)
Y(NODE)=R#SIN(T4E) *STN(PHT)
2 (NODE)=R*CNS(P4T)
ATHE(NODE)=THE/-IF
APHI(NODE)=pKI/oLF
NODE=NONE+1
THE=THE+THIING
20 CONTINUE
PHI=ZPHI=N,SapHT (NC
30 CONTINUE
WRITE(3,300)(NODOE, X NNDEY,Y/NADE) ,Z(NODE) ,NODE=1,40)

3 WRITE(4,400) TCASE
- Ce##+ PRINT NODE NUMRTR,THETA,PHl FNR EACH BOUNDARY NODE,
g PO 32 121,12

NODE=N(T)

32 WRITEC(L,400)NODE,ATIF(NIDE) ,APHI(NNADE)
WRITE(4,401)
Cexws PRINT NODE,THETA,PHI.SIDF N.IMBER FOR EACH BOUNDARY MIDSIDF NODE
K=1
pN 34 [=1,4
4 no 34 J31,32
MID=M(K)
WRITECL,4und)MIN ATYS(HIDY, AHI(CITD) , I
3. =K+
] STOP
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CALCULATE £NORDINATZS FOR N,,STRAN PATCH
PHIZPHIZERNST . S«PHIINC

NODE=1

p0 60 1=1,4

THESTHEZERN=1 .5+ THE[NC

p0 50 9=1,4

X(NODE)=RarOS(THE)#3TN(PHT)
V(NODE)=ReQEN(T(E)*SIN(PYT)
Z(NODE)=perOS(0,41)

ATHE(NODE)=THE/ P TF

APHI (NODE) =pHI/ o LF

NODE=NODE+

THE=THE+THEINC

CONTINUE

OHI=PHI=PHTINC

CONTINUF

PRINT NODE X Y 2 AT FACH NOHF

WRITE(3,302) (INODE.AX¢INUDE) Y(INODEY,Z(INODE) ,INCODE=1,16)
PRINT [CASE

WRITE(4,402y1CA5F

PRINT NODE,THETA.PHi A%D SINF NIMBER FOR EACH BJOUNDARY NODE,
pn 70 1=1,1?

NODE=NAST (1)

TSIDE=SNASTSIPE(TD)
WRITE(G,L0N)INUDL ,ATHF (NUDF)Y . APHT (NADE),TSIDE
CONTINUF

STOP

FORMAT (210,4F0.))

FORMAT(14,3F15.19)
FORMAT('GRID', 4. 13,3XK,2F8, )

FORMAT (14,2F10,2,14,

FORMAT('0 2 J 0,100

FORMAT (1)

END
FINISH
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LIST

PROGRAM(DATA)

INPUTY=CRO

OUTPUT3=CPO

OUTPUTAL=CPA

END

MASTER GENTRIPAT

THIS PROGRAM GENERATES DATA FOR A PATCH OF 1R TRIANGULAR

SEMILOOF E1 £eMENTS 01 THE SU-F4aCE OF A SPHERE,

THE INPUT naATA :3

ITYPE ICASE THEINC »HITHC TIEZERD PHIZERD

WHERE ITYPE 1S puyMmy
ICASE 1S THE OUNDARY DISPLACEMENT TYPE 0,1,2,3 OR &
THEINC IS THE TINCREMEIT PER ELEMEMT IN THE THETA NIRECTION
PHIING IS THE INCREME T PER ELEMEMT IN THR PHI DIRECTION
THEZERO 1S THE THETA 0 DURDINATE AT THE CENTRE OF THE PATCH
PHIZERO 1S THg PHL CONRDINATE AT THFE fFNTRE OF THE PATCH

NODE X Y Z ARE MRITTFN TO €P FILE3 FOR FACH NODE AND MIDSIDE NODFE

NODE THE PHI FOg EACH NODE ON THE RBONNDARY

MID THE PHI T1SY-E FOR EAGCH NTDSIDE MODE ON THE ROUNDARY

ARE WRITTEN TO ¢P FILE4 FOR TIHNPUT TO THr SEMILOOF PROGRAM

REAL X(C49),YC€49),2(49) ,ATHEL9) ,APHT(49)

INTEGER N(12),M(12),NAST (42"

N CONTAINS THE YERTEX NUPES ARGIND THE ROUNPARY OF THE SEMULOOF PATCH

M CONTAINS THE IIDSINE HOPE: ARODUND THE BOUNDARY OF THE SEMILOOF PATCH

DATA N/1,3.5,7,15424.29,35,43,45,47,49/

DATA M/Zl‘péo14;28042:43-&6-44:3&07818/

R=10.0

P1=23.1415924536

DI1F=P1/180.0

READ(1,101) ITYPE, ICASE, THFL i, P41 INC, THEZFRO,PHTIZERY

CONVERT TO RADIANS

THEINC=THEINC*P{F

PHIINC=PHIINC*PIF

THEZERO=THE7ERO+PIF

PHIZERO=PHIZERQ«DIF

CALCULATE COORDINATES FOR S:MILOOF PATCH
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10

29
Chrnwn

107
3N
L)
Ex

PRIZPHIZERN+1.S+PdIANC

NODE=1 5
DO 30 1=1,7 ;
THE=THE7ERN=1,5«THEINC

o0 10 J=1,7

X (NODE)=R*{AS(THFI*3THPUHT)

Y(NODE)=R&«SIN(T ) #STy(PHI)

Z(NODE)=R2CAS(p 1)

ATHE(NODE)=THE /- IF

APHI(NODE) =PHI /) TF

NODE=NODF+1

THE=THE+THFINC/ . 0

CONTINUF

THE=THEZERN =1 SxTHF N

PHI=PHI=0,S+«0HT INC

CONTINUE

PRINT RESUITS

WRITECI ;300 (WOXF«X(MANE) A Y NOINE) ,Z(NODE) ,NODE=1,49)

WRITE(L4,400)T1CAE
DO 32 I=1.,12
NODE=N(IT)
WRITE(&4, 40NDDE ,ATHT (YONE) LAPHT (NODE)
WRITE(4,401)

=1

nN 34 t=1,4

N0 34 J=1,7

MID=M(X)

WRITE(L,40MMIN ATH D), 8 AL ¢ TDY, T
K=K+1

STOP
EORMAT(210,4F0 . )
FORMAT (14,3715 .5 7)
FORMAT (14,2770, 0,14,

;

FORMAT (10 o _ v 1 Dy

END
FINISH
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LIST
PROGRAM(DATA)
INPUT1sCRO
OUTPUT3=CPY
OUTPUTL=CP
END
MASTER GENTDAT
THIS PROGRAM CA{CULARTES THE X Y Z CODRDINATES FOR A 3 BY 3 PATCH
OF SEMJLOO0E OR 4ASTaN NUADATLATERAL ELEMENTS
WITH A REGULAR 0yuNDARY Ryt WITH IRrEGHLAR SLEMENTS IN THF INTERIOR,
THE INPUT nATA 1§
ITYPE ICASt THE{NC pllr TIiEZERD PHIZEROD
THEI PHII
(1214,16,25,27) *0OR SEMIIODOF OR (1=6.7,10,11) FOR NASTRAN
WHERE ITYPE (S 1 FOR SEINILOGF 0p 2 FOOR MASTRAN NATA
ICASF 1S THE 30UNDARY DISPLACEMENT TYPE 0.1,2,3 OR &
THEINC 1S THE ANGLF S'YRTFENUNDED PER FLEMENMT IN THF THFTA DIRECTION
PHIINA IS THE LNGLF SYATENDEP PER ELEAFNT IN THE PHI DIRECTION
THEZeR0D IS THZ THETA DORDINATE AT THFE CENTRE oF “HE PATCH
PHIZERN 13 THY PHT FfOORDIYATFE AT THE CENTRE OF THE PATCH
THEL AND P4il ARE THE THFTA aAND PHU CNORDYNATES OF THE VERTEX
NADES AROUNH TH¥ CEOTRAL FL-MENT,
REAL X(40),VraD), 20 ,0) , ATHE 400, APHI(4LO)
INTEGER N(12)M(12),11ID(35) . NAST(12) ,NASTSINE(12)
DATA N/1:3,5.7,12,18.23,29,74,34,38,40/
DATA M/2,4,6,11,22,3%,37.37.35,50,16.,4/
DATA MID/9,3,14.10,5.16413, . 2,146+15,16.,16,17.,16.13,20.14,25,
21'16127'?4123,?€uf’*:?.s.?.?-?"3,.?7:2"'31.2'5. \"513/\!27133/
DATA NAST/1,2,3,6,5,8,9,42, .3,146,15,1846/
DATA NASTSTNHE/S5,1,1,5,4,2,4.2,5,3,%,S/
R=10.0
951%3.14615924536
B1F=P1/180.0
READ(1,101)71TYP- , ICASE, THET € ,PHLINC,THFZERU,PHIZERD
CALCULATE cONRDIMNATES FOR S MIIONF GATCH

GO0T0(0,7%) ,trYnf




A

Fig 1 cont'd :

Ct:#l
PHI=ZPHIZERO+1.5»DHT [ UC
‘ NNDE=
e DO 30 1=1,¢ -
THESTHEZERO=-1.5*«THE [N ',
ne 10 Jd=1,7
ATHE (NODE) =THE
AFrHLI(NODE) =pHI
NODE=NODE+1
- THE=THESTHE INC/2 DY
‘ 10 CONTINUE
1F(1.EQ . 4)rDTC 30
THE=THEZERO~=1.5«THEINC
PHI=PHI=0,5+PHATINC b
ogc 20 J4=1,4 3

o

ATHE(NONE) =THE :
- APHI(NODE)=pHI K
h MODE=NODNE+4
; THE=THE+THEINL
2 20 CONTINUF

SHI=PHI=0,5eDH] (NC 3
)  CONTINUE ‘
; fewss IEAD IN THe TASTA Adn PUY COORDINATES OF THE NONFS OF THE CFENTRAL ELEMENT
. READ(1+102YATHE (14) ,APHI(14.
FEAD(1,1U2)ATHE (162 ,4PHTI (14
READ (T 4102 YATHE (25) ,ADKT (25
READ(T1,102)ATAR(27) ,APHYI (27,
MY D §=1,74,5
ATHEMMIDUII ) =(ATHEGIID(I+ 1) 2 eaTHRIMIN(T+2Y) /22,0
L APHT(MIDCIN ) ={AnH L GITD(I41)  «aPHI(MID(T+2))) /2.0
na Y 121,490
XO[)ZR¥CUSCATHRE (TJ*#PTE) wSIN AP L (1Y D I F)
Y(IISRESINCATHE (I * DT EY*GIN ALY [ ([)*DIF)

.yly.!

- 5' Z(I)=R*COS(APHI (1) *DTZ)
4 Cassr DRINT RESUILTS
x WRITEC3,30D0) (NUIR,X{NODE) (Y NNDEY ,ZINODE) NUNE=T,40))

WRITE(L,400) LCASE
o A0 1=21,92
NODE=N(T)

A WRITE(G,L00INODF, AT IR (NIDEY L APHT(NANF) 3
WRITEVG,401)
v=1
Ay 70 I=1,4
a0 79 421,73
MI=i(K) :
WPITE(G,600 M, ATAEMT),APH (MT)y, I

LN L

*T0P
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CALCULATE rONRD;NATES FOR N STRAN PATCH
PHI=PHIZERN+1,5+PHT [NC

NODE=1

y0 85 1=1,4

THE=THEZERA-1.5%xTHE NC

pO 80 J=1,4

ATHE(NODE) =THE

APHI (NODE) =pHI

NODE=NODE+1

THE=THE+THE INC

CONTINUE

PYI=PHI=PHTINC

CONTINUE

RFAD(1,102)ATHE (&) APHT ()
READ(T,1U02)ATHE 7)Y, APHI(?)
READ(?,102)ATHE (10) ,APHI(1D
READ(1,102)ATHE 11, APHI (11>

po 90 I1=1,12

JENAST(D)
WRITE(G4,400)0aTHE(IY JAPHI () (NASTSINDE(T)
CALCULATE aNp PRINT THE X,Y.2Z COORPINATES
PO 95 1=1,15%
XC1)SR*COSCATHE(I) *PTFI*SIN AOHI (I *PIF)
YCIY=R*SINCATHE(I)*PTIFYXSIN - APH[(I}*PIF)
ZCI)=R*COS(APHI(I)*PTF)

STUP

FORMAT(210,4F0,))

FORMAT(2F0. D)

FORMAT(I4,2F15,10)
FORMAT('GRTD',4X,I8,8X,3F8. M

ENRMAT (14,2F10,2,14)

FORMAT('0 .0 J.7"

END

FINISH

e s R N e APt B Y msam b dmten A
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Cokuw
Covnw
Crawnw
Crenw
Crnns
Ceevarn
Coawen
Ctﬁ**
R X 2
Connwn
Cawrw
Carxe
Crdrw
Cavwe
Coanew
Carwww
Cronw

1)t

LIST

PRUOGRAM(NAST)

INPUTYI=CRY

ouTPULT3=CPN

OyTPUTL=CP1

ouTPUTS=CP?

END

MASTER n[ENV:ST3.

THIS PROGRAM UFf !FRATSS THE DUNDNARY NISOLACEMENTS FOR A

NASTRAN PATCA.IN ,4Y, 172, X N7 .42 ARE PRESCRIAED AT EACH NODE

ON THE BOUNHARY J.4 TYE FORM OF S$eC NR MOL C3RLS,

ICASE IS READ 11 AY,) THE AP2RIPETATE SURROUTINE 1S CALLED,

ICASE=Q PRESSURE LIaANING

TCASE=ZT INCSYTFNJOUA: JCNDNTIG, vAPDA PHT THMETA CNNSTANT

TCASE=Z INEXTENTUN,t &CNDT 6,k PPA PHY OHI,«KAPPA THE THF (GNSTANT
1CASE=3 MEMRRAN- 5T iaVICUR, PSTILON HI THETA CONSTANT

1CASE=4 MEMRRAN: 3E4AVIGHA, (PSTLON “HI »KI,~-FPSTLON THE THE CONSTANT
a=RADIUS

d=THICKNESS

E=YOUNGS MPaying

ONU=POISSONS Raviy

NND=NUMRER OF MANES AN 2OUN.ARY

103TOTAL NI'™MBER NF {0DES IN PaT(A

PIF=PI/180 = MU, T2, (fATION FACTOAR 7O FONVERT Fi0M NEGRESS TO RADTANS

R=171,0

H=0,04%

€=19,0Ep

PNU=0.3

NOD=12

1P=16

PIF=3.14152265%5/13) )

RFAD(1,100) 1 nAgF

TFCICASE.EN. . N) oLl *2ESSUKE X,NID, TF)
IFCICASE,.EO 1)l L ATHEPHLL 4, PN, NOD,TP,PLE)
IFCICASE,EQ.2)CALL (TARTHE(C2,NON,T1D,E1F)
TFCICASE EN, 3oL STHEPHMI(-.NAN,Tv,PIF)
TFC(ICASFE.EN L) C L ZTHETYE(C 40D, I0,0T8)
sT0P

ENRMAT(11)

eEND
SUBROUTINE ORESURT(2,HIN, P F)
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Cxawns JCASE = O i
Cxwx+ THIS SUBROUTTNFE AENEQATES TIiF BAUNDARY fONDITIONS FOR A 3 BY 3 PATCH :
Cenws OF NASTRAN QUANSL ELEMEMTS U .nER PRFSSURF LOADING i
. Crews THE INPUT navA A4 SF NETAL.F™ FROM OROARAM GENFATCH {
Ceaxsx THE OUTPUT 1S 2,0V, 02,0 0X, WY, 42 FOR FACH NODE AND IS WRITTEN j
Cexnr TO CP FILEZ AS 0 |

af CARDS i
pC SO 11=1,800 j
READ(1,10101.T47, PHI, ISIDE )
g Craws JSIDE=S REFERS TO A NODE AN THE CORNER OF THE PATCH ;
4 THE=THE#PIE 5

| eHI=PHI+PIE
» 60 TO(13,26,13,24,131,1810F

13 CONTINUE
Cevw+r SIDES 1 AND T3
AXB=COS(PHT)*CO3(THE)
AVE=COS(PHI)I*ST I (THED
A2=2SIN(PHD)
AX==SIN(THE)
RY=COS(THE"
R2=0,
"R‘TE(3,302)'IA‘:Jlll\vvl
WRITE(3,303)1,1,42Z
UR!TE(S'3OG)!IRX:‘:RVII
WRPITE(S,301)1.,1,°2
IFCISIDE.EN S)H)GuTy 24
60 10 S0
. 2L CONTNUE
f~ Cawwe SIDES 2 ANN &
i AXB=SIN(THE)
; AYECOS(THF)
A2=Q,
EXE=COS(PHTII* (O (THR)
RY==COS{PHY)*#ST ;(THE)
RZ=SIN(PHI)
WRITE(S,304) 1A, [,AX,1
WRITE(3,308)1,1,42
WRITE(3,304)T,RV,1.RX,1
WRITE(3,307)1,1.%2
SN CONTINUE
101 FORMAT(10,2¢0.,0,10)

o R o i
om0 poos

300 FOR“AT('Mpr 1 ',l-'zl," ',F8.6a181'5 "F8.6'
18X, "&MP*, 17
301 FORMAT('EMPY,12,91X%,13,'4 'LE3.8)
302 FORMAT('MP( 1 LI L 'L ER,5,18,'2 'y F8.6,
18X, "AMAY,12)
302 FORMAT(*'&MaY ,12,11X,13,'3 'LFR L 6)
304 FNARMAT('MPC 1 YL10,02 ‘LF3.6,18,"1 ‘,F8.6,
18X+ "8MB*,12)
205 FORMAT('&MB',12,11X%X,18,'%3 ', FS8.6)
306 FORMAT('mpr 1 'L,1.,.°'5 ' F8.6,18,'4 ‘,FB.6,
18X, '&MC',12) :
307 FORMAT(*BMr? ,12,11X,18,'4 'L FR.0) i
STOP 3

END
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Chdn+t
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Crdnn

10

1N
ine
301
4yn
Lqn
Lns
418
420
475
430
475
507

SUBROUTINE XTHEPHI(R,H,E,PNII,NOD,IP,PIF)

ICASE = 1
THIS SUBROUTINE GENERATES NASTRAN ROUNNARY DISPLACEMENTS FOR THE
INEXTENSIONAL BZNDIUG CASE <APPA CONSTANT
THFTA PHI
REAL U(3)

B=R¥R*(1,+DNI)) /(E*H**3)

p0 10 I=1,NOD

READ(1,110)N,THE,PH I

THE=THE+PIF

PHI=PHI*PlF

CPHI=COS(PHI)

SPHI=SIN(PHI)

CTHE=COS(TNE)

STHE=SIN(THE)

0C1)=4 ,0%BxCPHIWCTHEXCTHEXCTHE/SPHI

U(2)2=6 0#p«CPNI*STHF*STHE*THE/SPHI

U(3)==BaCOS(2 ., 0+THE)*(SPHI*-PH{=2 OxCPHI*CPHI)/(SPHI®SPHI)
po S J=1,3

K=100*J+N

WRITE(3,3003N,J,0CJ),K

WRITE(3,301)K

[p=lP+y

WPHIZ=4 O#pwCOS(2.0«THE)/(R+SPHI*SPHTIXSPHI)
WX==STHE

WYSCTHE

URITE(L,LO0SIN, WY, IP

WRITE(L,415) 1P, 4. WY, 1P

WRITE(&4,425)TP, 1P,YPHI, 1P

WRITE(&,435)1P

WRITE(S5,500)1°

1P=1P+1

WTHE==4 ,0%BaCPHI*STAH(2 0#TH:)/ (R*SPYI*SOHI*SPH])
WXE=CTHE*CPY !

WYS=CPHISSTHF

WZ2=SPHNI

WRITE(L,400)N,UY, 1P

WRITE(L,410)TP,:,UX, TP

HRIYE(‘I‘ZO)‘poﬂlwzlYp

WRITE(4,430)1P, 1P, WTHE

WRITE(5,500)1P

CONTINUE

STOP

FORMAT(10,2F0.0)

FORMAT('SPC» *,15%X,%11,2146,F16.9,'8SPC',13)
FORMAT (' *#SpC',13)
FORMAT(*MPC+*,1CX, "', 116,15X%,'5"',F16.9.'&MPC1',12)
FORMAT (' #Mn(C1°',12:1X,110,45:.'4' ,E16,9,16X,'RMD2Y,:2)
FORMAT('MPLw', 10X, "1, 116,15X,'4'+E16.9,'8MPC1',12)
FORHAT("MDCV;12:1)(-!10.15,‘;.'5',516.9-16Xa'&MPC2'.V2)
FORMAT('#MD(2°,12,17X,116,15%,'6" 1E1H,.9,'AMPC3*,12)
FORMAT (' *#MpC2°,12,17X,116,1.,X,E16.9,'’8MDp3*,12)
FORMAT (*#MDC3',12,70,.116,196,E16.9)
FORMAT('aMOC3', (2)
FORMAT('SP‘.""Z(i""11801xx'1..')')

END

e e Ctaraa g s
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SUBROUTINE KTHETHE(R.NN),I1P,PIF)

1CASE = 2

THIS SUBROUTINE GENZRATES N.STRAN RNUND4RY NTISPLACEMENTS FOR THE

INEXTENSIONAY BeENDTIHG CASE ZAPPA +=KAPPA CONSTANT
THETA THETA PHI PHI

REAL U(3)

DO 10 I=1,N0D

READ(1,110 N, TH:, PY]

THE=THEWPIF

PHI=PH]I«PIE

CPHI=SCOS(PHI)

SOHI=SIN(PN])

CTHE=COS(TuE)

STHE=SIN(THE)
Ut1)==CTHE#»3I* (0TI wPHTI+1,.0)/(5,0«SPHIT)
U(2)=STHE#* e 3w (CoHI*pYI+1,0:/(3 D*SPHI)
U(3)3COS(2.O*THE) *CpHT*(1.0=-1.0/(SoHTI*SpH1))/3,9
DO S J=1,3

K=100*g+N

WRITE(3,300INy,UCd) K

WRITE(3,301)K

10=1P+1

WPKIz«CPHIACNS (2. 5*THE) »(4.71%2,0/ (SPHI*SPHIN I/ (3,0*+SPHT)
WX==-STHF

WY=CTHE

WRITEC(4,405)N, WK, IP

WRITE(&,415)1P,%,dY, 1P

WRITE(4,425)1P, 19,4 PHL, 1P

WRITE(4,435) 1P

WRPITE(S,50)) P

10=1P+1

WTHEZ=SIN(2 0*T E)#(?.0=CPH: #5PHI=4 0/ (SPHI«SPHI))/ (6.0*R=SPHI)
WX3=CTHE~CPHI

WYS=CPHI*STHE

W2aSPHI

WRITE(L,40N)INWY,iIP

WRITE(L,410)IP, N, WX, TP

WRITE(L,420)1P, },HN2,1P

URITE(L,43N)TP, (P, 4THE

WRITE(S,50n) 1P

CONTINUE

STOP

FORMAT(10,2¢0.0)

FORMAT ('SPre CLASX, 110,216,116 ,9,088PC,13)
FORMAT (*sSDr',13)

FORMAT (*MPCw®, 10X, %17 ,016,%95%,'51,E16,9,'8MPC1",12)
FORMAT('*MB(Cq' ,12,9K. 146,15, 4" F16.9,16X, " 'AMPC2',12)
FORMAT (*MPC#' o 10X, 1, 114,1°%, 4" ,F16.9,'8MPC1°,12)
FORMAT(*#MPC1® ,12,1X.110,15%,"5¢,E16,9,16X,'EMP(C2',12)
FORMAT(*eMpC2°,12,17X,116,15X,%6 ,E16,9,0aMp31,12)
FORMAT('#MPC2', 12/,17%»116,1:X+E16.9,'&8MPC3,12)
FORMAT(*#MPC3',12,1X.1%6,14:,E14,9)

FORMAT (*#MpC3*,12)
FORMAT('SPC*,12%,"1',18,13X.%1,92%)

END

et O P P AP s PR T TRV T S TR ATty S

"+ rerper g
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SUBROUTINE ETHEPHI(R,MNOD,10,.PLF)
Ceenr [CASE = 3
Cenwe THIS SURROUTINE GENCRATES N.STRAN BOUNDARY NISPLACEMENTS FOR THE
Crvwe MEMBRANE SOLUTION EpSILUN CONSTAMT
Crmwnn TYSTA PHI
- REAL U(3)
an 10 1=1,N9n
READ(1,110)N,THE,PH
THE=THE*PIF
e PHI=PHI#P] ¢
i COHI=COS(PHT)
SPHI=SIN(PHT)
CTHE=COS(THE)
- STHESSIN(THE)
. SPHI2=SPHT+SDH]
e - D)= (= (b nN=2.0«SPHP+SPHT 2+SOH{2)*THENNS 2 O*THE) +(2,0+SPHI2)
4 1 *(2. 0%CTHE*STN(2 . 0%TUE) -SoH[*CTHE*CG(2.0%T 1)) ) wCpHT
b 2 1(6,0%SPHI2ASPHT)
. DW(2)Z{= (b, G=2.0«SPH 2+SPHI2»SPHI2) R STHEXCOS{ 2. I*THE)=(2, 0+SPHI2)
&3 1 * (2. U P THE®STIN(? N+«THFE)--SPHI*STUR*COS(2.0«TH4E) ) *CPHI
4 > /(6. 0%gpHI2ecoH )
1 NC3)= (1,040 pHTle DAl )« CS5¢ 2 CHTHE) /{2, 0%DHT ™)
: DG S J=:1,3
% K=100*J+N
WRITE(3,300)N,J,U(J,.K
i © WRITE(3,301)K
¥ 10=21Pe1
; WBHIS=(=(4 =2 _)wSD{T12+SPHT '»SFYI2) «SPHI*COS(2. 1*THE)
- 1 +3 O (COHTI*CpHLI*T D)#008 2 GeTHZ)I /(S D*#2«SPHTI2#3PHT2)
~ WX==S /HE
3 WY=SCTHKE
WRITE(&L,405)Ns Wy, [P
WRITE(4,41S)TP, 04, dY, 1P
WRITE (6,425)1P,19,'1041,1»
WRITE(G,435)10
WYRITE(S5,509y1pP
Ip=ipet
; WTHES«CPHI« (2. 0+SPHI?2)®(1,)=SPHII*STIN(2 N+THE)/ T Q+#R*SPHI2*xSPHI2)
. WXE=CTHE*CP(i 1
. WYZ=CPHI*STNHE
W7=SPHI
WRITE(&,400)IN, Y, IP
W91T5(6:411)IP'M:NX,19
WRITE(G4,42M1IP,:,WZ,1P
WRITE(4,43N0)1P, P, WTHE
WRITE(S5,507) 10
1Y CONTINUE
STOP
119 FNORMAT(IVU,2FN.0,
INN ENRMAT('SPCe YL, L, 20 10,E10.7,0ASPCY L T3
307 FORMAT(**Sp(*', 1))
L0 FORMATCIMPrat 104, " ', 116,174+ "5 S14.9,'8MpL1.12)
L0 FORMAT("#M 1", 02,10, 150,15, %47 ,F1,.,9, 46X, RUP(2,12)
405 FORMAT(YMPra? 10y, ', 118, 1°5%, 4", F16.9,'6MC1",12)
LS FORMATC('#MoCe',  2,1,..190,13 ,'52,E10.9,1AX,"&MP2Y,12)
L2060 FORMAT( #Mo02", 12, 17%, 114, 15X, "4y F1A .0, 4M2030.12)
425 FORMAT(**MOr2',:2,17%,114.1 ¥.F14,9,'8Mp(C3',12)
L3N FNRMAT(*#MD3?, 1 2,1..,116,16 LE14,9)
L35 ENARMAT(*#Mpy 3!, 2)
SO0 FORMAT(*SP~*, 120,10, [3,13X.*1.3")
End
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SUBROUTINE ETHETHE(,NON,IP.PIF)

ICASE = &

THIS SUBRONTTYNg GENERATE NAITRAN BOUNDARY DISPLACEMENTS FNR THE
MEMBRANE SOLUTTON EPSILUN ,=EPSTILON CONSTANT

THETA THET/ PHT PHI

REAL U(3)

00 10 1I=1,N0p

READCI1,110) N, THE, P4

THE=THE#pPIF

PHISPHI#PIE

CPHI=COSCPHID)

SPHI=SINC(PHT)

CTHE=COS(THF)

STHEaSIN(THFD

UC1)8(3. 0¢80T ePAl«r THE®CO (2, I*THE)=2,0+#CUS(3,.0%THE))/
1¢(3.00SPHIwn-T

1)(2) (3. 0%SPHI* OHT~STHE«CNR(2,)*THE) =2 . 0*SIN(3,0*THE))
1 /(3.0%SPuwr3)

U(3)SCPHI* NS(2 O*xTYHE) /(SPH[*SPYIT)

po S J=1,3

K=100*J+N

WRITEC(3,300)N.y,U(J),K

WRITE(3,301)«x

jo=2iP+1

WPHLx+4 , 0wCPRIRCOS(2.I%THE) /(3. %R#SPHIx+3)

WX3=-STHE

WYSCTHE

WRITEC(GL, 405N, WY, 1P 1
WRITE(GL,61S)1P, N, YUY, TP

WRITE(L,425)1P, (P,WpHl, 1P

WRITE(4,435)1P

WREITE(5,500)1P

I1P2iPe

WTHE=0,0 1
WXZ=CTHE*CPHI 3
WYs=CPHI*S YF

WZ2=SPHI

WRITE(&L,400YN, WY, IP

WRITE(L,410) 1P, ,WX, 1P

WRITE(4,420)1P,N,WZ, 1P

WRITE(4,430)1P, 1P, WTHE {
WRITE(5,509)1pP

CONTYINUE

STOP

FORMAT(I0)

FORMAT(I0,2F0.0)

FORMAT('SPCw 'L I5%,'1',2.16,E16.9,'8SpC*,1I3)

FORMAT('*Spr',13)

FORMAT(*MPra® 10X, " 1" ,116,15%,"'S5*,F16,9,'&MpPC1"',12)

FORMAT (' *MDC1* , 12,00, 116,15V, '4"' ,E16.9,16X,"RMPC2',12)

FURMATC('MPew® 10X, "1, 116,15%,"4', 16,9, '&MPC1',12)
FORMAT('#MpPC1*,12,1X.116,15%,'5",E16.9,16X,*'&MPC2',12)
FORMAT('#MpC2',12.,17X,116,15X "6 ,E16.9,'&MPC3',12)
FORMAT('#Mpr2',12,17%,116,15X+E16.9,'8M0Cc3',12)
FORMAT(**Mp(3', (2,14, 116,16%X,F16.9)

FORMAT(**Mn(3',12)

FORMAT(*SPre*,125,'1',18,13X.%1.9") ,
END
FINISH
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190

99
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300

10

99
100
300

LIST

PROGRAM(DATA)

INPUT1=CRO

QUTPUT3I=CPA

END

MASTER GENcNIAD,
PEAD(1,100,ENN=00Q0)N,N1,M2,N", 14
WRITE(C3, 30N YN, N, w2, ,N3,N4A
G070 10

STOP

FORMAT(S510)

FORMAT(sCQUANG ', 13.7X," 1. 4(8,"

END
FINISH

LIST

PROGRAM(DATA)
INPUTT1=CRO

OUTPUT3=CPY

END

MASTER GENCTRIAG
READ(1,100,FNO=COIN, M1, .42 ,N7
WRITE(3,300)N,N 9,822,042
GNTO 10

STUP

FORMAT(4LID)Y

FORMAT('CTRIA3 ', 13.7X,'1'.318,"

END
FINISH




10
20

25
In

100
1901
102
201
200

Fig 1 cont'd

LIST

PROGRAM(DATAY

INPUT1=CRO

ouTPUTZ2=CPO

OUTPUT3=LPY)

END

MASTER GENGRTD

INTEGER 187 (250)

REFAL X(250),Y(2502.,2¢25M
READ(1,102)yNODE

o0 10 1=s1,NNODLF

READUVTI 100N, XCD) Y L), 2(N)

18C(1)=0 .

CONTINUE

READ(Y1+101,END=25)W,T13C(N)

¢0T0 20

p0 30 I=1,22%

TFCIBCUI) . FQ . OIURITI(2,200) . X(1}Ye V(D) ,2¢1)
lF(lBC(I).NE.0)1R1T5(2.2015t.x(l).V(I).Z(I),IBC(I)
STOP

FORMATC(IO,3F0.D)

FORMAT (210

FORMATC(CIO)

FORMAT('GRTID "L 134.3X,3F8.6.8%,18)
FORMAT(*GRIN',4X,13,RX,3FR. )

END

FINISH
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Crras
40

100
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107
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39"

LIST
PROGRAM(DGFE )

INPUT1=CRY

ouTPUT3I=CPN

END

MASTER CHANGE DATA

PROGRAM TO ALTER TH: COARDTIATES OF A SEMILOOF NATA FILE SO THAT
POSITION OF THE MIN,THE NAD'S TS HALFWAY ALONG THE STRATGHT LINE
JOINING THE TWN VERTEX }N,f -

RFAL NU,X(2a0),7¢209),72(¢(20).

INTEGER EL(3)

READ IN START 0F DATA FIIE
READ(1,100)NFL
READ(1,10%)ye, 1), TATX.PQRESSILF, DENSTITY
READC(T,100yyaAN

READ IN X,Y,Z CuDRDINATLS

20 10 1=21,5AM

READCYI /102D X (Y sV(T),2(1)

FOR EACH FIEMENT REAN [ ELFMENT CONNECTIONS
o0 20 INBL=zj,dey

RFAC(T1,103% )

=8

TFCEL(BY (k0 D)K=4

PECAL ULAT: 5US,T,04 nNg MIN L EF N0D=S ARPNUND Tur ELFMENT
00 20 Ja2d,v,?

NVI=EL(J=1)

TG NE KINV23E  (Ja )
I;(J_FQ.K)quzc'{ﬁ)

N*2EL(J)

XCNMY = (X(NY4Y#(/NVY2)Y 7o

Y(NM)= (V(N71)Y+Y (V2 /20
ZINMI=(Z(NYIY+7.472y,/2 0

WPETE NODE Mg, ,X,¥,Z E0R EACH NODE
DN 40 1=1,Mav
UPITE(S'SO’)"X(‘)IY{I)JZ(I)

STOP

FORMAT(10)

FORMAT(EV.D,4F0_ 1)

FORMAT(10,3£0 .9,

FORMAT (&10)

FORMAT(I110,3£29 1))

EMD

FINISH
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