





A COMPUTER PROGRAM FOR AUTOMATIC MESH GENERATION
FOR THE 2-D FINITE ELEMENT PROGRAM WILAX
by
N.A. Toews* and Y.S. Yu#

ABSTRACT ‘

This report describes a system of three computer programs (MSHGEN,
MSHPLT and WXCONV), developed at the Mining Research Centre (MRC), for
'automatic' input data generation for the two-dimensional finite element
program WILAX (l1). These programs have been successfully used at MRC for
the stress analysis of mining oriented problems, such as the analysis of
open-pit slopes or underground openings. Meshes that formerly took several
weeks of tedious work to prepare and check can now often be finished in a
day or two. With some minor modifications this system can bé easily adapted

to most two dimensional finite element programs.
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par
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RESUME

L'auteur décrit un systéme comportant trois programmes machi-
nes (MSHGEN, MSHPLT et WXCONV), mis au point au Centre de recherches
minieres (CRM) pour l'entrée automatique de données destinées % l'usage
du programme WILAX (1) bi-dimensionnel 3 élément fini. Ces programmes
ont été utilisés avec succeés au CRM pour 1'analyse des contraintes relatives
a des problémes miniers, comme l'analyse des pentes des exploitations 2
ciel ouvert ou des ouvertures souterraines. L'établissement de treillis qui
demandait autrefois plusieurs semaines de travail ardu de préparation et
de vérification peut maintenant se faire en un jour ou deux. Avec quelques
modifications mineures, ce systéme peut &tre facilement adapté a la plupart

des programmes bi-dimensionnels & élément fini,

MOTS CLES: Elément fini, générateur de treillis enrégistrement graphique

de treillis, WILAX.

*Chercheur scientifique, Centre de recherches minitres, Direction des
e
mines, ministere de 1'Energie, des Mines et des Ressources, Ottawa.
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1. Introduction

The finite element (F.E.) method has become a very useful tool for analy-
zing engineering and geotechnical problems in the field of rock mechanics.

The structures modelled,by the finite element method, in rock mech-
anics tend to be large. Thus a very time-consuming data preparation problem
is created. 1In particular the specification of nodal co-ordinates and the
specification of elements is tedious and error prone. Therefore any computer
program that automated all or part of the finite element input information
would be very useful,

The finite element program that has been most extensively used at
MRC for handling plane and axisymmetric structures is a program called WILAX
(a modified version of Wilson's axisymmetric program) (1). This report des-
cribes a 2-D mesh generating program, 'MSHGEN", developed at MRC in the fall
of 71, to automate WILAX input preparation. This program closely follows the
concepts and terminology introduced by Zienkiewicz and Phillips 2.

Two companion programs, MSHPLT and WXCONV are also described in
this report. MSHPLT is a program for plotting the MSHGEN produced finite
element mesh so that a visual inspection of the generated mesh can be carried
out. WXCONV performs the final conversion of the MSHGEN output to the format
demanded by WILAX as well asinputting material properties, boundary pressures,
" etc., to produce an input file for WILAX. This system can be easily adapted,
Qith sbme minor modification to most finite element programs, V

Two years experience with this WILAX data preparation system, at
least for the type of problems commonly‘encountered at MRC, has been good.
Meshes that formerly took several weeks of tedious work to prepare and check

can now often be finished in a day or two.




2, MSHGEN

2.1 Fundamental Concepts and Terminology

This section will introduce the basic concepts involved in MSHGEN
as well as the terminology needed to understand the discussion of the program.
Consider the continuous quadratic mapping defined by
X = ; XN (CE,M, ¥ = ;‘ Y.N.(E,m). Here Ny (E,T), Nag(E,M veress Ng (&)
jop L 1 4o b1 ] .
are eight interpolating functions defined in Appendix A. (For typing con-
venience the notation (EPS, ETA) will be used for (€,M) in much of this
report.) This mapping (under certain restrictions) defines a one-to-one

correspondence between points in a 2 by 2 square, called a key diagram zone

(key zone), and points in a curvilinear quadrilateral with possibly parabolic

sides, called a model diagram zone (model zone) (see Figure 1), This mapping

is completely defined when the co-ordinates of the eight points (X1, Y1),
(X2, Y2), veeivesesss (X8, Y8), as shown on the model zone in Figure 1, are

given. These points are called the specified points. Points 1 to 4 are the

corner_ specified points and points 5 to 8 are the intermediate specified

points.

If the EPS span of the key zone is subdivided, for example into 4
subintervals and the ETA span is divided into 3 subintervals then the key
diagram zone is subdivided inﬁo rectangles as shown in Figure 2a. The 20
points defined by this subdivision (Figufe 2a) are mapped onto the 20 points
(nodal points) on the model zone (Figure 2b). If these points are connected
by straight lines (Figure 2c) then a finite element (F.E.) discretization of
the model zone is produced.' By increasing the number of subdivisions it is
possible to mpproximate the parabolic sides of the model zone as closely as
desired. (Figure 2d).

Different mesh grading can be achieved by proper choice of the inter=-

mediate specified points. Figure 3a shows the F.E. discretization of a
straight sided quadrilateral when mid-point intermediate points are used.
Figure 3b shows an example of the mesh grading that can be échieved with a
different choice of intermediate specified points but with the same number
of subdivisions,

 Define o to be the fraction of the side length at which the inter-
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Figure 2b: Nodal Points in Model Zone.




Figure 2c:

Figure 2d:

Discretization of Model Zone.

Refined F.E, Discretization of Model Zone
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Figure 3a: Mesh Grading with Mid-point Intermediate
points.

O Intermediate Spécified Points
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Figure 3b: Mesh Grading with Non Mid-point
intermediate points,




mediate point is selected. Thus Figure 3a has a=% on all 4 sides whereas
Figure 3b has it's as shown, It can be shown that the following restriction,
1/4 <o < 3/4, is necessary if the given mapping is to remain a one-to-one
correspondence. Figure 4 shows for a one dimensional case, the grading that
is achieved when o is varied from .5 to .25 in steps of ,05. Note that g=.25
still gives a valid discretization and for sufficiently coarse subdivisions
even larger values of a could do so. The explanation is, that while the
mapping may be nonunique (i.e. certain points of key zone map outside the
model zone),as long as none of the 'nodal points' selected on the key zone
belong to these then an acceptable discretization could still result,

A further restriction on the model zone is that no interior angle
of a model zone can be greater than 180 degrees. Thus a model zone as shown
in Figure 5a is iliegal. Triangular zones (zones with interior angles equal
180 degrees) are however possible. Figure 5b gives an example of a F.E. dis-
cretization of such a zone.

Most models for which we want an F.E, discretization are consider-
ably more complex than a curvilinear quadrilateral. The assumption is made
in MSHGEN that the given model can be subdivided into a number (hopefully
- few) of interconnected model zones and that a corresponding key diagram,
made up of key zones, can be set up. The procedure for doing this will be
fully described in the next section.

2.2 MSHGEN Preliminary Input Preparation Procedure

It is recommended that the following set of procedures be followed
prior to preparing MSHGEN input data. Throughout this section it will be
assumed that the no IDENTIFICATION option of MSHGEN (this is a feature that
will be discussed later) is in effect. To illustrate the recommended proce-
dure a simple example (Figure 6a) will be used. More realistic models, with
less detail are shown in Figures 8 to 10.

Step 1. SKETCH OF STRUCTURE

First a sketch of the structure to be analyzed should be drawn to
some appropriate scale. (Figure 6a).

Step 2, SUBDIVISION OF MODEL INTO MODEL ZONES

This is the most critical step in the prbcedure if an adequate well-
graded F.E. discretization is to be achieved. Experience with the program
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and some ingenuity can pay large dividends here, The object is to minimize

the number ofzones subject to the following constraints. ‘

- A. Zones must be sufficiently small that an adequate
representation of model curvilinear boundaries can
be achieved.

B, Zones must be selected to achieve the mesh grading
appropriate for the model without generating an
overlarge number of ﬁodal points and elements,

C. A given zone must be homogeneous with respect
to material properties, although distinct zones
can have identical properties,

D. If the 'cut' option is used then a given zone
must be homogeneous as far as 'cut number' is
concerned. (The MRC version of WILAX allows a
progressive excavation sequence to be modelled
without reinputting all the data for each exca-
vation or 'subproblem' in WILAX terminology.

The number of the subproblem in which a given
element is eliminated is called the cut number
of that element).

E. Any zone corner node interior to the modeél must
be the corner node of exactly 4 zones.

F. 1Interior angles of zones must not be greater than
180 degrees, However as indicated in the last
section triangular zones are possible;

G. To minimize the amount @f hand modification to
be performed later keep in mind the procedure
used by MSHGEN in assigning boundary condition
codes to nodal points (this is discussed later
in section 2.3) and select the zone subdivision
accordingly.

Figure 6b gives a possible zone subdivision of the demonstration

model.




Step 3. ASSIGNING SPECIFIED POINTS

Each zone is identified and its connectivity with other zones
established by specification of nodal numbers (the specified points),
Numbering must be in a natural integer sequence (1 to NSPNP, where
NSPNP is the- total number of specified points). The 4 corner nodes of the
model zones must always be specified, However when a zone side is a straight
line and if no grading is required then the intermediate point is generated
by the program and need not be specified. There is no restriction on what
integer (1 to NSPNP) is associated with a given point. In specifying inter-
mediate points for grading remember the restrictions om O given in the last
section., Mesh grading with curvilinear zones is more difficult and the
restriction on the intermediate points is less clear. Highly distorted cur-
vilinear zones sometimes give trouble when grading is attempted. In this
case it is probably better to use smaller zones., Figure 6c shows the speci-
fied points selected for the illustrative example.

Step 4, PRODUCTION OF KEY DIAGRAM

As described in the previous section with each model diagram zone
we associate a key diagram sone in such a way that the assumed mapping maps
the key zone to the model zone. A key diagram is made up of the associated
key zones in such a way that model zone connectivity is maintained.

When this has been done it is very impottant that the key diagram
have a.Suff;cient number of zones added to it to form a complete rectangle.
These key zones that are not associated with any model zone are called void
zones. It is the completion of the key.diagram to form a rectangle and the
resulting regular structure that makes the programming relatively straight-
forward.

Figure 6d gives the key diagram for the example.

Step 5. SELECTION OF GLOBAL (EPS, ETA) KEY DIAGRAM REFERENCE SYSTEM AND
NUMBERING OF ZONES

In general there are two possible right handed (EPS, ETA) co-ordi-
nates reference systems that can be selected.

A. Take the origin at lower left hand corner of

key diagram rectangle. EPS is then horizontal
to the right and ETA vertical upward (Figure 6e)



-12_

B. Take the origin at upper left hand corner 6f key

diagram. EPS is then vertically down and ETA
horizontal to the right (Figure 6f).

Zones are always numbered in the manner shown in Figure 6e and 6f.
Note that all zones including void zones are numbered,

Which alternative, A or B, is selected depends solely on which of
the two possibilities gives the smaller maximum bandwidth (2 x node difference
4+ 2) for the resulting finite element stiffness matrix.

MSHGEN always generates finite element nodal numbers in the EPSB
direction. So that once the number of subintervals into which each span is
to be subdivided is selected there is no difficulty in calculating which of
the two possibilities, A or B, is appropriate,

Figure 6h and 6i show the F.E., discretization, as well as resulting
maximum bandwidth, for the key diagrams Figures 6e and 6f respectively, and
a certain choice of subintervals. Thus 6e is the appropriate choice if band-
width is to be minimized.

Step 6. TRANSFER OF ZONE NUMBERS )

Transfer the nonvoid key zone numberé to the associated model zones
of the model diagram (Figure 6g).

This completes the preliminary data preparation phase,

2.3 MSHGEN Boundary Condition Code Generation

WILAX demands that displacement constraints be assigned to all F.E.
nodal points, This is done by specifying an appropriate integer value called
the boundary condition code. ,

| The following describes the procedure adopted in MSHGEN to select
values for the generated F.E. condition codes. In MSHGEN the condition codes
of all specified points are input and stored in an array called NCODSP. How-
ever, only the condition codeé assigned to the corner specified points are
used by MSHCEN. ’ '

The procedure is as follows:

A. Corner zone specified points become F.E. nodal points,

The condition codes of these points are unchanged.

B. On the boundary of a zohe (possibly the interface

between two zones) the condition code of intermedi-
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Figure 6g: Zone numbers tranfered to model
diagram.
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ate generated F.E. nodal points is taken to be the
minimum of the condition codes of the corner points
of that zone (or those zones).

C. All generated F.E. nodal points in the interior

of a zone are given a condition code of zero,
i.e., treated as completely unconstrained.

The above choice of procedure although somewhat arbitrary has worked
well for the class &f problems encountered at MRC. If the above produces a
WILAX nodal point condition code other than desired the user can follow one
of the following procedures.

If there are many nodal points with incorreet condition codes it is
probably best to either 1) rezone the model with the MSHGEN condition code
generating procedure in mind or 2) modify MSHGEN to produce the correct F,.E,
code.

If however, only a few points need changing (the more usual case)
then this is probably best done during the hand modification phase of the
mesh development (discussed in section 5),

2.4 MSHGEN Identification Facility
The identification capacity although built into MSHGEN has been

little used at MRC on problems to date. The discussion given will be very
. brief and illustrated by only one example.

Using the procedure already introduced it would be difficult, if
not impossible, to obtain a properly graded mesh for a multiply connected
region (say a plate, with one or more openings)., Figure 7 shows such an
example. This problem can be alleviated by allowing the user to draw key
zones in such a way that model zone connectivity is not necessarily maintained.
Thus the same specified points would occur more than once in the key diagram
as shown in the example (Figure 7).

Note that the problem of minimizing bandwidth is now entirely
different than for the simply connected no-identification procedure discussed
previously. Thus changing the (EPS, ETA) global system in the example would

increase the maximum bandwidth from 192 to 1976!
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® Corner points

O Intermediate péints
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Number of nodali.points = 1008
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Figure 7: Use of .identification facility.
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2.5 Definition of Some Relevant Variables

Collected below are the definitions of the variables which need

input values.

HDING 8-word array that holds heading or title of
problem

NSPNP Total number of specified nodal points

NVZONE Total number of non-void zones

MXNP Upper bound to number of F.E. nodal points gene-

rated. Used for storage allocation

MXEL Upper bound to number of F.E, elements generated
Used for storage allocation

NSPAN1 Total number of spans, making up key diagram
rectangle, in the EPS direction

NSPAN2 Total number of spans, making up key diagram
rectangle, in the ETA direction

MXCUT The number of cuts (excavations) to be made.
(The number of times elements have to be removed
from input and problem resolved by WILAX)

NSIDNT Identification indicator, "O0" no iddentification,
"1'" identification required

NSBDV1 An array of length NSPANL which contains the
number of subdivisions of each span in EPS direc-
tion

NSBDV 2 An array of length NSPAN2 which contains the
number of subdivions of each span in ETA direction

NCODSP An array of length NSPNP which holds the boundary

condition code of the specified corner points

XSp An array of length NSPNP which contains the X-
co-ordinates of all specified points

YSP An array of length NSPNP which contains the Y-
co-ordinates of all specified points

17 A matrix of dimension 8 by (NSPANL¥NSPAN2)

This is the zone specification matrix. Rows
corresponding to void zones are all zero. The
row corresponding to a normal zone contains the
specified nodal numbers that define :the zone.
The order in which these occur is very rigid.
The local (EPS, ETA) system of all key zones is
taken to be identical in direction as the gddbal
(EPS, ETA) system. Referring to Figure 1 then
the specified node number must be in the order 1,
2, 3, 4, 5, 6, 7, 8. 1If any of the intermediate
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2.6 MSHGEN Input Cards

The definition of

subsection 2.5,
A. CARD #1 TFORMAT 8Al0
Contents
HDING
B. CARD #2 FORMAT 815

Contents
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points are not given it is given the value O

An array of length NSPAN1*NSPAN2

This holds the material number of all zones,
Void zones are given a MATZ value of zero by the
program

An array of length NSPANI#NSPAN2

This holds the cut number of all zones, Zones
that are not cuts are assigned a cut number of
MXCUT+1 by the program '

most of the variables used below can be found in

NSPNP, NVZONE, MXNP, MXEL, NSPAN1l, NSPAN2, MXCUT, NSIDNT

C. CARD #3 TFORMAT 16I5

Contents

NSPAN1 values of NSBDV1

(Note the implicit assumption on this card and the next that neither

NSPANL or NSPAN2 exceeds 16)
D. CARD #4 TFORMAT 1615

Contents

NSPAN2 value of NSBDV2
E. Block of NSPNP cards - one for each specified point

These must be in hatural order 1 to NSPNP
Card for specified point 'I'. FORMAT 2I5, 2EL15.0

Contents
I NCODSP(I) XSP(I)
F. Block of NVZONE cards. -
These cards can be in
Card for nonvoid zone
Contenté
N IZ(1, N), Iz(2,

YSP(I) .
one for each nonvoid zone
any order

'N', . FORMAT 1115

N) veeeeveves IZ2(8, N), MATZ(N), NCUTZ(N)
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NOTE 1. IZ(1l,N) to IZ(8,N) must be numbered counterclockwise in the
local (EPS,ETA) system of all the Key zones

K

1Z(4,N) 1Z(3,N)
97
1Z(7,N)
1Z(8,N) 1Z(6,N)
1Z(5,N)
©
1Z(1,N) 1Z(2,N)
=L

NOTE 2. Any of IZ(5, N) to 1Z(8, N) can be blank signifying no inter-
mediate specified points. _

NOTE 3. 1If MATZ(N) is left blank it is assigned the material number
1 by default.

NOTE 4. If NCUTZ(N) is left blank it is assigned the cut number MXCUT
+ 1 by default,

The input cards for the illustrative example (Figure 6), previously
discussed, are given in Figure 11.

2.7 MSHGEN Output

1) Printer OQutput

As well as reproducing the input data, MSHGEN also prints out the
number of nodes and the number of elements generated, the maximum bandwidth
found and the element in which this maximum bandwidth occurs.

2) Output on fortran logical unit #1

(a) Record #1 FORMAT (215)

Contents
NUMNP, NUMEL
(b) Block of '"NUMNP' records
FORMAT each record (2I5, 2E15.0)
Contents

Nodal number, boundary condition code, X & Y co-ordinates




A HYPOTHETICAL SLOPE

4 320 320 2 3 0 0

17
4 12
10 5 5
103 0 0.
2 2 100. 0.
3 3 400. 0.
4 1 0. 200.
5 100, 200,
6 1 400, 200,
7 180 300
8 1 400, 300.
9 200. 400.
10 1 - 400, 400.
11 0. 120.
12 100. 120,
13c o 400, 1200 o
14 200. 200.
15 230. 300.
16 280, 400,
17 2 200, 0.
1 1 2 5 4 0 122 0 11 1
2 2.3 _ 6 5 1T 1314 12 .1 __
4 5 6 8 7 14 0 15 0 2
6 7 8 10 9 15 0 16 0o 3

Figure 11;

Input to MSHGEN corresponding to problem given in Figure 6.

9T
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(c¢) Block of "NUMEL' records
FORMAT each record (615)
Contents
Element number, 4 nodes describing element, material
number
(d) MXCUT sets of excavation or cut data in the form and format
demanded by WILAX,
NOTE: MSHGEN does not rewind file #1. Logical unit
#1 will be used as input for the program WXCONV.
2.8 MSHGEN Storage Requirements
Sufficient storage must be allocated in the blank COMMON array ID

for proper operation of MSHGEN.
The amount of blank COMMON storage 'MXDIM' should be greater than

or equal to 3*NSPNP+10#NSPANL¥*NSPAN24+-4*¥MXNP+6*MXEL.
Two fortran cards‘muét be changed in the main program of MSHGEN if
storage requirements are to be changed
1) COMMON ID('MXDIM')
and 2) MXDIM = 'MXDIM'
MSHGEN performs a check to see if MXDIM as given in fortran state-
ment #2 is sufficient., If storage allocation is insufficient MSHGEN aborts,
_ For the CDC 6400 the total storage requirements to load and exe-
cute MSHGEN are (in decimal)
8700 + MAX(MXDIM, 3400)
2,9 MSHGEN Program
A complete fortran listing (for CDC 6400) is given in Appendix B.

The fortran used is standard and no difficulties in converting
to another computer are anticipated.
There are two restrictions in the current program that should be
noted. _
1) A maximum of 16 spans in either EPS or ETA direction.
This restriction is easily removed.
2) 1In the identification subroutine IDENT it is necessary
to check for 'identical' nodes. 1In the current pro-
gram two nodes are called identical if both their
X and Y co-ordinates differ by less than .00001,
For certain scaling this could be too large or

too small.
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3. MSHPLT
3.1 Genéral
The best way to check whether a generated finite element mesh is
adequate is to plot the mesh and inspect it visually, MSHPLT (a slight mod-
ification of an old MRC program (3)) is a mesh plotting program especially
designed to be used in conjunction with MSHGEN.
The plotting program features certain options which enhance its
usefulness. These are:
1) A rectangular region can be specified and only
elements inside this region are plotted. This
allows magnification of given areas of a mesh.
2) A rectangular region can be specified and only
elements outside this region are plotted. This
lets the user exclude a very finely graded area.
3). All even nodal point' numbers can be plotted.
4) All even element numbers can be plotted.
5) Nodal point numbers need not be plotted hori-
zontally. This makes it easier to distinguish
element numbers and nodal point numbers if both

are plotted.

3.2 Definition of Some Relevant Variables

XFAC = Factor by which logical co-ordinates are multiplied to convert to

inch co-ordinates .

NBOUND - If NBOUND = O the whole mesh is plotted.
- If NBOUND # O then a rectangular region has to be specified and
- If NBOUND = 1 inside of rectangle is plotted or
- If NBOUND = 2 region outside of rectangle is plotted.
ELEOUT - Element number print indicator
ELEOUT = 0, No element number print,

ELEOUT = 1, Print even element numbers.
NPTOUT - Nodal number print indicator

NPTOUT = O, No nodal number print.

NPTOUT

[

1, Print even nodal numbers.
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HT - Height of numbers if element numbers or/and nodal numbers are printed.

DIR - Angle in degrees with respect to X-axis. This defines the direction
in which nodal point numbers are plotted.

ORGX - Logical X-co-ordinate of 'left side' of specified rectangle.

XORD

Logical X-co-ordinate of 'right side' of specified rectangle.
ORGY - Logical Y-co-ordinate of 'bottom' of specified rectangle.
YORD - Logical Y-co-ordinate of 'top' specified rectangle,
3.3 MSHPLT Input
1) INPUT CARD(S)

CARD 1 TFORMAT (r10.0, 3110, 2r10.0)

Contents:
XFAC, NBOUND, ELEOUT, NPTOUT, HT, DIR
Note: HT must be a multiple of .07. The default value of
HT is .07
If NBOUND % 0 there is a second card defining the specified rec-
tangle
CARD 2 FORMAT (4F10.0)
ORGX, XORD, ORGY, YORD
The MSHPLT input data for the illustrative example (Figure 6) is
shown in the examples given in the section on control cards..
2) INPUT FROM FORTRAN LOGICAL UNIT 1
The format needed is exactly that produced by MSHGEN
on logical unit 1, There is a rewind of logical unit
1 prior to initiation of input in MSHPLT.
3.4 MSHPLT Storage Requirements

Default values currently in MSHPLT provides for a maximum number of

" nodal points (MXNP) of 500 and a maximum number of elements (MXEL) of 500,

It is necessary that MXNP > NUMNP and that MXEL 2 NUMEL in any given problem.
To change the amount of storage it is necessary to change the first line of
the fortran blank COMMON statement.
COMMON R(MXNP), Z(MXNP), IX(MXEL, 5)
in the main program as well as in the subroutines PLOTR and XNODAL.
The following pertains only to a CDC 6000 series computer. Here

the source deck of MSHPLT can be in UPDATE format. UPDATE is the CDC system
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program for creating and manipulating source libraries. By using the COMDECK
feature of UPDATE it is only necessary to change the above COMMON statement
once, The name of the COMDECK used at MRC is MSHDIM. The second statement,
MSHDIM.Z2, must be changed if storage requirements are to be changed.

On the CDC 6400 the total storage requirement needed for loading
and executing MSHPLT is (in decimal)

9400 + MAX(3400, 2*MXNP + 5%*MXEL)
3.5 MSHPLT Program
A CDC 6400 fortran listing of MSHPLT is given in Appendix C,
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4, WXCONV
4.1 General

MSHGEN produces only part of the input data required by WILAX,
i.e., nodal point data, element data and cut data. Necessary WILAX informa-
tion, for instance, the parameter control card, material properties cards,.
pressure cards and initial stress cards (the word card is used for card
image), is missing. WXCONV takes this additional card information and merges

it with the output of MSHGEN to produce an input file acceptable to WILAX.

A listing of the current versign of the WILAX program is given in Appendix F.
WXCONV does not modify the output of MSHGEN. WXCONV does not gene-

rate fully general WILAX input data. Such things, as temperature effects,

concentrated nodal forces, nonzero specified nodal displacements and con-

straints in directions other than the X-Y directions, can not be introduced

by WXCONV. At present such requirements would have to be affected during

the hand modification phase of WILAX input preparation.

4,2 WXCONV Input

All input cards to WXCONV are in the exact format demanded by
WILAX, i.e. 1In each case the whole card is transferred, with no checking or
conversion, to the WXCONV output unit (fortran logical unit number 2).
-MSHGEN input on WXCONV is on fortran logical unit number 1.
Only the order of the cards will be listed below; for the necessary
format consult the WILAX publication (1).
Input cards:
1. Title card.
2. Parameter card.
3. Block of cards describing material properties - two cards
for each material number,
4. Block of cards giving boundary pressure condition if
NUMPC # O,
5. Block of cards describing the initial stress #f NRES # 0
The section 6 on control cards gives the input WXCONV cards needed
for the illustrative example (shown in Fig. 6).

4,3 WXCONV Storage Requirements

The only restrictions currently in WXCONV is that there be no more

than BQO elementg in any one cut and that the boundary of a cut be described
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by at most 100 wodal points., If either of these limits are exceeded then the
fortran DIMENSION statement would have to be changed, NELCUT( ) is a list
of the elements in a cut and NPCUT( ) is a list of the nodal points defining
the boundary of the cut, '

On the CDC 6400 with NELCUT(300) and NPCUT(100) the total storage
requirehent for loading and executing is less than 30000 octal words.
4.4 WXCONV Program |

A CDC 6400 fortran listing WXCONV is given in Appendix D,
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5. Hand Modification

The combination of MSHGEN and WXCONV will usually give a satisfac-

tory mesh and complete WILAX input data (at least for the class of problems

encountered at MRC)., If this is not the case then hand modification will

have to be carried out, If a system file manipulation and modification rou-

tine exists (e.g. UPDATE on the CDC 6000 series), then modification of data

is probably best

Case 1:

Case 2:

done using this routine.

The output of MSHGEN is incorrect or inadequate.
The displacement constraint code at some nodal
points could be wrong. The co-ordinates of some
nodal points could be such as to give a poor
representation of a boundar§ or possibly a poor

element shape.

MSHGEN and WXCONV can generate input data that
utilizes only part of WILAX's capabilities.
Factors such as concentrated forces, tempera-
ture effects, constraints in other than global
X and Y direction, etc. would have to be intro-

duced using hand modification.
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6. Control Cards for the CDC 6400

The control cards are very much machine dependent. However, in
this section, some examples of the control cards needed for executing the
programs previously described, on the CDC 6400 (Scope 3.4), are briefly
discussed and given in Appendix E. ,

All programs associated with WILAX, including MSHGEN, MSHPLT and
WXCONV reside on a multifile tape. The first file, with label 1. = WILAXSOURCE,
contains the whole of WILAX, MSHGEN, MSHPLT and WXCONV, in UPDATE format,
The second file, with label L = WILAXOBJECT, contains all the subprograms of
WILAX in object form (with OPT = 1 compilation).

The first step in automatic WILAX data generation is to execute

MSHGEN and use MSHPLT to check the resulting mesh by plotting it. This is
' continued until a satisfactory mesh is achieved. Appendix E-1 shows the
control cards needed as well as the data required to execute the illustrative
example, .

The next step, after an adequate mesh has been generated, depends
on whether or not hand modification 18 required. If not, the MSHGEN, WXCONV
and WILAX can be executed in sequence to give WILAX output. Appendix E-2
shows a possible set of control cards and data to achieve this for the illu-
- strative example. If hand modification is required then MSHGEN and WXCONV
are executed and the output.of WXCONV stored on a tape in UPDATE format.
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APPENDIX A
Quadratic Interpolating Functions
Given below are the quadratic interpolating functions used in the
mapping from a key diagram zone to a model zone, Note that for typing con-
venience (EPS, ETA) is used for (£, 7) in much of the report.
The order of the interpolating functions correspond to the key zone

numbering in Figure 1.

Nl =-.25(1L-8) (1L-m (E+n+1)
N2 =-.25(L+E&) (L~-m (<E+n+ 1)
N3 =-.25(14+8) (L+1m) (-§-n+1)
N4 = =.25(L -E) (L+m) (E -n+ 1)
N5 = .5(1+&) (L -8)(L-m
N6 = .5(0+8) (L+m (L-m
N7 = .5(L+8) (L-8) (L+7)
Ng = 5(L-8) (L+m (L-m
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APPENDIX B

FORTRAN LISTING OF MSHGEN




PROGRAM MSHGEN 73774  OPT=0  TRACE FTN 4.0+P355 30/11/73 10.50.30. PAGE 1
PROGRAM MSHGEN (INPUTQUTPUTsTAPEL) MSHGEN 2 _ — .
c MSHGEN 3
c THIS PROGRAM GENERATES FINITE ELEMENT—MESH-DATA-FOR WILAX - MSHGEN 4
c : : MSHGEN 5
5 COMMON/CNTL/NSPNP 4 NVZONE ¢MXNP sMXEL 4 NSPAN1 JNSPAN2 4 NSIDNT ¢MXZONE, =~ MSHGEN 6
1 MXCUT,HDING(8) MSHGEN -7
c : MSHGEN 8 o
C THE DIMENSION OF 'ID MUST BE SET EQUAL TO MxDIM ™~~~ o MSHGEN 9
.C MxDIM IS GREATER THAN OR EQUAL TO MSHGEN 10
10 c 3#NSPNP+10#NSPAN] #NSPAN2 ¢ 43#MXNP + §#MXEL MSHGEN 11
o c NSPNP-NO. OF SPECIFIED POINTS MSHGEN 12
c NSPAN1-NO. OF SPANS IN EPS DIRECTION MSHGEN 13
¢ NSPAN2-NO, OF SPANS IN THE ETA DIRECTION - MSHGEN 14 e
¢ MXNP-UPPER ROUND TO NUMBER OF FINITE ELEMENT NODAL POINTS MSHGEN 15
15 c MXEL- UPPER ROUND TO NUMBER OF FINITE ELEMENT ELEMENTS MSHGEN 16
c ) ) MSHGEN 17
N " 77T COMMON ID(3000) MSHGEN 18
MxDIM=3000 MSHGEN 19
REWIND 1 MSHGEN 20
20 ¢ READ CONTROL CARD ™~~~ 7 7= — MSHGEN ™~ 21 T
READ 100,HDING ¢NSPNP ¢NVZONE ¢MXNP s MXEL ¢ NSPAN] yNSPANZ sMXCUTyNSIDNT  MSHGEN 22
100 FORMAT(BA10/815) MSHGEN 23
B " PRINT 200+HDINGsNSPNP ¢ NYZONE sMXNP sMXEL 9 NSPAN1 s NSPAN2 s MXCUTsNSIDNT MSHGEN 24
200 FORMAT (1H14+8A10/ MSHGEN 25
25 1 41HONUMBER OF SPECIFIED POINTS-w=—wececeancca= s 15/ MSHGEN 26 !
2 41HONUMBER™OF NON=-VOID ZONES-==-Coooooooiny ISy MSHGEN 27 T
3 41HOMAX., NUMRER OF GENERATED NODAL POINTS==--,IS5/ MSHGEN 28 ®
4 41HOMAX, NUMBER OF GENERATED ELEMENTSe=w=e=e WIS/ MSHGEN 29 1
T S 41AONUMAER OF SPANS IN EPS DIRECTION=ewemm== WIS/ " MSHGEN 30
30 6 41HONUMBER OF SPANS IN ETA DIRECTION=-—ecwe=- 215/ MSHGEN 31
‘ 7 41HONUMBER OF CUTS—oecmeccccececcce e + IS5/ MSHGEN 32
B 4ITHOIDENTIFTCATION, ISYES,0=2N0 ===t oioloos +I5) MSHGEN 33
MXZONE=NSPAN1 #NSPANZ MSHGEN 34
c ALLOCATION OF COMMON STORAGE MSHGEN 35
T35 T 11=1 T T MSHGEN 36 N o
12=11+NSPNP MSHGEN 37
13=12+NSPNP MSHGEN 38
T4=13+NSPNP T T MSHGEN 39
15=14+8%#MXZ0ONE MSHGEN 40
40 16=15+MXZONE MSHGEN 41
- T - T17=16+MXZONE TTTTTTTTTTTT MSHGEN 42 T T
18=17+NSPAN] MSHGEN 43
I19=18+NSPAN?2 CMSHGEN 44
T110=I19+MXNP "~ MSHGEN 45
45 T11=110¢MXNP MSHGEN 46
I12=111+MXNP MSHGEN 47
I113=112+MXNP B MSHGEN 48
T114=113+5=MXEL MSHGEN 49
115=T14+MXEL=1 MSHGEN 50 L
50 PRINT 300+I1SsMXDIM MSHGEN 51
300 FORMAT(// n MINIMUM VALUE ALLOWABLE FOR MXDIM=w,IS/ MSHGEN 52
1 n VALUE OF MXDIM ASSIGNED=#,I5) MSHGEN 53
TF(T15,GT.MXDIM) CALL ARORT MSHGE N 54
CALL INPUT(ID(I1)+ID(I2)+ID(I3)+ID(I4)sID(IB)SID(I6)4ID(IT), MSHGEN 55
55 1 IDCIBY) o - o _ MSHGEN s i
- "CALL CONTRLUID(I1)+ID(I2)2ID(I)»ID(I4)IDIIS)INII6) MSHGEN 57
1 100I7)oIDUIR)WID(IN 4IDI(II0) oIDITII1) 4 IDIILI2) e IN(II3)ID(TI14)) MSHGEN 51
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REWIND 1° MSHGEN 59

STOP ] MSHGEN 60
60 END MSHGEN 61

)
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SUBROUTINE INPUT ~ 73/74 OPT=0 TRACE FTN 4.0+P3S5 30711773 10,50.43, PAGE 1
SUBROUTINE INPUT (XSPsYSP¢NCODSPsIZsMATZsNCUTZ»NSBDV1sNSBDV2) MSHGEN 62
c . MSHGEN 63
c INPUT ROUTINE FOR MSHGEN : MSHGEN" 64
L c MSHGEN 65
S COMMON/CNTL/NSPNP.NVZONE.MxNP.MxEL.NSPANl,NsPANz.NsIDNT,MXZONE, "7 "MSHGEN 66 B
1 MXCUT,HDING (8) MSHGEN 67 .
DIMENSION st(!).YsPtl).NCODSP(l).IZ(e.l).MATZ(I). S MSHGEN 68
T 'NCUTZ (1) ,NSBDVY (1) ,NSBDV21(1) ) ‘MSHGEN 69
- c MSHGEN 70
10 . C_ READ NUMBER OF SUBDIVISONS oF EACH SPAN MSHGEN 71
N IN EPS DIRECTION . ST T O MSHGEN 72
READ 100, (NSBDV1(I)+I=1,NSPANY) = MSHGEN 73
100 FORMAT(1615) i B - L MSHGEN 74 ‘ )
c IN ETA DIRECTION MSHGEN ~~ 75 T
15 . READ 100, (NSBDV2(I)+I=1,NSPAN2) MSHGEN 76
e PRINT 200, (NSBNDV1(1),1=1,NSPAN]) o MSHGEN 4 A
"200 FORMAT("1 SPAN SUBDIVISIONS. IN EPS DIRECTION#/(1H »1615)) MSHGEN 78
© PRINT 3009 (NSBDVZ2(I)sI=1sNSPAN2) MSHGEN 79
300 FORMAT("0 SPAN SUBDIVISIONS IN ETA DIRECTION"/(1H +16I5)) _MSHGEN 80
20 C CUToT o s e e e m e TMSHGEN T '8l -
c READ IN COORDINATES OF SPECIFIED POINTS WITH ASSOCIATED CONSTRAINT MSHGEN 82
PRINT 400 MSHGEN 83
i 400 FORMAT(1H1+50Xe"S P ECIF I ED POTINT S*/1HO, TTTTTTTTT MSHGEN 84
I"POINT NO,"»17Xs"CONSTRAINT NO, ",lsxv“x-COORDINATE“,lBXo MSHGEN 85
25 2 “WY=-COORDINATE") MSHGEN 86 !
DO 10 1=, NSPNP ™ . MSHGEN ~~— 87 =
READ SOOvNyNCODSP(I)vXSP(I)vYSP(I) . MSHGEN 88 ©
500 FORMAT(215,2E15.0) . MSHGEN 89 1
T PRINT 600sNsNCODSP(I)oXSP(I)sYSP(I) I . Crmmmm MSHGEN 90 - - ’
30 600 FORMAT(I10510X9T10910XsE20,6510X9E20,.6) MSHGEN 91
IF(I.NE.N)GO TO 20 - MSHGEN 92
10 "CONTINUE i - MSHGEN 93
GO TO 30 o MSHGEN 9%
20 PRINT 700. T MSHGEN 95
TTTUAGTTTTTTTTTTTT T 00 FORMAT (¢ CARDS GIVING COORDINATES OF SPECIFIED POINTS NOT # ™~ "" MSHGEN " 96 ) -
1 niIN ORDER™M) : MSHGEN 97
STOP : MSHGEN 98
30 CONTINUE ~ ' MSHGEN 99 -
. c INPUT ZONE SPECIFICATIONS . ' MSHGEN 100
. 40 c INITIALIZE MATERIAL NUMBER TO ZERO MSHGEN 101
TTTTUTTTTTTTITITITT T DO 40 I=14MXZONE o T T T MG HGEN 102
MATZ(I)=0 - MSHGEN 103
NCUTZ(1)=0 MSHGEN 104 e
40 CONTINUE — _ MSHGEN 105
45 PRINT 800 - MSHGEN 106
800 FORMAT(1H1+45Xs"Z O N E SPECIFICATTI O N“e/1H0s2Xs MSHGEN 107
) - T 1V"ZONE NOoMs TXeNP1t 47X oMNP2H 97X e NP3 g 7TX g UNPL o TX o INPS ¢ 7X o 'NP6"y MSHGEN 108
2 TXMNPTHTX s NP8 92X ""MAT . NOo"93Xs""CUT NO.M) MSHGEN 109
. DO S0 J=1+NVZONE MSHGEN 110 B
S0 READ 900.N.(IZ(I.N).I"I‘aignATZ(N).NCUTZ(N) MSHGEN 111
. 900 FORMAT(111S) MSHGEN 112
' IF (MATZ(N) .EQ.0)MATZ (N) =1  MSHGEN 113
) IFINCUTZ (N) EQ.0INCUTZ (N)=MXCUT+1. MSHGEN 114
DR PRINT 10004Ns (IZ(T4N)sI=198) sMATZ(N) sNCUTZ(N) MSHGEN 115
© 55 1000 FORMAT(1H 511110) s __MSHGEN e .
S0 CONTINUE MSHGEN 117
c MSHGFN 118
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RETURN
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END
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SUBROUTINE CONTRL 73/74  OPT=0  TRACE FIN 4.,0+P355  30/11/73 10.50.47. PAGE 1
SUBROUTINE ¢ CONTRL(XSEljgvaCODSPyI?gMATZoNCUTZpNSBDVlaVSBDVZv MSHGEN 121
1 XY s NCODE ¢NPCUT IXsNELCUT) MSHGEN 122
c CONTROL ROUTINE FOR MSHGEN MSHGEN 123
o i c __ MSHGEN 124
S cOMMON/CNTL/NSPNPoNV?ONE.MXNPoMXELvNSPANl.NSPANZgNSIDNT’ MSHGEN 125
1 MXZONE+MXCUT+HDING(8) MSHGEN - 126
COMMON/7ROW/NUMNP yNUMEL  NPOLD 4NDIV] s ICNTNPy ICNTEL 9MATZZ,y _ MSHGEN - 327
T NCUTEL oNPCINCD (3) JNCT(3)ETATXZ(8) s ¥YZ(8) MSHGEN 128 ]
DIMENSION XSP (1)sYSP (1) NCODSP(1)+IZ2(84s1)4MATZ (1)) MSHGEN 129
10 1 NCUTZ(l),NSBDVI(1).NSBDVZ(I),X(I).Y(l).NCODE(l),NPCUT(l),n”um_m ~ MSHGEN 130
T "2 IX(59)1)aNELCUT(1) ¢NCDZ(4) sNCTZ (&) MSHGEN 131
c MSHGEN 132
c INITIALIZATION o MSHGEN 133 I
NUMEL=0 MSHGEN 134
15 NUMNP=0 MSHGEN 135
N NZ1=1-NSPAN] ____ MSHGEN 136
B NSP2=0 MSHGEN 137
c FIRST ROW IS A Z0NE INTERFACE MSHGEN 138 ‘
GO TO 110 MSHGEN 139 L
20 I T : MSHGEN 140
c MAIN CONTROL LOOP FOLLOWS MSHGEN 141
c _ MSHGEN 142
10 NSP2=NSP2e+l T - T ' MSHGEN 143
IF (NSP2.GT.NSPAN2)GO TO 200 MSHGEN 144
25 NZ1=NZ1+NSPAN1 MSHGEN 145 L
: TCNTEL=0"" MSHGEN 146
ICNTNP=0 MSHGEN 147
_ _ NDIV2=NSBDVZ2(NSP2) N MSHGEN 148
IF(NDIV2.LE.1)GO TO 100 MSHGEN 149
30 c MSHGEN 150
B c PROCESS ROW ABOVE INTERFACE., NEW Rou ASSUMED TO BE NON-INTERFACE  MSHGEN 151 B
ETAINCE2,/NDIV2 MSHGEN 152
ETA=-1,+ETAINC MSHGEN 153
e c SAVE CURRENT NUMNP AND NUMEL MSHGEN 154
35 T T T NUMNR O=NUMNP MSHGEN 155 B
NUMEL O=NUMEL MSHGEN 156
NZ=N71-1 N MSHGEN 157
DO 40 T=1,NSPANI MSHGEN 158
' NZ=N7+1 MSHGEN 159
40 ... NDIVl=NsBDV1(I). e N MSHGEN 160
: MATZ2Z2=MATZ (N2) : T 77 MSHGEN 161 7 -
IF (MAT2Z.EQ.0)GO TO 30 MSHGEN 162
NCUTFL=NCUTZ (NZ) MSHGEN 163
CALL CORDZN{0sNZs1Z43IXsXSPoYSPsXsY9XZ9Y2) MSHGEN 164
45 NPOLD=1Z(14N2) MSHGEN 165
e IF(ICNTEL.EQ.0)NPOLD=NPOLD-1 _ MSHGEN 166
Do 20 U= 1,4 T o m T MSHGEN 167 o °
LJ=IZ(JsN2) MSHGEN 168
IF(J.LE.2)G0 TO 15 MSHGEN 169 -
S0 NCDZ (J}=NCODSP (L J) MSHGEN 170
GO0 TO 20 MSHGEN 171
'35 NCDZ(J)=NCODE (LJ) MSHGEN 172
0 "CONTINUE - MSHGEN 173
NCD(1)= MINo(NCDZ(l).NCDZ(#)) MSHGEN 174
. 55 NCD(2)=0" MSHGEN 175
NCD (3)=MINO(NCDZ(2),NCDZ(3)) ‘MSHGEN 176 T T
IF(I.EQ.1)G0 TO 22 MSHGEN 177

"
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IF(MATZ(NZ=1).LE.0)GO TO 22 MSHGEN 178
NCD (1) =0 MSHGEN 179
60 22 IF(1.EQ.NSPAN1)GO TO 24 . MSHGEN 180
) o IF (MATZ(NZ+1),LE.0)GO TO 24 L MSHGEN 181
NCD(3)=0 B " MSHGEN 182
24 CONTINUE MSHGEN 183 .
NCT(1)=0 MSHGEN 184
65 NCT (2)=MXCUT+1 MSHGEN '~ 77185 oo
NCT(3)=0 MSHGEN 186
e IF((1.GT.1).AND. (NCUTZ (NZ). NE.NCUTZ(NZ 1))) B MSHGEN 187
"1 NCT(1)=MINO(NCUTZ(NZ) sNCUTZ(NZ-1)) T MSHGEN 188
IF((1.LT.NSPAN1).AND, (NCUTZ (NZ) . NE, NCUTZ(NZol))) MSHGEN 189
70 _1 NCT(3)=MINO (NCUTZ (NZ) sNCUTZ (NZ+1)) MSHGEN 190
CALL ZRWEXY (X+YoNCODE sNPCUT» TX,NELCUT) MSHGEN "~ 191~ -
. ICNTNP=1 MSHGEN 192
e e ICNTEL=) B MSHGEN 193
GO TO 40 ) MSHGEN 194
75 30 ICNTEL=0 MSHGEN 195
ICNTNP=0__ e . MSHGEN 196
40 CONTINUE MSHGEN 197 7T T T
INTERF=0 MSHGEN 198
. NELINC=NUMEL=NUMELO ) MSHGEN 199
80 NNP INC=NUMNP-NUMNPO MSHGEN 200
NRL=NDIV2=-2 MSHGEN 201
NPO=NUMNPO+1 MSHGEN 202
NPOLN=NUMNPO MSHGEN ~ 7203~ — T
1F (NRL.LE.0)GO TO 110 MSHGEN 204 .
.8 €. ' _ ‘ MSHGEN 205 ~
[ INSERT INTERMEDIATE NODAL POINTS AND ELEMENTS IN CURRENT ETA SPAN MSHGEN 206 ">
c : MSHGEN 207 .
ICNTNP=0 MSHGEN 208
NZ=NZ1-1 , MSHGEN ~— 209
90 NELO=NUMELO MSHGEN 210
e DO 90 I=1,NSPAN] MSHGEN 211
NZ=NZ+1 MSHGEN 212
MATZZ=MATZ (NZ) MSHGEN 213
1F (MATZZ.EQ.0)GO YO 80 MSHGEN 214
95 NCUTEL=NCUTZ (ND) MSHGEN = 215~ T T
NDIV1=NSBDV1(I) MSHGEN 216
e EPSINC=2,/NDIV] MSHGEN 217
CALL CORDZN(O’NZ’IZ!IX’XSP!YSP’X’Y’XZ!YZ’ MSHGEN 218
EPSa2-1, MSHGEN 219
100 IF(ICNTNP,NE,0)GO TO 60 MSHGEN 220
ICNTNP=1 MSHGEN 221 T T T T T
ETAN=ETA MSHGEN 222
NP=NPO MSHGE N 223
DO 50 J=14,NRL MSHGEN 224
105 NP=NP+NNP INC MSHGEN 225
_ETAN=ETAN+ETAINC o MSHGEN 226
CALL LOC(XZ4YZEPS,ETAN,X (NP, Y (NP)) MSHGEN 227 - -
NCODE (NP)=NCODE (NPO) : MSHGEN 228
o o NPCUT (NP) =0 MSHGEN 229
110 S0 CONTINUE MSHGEN 230
60 DO 70 K=1,NDIVi MSHGEN 231
e NPO=NPO-] L L o _ ) . MSHGEN 232 o .
NELO=NELO+1 - MSHGEN 233 T o
EPS=EPS+EPSING MSHGEN 234
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L 115 NP=NPO MSHGEN 235 —
r NEL=NELO . - MSHGEN - 236
ETAN=ETA : — i . MSHGEN 237
DO 70 L=1WNRL e MSHGEN 238
. rreem e T aNELING - s rrmme e e MSHGEN 539
120 NPS=NP MSHGEN =240
NP=NP +NNPINC MSHGEN 241 . _
ETAN=ETAN+ETAINC MSHGEN 242
CALL LOC(xz.Yz.EPs,ETAN,x(NP).Y(NP)) MSHGEN 243
. NCODE (NP)=NCODE (NPQ) . MSHGEN 264
TT12s T T ONPCUT (NP)Y =NPCUT(NPO)Y T MSHGEN 245
IX(1sNEL)=NPS-1 MSHGEN 246
IX(2+4NEL)=NPS MSHGEN 247 _
| IX (3 NEL)=NP MSHGEN 248
IX (4+NEL)=NP=-1 MSHGEN 249
130 IX(S.NEL)=MATZZ R o ___ MSHGEN 250 e
NELCUT(NEL)—NCUTEL MSHGEN 251
70 CONTINUE : MSHGEN 252
GO TO 90 MSHGEN 253
80 1IF(ICNTNP,EQR.01GO TO 90 MSHGEN 254 -
135 ICNTNP=0 ' MSHGEN 255
) _ NPO=NPO+1 P i o MSHGEN 256 ~
- TTTT 790 CONTINUE , MSHGEN 257
NUME L=NUMEL +NEL INC*NRL MSHGEN 258 1
NUMNP=NUMNP+ NNP INC#NRL MSHGEN 259 ~
140 "NPOLO=NUMNP-NNP INC MSHGEN 260 &~ -
GO TO 110 MSHGEN 261 .
c MSHGEN 262
T T GENERATE INTERFACE NODAL T POINTS "ARD 'ELEMENTS WITH ROW BELOW 7 MSHGEN =~ 263 77 -
c ROW BELOW IS INTERFACE IF INTERF=1,NON-INTERFACE IF INTERF=0 MSHGEN 264
_ 145 c . : MSHGEN 265
100 INTERF=I MSHGEN 266
i 110 ICNTNP=0 MSHGEN 267
e _ ICNTEL=0 N ) ~ - MSHGEN 268 )
_ NZ0=NZ1-~1 o MSHGEN 269 T
150 NZN=NZ0+NSPAN1 MSHGEN 270
DO 190 I=1,NSPAN! MSHGEN 271
NZO=NZ0+1 MSHGEN 272
NZN=NZN+1 MSHGEN 273
e 151=0 _ e MSHGEN 274
155 1s2=0 MSHGEN 275 ’ oy
IF(NZ0.LE.0)IS]=] MSHGEN 276
B IF (NZN.GT+MXZONE) I152=1 MSHGEN 277
DO 115 J=1y4 - MSHGEN 278 -
NCTZ(J)=0 MSHGEN 279
60 o ..._115 CONTINUE e MSHGEN 280
NDIV1=NSBDV1(I) - T MSHGEN 281 T
IF(IS1.NE.0)GO TO 120 MSHGEN 282
MATZZ=MATZ (N20) MSHGEN 283
. IF(MATZZ,NE,0)GO 7O 140 MSHGEN 284 -
165 120 IF{IS2.NE,0)GO TO 180 MSHGEN 285
~ o IF(MATZ(NZN).LE,0)GO TO 180 ) MSHGEN 286
c GENERATE NODES ONLY o T e e T MSHGEN 287
CALL CORDZN({14NZNyIZ4IXsXSPsYSPeXeYsXZsYZ) . MSHGEN 288
3 ‘ DO 130 J=1,2 MSHGEN 289
170 LJ=17(J.NZN) MSHGEN 290 )
NCDZ (J)=NCODSP{LJ) MSHGEN 291
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130 CONTINUE MSHGEN 292
NCD (1)=NCDZ (1) MSHGEN 293
NCD (3)=NCDZ (2) MSHGEN 294
o XIS . NCD(2)=MINO(NCD(1)sNCD(3)) e MSHGEN 295 i R
NCTZ (3)=NCUTZ (NZN) ' MSHGEN 296
IF(I.EQ.1)G0 TO 132 MSHGEN 297 -
NCTZ(1)=NCUTZ (NZN-1) MSHGEN __ 298 B
} IF(1S1.EQ.0YNCTZ(2Y=NCUTZINZ0O=~1) MSHGEN 299
‘180 132 NCT(1)==MAXO (NCTZ (1) sNCTZ (2) sNCTZ(3) sNCTZ (4)) MSHGEN 300
NCT (2)=0 MSHGEN 301 L
IF (1.EQ.NSPAN1)GO TO 134 - . MSHGEN 302 -
NCTZ (1)=NCUTZ (NZN+1) MSHGEN 303
: IF (I1S1,EQ.0)NCTZ (4)=NCUTZ(NZO+1}) MSHGEN 304 )
185 134 NCT(3)==MAXOINCTZ (1Y sNCTZ(2Y sNCTZ (31 +NCTZ (4)) MSHGEN 305
- ETA==~1, MSHGEN 306
CALL ZROHXY(X.Y.NCODE;NPCUT)_" ~ MSHGEN o7 )
ICNTEL=0 . MSHGEN 308
. ICNTNP=1 MSHGEN 309
190 GO 70 170 ) o MSHGEN __ 310 o
c GENERATE BOTH NODES AND ELEMENTS MSHGEN 311
140 CALL CORDZN'(09N200129IXoXSPyYSPcX;YoXZcYZ) MSHGEN 312
e ETA=1. L - MSHGEN 313 o _
T DO 150 J=3,4 MSHGEN 314
195 LJ=1Z(JsNZO) MSHGEN 315
NCDZ (J)=NCODSP (L) MSHGEN 316
150 CONTINOE - MSHGEN 3i7
NCD (1)=NCDZ (4) MSHGEN 318 :
_ NCD(3)=NCDZ(3) _ _ ) MSHGEN 319 I
200 T T NCD (23 =MINO (NCD (1) s NCD{3) )~ 7 o o mmmmm e o o e MSHGEN 320 - U
IF(IS2.NE.0)GO TO 155 MSHGEN 321 !
IF (MATZ (NZN) .LE,0)G0O TO 155 MSHGEN 322
NCO(2)=0"" " MSHGEN™ 323
155 CONTINUE o MSHGEN 324
205 o IF(IS2.NEL0)GO 7O 152 . MSHGEN 325
T - NCTZ (3)=NCUTZ (NZN) N ¥ I W1 c 13 326 -
IF(I,GT,1)NCTZ(1)=NCUTZ (NZN~ 1) MSHGEN 327
- 152 IF(IS1.NE.0)GO TO 154 MSHGEN 328 o
- NCTZ (4)=NcidTz (NZ0) MSHGEN 329
210 IF(I1.GT.1INCTZ (2) =NCUTZ (NZO=1) MSHGEN 330
. 154 NCT(l)--MAxO(NCTZ(l).Ncrzcz).NcTZ(a).NCTZ(ap) MSHGEN 331
. NCT (2)=MINO (NCTZ (3) +NCTZ (%)) T MSHGEN < 332 T
IF(NCTZ(3) .EQ.NCTZ (4) INCT(2)=MXCUT+1 MSHGEN 333
NCTZ(1)=0 MSHGEN 334 L
215 NCTZ(2)=0 MSHGEN 335
IF (1,EQ.NSPAN1)GO TO 156 MSHGEN 336
e IF(IS2.EQ.0INCTZ(1)=NCUTZ (NZN+1) ) ) o MSHGEN 337
IF(IS1.EQ.0INCTZ(2)=NCUTZ (NZO+}) ) 7T MSHGEN . 338
156 NCT(3)==MAXO(NCTZ (1) sNCTZ(2) +NCTZ(3) sNCTZ (4)) MSHGEN 339
220 NCUTEL=NCUTZ (NZO) o MSHGEN 340 o
TF (INTERFL.EQ.0)GD TO~ 160 MSHGEN 341
NPOLN=1Z (15NZ0) MSHGEN 342
B IF (ICNTEL .LE +0)NPOLD=NPOLD-1 ____ MSHGEN 343
) 77160 CALL ZRWEXY (XY sNCODE sNPCUT s IXoNELCUT) T MSHGEN 344 7
225 ICNTEL=1 -t MSHGEN 345
’ ICNTNP=1 _ o i MSHGEN 346 L
17 (3,NZ0) =N{MNP MSHGEN 347
12 (4+N70)=NPC1 MSHGEN 348




. SUBROUTINE CONTRL =~ 73/74 OPT=0  TRACE . . _FTIN 4.,0eP355 = 30/11/73

i 10.50.47. PAGE 5
IF(N7N.GT.MXZONE)GO TO 190 MSHGEN 349
230 IF (MATZ (NZN) .EQ.0)GO TG 190 MSHGEN - 350 T
170 IZ(1.NZN)=NPC1 —— . MSHGEN 351
: 1Z(2,NZN) TNUMNP N MSHGEN 352
GO TO 190 B - MSHGEN 353
180 ICNTEL=0 MSHGEN 354
_ 235 ICNTNP=0Q MSHGEN 355
150" CONTINUE MSHGEN 356 o )
. GO TO 10 MSHGEN 357
_ ¢ o  MSHGEN 358
200 NUMNPA=NUMNP T MSHGEN 359
240 IF(NSIDNT,EN.0)GO TO 210 MSHGEN 360
C__ IDENTIFICATION OF 20ONE SIDES MSHGEN 361
CALL IDENT (NUMEL qNUMNP’NUMNPA'X'Y’NCODE NPCUT'IX] MSHGEN ™ 362 R
c MSHGEN 363
R * FIND BANDWIDTH . MSHGEN 364
245 210 CONTINUE ) o MSHGEN 365
NPDIF=0 MSHGEN 366
_ DO 220 _I=1,NUMEL MSHGEN 367
DO 220 J=1,3 MSHGEN 368 - T
I1=IX(Js1) MSHGEN 369
250 o K1=gel e MSHGEN 370
DO 220 K=K1l.4 MSHGEN 371
NPO=IABS(I1=IX(KyI)) MSHGEN 372 1
_ IF(NPD.LE.NPDIF)GO TO 220 MSHGEN 373 ~
NPDIF=NPD’ MSHGEN 374 o)
255 N=1I MSHGEN 375 .
220 CONTINUE MSHGEN 376
MBAND=2#NPDIF+2 T T MSHGEN 377
PRINT 1000.+NUMNPA+NUMEL sMBAND N MSHGEN 378
1000 FORMAT ("INUMBER OF NODAL PQINTS=======ai,[5/ MSHGEN 379
260 L1 WONUMBER OF ELEMENYSwecccorcaaaan 157 MSHGEN 380 T
2 "OMAXIMUM BANDWIDTHecmcocemcaaaai, I5/ MSHGEN 381
e 3 “OMXBAND OCCURS FIRST IN ELEMENTW,Is5) MSHGEN 38?2
OUTPUT NODAL POINT DATA IF NSIDNT=0 ) T OMGHGEN 383 T
IF(NSIDNT.NE.0)GO TO 230 MSHGEN 384
_____ 265 WRITE (1,1200) NUMNPA 4 NUMEL MSHGEN 385
DO 2257 I=1,NUMNPA T T T T MSHGEN ™ 386
WRITE(1, 1100) ToNCODE (1) 4X (I} ,Y () MSHGEN 387
e 225 CONTINUE . MSHGEN 388
1100 FORMAT(2154+2F15,5) T T TN MSHGEN 389 T
270 230 CONTINUE MSHGEN 390
c e MSHGEN 391
c OUTPUT ELEMENT DATA MSHGEN™ — 392
DO 235 I=1,NUMEL MSHGEN 393
o o WRITE(141200) I, (IX(JaI)sJ=x1,5) MSHGEN 394
275 235 CONTINUE T T MSHGEN 395
1200 FORMAT (615) MSHGEN 396
c e MSHGEN 397
c OUTPUT CUT DATA MSHGEN 398 T T T
‘ IF (MXCUT.EQ.0)GO TO 280 MSHGEN 399
280 DO 270 I=1,MXCUT MSHGEN 400
NPC=0 MSHGEN 401
NELC=0 MSHGEN 402
. DO 250 J=1,NUMNP N . MSHGEN 403
IF(NPCUT(J) EQ.I1GO TO 240 ) - © MSHGEN 404 T
285 IF (NPCUT(J) .GE. (=1))GO TO 250 MSHGEN 405
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240 NPCxNPC+1 MSHGEN 406 e
r" NCODE TNPCY=J MSHGEN 407
250 CONTINUE MSHGEN 408
, DO 260 J=1,NUMEL _ . MSHGEN 409
290 IF (NELCUT (J) .NE.T)GO TO 260~ ~ ~ - MSHGEN 410
NELC=NELC+1 MSHGEN . 411
IX (1 NELC) =J MSHGEN 412
260 CONTINUE ™ - 'MSHGEN ~ 413 T
WRITE (141300)I,NPCsNELC MSHGEN 414
295 1300 FORMAT(315) _ MSHGEN 415
I WRITE (151400) (NCODE (J) s J=1,NPC}) ™~ - T T MSHGEN 416
1400 FORMAT(1515) MSHGEN 417
. WRITE(1+1400) (IXx(1sJ)sJ=1sNELC) MSHGEN 418
270 ‘CONTINUE ~ MSHGEN ~ 419
300 280 CONTINUE MSHGEN 420
. e RETURN B . MSHGEN 421
END MSHGEN 422
1
—_— e P
~I
1
)
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SUBROUTINE CORDZN (IONZ oNZ o IZ+IXeXSPoYSPsXoeY9XZsYZ) MSHGEN 423
c . MSHGEN" 424
c ROUTINE FINDS THE COORDINATES OF THE EIGHT NODES DEFINING A ZONE  MSHGEN 425
. R Co MSHGEN 426
S , DIMENSION IZ(B.l).IX(s,l).XSP(I).YSP(I).X(I).Y(I).XZ(I).YZ(l). " MSHGEN 427
_ 1 NPER(4) MSHGEN 428 -
c ARGUMENTS MSHGEN 429
‘c IN MSHGEN = 430
c IONZ~ WHEN THE INTERFACE BETWEEN TWO ZONES IS GENERATED THE MSHGEN 431
_ 10 C ZONE CORNER NODES ARE REPLACED BY THE FINITE ELEMENT . MSHGEN 432
c NODAL NUMBERS.IONZ INDICATES TO CORDZN IF THIS HAS = 77 MSHGEN 433
c OCCURED TO THE CURRENT ZONE NZ. (EQUAL ZERO IF CHANGE MSHGEN 434
c . 'HAS OCCURED,NONZERO OTHERWISE) . MSHGEN 435
c NZ-  CURRENT ZONE NUMBER MSHGEN ~ 436 =
15 c 1Z- THE B-VECTOR DEFINED BY THE NZ COLUMN OF I1Z DEFINES MSHGEN 437
. C. . IONE N7 MSHGEN 438
c IX-  THE S-VECTOR DEFINED BY THE NUMEL COLUMN OF IX DEFINES T MSHGEN 439
c : THE NUMEL FINITE ELEMENT MSHGEN 440
- C XSPsYSP= X AND Y COORDINATES OF SPECIFIED POINTS MSHGEN 441
20 C XoY X AND Y COORDINATES OF FINITE ELEMENT NODAL POINTS MSHGEN ~ 442 -
c ouTt MSHGEN 443
I G XZ9Y2Z X AND Y COORDINATES OF SPECIFIED NODES DEFINING NZ MSHGEN 444
DATA NPER/2493444+1/ T MSHGEN 445 -
c MSHGEN 446 1
2S IF (I0NZ ,EQ.0)GO TO 20 MSHGEN 447 =
Do 10 I=1,4 , MSHGEN "~ 44R 2
N=I1Z(I4NZ) " MSHGEN 449 .
e XZUI)=XSPUN) MSHGEN 450
YZ(I)=YSP(N) ) - - MSHGEN 451
30 10 CONTINUE MSHGEN 452
G0 TO 30 MSHGEN 453
20 N=IZ(1,N2) MSHGEN 454 —
© XZ(1)=X(N) MSHGEN 455
e LYzen=sywy MSHGEN 456
35 N=1Z (2,N2Z) TUTTTT MSHGEN 457
X XZ(2)=X(N) MSHGEN 458
YZ(2)=Y(N) MSHGEN 459
N=17(3+NZ) MSHGEN ~ 7~ 460 T
XZ(3)=XSP(N) MSHGEN 461
. ) _ . YZ(3)=YSP(N) L MSHGEN 462
. N=IZ(4NZ) TTTTTTTT T MSHGEN 463
XZ (4)=XSP (N) MSHGEN 464
YZ(4)=YSP(N) MSHGEN 465
30 K=4 MSHGEN ' 7 466 o -
45 DO SO0 I=1.4 MSHGEN 467
e K=K+l : o L MSHGEN 468
N=IZ (K,N2) T s e " MSHGEN 469
c IF SPECIFIED NODAL NUMBER = 0 GENERATE MID=-POINT COORDINATES MSHGEN 470
IF (N.EQ.0)GO TO &40 MSHGEN 471
S0 TTXZUIKY=XSPANY MSHGEN ~~ 472~ -
. YZ(K)=YSP(N) MSHGEN 473
GO TO S0 MSHGEN 474
40 J=NPER(I) MSHGEN 475
XZ(K)=,S#(XZ(1)+XZ(J)) . . MSHGEN 476
55 YZ(K)Y=,5#(YZ(I)+YZ(J)) ' ) _ MSHGEN 477 e
S0 CONTINUE MSHGEN 478
RETURN MSHGEN 479
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END MSHGEN 480
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SUBROUTINE ZROWXY (X +Y sNCODE s NPCUT) MSHGEN 481 e
c , A MSHGEN 482 ’
c ROUTINE GENERATES A ROW OF NODAL POINTS ACCROSS A ZONE MSHGEN 483
o ¢ . L ~ _ MSHGEN 484
5 c DESCRIPTION OF IMPORTANT PARAMETERS T MSHGEN 485
c . INPUT MSHGEN 486
c _NDIV1-NUMRER OF SUBDIVISIONS IN EPS DIRECTION MSHGEN - 487 .
c ICNTNP- INDICATOR OF CONTINUITY OF NODAL POINTS MSHGEN 488 ;
¢ =0,CONTINUOUS NONZEROsNONCONTINUOUS MSHGEN 489
e C o HAS NODE AT EPS=-1 BEEN PREVIOUSLY GENERATED(=0)OR NOT _ MSHGEN 490
c "NCT( )= GIVES NPCUT NUMBER TO BE .ASSIGNED TO NODAL POINTS™ MSHGEN 491
c NCT(1)+CUT NUMRER OF NODE EPS=-1 MSHGEN 492
c NCT (2) s CUT NUMBER OF NODE EPS=+1 MSHGEN 493
c NCT(3) yCUT NUMBER OF "INTERMEDIATE NODES™ ~ MSHGEN ~ 494 T T T T T T
15 ' NCD( )= GIVES CODE NUMBER (NCODE)TO BE ASSIGNED TO NODAL POINTS  MSHGEN 495
o€ ... NCD(1)sNCD(2)AND NCD(3) ARE DEFINED ANALGOUSLY TO NCT _ MSHGEN 496
c ETA=- CURRENT ETA VALUE - MSHGEN 497
c XZ,YZ- COORDINATES OF NODES DEFINING CURRENT ZONE MSHGEN 498  °
c OUTPUT . o MSHGEN _ 499
20 c “NUMNP- NUMBER OF NODAL POINTS IS UPDATED MSHGEN 500
s XsY - COORDINATES OF NODAL POINT ARE INSERTED IN X (NUMNP) AND MSHGEN 501
—— C . Y (NUMNP) MSHGEN 502
c NCODE - CODE NUMBER IS STORED IN NCODE (NUMNP) TTUTTT MSHGEN 503
c NPCUT - CUT NUMBER IS STORED IN NPCUT (NUMNP) MSHGEN 504 1
25 ¢ NPCl - STORES_NUMNP AT EPS=-1 FOR FUTURE USE MSHGEN 505 Ui
c - MSHGEN 506 =il
COMMON/ZROW/NUMNP » NUMEL + NPOLDsNDIV) o ICNTNP » ICNTEL sMATZZ» MSHGEN 507 .
_ 1 NCUTELWNPC1sNCD(3) 9yNCT(3) +ETA$XZ (8) 4YZ (8) MSHGEN 508
DIMENSION X(1)sY(1)4NCODE(1),,NPCUT (1) TTTTTTTTTTT OMGHGEN T 509
30 ¢ . MSHGEN 510
. EPS=-1. MSHGEN 511
~ IF(ICNTNP.NE.0)GO 1O 10 MSHGEN 512
c GENERATE NODE AT EPS=-1 IF ICNTNP .NE, 0 MSHGEN 513
o NUMNP=NUMNP + 1 _ MSHGEN 514
35 CALL LOC(XZyYZ+EPSsETAsX (NUMNP) oY (NUMNP) ) T MSHGEN 515 T
NCODE (NUMNP)=NCD (1) MSHGEN 516
NPCUT (NUMNP) =NCT (1) MSHGEN 517
c MSHGEN 518
10 NPC1=NUMNP MSHGEN 519
.40 IF(NDIV1,LE.1)GO TO 30 MSHGEN 520
- EPSINC=2./NDIV1 Thrm e TTTTTTTTTT MSHGEN 521 - -
NZ=NDIV1-1 MSHGEN 522
NC=NCD (2) ! MSHGEN 523
NT=NCT(2) MSHGEN 77 524 -
45 c GENERATE INTERMEDIATE NODES IF NDIV1 .GT. ) MSHGEN 525
- ... DO 20 N=1,NZ MSHGEN 526
NUMNP=NUMNP+1 T ey B T R St e e MSHGEN §a7 T e
EPS=EPS+EPSINC MSHGEN 528
CALL LOC(XZsYZyEPSsETAyX (NUMNP} oY (NUMNP)) MSHGEN 529 e
50 NCODE (NUMNP)=NC MSHGEN 530 -
NPCUT (NUMNP) =NT MSHGEN 531
. . 20 CONTINUE A MSHGEN 532
c : MSHGEN 533
c GENERATE FINAL NODE AT EPS=+1 MSHGEN 534
s5 30 NUMNP=NUMNPe¢} MSHGEN 535
EPS=1. T T T MSHGEN ' 836 ~—~—— 7T 0T
CALL LOC(XZyYZsEPSsETA9X (NUMNP) + Y (NUMNP) ) MSHGEN 537

P ) I N
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? - NPCUT (NUMNPY=NCT (3) - MSHGEN 539 - T
60 c MSHGEN 540
RETURN MSHGEN 541
END MSHGEN 542
1
s - - _ __L“!
]
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\ . "~ SUBROUTINE ZRWEXY (X»YsNCODE sNPCUTsIXs NELCUT) MSHGEN 543
C } . MSHGEN- 544 - -
COMMON/ZROW/NUMNP s NUMEL s NPOLD ¢ ND IV TCNTNPIENTELSMATZZ, - MSHGEN 545
e 1 NCUTELsNPC1sNCD(3) +NCT(3) sETAsXZ(8)+YZ (8) . MSHGEN 546
) DIMENSION X(l).Y(l),NCODE(l);NPCUT(l).IX(S ‘1) s NELCUT (1) MSHGEN \547 o
c MSHGEN 548
c ROUTINE GENERATES A ROW OF NODAL POINTS AS WELL AS MSHGEN 549 i
C ELEMENTS WITH ROW BELOW : MSHGEN 550 T T
.C MSHGEN 551
.30 C.__._ DESCRIPTION OF IMPORTANT PARAMETERS . MSHGEN 552
- c INPUT MSHGEN 553
o NDIV1,ICNTNP4NCT4NCDsETAsXZoYZ ARE AS DEFINED IN ZROWXY MSHGEN 554
, o ICNTEL-INDICATOR CONTINUITY OF ELEMENTS MSHGEN 555
[ C =0, CONTINUOUS NONZERO,NONCONTINUOUS, MSHGEN 556 - -
15 o ON A BOUNDARY ICNTEL WILL RE NONZERO . ’ MSHGEN 557
et e oo € MATZZ-THE MATERIAL NUMBER ASSOCIATED WITH THE CURRENT ZONE - MSHGEN 558
c NCUTEL-THE CUT NUMBER OF THE CURRENT ZONE MSHGEN 559
c ouUTPYT MSHGEN 560
c NUMNP 4 Xy Y s NCODE s NPCUT. AND NPC1 ARE DEFINED AS IN ZROWXY MSHGEN 561
20 C NUMEL-THE NUMAER OF ELEMENTS IS UPDATED AS THEY ARE MSHGEN "562 - -
C GENERATED MSHGEN 563
oo © . _NPOLD-KEEPS TRACK OF NODAL NUMBERS OF ROW BELOW,THESE ARE MSHGEN 564
c NEEDED FOR ELEMENT GENERATION,ON ENTRY TO THIS ROUTINE ™~~~ 7 MSHGEN 565
c * NPOLD CONTAINS F,E. NODAL NUMBER OF EPS=-1 NODE OF ROW MSHGEN 566 ..
. 25 c BELOW IF ICNTEL=0,0THERWISE IT IS ONE LESS MSHGEN 567 '
C IX( Y-DEFINES F.E. ELEMENTS WITH MATERTAL NUMBER MSHGEN— 5&8 o
C NELCUT () =CONTAINS THE CUT NUMBERS OF ALL ELEMENTS GENERATED MSHGEN 569 N
_ _ c MSHGEN 570 .
EPS=-1, T MSHGEN 571 mr T
30 c GENERATE FIRST NODE IF NECESSARY MSHGEN 572
' IF (ICNTNPNEL.0)GO TO 10 MSHGEN 573
NUMNP=NUMNP +1 MSHGEN 574
I CALL LOC(XZsYZSsEPSsETAsX (NUMNP) oY (NUMNP)) MSHGEN 575
R _NCODE (NUMNP)=NCD (1) e MSHGEN 576
35 NPCUT (NUMNP)=NCT (1) TUTTTTTTTTTTOMSHGEN T 577 T e
- c : . MSHGEN 578
10 IX(49NUMEL+1)=NUMNP MSHGEN 579
NPC1=NUMNP MSHGEN 580 -
. IF (ICNTEL.NE,0)GO TO 20 MSHGEN 581
. Lo 40 —___ NPOLD=NPOLD+1 e e e MSHGEN 582
20 IX(1.NUMEL+1)=NPOLD ST MSHGEN 583 i -
IF(NDIVI.LE,1)GO TO 40 MSHGEN 584
EPSINC=2,/NDIV1 MSHGEN 585
NZ=ENDIVI-1 MSHGEN ~~ 586 ~ TTTTTTTT R T
45 NC=NCD (2) MSHGEN 587
e e, NTENCT(2) MSHGEN ' 588
C GENERATE INTERMEDIATE NODES AND ALL ELEMENTS EXCEPT' THE LAST'_'—“ 7 MSHGEN 589 ) )
DO 30 N=14NZ MSHGEN 590
) NUMEL=NUMEL +] MSHGEN 591
50 NUNNP=NUMNPO_I MSHGEN ~~ 8§92 — T T TTTmims T
NPOLD=NPOLD+1 MSHGEN 593
. ) - IX(2,NUMEL)=NPOLD ) MSHGEN 594
IX{3LNUMEL)=NUMNP ~ 7" 77 T e e - - MSHGEN 595
IX (5.NUMEL)=MATZ2Z MSHGEN 596
\ . 55 NELCUT (NUMEL ) =NCUTEL MSHGEN 597
EPS=EPS+EPSINC MSHGEN =~ 598 T
CALL LOC(XZsYZ+EPSoETAs X (NUMNP) s Y (NUMNP) ) MSHGEN 599

P oot 1 £a.,

1




... SUBROUTINE ZRWEXY ___ 73/74 OPT=0 _ TRACE FIN 4.0+P355 ____ 30/11/73 10.51.12. = PAGE 2
NCODE (NUMNP} =NC MSHGEN 600 _ e
i , NPCUT (NUMNP) =NT MSHGEN 601
60 IX (& 9NUMEL +1) =NUMNP MSHGEN 602
L ) IX(1,NUMEL+1)=NPOLD ) MSHGEN 603
30 CONTINUE - MSHGEN 604
C . : MSHGEN 605
C GENERATE FINAL NODE AND FINAL ELEMENT MSHGEN 606 3
- 65 40 NUMEL=NUMEL+1™ MSHGEN ~ 607
NUMNP=NUMNP + 1 MSHGEN 608
NPOLD=NPOLD+1 MSHGEN 609
i 2o T e s e P €10
CALL LOC(XZ3sYZsEPSETAsX (NUMNP) oY (NUMNP) ) MSHGEN 611
70 1% (2+NUMEL)=NPOLD MSHGEN 612
I1X (3 ,NUMEL ) =NUMNP MSHGEN 613
IX(5sNUMEL)=MATZZ MSHGEN 614
i NELCUT(NUMEL)=NCUTEL_ o ) o MSHGEN 615
NCODE (NUMNP) =NCD (3) MSHGEN 616
75 NPCUT (NUMNP) =NCT (3) MSHGEN 617 -
o C o MSHGEN _ 618
RETURN MSHGEN 619
END MSHGEN 620 .
W
]
)




... SUBROUTINE LOC .

_73/74 OPT=0  TRACE

A0

SUBROUTINE LOC(VXsVY9EPSHIETAsXyY)

THIS SUBROUTINE CALCULATES (X»Y) COORDINATES CORRESPONDING TO

LOCAL CORDINATES (EPSsETA) USING QUADRATIC INTERPOLATION FUNCTIONS

DIMENSION VX (8) VY (8)sRN(8)
EPSP=1.+EPS

EPSM=1.-EPS

ETAP=1,+ETA

ETAM=1,-ETA
RN(1)=~,25#EPSM#ETAM#® (EPS+ETAP)

. RN(2) == 2S#EPSPRETAM® (=EPS+ETAP)

15

RN(3)=-.25#FPSP#ETAP# (~EPS+ETAM)
RN (4)=-.25*EPSMe*ETAP# (EPS+ETAM)
RN (S5)=,5#F TAM*EPSP#EPSM

RN(6)=.5#EPSPRETAP#ETAM

. RN(7)=,5#ETAP*EPSP#EPSM

RN(8) = S*EPSMaETAP#ETAM
X=0,0

Y 0.

0O 10 I=1,8

20

X=X+RN (I} #yx (I}
Y=Y+RN (1) #yY (1)
CONTTNUE
RETURN

END

FTN 4.0+P355  30/11/73 10.51.16. PAGE 1
MSHGEN 621
MSHGEN 622
MSHGEN 623
MSHGEN 624
MSHGEN 625
MSHGEN 626 -
. - MSHGEN 627
TTUTTTTTTT T MSHGEN T 628 T
MSHGEN 629
MSHGEN 630
MSHGEN 631
MSHGEN 632
MSHGEN 633
MSHGEN ~ 634 ~~ T s
MSHGEN 635
MSHGEN 636
MSHGEN 637
MSHGEN 638
MSHGEN 639
MSHGEN '~ 640~ ST
MSHGEN 641 .
) MSHGEN 642
MSHGEN 643 £
MSHGEN 644 .




SUBROUTINE IDENT = 73/74 _ OPT=0  TRACE FTN 4.0+P355  30/11/73 10.51.19, PAGF, 1
SUBROUTINE IQgQILyUMEL,NUMNP.NunNgﬁgglv.Ncooz.NPCUT 1X) MSHGEN 645
c ROUTINE PERFORMS IDENTIFICATION OF NODAL POINTS FOR GENMSH MSHGEN 646
DIMENSION X(1)sY (1) sNCODE (1) 4yNPCUT¢{B+IX(S5+ 10— . MSHGEN 647
C : MSHGEN 648
5 c LOCATE IDENTIFIED NODAL POINTS MSHGEN 649
NUMNP A=NUMNP MSHGEN 650
NPF=NUMNP-1 MSHGEN 651
- DO 20 NP=l,NPF ~~ —~— T T T TTTTITTTTITT T MSHGEN 652
IF (NCODE (NP} ,LT.0)GO TO 20 MSHGEN 653
10 XC=X (NP) MSHGEN 654
I (S A L L) o MSHGEN 655
NP1=NP+1 MSHGEN 656
___DO 10 I=NP1,NUMNP MSHGEN 657
IF (ARS(YC~-Y (1)) .GT.1,E-5)GO TO 10 MSHGEN 658
15 IF (ARS(XC=x(I))+GT.1.E~5)GO TO 10 MSHGEN 659
___ NUMNPA=NUMNPA~1 o MSHGEN 660
NCODE (1) ==NP MSHGEN 661
10 CONTINUE MSHGEN 662
20 CONTINUE MSHGEN 663
20 C OUTPUT NOTAL POINT DATA "MSHGEN ™~ 664
WRITE (19100)NUMNPA (NUMEL MSHGEN 665
NPA=0 ' MSHGEN 666
DO 40 NP=1,NUMNP T T MSHGEN 667
NC=NCODE (NP) MSHGEN 668
25 IF(NC.LT.0)GO TO 30 MSHGEN 669
NPA=NPA+Y’ MSHGEN ~ 670
WRITE(1+¢100)NPASNCeX (NP) » Y (NP) MSHGEN 671
100 FORMAT(215,2€15,5) MSHGEN 672
NCODE (NP) =NPA T MSHGEN 673
30 NPCUT (NPA) =NPCUT (NP) MSHGEN 674
GO _T0 40 _ MSHGEN _ 675
3P NC==NC MSHGEN 676
NCODE (NP)=NCODE (NC) MSHGEN 677
_ o 0 CONTINUE MSHGEN 678
35 c REDEFINE ELEMENTS Tt o o T T MSHGEN 679
DO 50 NEL=1,NUMFL MSHGEN 680
N DO 50 I=1l44 _MSHGEN 681
NP=IX(I,NEL) MSHGEN 682
Ix (I.NEL)=NCODE (NP} MSHGEN 683
40 50 CONTINUE MSHGEN 684
RETURN . T T MSHGEN 685 . )
END MSHGEN 686
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_..PROGRAM MSHPLY 73/74 _ OPT=0  TRACE = CFTN 4.04P355 . 30/11/73 10,50,03, PAGE 1
PROGRAM MSHPLT (INPUT,0UTPUT s TAPE] » TAPE3=0UTPUT) MSHPLT 2 L L
c MSHPLT 3
c THIS ROUTINE PLOTS THE RESULTS OF THE MESH GENERATOR “MSHGEN® MSHPLT 4
e .. € CALCOMP 'SOFTWARE IS USED = . . MsHPLT 5
S c . MSHPLT 6
c MSHPLT 7.
¢ : _MSHPLT .8 L
C AL AT 000 B0 A A0S A U A AR H RN RERRER BB RNt MSHPLT 9
c ' ' MSHPLT 10
10 . T o e o..... MsHPLY 11
"€ SAMPLE PLOT . . MSHPLT 12
(o ) ’ ’ MSHPLT 13
c MSHPLT 14 . e
c MSHPLT 15
15 c . . _ MSHPLT 16
c o o e am a4 S0P O A OO 600U 06 B B A0 40 O 6 3 O 60 25 36 3 86 35 3F 35 S5 35 35 26 30 0 15 90 3 2 46 40 06 90 98 20 4 S 9 MSHPLT 17
) ¢ 1‘””“MW“MTB““—””“"““?“T”“m““j‘4;,3,4g*,534,,§.‘,‘, T T Tt s MSHPLT 18
¢ 1 - [T 2T TTRT T RL TN T - MSHPLT 19
. C 1] » IR TR BT TL LT - MSHPLT 20
20 [of 1 * [ XTI XTETTLL T LT Y * MSsHPLY — " 20—  ~— T
c 1 L) 359035 30 00 S0 00 38 36 36 35 98 06 06 35 46 3 W 3 » MSHPLT 22
c 1 » - 000020 T35 98 96 90 638 36 46 38 F4 2636 038 3 3¢ - MSHPLT 23
IR oS T e - 1222222222222 222222 22 o #* MSHPLT 24
c 1 ) 328 46 00 3E 38 38 2 T 3E 36 38 36 T 38 35 36 3 3 % * MSHPLT 25
25 c 1 e W 4D 3 T2 50 B 3 38 A 38 3 36 06 3 - MSHPLT 26
c 1 1 * | I o 1 » MSHPLT 27 o
c 1 1 *- ! 1 1 &  MSHPLT 28 1
c Y .1 » 1 1 *  MSHPLT 29 L
T T TS TR UTYTT L2 R 1 1 o * MSHPLT 30 o ’ ~
30 c R 1 * 1 1 * MSHPLT 31 1
cC D 1 * 1 1 #  MSHPLT 32
C 1 1 . 1 1 * MSHPLT 33
Cc -1 0 * 1 1 - MSHPLT 34
Cc 1 R B 1 1 * - MSHPLT 35
TTRgTTTTTTTI I TTTY T T T e T ) 1 ) 1 T . MSHPLT 36
c 1 Y - 1 1 #  MSHPLT 37
c 11 d 1 1 #  MSHPLT 38
[ 1 1 * 1 1 * MSHPLT 39
c 1 1 * .1 1 * MSHPLT 40
40 Cc 1 1 hd 1 1 * MSHPLT 41
- T e R T S 1 e MeHPLT T 42 T T
(o} 1 1 - 1 . 1 #* MSHPLT 43
(o L et S A2 XXX T T XTI XY TT I ST IR IR A2 2222222222 222222224 MSHPLT 44
[ 1 1 1 "MSHPLT 45
45 (o 1 ORGX -1 1 MSHPLT 46
(o 1 1 : MSHPLT 47
R 1 XORD 2 -=1 T MSHPLT 48
c MSHPLT 49
C MSHPLT 50
50 C __' MSHPLT 51
Cc . : MSHPLT 52
36000000 00 3630 9800 0035 0008 98 969546 49008 36 9090 06 36 34 36 35 0040 98 35 90 30 36 6 34 36 90 30 36 38 06 36 34 46 40 90 6 36 3530 34 36 S B M SRR R AN E MSHPLT 53
c abalaiafelielh . ) jalielaiaiinialied MSHPL T 4
Cc MSHPLT 55
55 C ) . MSHPLT  S6 .
T 0 6003640 60 T 05 00 31 36 W0 04 26 45 01 00 36 3505 440 36 35 0 3 06 0 36 40 66 30 W00 0 6 S0 06 T 01 B0 S S B MBS R R AR HR BB ENE MSHPLT 57
c VARIABLE NAMES AND DEFINITIONS . MSHPLT S8




.. PROGRAM MSHPLT _ _ 73/74  OPT=0  TRACE FIN 4.0#P355__ _ 30/11/73 10.50.03. PAGE 2
c MSHPLT S9
Cc ICReICPyIPRaessLOGICAL UNIT NUMBERS - READ, PUNCH, PRINT MSHPLT" 60
60 Cc ORGY.......-.-..OISTANCE ALONG-THE- Y AXTSTO—FHE-BOIIOM OF THE MSHPLT 61
c REGION TO BE PLOTTED __ MSHPLT 62
(o YORDoeeeoeaoseees OISTANCE ALONG THE Y AXIS TO THE TOP OF THE = © MSHPLT __63
Cc SECTION TO BE PLOTTEO MSHPLT T84
C ORGXessoessoases s OISTANCE ALONG THE X AXIS TO THE LEFT HANO MSHPLT 65 e
65 (o1 : BOUNDARY OF THE SECTION T0 BE PLOTTED MSHPLT 66
.C XORDeoeooeaoeoese DISTANCE ALONG THE X AXIS TO THE RIGHT HAND MSHPLT 67
_ c . ) BOUNOARY OF THE SECTION TO BE PLOTTEO MSHPLT 68
(o NBOUNO, soeeesees CODE FOR PLOTTING INSIOE OR OUTSIDE THE SECTION MSHPLT 69
(o1 NBOUND = 0 PLOT ALL OATA MSHPLT 70
70 (9 =1 PLOT INSIDE REGION SPECIFIED =~ MSHPLT 71
c = 2 PLOT OUTSIOE REGION SPECIFIED MSHPLT 77 T
c ELEOUT eeeeeseeesCODE FOR PRINTING OUT THE EVEN ELEMENT NUMBERS MSHPLT 73
L. . c . ELEOUT = 0 ‘OONT PRINT ELEMENT NUMBERS ) MSHPLT T4
c =1 PRINT OUT ELEMENT NUMBERS MSHPLT 75
75 c NPTOUT eeeesseses CODE FOR PRINTING EVEN NOOAL POINT NUMBERS MSHPLT 76
c __SAME COOING As EteOUT = _ ~~ __ MSHPLT = 77
c XFACeasaososeeesesaSCALING FACTOR MULTIPLY ALL OIMENSIONS BY XFAC-  MSHPLT 78 T
c IF XFAC = 0.5 PLOT wILL BE HALF SIZE MSHPLT 79
e € _V0HT.0QQQOQ|00.Q¢.HEIGHT IN INCHES OF ELEMENT ANO NOOAL POINT MSHPLT 80
80 Cc NUMBERS THAT ARE .TO BE PRINTED MSHPLT 81
c : SUGGEST HT = 0,07 MSHPLT 82
C OIReceesoscesees s COUNTER CLOCKWISE ANGLE (OEGREES) FROM POSITIVE MSHPLT 83 1
C X AXIS FOR PRINTING THE NOOAL POINT NUMBERS MSHPLT B84 DA w
’ Cc FOR LEFT TO RIGHT PRINTING DIR = 0, MSHPLT 85 Rk
____ 8 c NUMNP,sosesseees TOTAL NUMBER OF NOOAL POINTS IN MESH MSHPLT 86 f
(o1 NUMELeoesesoveeee TOTAL NUMBER NF ELEMENTS IN MESH MSHPLT 87
C No.oooc.o'o.o...oA NOOAL pOINT NUMRER MSHPLT 88
C X AND YeioeseseooITS X ANO Y CO-ORDINATES ) MSHPLT &9
C Lecossscssesoeee INTERMEDTATE STORAGE OF LAST NODAL POINT REAQ IN MSHPLT 30
90 Cc RIN)s Z(N)ucesoss ARRAY CONTAINING THE X ANO Y CO-ORDINATES OF ALL MSHPLT 91
e - c. THE NODAL POINTS MSHPLT 92
C Mesoreecessnsses AN ELEMENT NUMBER MSHPLT 93
c TsJoKsL seeveeesNODAL POINT NUMBRERS OF THE FOUR CORNERS OF AN MSHPLT S4
_ c R e ... ELEMENT., IF ELEMENT IS TRIANGULARs K = L MSHPLT 95
9S c NELE eosansessess s NUMBER OF SIQES OF AN ELEMENT =3 OR & T MSHPLT T T 96 T
(o AREA.csasesseees AREA OF AN ELEMENT, USEO FOR TESTING IF ELEMENT MSHPLT 97
c ) PARAMETERS ARE NUMBEREQO CORRECTLY MSHPLT S8
c IX(NUMEL 95) ¢ oo e s ARRAY CONTAINING ELEMENT PARAMETERS "MSHPLT 96 o
. c’ SUBSCRIPTS 1 TO 4 CONTAIN CORNER POINTS MSHPLT 100
100 C ) SURSCRIPT S IS THE ELEMENT MATERIAL NUMBER MSHPLT 101
c DX(5)9 DY(5)eess ARRAYS CONTAINING THE X AND Y CO-OROINATES OF T MSHPLT 102 -
Cc THE CORNERS 0OF AN ELEMENT MSHPLT 103
- - . Co MSHPLT 104
C 3838 38 98 38 4638 46 38 38 5148 30 38 35 35 38 314 3535 38 33 0 48 35 3538 25 2F 3 35 3F 35 25 3P H3F SHIF SEE ISP P 40 3B SIS A AP p R nn MSHPLT 105
105 C ' MSHPLT 106
INTEGER ELEQUT o MSHPLT 107
Cc THE COMMON CARO MUST BE OF THE FORM o - MSHPLT 108 T
(o COMMON- R(MXNP) ¢Z (MXNP) 4 IX (MXEL,5) MSHPLT 109
, (o1 WITH MXNP AND MXEL REPLACED BY APPROPRIATE VALUES. MXNP ANO MXEL MSHPLT 110
110 c ARE UPPER BOUNOS TO NUMNP ANO NUMEL RESPECTIVELY.DEFAULT VALUES MSHPLT 111
Cc ARE MXNP=MXEL=500, THIS COMMON CARO IF MNOIFIEO MUST ALSO BE MSHPL.T 112
Cc _ REPLACEO IN SUBRROUTINES PLOTR ANO XNOOAL. ON THE COC 6400 THIS MSHPLT 113
Cc IS PERFORMED RY USING COMQOECK MSHDIM ’ MSHPLT 114 ) B T
COMMON R(500}+7(500) 4 IX(500,5) MSHDIM 2




g —— ey e o ot
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PROGRAM MSHPLT 73774  OPT=0 TRACE FTN 4.,0+P355 30711773 10.50.03, PAGE 3
115 1 vDXj?)9DY(5{1NUNNP1NUMEL$XFACvHT;DIRv MSHPLT e
2 ORGXy XORD,ORGYcYORD,NBOUbeELEOUTqNPTOUT MSHPLT 117
DIMENSION DATA(1024) MSHPLT 118
DATA ICR/1/41CP/2/41PR/3/ MSHPLT 119
CALL PLOTS(DATA,1024) MSHPLT 120
120 c. MSHPLT 121
__ c ) o CMSHPLT 122
REWIND ICR. MSHPLT 123
c MSHPLT 124
Cruadit et R Rt e RSO DR R E AR RSB R R LR RR BRSO R R R RS AR R RS R MSHPLT 125
125 ° - C READ IN THE INPYT PARAMETERS AND PRINT THEM 0 MsHPLT 126
CHRER R GRS F AR R GRS RN BG R BRI G LR RO AR RS R ARG R RAB SRR B LSRRG OE BB R R R R AR AR e MSHPLT 127
____READ(ICR+300)NUMNP,NUMEL MSHPLT 128 o
370 FORMAT(215) "MSHPLT 7 129
READ 100 9XFAC9NEOUND9ELEOUT9NPTOUT,HT,DIR MSHPLT 130
130 _ 100 FORMAT(F10,0,3110,2F10,0) MSHPLT 131
IF(XFAC.EN,0.0) XFAC=1. MSHPLT 132
IF(HT.EQ.0,0) HT=0,07 MSHPLT 133 -
C IF NBOUND NOT EQUAL ZERO READ IN COORDINATES OF SPECIFIED MSHPLT 134
C RECTANGLE . THESE ARE INLOGICAL UNITS NOT INCHES MSHPLT 135
135 IF (NROUND.EQ.0) GO TO 125 MSHPLT 136
______ READ 150+0RGX ¢ XORDsORGY s YORD MSHPLT 137
150 FORMAT(4F10.0) MSHPLT 138
125 PRINT 175¢XFACsNBOUNDSELEOUTsNPTOUTsHT+DIR s NUMNP s NUMEL MSHPLT 139
175 FORMAT(IHI‘IOXq“MSHPLT CONTROL CARD/ MSHPLT 140 .
140 1 21HOXFAC-===c=Tocoooa yG12.57 MSHPLT 141
2 21H NBOUND=~—mecr—ec—ece—- 110/ MSHPLT 142
3 21H ELEOUT==mmmmmmmmemm s110/ MSHPLT 143 !
4 21H NPTOUT-==mame—e———— 2110/ MSHPLT 144 hd
S 21H Hleeeecececcccecncaea- 2G12.57 MSHPLT 145 —
145 6 21H DIR-=memcrec e e 2G12.57 MSHPLT 146 ) '
7 21H NUMNP==—ooocoo oo, 110/ MSHPLT 147
8 21H NUMEL ~—=~=cccnccaca- oI10) MSHPLT 148
IF (NROUND,.ER.O0) GO TO 275 MSHPLT 149
- IF (NBOUND.EQ.1)PRINT 200 MSHPLT 150
150 200- FORMAT (/7 10X4"INSIDE OF SPECIFIED REGION IS PLOTTED") MSHPLT 151
IF (NROUND .,EN.2) PRINT 225 MSHPLT _ 1S2 .
225 FORMAT(// 10X+"OUTSIDE OF SPECIFIED REGION IS PLOTTED™) MSHPLT™ 153
PRINT 250+0RGX+XORDsORGYsYORD MSHPLT 154
250 FORMAT(1HO0s10Xs"SPECIFIED REGION"/ MSHPLT 155
168" 7 T 1 21H ORGX-=m—m—cmmemeeeem +G12.5/ " MSHPLT 156
2 2l1H XORD=vemrmcrm e e e 612,57 MSHPLT 157
3 21H ORGY=eemeccccc e +G12,5/ MSHPLT IS8
4 21H YORD==m=mmcmemeaa—ac ,G12,5) - MSHPLT 159
275 CONTINUE MSHPLT 160
160 CrMpii it d R AR R RO RO R AR AR R AR R R AR R R D RO PRGN RARR R R R IR R RR RO R G RGN RG MSHPLT 161
’ C INPUT NODAL POINTS MSHPLT 162
Casoapsiaaipsittanaaainsatsaataitatintoraatitaippoairpaaaanadtooanaifinnnaeiss MSHPLT 163
DO 401 I=1,NUMNP . _ MsHPLT 164 . -
T T T T T T READ(ICRL400)- RUI) ,Z (D) Tt oo MSHPLT 165
165 400 FORMAT(10X+2E15.6) MSHPLT 166
431 CONTINUFE MSHPLT 167
DO 450 LL=1+NUMNP MSHPLT 168
RLLY=R(LL) #XFAC MSHPLT 169
Z(LL)Y=Z (LL) #XFAC MSHPL T 170 e
TY70T T T T4s0 CONTINUE B MSHPLT 171
CHt i i 244 B 0 St A8 AL AL B AP AL S R R SR BT R R B R R BT S AR R R R R e et RRentn s MSHPL T 172




e PROGRAM MSHPLY 13/74  OPT=0  TRACE e F TN 440+P355 . 30/11/73 10,50,03, PAGE 4
IF(NBOUND .EQ. 0) GO TO 47S MSHPLT 173
XORD=XORD#xFAC MSHPLT 174 - e
: YORD=YORD#*XFAC . MSHPLT 175
VTS e JORGYSORGYRXFAC e MSHPLT 176
ORGX=0RGX#XFAC MSHPLT 177 N
475. CONTINUE ° MSHPLT 178 -
Ciilﬂli*_tit?#**####ﬁ**iiii*i'li*lﬂli*liiiiiil*ili*i*h#iiii*iiiiiiiii*iiiiii MSHPLT ]79
C INPUT- ELEMENT DATA MSHPLT 180 TeTTmTT o
-180 Ciiii***§****##*#**#i}**iiiiliiiiiii*ii*iiii*i*iii*i*#*ii*iiiillilliiiii MSHPLT 181
_.. DO 501 I=1,NUMEL L o MSHPLT 182
READ(ICR,500) (IX(I;J);J =1,5) MSHPLT 183 o
500 FORMATISX,5I5) MSHPLT 184
S01 CONTINUE - __ MSHPL T 185
185 o . MSHPLT 186~
- CALL PLOTR MSHPLT 187
TS . e e e . e MgHPLT 188
STOP - MSHPLT 189
_END- MSHPLT 190
[}
e s o s et et e e < o o i+ 5o e e e e e e o
— -
]
¥




SUBROUTINE PLOTR ~ ~ 73/74  OPT=0  TRACE e o FTN-4.04P35S ~ 30/11/73 10.50.17. = PAGE 1

SUBROUTINE PLOTR MSHPLT 191 .
INTEGER ELEOUT - MSHPLT - 192
COMMON R(500)9Z(500)01X(500’5)w_~4————————————__________ ’ MSHDIM 2
1 sDX(5) +DY (5) s NUMNPsNUMEL 9 XFAC 4HT9sD IR o e MsHPLT 194
s " 77 7 2 ORGX»XORDsORGYsYORD+NROUNDSELEOUT sNPTOUT ~ MSHPLT 195
DATA IPR/3/ MSHPLT ‘196
C 36 3 3 2 38 34 34 35 35 38 38 38 35 38 38 35 43 38 35 36 34 36 350 3 3 30 30 33 313030 30 U0 M M SE ML M RRRNRER B RN EBBERRRENB RN MSHPLT 197 N
[ "THIS SUBROUTINE PLOTS A NUMBER OF DIFFERENT SECTIONS OF A MESH, MSHPLT 198
.C IF THE BOTTOM PART OF THE SECTION TO BE PLOTTED IS NOT ON THE X-AX MSHPLT 199
10 Cc THE WwHOLE SECTION IS BROUGHT DOHN TO THE Xx-AXxIS, L MSHPLT 200
JTTTTTTTTTTTETTTT O INITIALIZE PLOT ’ ' MSHPLT 201
C W 3E 303038 4030303 330 30 230 40 30 30 30 30 30 0 300 IS S0 S SR S 3 3 S S S SRS N NN L R RR SRR AR AR RN MSHPLT 202
RM=0, L MSHPLT 203 B .
‘DO 30 M=1,NUMEL MSHPLT 204
15 RM=RrM+1, . MSHPLT 205
) e I=IX M) i ] o o ) o - MSHPLT 206
J=IX(Ms2) MSHPLT 207
K=IX(Ms3) . MSHPLT 208
L=IX(Msgq) MSHPLT 209 e
20 CRRa R i R R R R U R R AR AR A AR R R B R ARARTARHR R AR H AR RARRA R RN AR BB R RN I AR RRR R u® MSHPLT ~ 210
Cc TEST ELEMENT TO SEE IF IT IS A TRIANGLE OR QUADRILATERAL MSHPLT 211
C;i&i*i**###§§¢§§55&§§§l§§l¢§§&&9¢¢99ibiﬁiiiliﬁiﬁﬁiiﬁiifﬁﬁbﬁiiiniibbiiib MSHPLT 2le
T IF (K=L)500,600,500 ' 7 MSHPLT 213
3494 3041 3445 34 48 26 3 3535 4030 30 40 9035 30 30 3540 50 310 3535 3030 00 00 314000 48 50 30 348 314 313100 0 30 01 S A A BB F SRR RB RN RE MSHPLT 214
C THE ELEMENT IS A TRIANGLE IF K = L MSHPLT 215 - .
CRRRA R RN R R H R R R R RN AR AR H AR AR R AR R ARSI R AR RRRH R AR A H R R G AR H R ARRRARRGRT RN MSHPLT "~ '216
600 NELE=4 MSHPLT 217 !
DX(1)=R(I) MSHPLT 218 D
T DY(1)=Z(1) ) - ’ MSHPLT 219 S =
NDX(2)=R(Y) MSHPLT 220 t
DY (2)=Z(J) MSHPLT 221
DX (3)=RTK) MSHPLT 222
DY (3)=Z(K) . MSHPLT 223
e DXtmy=OXC(H e . MSHPLT 224
T T DY (4)=DY (1) ’ B ’ ST oo " MSHPLT - 225 o
CHBBRANDHARIRAAARORND R RFED AR R BRI R R DR RRARDRRRERIRERRR RN BRR ARG MGHPL T 226
C IF AREA IS 0 OR NEGATIVEsSPRINT ERROR MESSAGE MSHPLT 227
o Y Ty Y L T E S o P T T T YT Yy MSHPLT 228
AREA'((DX(Z)-DX(I))*(DY(3)-DY(1))-(DX(J)-DX(I))'(DY(Z)-DY(I)))*0 5 MSHPLT 229
) . IF(AREA,GT,.0,) GO T0 275 B ‘ MSHPLT 230
T WRITE(IPRs270) M ’ o MSHPLT = 231 7
270 FORMAT(1Xst AREA OF TRIANGLE"sISs" IS NONPOSITIVE™) MSHPLT 232
GO TO 275 MSHPLT _ 233
Ci*i**%*##########Eiii»i535365533333i¥%i¥"ii¥i£¥i#¥i¥&iii¥¥i“¥¥§¢§*iiii¥"MsHpo_ T 234
Cc THE ELEMENT IS A QUADRILATERAL MSHPLT 235
Cl##############%#&##}&##“######}#ﬂi}éi*##ﬁ*######ﬁ##b#ﬁ##i###lii#iii#** MSHPLT 236
S00 NELE=S MSHPLT - 237
DX(H=R(I) MSHPLT 238
DY (1)=Z(1) o MSHPLT 239
DX (2)=R(I) ‘ MSHPLT 240
DY (2)=Z(J) : MSHPLT 241
N DX (3)=R(K) . o MSHPLT 242 .
DY (3)=Z(K) T T T MSHPLT 243
DX(4)=R(L} . MSHPLT 244
Dy(s&)=2z(L) e e e MSHPLT 245
DX (5¥=Dx (1) MSHPLT 246

DY (5)=DY (1) : . MSHPLT 247



SUBROUTINE PLOTR 73774 OPT=0 TRACE FTN 4,0+P35S 30711773 10.50.17. PAGE 2
CIQQQI!QIII&##i!{l!lil!i*{{***%ii*Q*{i*i&#{i&i%iiliQ#*QQ*QQQQQQQII{{IIIQ MSHPLT 248
[ IFTAREATIS 0 OR NEGATIVE,PRINT ERROR MESSAGE MSHPLT 249 T
60 Cilﬁiiiiii*i#*ii*iIi&*****%il*ii*ii*{##*&*{i#*##i#i****#ii**#*i#i#ii##I{ MSHPLT 250
AREA= ((DX(Z)-DX(I))*(DY(B)-DY(I))-(DX(3)-DX(1))*(DY(Z)-DY(I)))*O S MSHPLT 251
1‘((DX(3)-DX(1))*(DY(&)-DY(I))-(DX(A)-DX(I))*(DY(3)-DY(1)))*0 S MSHPLT ‘262
IF (AREA.GT.0,) GO TO 275 MSHPLT - 253
. _WRITE(IPR.271) M MSHPLT 254
65 271 FORMAT(1Xs"AREA OF OUADRILATERAL"yISo" 1S NONPOSITIVE") T T MSHPLT T 255 T .
C 90 338 3 36 36 3136 33 38 31 33 33 4038 35 3536 35 81 3 3140 83 83 30 30 0 35 33 30 50 36 38 31 38 35 3081 25 83 48 41 2103 88 35 90 35 85 35 3538 35 3 45 37 38 35 45 6 46 36 45 36 36 36 3 36 36 3 MSHPLT 256
e Cc CHECK THE BOUNDS OF THE SECTION TO BE PLOTTED MSHPLT 257
ot 300 3 3 4 3 B S O R R R R S R R R S R SRR R SRR R BB R B R RN R SRR SRS E B DR SRR E RS SRS MSHPLT 258
275 IF(NROUND.EQ.0)YGO TO 700 MSHPLT 259
‘70 eee._... IF(NBOUND.NE.1)GO TO 310 _ -~ L MSHPLT 260
DO 300 N=1.MNFLE T UOMSHPLY T o286 T T e
IF(DY(N).LE YORD ¢AND (DY (N) (GE . ORGY ,AND 4 DX (N) ¢ GE sORGX ,AND, DX(N) LE. MSHPLT 262
——- - IXORD) GO TO 6 MSHPLT 263
GO TO 30 ) MSHPLT 264
75 6 DY(N)=DY(N)-ORGY MSHPLT 265 ’
300 CONTINUE . e MSHPLT 266
GO 7O 700 T MSHPLT 267 T T
310 DO 320 N=1.NELFE MSHPLT 268
e IF(DY(N) +GT.ORGY (AND.DY (N) LT.YORD,AND DX (N) ,GT.ORGX ,AND, DX(N).LT. MSHPLT 269
80 1X0RD) GO 70 30 MSHPLT 270 '
320 CONTINUE MSHPLT 271 !
c L MSHPLT 272 o)
- Commmccacccccanaa e e e A - e - e e et - - e — e e e aneeeeeeeee-—-e MSHPLT T 273 i
c MSHPLT 274 t
85 ... ... 700 IF(K-L) 350,400,350 MSHPLT 275
C&&#&n&o&###****#»a&n»#*&w**&&&&ﬁ&&&&&**&&ai**niv*#»**»*»*&*&*&&ﬁ&&&&&&ﬁ MSHPLT 276
c PLOT OUT THE TRIANGULAR ELEMENT MSHPLT 277
C»;r;n****4»*»#Qgﬁtfffriinaa*&&&««nr;«»«&*;**{&»#*#»»&»&&»n&&&&&*n#&«*;*‘MSHPLT 278
400 CALL PLOT(DX(1),DY(1)4+3) MSHPLT 279 T
90 DO 25 LL=2,4 MSHPL T 280
oo ) 25 CALL PLOT(DX{(LL)+DY(LL)s2) MSHPLT 281
€ 3% 338 88 36 36 36 38 33 36 3 33 32 41 32 35 38 3 3¢ 323 3 38 36 35 36 36 81 26 36 3 38 36 30 36 36 3 36 $3 38 3 36 45 35 3 3 3636 9 36 98 3 36 35 3 3 98 36 36 36 36 36 36 36 9 36 36 33 9 36 3 MSHPLT 282 -
Cc TEST TO SEE IF ELEMENT NUMBERS ARE TO BE PRINTED MSHPLT 283
C{**}#i**{%#********#*i####&ﬁ&illil{*%*{###***#*#*{**{*&&&&&i#&i&lll&{li MSHPLT 284
95 IF(ELEOUT.EN.0)GO TO 30 - ’ MSHPLT 285 N T
IF (22 (M/2)=M) 30,26426 MSHPLT 286
e 26 CALL ELE(DXeDYsRMyK oL oHT) MSHPLT 287
GO TO 30 MSHPLT 288
C 690 36 38 23 38 36 98 34 $3 35 31 36 23 36 3333 36 38 33 36 98 41 35 45 3 36 3 26 36 3 53 26 3 6 1126 36 30 38 36 36 £ 36 36 8 36 55 36 3 3 53 36 36 3 40 36 96 36 9 90 90 36 U 46 2090 36 98 9 3 MSHPLT 289
100 C_. .. PLOT OUT THE QUADRILATERAL ELEMENT ! MSHPL T 290
- Cn»*i{o»;**i*»*»*»*{**#**u&#&p«&{*{a»*»i»{{**{»»{#»{{**#{i»&&«*&&&ﬁ***{{'MSHPLT”_ 291
350 CALL PLOT(DX(1)9DY(1)+3) MSHPLT 292
DO 250 KK=2+5 MSHPLT 293
250 CALL PLOT(DX(KK) DY (KK) 42) MSHPLT 294
105 C 9 3038 3 38 36 38 35 43 48 3 35 36 36 33 6 82 5 3 36 36 31 33 35 36 33 36 36 35 36 30 41 90 36 36 34 35 36 3 33 35 3 35 36 35 30 3 38 4330 3 41 36 36 3 35 51 36 36 36 31 3 36 36 36 98 90 36 36 3 9 MSHPLT 295
C TEST 7O SFE IF THE ELEMENT NUMRER IS TO BE PRINTED MSHPLT 296 -
- C{*ii#*#**##**#*##**%ﬂ*#%##&%4&#**{i*#**ﬂ#*{********i*#i*&#{#*&i&i{{#i{i MSHPLT " 297" T
IF(ELEQUT.ER.O0) GO TO 30 MSHPLT 298
IF (2% (M/2) =M) 309260.260 MSHPLT 299
110 260 CALL ELE(DX+sDYsRMyKylL yHT) MSHPLT 300
30 CONTINUE : MSHPLT 301
C 398 36 $140 30 4 330 40 4138 36 B33 30 R A SRS R SRS R R RS H LR R R R RN R TR RIRRRR ARG RN MSHPLT 302
T B "'C 7 TEST TO SEf IF NODAL POINT NUMRERS ARE TO RE PRINTED MSHPL T 303 T
C 36340 32 31 813 3241 13 81 31 3190 J03E 3140 <H 4B 440 40 4 AR L ST SR A I S R R R R R R S R R R R RS R RS MSHPLT 304




... SUBROUTINE PLOTR ___ _ 73/74 _ OPT=0_ TRACE _ FTN 4,0+P355___ __30/11/73 10.50.17. PAGE 3

115 IF (NPTOUT.EQ.0) GO TO 31 MSHPLT 305

CALL XNODAL MSHPLT “306

31 CALL PLOT(0.+0.5999) MSHPLT 307
oo .. RETURN . e i MsHPLT 308
END - MSHPLT 309




. SUBROUTINE.XNODAL_.. . 73/74 _OPT=0 _ TRACE __ _ _  FTIN4.0eP355 __ 30/11/73

. 10.50.25., = PAGE 1
SUBROUTINE XNODAL "MSHPLT 310
COMMON R{500)+2(500) +IX(500+5) MSHDIM - 2
1 oDX(S)oDY(SJoNUMNPoNUMEL9XFAC.HToDIRw—————————________ v MSHPLT 312
. ... 2 ORGXsXORD»ORGY s YORD sNBOUND »ELEOUT 4NPTOUT MSHPLT 313
S C I AL A3 TR AL A A SIS RN NN RN RN AR RN R RRRRRERRRR RN RE MSHPLT 314
C THIS SUBROUTINE PLOTS ALL EVEN-NUMBERED NODAL POINTS OF THE SECTIO MSHPLT 315
(o TO BE PLOTTED, e MSHPLT 316
[ *iliiill’liil.’li&i’iii&i&&i00’0’#0&#*#’*&9&&#&&##”&& HRBRBRRRERERR MSHPLT 317 Tt TR T e
RI=0. MSHPLT 318
IR | DO 150 I=1+NUMNP i . o ) o MSHPLT 319
. RI=RI*1. T MSHPLT 320
IF(2%(1/2)=-1) 150+10+10 MSHPLT ~ 321
10 X=R(I) _ MSHPLT 322
Y=Z(1) MSHPLT 323° e
15 C00 0038 3090 40 3035 403030 2000 9830 38 309030 30 4030 40 30 30 3000 40 0 30 30 46 3646 46 30 3040 350 06 3640 40 35 96 36 30 4000 40 30 90 40 38 95 3 9 3 4 2 w4 w % MSHPLT 324
L CHECK IF THE NODAL POINT LIES WITHIN THE BOUNDS SPECIFIED MSHPLT 325
GO0 304 T 4 40T 04 054000 3030 0040 3000 300 304 3030 98 3000 3090 98 34 30 9635 34 3000 40 5 45 3040 30 40 40 33 4033 S 210 40 M G MM N AR MSHPLT 326
IF (NROUND.EQ.0)GO TO 100 ' MSHPLT 327
_ _IF(NROUND,NE.1)GO TO 90 MSHPLT 328
20 43 IF(Y.LE.YORD.AND,.Y,GE ,ORGY .AND, X.GE,ORGX.AND.X,LE.XORD) GO TO 80 MSHPLT 329 -
GO 7O 150 MSHPLT 330 N
e B0 Y=Y=DRGY R MSHPLT 331 o
GO T0 100 MSHPLT 332 Kt
C MSHPLT 333 :
A 25 90 IF(Y.GE.ORGY.AND.YoLE<YORD +AND. X.GE<ORGX<AND.X.LE.XORDIGO TO 150 MSHPLT 334 !
100 CALL NUMBER(XsYsHT4RIsDIRs=1) MSHPLT 335
1S5S0 CONTINUE . MSHPLT 336
e RETURN ) ) MSHPLT 337
T ) T MSHPLT 338 "7

END e




SURROUTINE ELE

SUBROUTINE ELE(DXsDYsRMyKsL oHT)

13/74_ OPT=0_ TRACE

FTN 4.,0+P355

30/11/73

MSHPLT 339

10.,50.27.

PAGE 1

DIMENSION DX (5) DY (5)
IF(K«L) 40,30440

MSHPLT 340
MSHPLT 341
MSHPLT 342

5’ T30 X=1./3.%(DX¢1)+DX(2)+DX(3)) o o MSHPLT 343
Y=1,/3.%(DY(1)+DY(2)+DY(3)) MSHPLT - 344
60 70 100 MSHPLT _ 345
€ . MSHPLT 346 o =
40  Xx1,/74.%(DX(1)+DX(2) +DX(3) +DX (4)) MSHPLT 347
10 Yx1,/4.% (DY (1) +DY(2) +DY(3)4DY(4)) o MSHPLT 348
P ' / . e et e e e MenPLT 340 .
100 CALL NUMBER(XsYsHTsRM990.9~1) MSHPLT 350
RETURN MSHPLT 351 _
END MSHPL T 352
1
et cmamsemet imme see smsmee G60¢ 0. mibeseteabasn Sow - o - S— - - - - e mmer i Sewn e s i 0 20 8 cmmmaeas 4 & - ,__Q\,,,. .
w
1
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APPENDIX D

FORTRAN LISTING OF WXCONV




. _ PROGRAM WXCONV _ _  73/74 OPT=0  TRACE FTN 4.0+P355 30711773 10.51.23. PAGE 1
PROGRAM WXCONV (INPUT+OUTPUT» TAPE 1, TAPE2, TAPES=INPUT) WXCONV 2
C WXCONV COMBINES MSHGEN GENERATED FINITE ELEMENT DATA ON TAPEI WXCONV 3 T T T
c WITH CARD INPUT DATA TO PRODUCE AN INPUT FILE FOR WILAX WXCONV 4
_ C ON TAPE2 : WXCONV S
s c ALL WXCONV OUTPUT IS ON TAPE2 - WXCONV 6
. DIMENSION A (B)+8(3)4NPCUT(100) NELCUT(300) WXCONV 7
DATA B/3#0,0/ e WXCONV 8
REWIND 1 - T TTWXCONY T T T T 9 7T T )
o CARD READ AND OUTPUT TITLE CARD WXCONV 10
0 READ 10044 WXCONV 11
WRITE(2,100) A ) WXCONV 12
100 FORMAT (8A10) WXCONV 13
C _ __CARD READ AND OQUTPUT WILAX CONTROL CARD . WXCONV 14
[ SEE WILAX FOR DEFINITION OF VARIARLES ~— ~ 7777 777 WxcoNv ~ 15 -
15 READ 200, NUMNP s NUMEL y NUMMAT 4 NUMPC 3 ACELZ ¢ ANGF Q40 ¢ SCALE yMAXPD yNPy WXCONV 16
- INPP 4NEND 4 NCD yNCUT 9 NRES WXCONV 17
WRITE (25200) NUMNP ¢ NUMEL s NUMMAT 4 NUMPC  ACELZ y ANGFQ Q¢ SCALE yMAXPD NP, WXCONV 18
INPP ¢ NEND ¢ NCD s NCUT s NRES WXCONV 19 -
200 FORMAT(415,F10.,293F5,2,715) o o __ WXCONV 20
20 C CARD READ AND OUTPUT MATERIAL INFORMATION=-2 CARDS FOR EACH WXCONY — T 20 7T T T T -
c MATERIAL IN FORMAT USED IN WItLAX WXCONV 22
e DO 10 I=1,NUMMAT WXCONV 23
READ 100,A WXCONV 24
WRITE(2,100) A WXCONV 25
25 READ 100,A WXCONV 26
WRITFE(2,100) A T~ ~— B — WXCONV "~ 27 ,
10 CONTINUE WXCONV 28
R TAPE1 READ NUMNP AND NUMEL WXCONV 29 -
’ READ(1,300) NUMNP 4 NUMEL - WXCDNV 30 )
30 300 FORMAT(21I5) WXCONV 31
c TAPE1 READ AND OUTPUT NODAL POINT DATA WXCONV 32
DO 20 I=1,NUMNP WXCONV' ™ 733
READ(1,400) NyNCODEsXsY WXCONYV 34
e 400 FORMAT (215,2E15,5) WXCONV 35
35 CODE=NCODF WXCONV 36
WRITE(24500) NyCODE+XsY,B WXCONV 37
300 FORMAT(ISsF5.0+92F15.3+3F10,3) WXCONV 38
20 CONTINUE - WXCONV 39
o TAPE]l READ AND OUTPUT ELEMENT DATA WXCONV 40
&0 D0 30 I=1sNUMEL. WXCONV 41
READ(1,600) B WXCONV 42
WRITF(2,600) B WXCONV 43
600 FORMAT(3A10) _ ! WXCONV 44
30 CONTINUE WXCONV 45 -
45 IF (NUMPC .EQ. 0) GO TO 50 WXCONV 46
¢ CARD READ AND OUTPUT PRESSURE CARDS IN WILAX FORMAT ° WXCONV 47
DO 40 I=1,NUMPC WXCONV 48
READ 100,A WXCONV 49
_____ WRITE(2,100) A o o _WXCONV 50 ——
50 40 CONTINUE WXCONV 51 -
50 CONTINUE WXCONV 52
IF(NRES .EQ. 0) GO TO 70 WXECONV 53
C -CARD READ AND OUTPUT "INITIAL STRESS WXCONV 54
60 READ 100,A WXCONV 55
55 IF(EOF(5).NF. 0) GO TO 70 . _ i L WXCONV 56 o
WRITF(2+100) A WXCONV 57 B
GO TN &0 - WXCONY S8




__FIN 4.0+P355___ . 30/11/73_

....PROGRAM WXCONV 73/74_ __OPT=0  TRACE . 10.51,23, = PAGE 2.
70 CONTINUE WXCONV 59
~ IF (NCUT .EG. 0) GO TO 90 , WXCONV_ - 60
60 c TAPE] READ AND OUTPUT "CUT" DATA WXCONV 61
e o DO 80 I=1,NCUT o o WXCONV 62
READ(1,700) NCUTN,NCUTNP,NCUTEL ~ WXCONYV 63
700 FORMAT(3IS) - WXCONY 64 -
WRITE(2+4700) NCUTNsNCUTNPyNCUTEL WXCONV 65 _
65 READ (1+800) INPCUT{J) s J=15NCUTNP) WXCONV 66
- WRITE(25800) (NPCUT(J) »J=1sNCUTNP) WXCONV 67
800 FORMAT(15I5) . WXCONV 68
" 'READ(1,800). (NELCUT(J) »J=1sNCUTELY ™ WXCONV 69 T
L WRITE (2,800) (NELCUT(J)+J=1,NCUTEL) WXCONV 70
70 80 CONTINUE - WXCONV 71 )
90 CONTINUE WXCONV 72
. REWIND 2 WXCONV 73
~ STOP o e WXCONV 74 .
END WXCONV 75




APPENDIX E

CONTROL CARDS




- 70 -

E-1

3¢ 35 31 3% 48 48 3F 38 38 4 $F 4 8 38 3F SF SF $F 4F 4F S8 $F 38 38 38 38 38 38 35 4 35 30 3 2 45 4 38 36 4F 4F 41 $E 4E 4F 30 4

CONTROL CARDS TO GENERATE MESH USING MSHGEN
PRODUCE WILAX INPUT FILE USING WXCONV

AND EXECUTE WILAX
3640 3 35 338 38 3541 31 3 43S0 IE AR 030 3040 38 30430 38 35 35 4100 48 3538 48 3030 30 303 300 3048

H12349CMCOO."T.QO,PO.MTZ’IO.O.OO INPUT TAPE ER4520
ACCOUNT 12345,
REQUEST +WILAX9MFoF . ER4520
LABEL «OLNPLIRoL=WILAXSOURCE sM=WILAXsP=1,
UPDATE (L.=A1 s C=MSHGENS)
UPDATE (L=A1+C=WXCONVS)
UPDATE (L=A1+,C=WILAXS)
FTN(I=MSHGENS +B=MSHGENQ+L=0+0PT=1)
FTIN(I=WXCONVS4B=WXCONVO,sL.=0,0PT=1)
FIN(I=WILAXS+B=WILAXO+.L=0,0PT=1)
LDSET (OMIT=ABORT)
MSHGENO (4 « GENOUT)
REWIND s GENOUT,
WXCONVO (« ¢ GENOUT 4 WILIN)
LABEL yOBJECTsR4L=WILAXOBJECT yM=WILAX,P=2,
EDITLIR,
LABEL + TAPE7 oWaL=WILAXOUT,,T=30,
CFILE(TAPE40,BT=xCsRT=S)
FILE(TAPF414BT=CoRT=S)
FILE(TAPE42,4BT=CoRT=S)
FILE(TAPE43+BT=CyRT=S)
LOSET(LIR=WILOBJ4OMIT=ARORT+FILES= TAP541/TAPFQZ/TAPE&Z/TAPE43)
WILAXO(WILIN)
7/879
#C MSHGEN
#IDENT MODGEN
#D MSHGEN,184MSHGEN,19

COMMON ID(*MXDIMY)

MXDIM='MXDIM?
7/8/79
#C WXCONV
7/8/9
#*C WILAX
#IDENT MODWIL
#D WILAX269WILAX 27

6 IND('MXDIMY)

MXDIM=*MXDIM?
7/8/9
naRE## INPUT DATA TO MSHGEN IS INSERTED HERE
7/8/9
#Rusat INPUT DATA TO WXCONV IS INSERTED HERE
7/8/9
SEQTORAM (OBJECT+WILORY)
FNDRUN.
7/8/9
6/7/8/9




- 71 -

3t 38 4t 4 38 34 4 38 45 9 38 35 3 35 3E 48 3F 40 3 38 35 38 35 38 35 6 26 48 3 34 18 3 38 3 3R 2E 3 R 3 B3R 2E 3 JE 3L 4t

CONTROL CARDS TO GENERATE AND PLOT MESH

1t 3t 4t 3t 38 3 3% 35 31 3t 96 3t 3F 3F 4t 3t 3 34 96 48 32 3F 38 4F 38 35 3 38 38 b 38 3 35 28 30 34 232 35 3 28 38 3 30 24 3E

HIZBQQCM.Qooo'Tooo’PZ’MTZo ER4520
ACCOUNT 412345,
ATTACHsPLTSUB,PLOTLIBIMR=1,
REQUEST.PLOTER.
REQUESTWILAXIMFE, FR4520
LABEL +sOLDPL+ReL=WILAXSOURCE +M=WILAXsP=1,
UPDATE (L=A1l 4+ C=MSHGENS)
UPDATE (L=A14+C=MSHPLTS)
FTIN(I=MSHGENS ¢B=MSHGENOs.=0+0PT=1)
FIN(I=MSHPLTS ¢B=MSHPLTO+L=040PT=1)
LDSET(OMIT=ABORT)
MSHGENO (4 s GENQUT)
REWIND ¢ GFNOUT,
LOSET(LTIR=PLTSUR)
MSHPLTO (4 s GENOUT) "JOHN DOE ¢CORKSTOWN RD "
UNLOADsPLOTER,
FXIT. DO NOT PLOT TAPE
1/8/9
#C MSHGEN
#IDENT MODGEN
#D MSHGFEN.18 ¢MSHGEN.19
COMMON TID ("MXDIM")
MXD IM='"MXDIM"
7/8/9
#C MSHPLT
#IDENT MODPLT
*#D MSHDIM,?2
COMMON R ("MXNP11) ¢ Z ("MXNP'") 3 TX ("MXELM"4S)
7/8/9
#ukRFINPUT DATA TO MSHGEN IS INSERTED HERE
7/8/79
#r#R INPUT DATA TO MSHPLT IS INSERTED HERE
7/8/9
6/7/8/9




38 38 36 35 3F 26 38 30 36 3537 38 I8 30 30 3020 36 30 3% 35 0 SE L 38 330 3E 22 38 I 36 25 8 LS 2 LGP SEIE IR SE IR Se

INPUT NDATA FOR wWXCONY

38 35 35 3 3 38 36 30 38 3 38 3 38 30 35 38 28 3E 36 3 3 SE 6 3 3F 36 28 2E 30 30 38 35 38 55 28 36 2 28 35 35 25 2F 3% 3 389t

dippEERFuE FXAMPIF ~ A HYPOTRFTTICAL SLOPE  $hiesrdrdtieitits

317 7R0 3 0 1. 0. 0. 12.
1 1 . 0955
3.0E+6 37 R.NE+A
2 1 - 0955
2.0F+6 .25 2eF+6
3 1 « 0955
4.NF +6 .20 4oNiF+hA

3438 3890 38 90 4 3 2 L L IL IR IE I L I IH 3F 3E SE 3L JE St

INPUT DATA FOR MQHBLT
546 3 E 2045 35 30 030 0 H 00 46 30 230 0 46 26 30 20 J0 0 20 26 4626 25 28 30 30 45 35 30 3 AL 26 26 20 9

RS AR R s B R R A R LR AT

«N15 0 1 1

- ¢l




APPENDIX F

FORTRAN LISTING OF WILAX




<o -.PROGRAM WILAX _ . 73/74 _ OPT=0  TRACE . _ ] FIN 4'0’,"355_____...__4:.‘!9(.1,1.{73...,10"‘8'39' PAGE 1
PROGRAM UILAX(INPUTyOUTPUTgTAPEQl9TAP5439TAPE409TAPE43¢ WILAX 2
1 TAPES=INPUT» TAPE6=0UTPUT » TAPET) ‘ i WILCAX 3
G498 30 38 464835 348 35 98 35 35 35 35 3138 36 0 48 3536 40 35 35 30 48 38 S350 8 35 340 35 31640 35 38 S04 6 48 38 34 38 30 S48 35 35 5 S 31 38 20 4040 303 40400 St st st e WL AX 4
. C 1. 'THIS PROGRAM IS CAPABLE OF HANDLING STRESS ANALYSIS FOR: WILAX S
) C ARBITRARY AXISYMMETRIC SOLIDS WITH AXISYMMETRIC LOADING., =~ WILAX 6
C . 2. PLANE STRESS AND PLANE STRAIN ARE OPTIONAL, WILAX 7
C 4, BI-LINEAR MATERIAL PROPERTIES AND THERMAL STRESSES CAN ALSO WILAX 8 e
C "BE .CONSIDERED yHOWEVERs THIS OPTION WAS NOT FULLY TESTED... WILAX 9
C Se ONE OR SEVERAL PROGRESSIVE CUTS OR EXCAVATIONS CAN BE MADE, WILAX 10
10 .>CG**********#######*#*###***#######*##§§§§§§§§§§§§**#&###***####**###*#* WILAX 11
C NOTE.eeeSEVERAL MODIFICATIONS WERE MADE ON.JUNE 12/1973, WILAX 12
C A, SUBROUTINES READ AND WRITE WERE ADDED SO THAT USERS HAVE TO WILAX | 13
C MAKE ONLY MINOR CHANGE WHEN RUNNING THIS PROGRAM ON MACHINES WILAX 14
c TOTHER  THAN CDC 6400, ~~° TWILAXT 15
15 C B. A VARIABLE "“SCALE" IS - ADDED,.  IT IS A SCALING FACTOR FOR THE WILAX 16
— .Cc ~INPUT COORDINATES R AND Z. THE DEFAULT VALUE IS 1.0 WILAX 17
C WILAX 18
COMMON NUMNP ¢ NUMMAT s NUMPC ¢ NCARD ¢ MTYPE s NP ¢ NPP sNEND9sNTAPC, WILAX 19 ‘
1 _NTAPDsNCD4NCUT4yNRES+MBAND¢MXBAND ¢ NUMBLK yNUMAPP ¢MAXPDy WILAX 20 .
20 2 MAXPD1sNELYyACELZ sANGFQs TEMPsQoUsHED (20) s LM{4) sRO(12) s XXNN (127 s WILAX 21 - -
3 ANGLE (&) 9SIG(10) 9GH{4) yRRR(S) 92ZZ(5) 9S{10910)sP(10)sTT(4)+sDD(3y3) WILAX 22
“m_”__wmmm_w",_”9_yHH(6010)9E(8y8y12)yRR(#)oZZ(&)-C(éo“}sH(6a10)9TP(6)yXI(10)vEE(7) WILAX 23
4 5 sF(6910)9D(6496) 9SCALE, WILAX 24
C . WILAX 25 s
L. 25 i 6_1ID(1000) WILAX 26 { !
i i MXDIM=1000 ~~ - WILAX 27 ! ~ .
H :b«««**««i*n«u4#*###¢¢*###*»»«#aa#aaaaaaa***«&&a&&*u««nn«&&n###**#n*»»i#» WILAX 28 { s
5 N i 'C .. 6. THIS MAIN PROGRAM IS DESIGNED TO ALLOCATE THE MEMORIES OF WILAX 29 i
] C VARIABLES. ! Y WILAX 30
; 30 [os 7. THE USER MUST CALCULATE THE MAX, DIMENSIONyMXDIMyWHICH WILAX 31 i
R : C DEPENDS  ON THE SIZE OF PROBLEM TO BE EXECUTED. i WILAX 32 i
i c 8. DIMENSION OF ID MUST EQUAL TO OR GREATER THAN -MXDIM, i WILAX 33 l
. C MXDIM. IS CALCULATED FROM THE FOLLOWING FORMULA, WILAX 34 ! 3
. B I MXDIM = 3#NUMPC + 6#NUMNP + 10#NUMEL + 2#MXBAND + ; WILAX 35 i 3
: 35 c 2#MXBAND##2 H WILAX 36 : :
: C " WHERE MXBAND = 2#( MAXIMUN NODAL POINT DIFFERENCE + 1 ﬁ WILAX 37 i
P C 9. LOGICAL UNITS 40,41,42,43 ARE SCRACHING TAPES OR DISCS, T WILAX 38 { ¢
E C ‘7.1 USED TFORTOUTPUT, T T T WILAX 39 “[ ; )
H C***Ii*l.I###############?##ﬁ*##ii######**!#*ﬁ##*##Q#######%###*i***ﬂ### WILAX 40 i H
K ~ NTAPC=41 . ! WILAX 41 :
| NTAPD=42 ‘ WILAX 42 !
: NTAPR=40 WILAX 43 H
NTAPE=43 J WILAX 44 )
C 3t 43038 38 48 34 48 35 3578 348 3498 4634 40 36 35 38 3048 35 08 4440 4430 I 0 30 S 2 RS0 AE RS S B A R R BT R R R AR H SRS R F R wwwurannr WILAX 45
45 C 10, ICRs IPR ARE THE LOGICAL UNIT NUMBERS FOR READER AND LINE WILAX 46
- - . PRINTER, WILAX 47
C 11. ICP CAN BE THE LOGICAL UNIT NUMBER FOR CARD PUNCH OR WILAX 48
C OUTPUT TAPE DEPENDS ON USERS REQUIREMENTS. WILAX 49
. c***#&&&##&##G####*###&*#&&i**#############ﬁ#&§GGG§§6§§§§§§###§*#***#*## WILAX 50 - .
50 ICR=S T WILAX ™ Sy T T e
ICP=7 WILAX 52
IPR=6 WILAX 53
G393 3H4E 338 31 4 3F 3H S I SEHE 3 38 35 38 31 E 4 3435 T4 38 38 340 3131 3 3 45 45 3 50 40 TH2H R THIH L TE R SRS GBS S ISR H R AR WL AX 54
C 12. READ AND PRINT OF CONTROL INFORMATION - WILAX 55
- R 2 2 L e TS ¢ 56
c 13. HED IS THE HEADING OR PROSLEM IDENTIFICATION TO BE PRINTED.  WILAX 57 T
C 14, NUMNP = MAXIMUM NUMBER OF NODAL POINTS. WILAX S8




PROGRAM WILAX 73774 oPT=( TRACE FTN 4,0+P355 ~ 30/11/73 10.48.30, PAGE 2
. C 15, NUMEL = MAXIMUM NUMBER OF ELEMENTS. WILAX 89 e
C 16. NUMMAT = MAXIMUM NUMBER OF MATERIALS. WILAX 60
60 C 17. NUMPC =MAXIMUM NUMBER OF PRESSURE CARDS. WILAX 61
Cc 17. ACELZ = AXTAL ACCELERATION. WILAX 62
C 18, ANGFQ = ANGULAR VELOCITY. WILAX 63
C 19, @ = REFERENCE TEMPERATURE, WILAX &4 .
o C 20, MAXPD = MAXIMUM NODAL POINT DIFFERENCE IN ANY ELEMENT. WILAX 65 _ L
65 Cc 21, NP = NUMBER OF APPROXIMATIONS. FOR AN ELASTIC ANALYSIS NP IS WILAX 66
C ALWAYS EQUAL TO0 1. : WILAX 67
C 22. NPP 1S A CODING FOR THE TYPE OF ANALYSIS, WILAX 68
B o o NPP =0 SPECIFIES AXISYMMETRIC CASE, WILAX 69
Cc =1 SPECIFIES PLANE STRESS OPTION, WILAX 70
. 70 C . x=-]1 SPECIFIES PLANE STRAIN OPTION. CWILAX o e
| C 23. NEND IS A CODING FOR NUMBER OF PROBLEMS TO BE SOLVED» WILAX 72
C NEND = 1 INDICATES ONLY ONE PROBLEM TO SOLVE, WILAX 73
C i} B -= 0 INDICATES MORE THAN ONE PROBLEM TO SOLVE. WILAX 14
C 24. NCD IS A CODING FOR OUTPUT FOR PLOTTING PURPOSEs WILAX 75
75 C NCD = 1 MAY HAVE OQUTPUT FROM CARDS OR ON TAPE DEPENDING WILAX 76
C " ON THE UNIT ICP, USUALLY THERE IS NO OUTPUT _FOR THE WILAX 77 _ o .
C “FIRST SUB-PROBLEM, wWILAX 78
C NCD =-0 SPECIES NO OUTPUT EITHER FROM CARDS OR ON TAPE WILAX 79
) C 25, NCUT = NUMBER OF CUTS OR EXCAVATIONSs NCUT = 0 SPECIFIES WILAX 80
a0 C NO EXCAVATION. WILAX 81
C 26. NRES IS A CODING FOR INITIAL RESIDUAL STRESSES, WILAX 8z
C NRES = 0 NO RESIDUAL STRESSES TO BE READ INy CWILAX 83
C = ) RESIDUAL STRESSES WILL BE READ IN. WILAX B84
C 27. SCALE IS A SCALING FACTOR FOR THE COORDINATES R AND Z., THE WILAX a8s '
85 C DEFAULT IS 1.0 WILAX 86 R
: ’ - (2 ZTETTT TR L TE Ty R A L T TR I T T XY S (WY 87 L
1 READ(ICR»1000) HEDsNUMNP ¢ NUMEL s NUMMAT s NUMPC s ACELLZ9 ANGF Qe Qs SCALE s WILAX 88 1
1 MAXPD9NP,NEEqNENQyNCQqNCU]&NRES ) . CWILAX _89 e
1000 FORMAT(20A4/415,F10.243F5.0,715) i WILAX 90
90 IF (SCALE .FQe. 0,) SCALE=1.0 wILAX 91
WRITE(IPR+2000) HEDcNUMNPvNUMELvNUMMATsNUMPCvACELZoANGFQ;MAXPDoQo WILAX 92
o 1 NPsNCUTsNRESsSCALE WILAX 93
2000 FORMAT (1H1 20A4/ WILAX 94
1 30H0 NUMBER OF NODAL POINTS------ 14 / _ WILAX_ 95 _ a o
95 2 30H0 NUMBER OF ELEMENTS==-=-waa-- 14 7 WILAX 96
3 30H0 NUMBER OF DIFF, MATERIALS=-- I3 / WILAX 97
4 30HO0 NUMBER OF PRESSURE CARDS-=-- I3 / WILAX 98
- TTTTTTT T 8§ 30H0 AXIAL ACCELERATION=~w-reaew- El2.4/ WILAX 99
6 30H0 ANGULAR VELOCITY=mwmwoecacax El2.4/ WILAX 100
100 # 30HO MAXTIMUM NODES DIFFERENCE—-—- 13/ WILAX 101 . .
e 7 30H0 REFERENCE TEMPERATURE-—=-=-= E12.47 WILAX 102
8 30H0 NUMBER OF APPROXIMATIONS==== I3/ WILAX 103
9 30H0 NUMBER OF CUTS-====ecwceca-= 13 7 WILAX 104
" # 30H0 INITIAL RESIDUAL STRESSES=~- 13/ WILAX 105
105 # 30H0 COORDINATE-MULTIPLY FACTOR-- E12.4 ) WILAX 106
c . wILAX 07
C 27. THE DEFINITIONS OF MAXPD1,MXBAND AND MXBANZ ARE SELF- WILAX 108
Cc EXPLANATORY, WILAX 109
MAXPD1=MAXPD+1 WILAX 110
110 MXBAND=2#MAXPD1 wIlLAX 111
MXBANZ2=2#MXBAND WILAX 112
C#Q###bbb&bﬁkubbb*b#bbb#bbbbk%k#k%ﬁ&#ﬁﬁbbbﬁb#%%&###%b###bb#######ii#it:t_NILAX ] 113 i,
“TTTTT T C7TT U MEMORY ALLOCATION, - WILAX L35
Cantpusttoaininaauiaaataaaaptostpaaapoianptosastaaaaaaaeatartotaaausaass WILAX 115
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115 N1=} WILAX 116
N2=N1+NUMPC WICAX 117 -
N3=N2+NUMPC" - —— ' WILAX 118
. N4xzN3I+NUMPC - ) . WILAX 119
N5=Na «NUMNP et e e ae ee e e S WY 120
120 NE6xNS +NUMNP WILAX 121
N7=N6+NUMNP WILAX 122 I B
N8=N7+NUMNP WILAX 123
N9=N8 +NUMNP wWILAX 124
. . N10=NS «NUMNP e ~ WILAX 125
125 N11=N10+4#NUMEL WILAX 126
N12=N11+S#NUMEL WILAX 127
_M1=N12+NUMEL WILAX 128
M2=M1 +MXBAN2 wILAX 129 e
M3=M2+MXBANZ2#MXBAND=-1 WILAX 130
130 . LG UL S8 23S RS IRt SRS S SRR I SR RS R R R R R e WILAX 131
C 28, TEST WHETHER DIMENSION REQUIRED EXCEEDS DIMENSION ASSIGNED, WILAX 132
C IF M3 IS GREATER THAN MxDIM; PROGRAM TERMINATES, WILAX 133
Cﬁ&&&#i#######ﬁ################l##i###**##l####*#############ii*““i##&“& WILAX 134
IF (M3.GT.MXDIM) GO TO 290 WILAX 135 !
135 IF(NPP NE, 2) GO TO S0 wIiLax 136 ————
: ¢ et oy a s WRITE(IPR,2005) WILAX 137 -
2005 FORMAT(1HO0,uPLANE STRAIN STRUCTURE WITH ORTHOTROPIC MATERIALW) WILAX 138 !
GO TO 56 WILAX 139
50 IF(NPP) 55,56,54 WILAX 140
140 54 WRITE(IPR,2008) WILAX “141 B
2008 FORMAT (23HOPLANE STRESS STRUCTURE ) WILAX 142
GO 10O S6 WILAX 143
S5 WRITE(IPR,2012) - WILAX 144
2012 FORMAT (23HOPLANE STRAIN STRUCTURE ) WILAX 145
145 Ci####tiﬁﬁffﬁiﬁ?ffﬁ#%########*ﬁ############i#########i#*#####iiﬁ**i##*}l WILAX 146
c . 29. IF NEND EQUALS 0,G0 BACK TO SOLVE ANOTHER PROGRAM, WILAX 147
C 4850 40 3835 3830 38 30 40 30 30 2148 240 30 36 36 35 339 38 38 3030 b 34 36 SHEE 28 3150 3640 36 3 3P 36 3533 S48 4R 9R SR SH S SR OR SR b e Rt b st WILAX 148
. I 56 CALL LAYOUT(ID(N1)oID(N2)sID(N3)+sID(N4)sID(NS)sID(NO)+ID(NT) WILAX 149
1 ID(N8)sID(NI)SID(NLO) »ID(NIY)HID(NI2) s ID(M]) 4ID(M2), © T WILAX 150
150 2 NUMEL)’ WILAX 151
. IF(NEND.EQ,0) GO TO 1 WILAX 152
290 PRINT 15004MXDIM4M3 TToTTTTr e TWILAX T 153 T
1500 FORMAT (21H0 DIMENSION ASSIGNED=16/18H DIMENSION NEEDED=16) WILAX 154
e e STOP WILAX 155
1585 END ) WILAX 156




SUBROUTINE LAYOUT,,._ 73/74 OPT=( TRACE _ _ FTN 4.0+P355 ~30/11/73 10.48.34. PAGE 1
SUBROUTINE LAYOUT(IBCoJBCoPR!URoUZoRsZoCODEoTvRESIDoIX;EPS,B9A9 __LﬁYOUT__",_.a__n____ e
1 NUMELY —— LAYOUT 3
COMMON NUMNP s NUMMAT s NUMPC s NCARD s MTYPE sNP sNPPsNENDsNTAPC)y LAYOUT 4
1 NTAPDoNCDsNCUT ¢NRES +MBAND ¢ MXBAND s NUMBLK s NUMAPP s MAXPD 5 LAYOUT s
5 2 MAXPDYJNELyACELZ sANGFQeTEMP Q4 UsHED (20) o+LM(4) sRO(12) s XXNN(12) LAYOUT 6
3 ANGLE (4) sSIG(10) sGH(4) «RRR(5)+Z2ZZ(5)+S(10+10)4sP(10)4TT(4)+DD(343) LAYOUT 7
4 JHH (6, 10)vF(818912)vRR(4)gZZ(4)9C(4 4).H(6010)oTP(6).XI(10)gEF(?l LAYOUT 8 o ) .
S sF(6+10)sD(696)9SCALE . LAYOuT 9
DIMENSION IRC(1)sJBC(1)3PR(1)+UR(1)eUZ(1)sR(1)9Z(1)oCODE(L)sT(1)s LAYOUT 10
10 1 RESID(NUMEL 4) s IX (NUMEL 95) sEPS (1) 9B (1) sA(191) +ANG(12) s LAYOUT 11
T T T2 NPCUT(100) oNELCUT(100) LAYOUT 12
Cas it s Bt at gttt atiaaattataaaaataanpaatttanaasasaaaannasr LAYOUT 13
C 1 _ _SUBROUTINE LAYOUT HAS THE FOLLOWING FUNCTIONS, LAYOUT 14 L _ ~
C A. READ AND PRINT INPUT DATA SUCH AS MATERIAL PROPERTIESs LAYOUT 15
15 C COORDINATES OF NODAL POINTS AND ELEMENTS PARAMETERS,ETC LAYOUT 16
c . . B. GENERATES THOSE OMITTED NODAL POINTS AND ELEMENTS, LAYOUT 17
) c C. CHECKS FOR DATA ERRORS, LAYOUT 18
Cc D. DETERMINES MAXIMUM RANDWIDTH, LAYOUT 19
c ) E. CONTROLS OUTPUT REQUIREMENTS.  tayour _ 20 e
- 20 CRB AR R R TR BT BRI B H OIS A SR B S AT R R R AR A AR RS R BB B s a B e e bRa o Re s LAYOUT 21
ICR=5 LAYOUT 22
ICP=7 LAYOUT 23
| IPR=6 LAYOUT 24
Ci#i##%#i%%%%%#%%**%&ﬁ%%ﬁ%%%##%9##%%%%%%%%%&%#%&%%%%%&%*%#%%%&#%#%ﬁ*%%ﬁ% LAYOUT 25
25 C 2e MTYPE = MATERIAL IDENTIFICATION NUMBER, A TOTAL _ OF 12 LAYOUT 26
iC "T'DIFFERENT MATERIALS CAN BE ALLOWED. "~~~ T T LAyout T 277 T
.C 3, - NUMTC = NUMBER OF TEMPERATURE CARDS FOR WHICH MATERIAL LAYOUT 28 1
'c PROPERTIES ARE GIVENs 8 MAXTMUN, LAYOUT 29 e -
U —“;C 3. RO(MTYPE) = MASS DENSITyY OF MATERIAL, IF SET ACELZ = 14 LAYOUT 30 ~
30 :C THEN THE UNIT WEIGHT OF THE MATERIAL CAN BE USED. LAYOUT 31 [
;C 4 XXNN(MTYPE) =MODULUS RATIQs INPUT FOR BI-LINEAR MATERIAL ONLY. LAYQUT 32
F BRR AR AT A AR R R R A AR R R R AR A AR R e R A A e A A R AR e AR R RRe LAYOUT "33 -
: DO 59 M=] ,NUMMAT LAYOUT 34
. READ (ICR,1001) MTYPEJNUMTC,RO(MTYPE) 4 XXNN(MTYPE) LAYOUT 35
T3 7 1001 FORMAT(21S553F10.0) LAYOUT 36
| WRITE (IPR+2011) MTYPEsNUMTCsRO(MTYPE) « XXNN(MTYPE) LAYOUT 37
1 2011 FORMAT(1HOs"MATFRIAL NUMBEQ-“qI3o2Xo“NUMBER OF TEMPERATURE CARDS=" | AYOUT 38
TTIYI392Xs"MASS DENSITY =9, E12044mMODULUS RATIO =n,E127%) LAYOUT 39 T
;C¢¢¢¢¢¢¢¢&¢%**ﬁ***ﬁa**ﬁaaa*#ﬁa#*noaqa*ﬁﬁ****ﬁ*ﬁﬁ**a*uggpa**ﬁ*n*&%ﬁ#&ﬁﬁ{ﬁ LAYOUT 40
40 Ic Se E{I,JyMTYPE) ARE THE MATERIAL PARAMETERS FOR EACH TEMPERATURE LAYOUT 41
T ic I, WHERE J = 1 FOR TEMPERATURE LAYOUT 42
ic = 2 FOR MODULUS OF ELASTICITY., E(R)+AND E(Z) LAYOUT 43
€ =3 FOR POISSONS RATIO MU(RZ) i LAYOUT 44
C TTTTTTT = 4 FOR MODULUS OF ELASTICITYs E(TY T LAYOUT 45
45 : ic = 5 FOR POISSONS RATION MU(TR) AND MU(TZ) LAYOUT 46
i iC . S =z 6 FOR COEFF, OF THERMAL EXPANSION ALPHA(R) - LaYOUT 47
5C AND ALPHA(Z7) LAYOUT 48
: .C = 7 FOR COEFF. OF THERMAL EXPANSION ALPHA(T) LAYOUT 49
C = 8 FOR YIELD STRESS. LAYOUT 50 . -
50 T ICHEnRnn et a AN ER e AR a B U TR AR s npnndnsaannannnoun ek ddhanaabdnysndnaniaanas | AYQUT 81 77 T Tt
é t READ(ICR»1005) ((E(I-JaMTYPE)9J—loﬁ),I-1-hUMTC) LAYOUT 52
b - 1095 FORMAT (8F10.0) LAYOUT 53,‘
£ WRITE(IPR2010) ((E(T+JsMTYPF)» l'lvP)~T 1aNUMTC) I B LT S TVITY PR
2010 FORMAT  (14H0 TEMPERATURE 10X SHE(RZ) 9X 6HNU(RZ) 11X 4HECTY™ ™ % paygup ~oevgg: Prémssasntiodn. dedied il
. _55_______“_“A 1 10X SHNU(T) -6X 9HALPHA(RZ) 7X 8HALPHA(T) 15H YIELD STRESS / LAYOUT 56 )
2 (F15.2,7€15.5)) N T T LAYouT 57 T
Co et S S e e 4 e 2 S L I A S S e e SE S S B S S P R B B AR R R R A S G SR A p R Ep e aade | AYOUT 58




. SUBROUTINE LAYOUT ____73/74 _OPT=0 TRACE __~ ~~~~  FIN 4.0+P355 . 30/11/73 10.4B.34, PAGE 2
C 6o A MAXIMUM OF 8 TEMPERATURE CARDS FOR ONE MATERIAL CAN BE LAYOUT 59
Cc PROVIDED, IF MATERIAL PROPERTIES ARE THE SAME AT 8 LAYOUT - 60
60 C DIFFERENT TEMPERATURE RANGES,THEN ONLY PROPERTIES AT ONE LAYOUT 61
C TEMPERATURE NEED BE SUPPLIED. - LAYOUT 62
Cii**ii**Q*Q*i**ii*ii*i*#i{**#ii#iii{#i*#**ii##{*##i#i*i!*{*iiii*iil**li LAYOUT 63
DO S8 I= NUMTC,8 LAYOUT 64 -
o DO_S58 J=1.8 S S _ LAYOUT 65
65 S8 E(TsJoMTYPE)=E (NUMTCyJsMTYPE) LAYOUT ~ 7 66 ~ - o
59 CONTINUE : LAYOUT 67
A c . LAYOUT 68
C#i*liil*l*il*#i#l*##&###*#l###**li#*##*###i#i####**##*ii#**#l*iii*i#iii t AYOUT 69
Cc Te #unatnnsnit READ AND PRINT NODAL POINT DATA #5535 545 % LAYOUT 70
o 70 C . N = -NODAL POINT NUMBER LAYOUT 71
c CODE . IS A NUMBER WHICH "INDICATES IF DISPLACEMENTS ORTGRCE_ LAYOUT' 72 B
Cc ARE TO BE SPECIFIED, IF " LAYOUT 73
_— Cc CODE-= 0 UR IS THE SPECIFIED R-LOAD AND LAYOUT 74
(o UZ IS THE SPECIFIFD Z-LOAD. LAYOUT 75
75 Cc x 1. UR IS THE SPECIFIFD R-DISPLACEMENT AND LAYOUT 76
R - C e UZ IS THE SPECIFIED Z-LODAD, ~ ‘ __Layout 77
C = 2 UR IS THE SPECIFIED R-LOAD AND LAYOUT — 778 T T T T T Tt
Cc : UZ Is THE SPECIFIED Z-DISPLACEMENT, LAYOUT 79
. e c _ = 3 UR IS THE SPECIFIED R-DISPLACEMENT AND LAYOUT 80
80 Cc UZ IS THE SPECIFIED Z-DISPLACEMENT,. ) LAYOUT 81
Cc ReZ = COORDINATES IN THE RADIAL AND AXIAL DIRECTIONS LAYOUT 82 1
C UR,UZ = RADIAL DISPLACEMENT OR LOAD AND AXIAL DISPLACEHENT LAYOUT 83
[ - OR LOAD, TAYOUT ~7 84 T T T Tt
Cc T = TEMPERATURE : LAYOUT 85 1
as C#*i*iil*iiii*i#ii*##***#**l*##i#*###ﬁ-*#Q###%*##%#ﬁ#****#*l##*il*i*ilii* LAYOUT 86
T WRITE (IPR,2004) T LAYOUT 87
2004 FORMAT (108HINODAL POINT TYPE R- ORDINATE Z-ORDINATE R LO LAYOUT 88
1AD OR DISPLACEMENY -Z LOAD OR DISRLQQEﬂEQT TEMPERATURE ) LAYOU[ 89
L=0 LAYOUT 90 - T
90 80 READ(ICRolOOZ) NoCODE (N) 9R(N) 9 Z(N) sUR(N) sUZ(N) s TIN) LAYOUT 91
e IF(SCALE .EQ.1.0) GO TO 6 : LAYOUT 92
R(N)=R(N) #*SCALE LAYOUT 93
Z(N)=Z (N)*SCALE . LAYOUT 94
100g~foRMAT(ISoFS 092F15_§3§f19_§) LAYQUT 95
95 CRo st st 3t i 3 S S S S S R R R R R AR AR R EF R R R EH R R F R R AR AR R RA TR E TR ERRRRRE® LAYOUT 96
C 8. IF CODE IS OTHER THAN 09142 OR 3+IT IS INTERPRETED AS THE LAYOUT 97
e ——__ €. MAGNITUDE OF AN ANGLE IN DEGREES.AND IT MUST ALWAYS BE LAYOUT 98
o c INPUT AS A NEGATIVE ANGLEs THEN A SKEW BOUNDARY IS " LAYOUT 99 T
C CONSIDERED, EGoUR IS THE SPECIFIED LOAD AND UZ 1S THE LAYOUT 100
100 c _ ... SPECIFIED DISPLACEMENT IN S AND N DIRECTION RESPECTIVELY. LAYOUT 101
c§§§§§§§§§§§§§§*4*&###&&#*4»#*&*#**##***##i*#**#***#444&*4*#ﬁ#*i&fi**#;?"LAYouT 102
6 IF(CODE(N))T+8,.8 LAYOUT 103
e 7 CODE (N)=CODE (N)/57.3 _ LAYOUT 104
8 CONTINUE LAYOUT 105 ” i
105 NL=L+1 LAYOUT 106
ZX=N-L__ L o LAYOUT 107
IF(L)4B17,4817,4816 LAYOUT 108
CMME M S B33 3 0300050303 33T S M LI I 000 S S S S S S SRR R RS RN R SRR | AYOUT 109
. . Cc 9, AUTOMATIC GENERATION OF OMITTED NODES AND THEIR COORDINATES LAYOUT 110
110 Cc AND TEMPERATURE 1IF ANY, LAYOUT 111
ci**’*i*}l#l#l*##l###*l&#**#l%i**i*###*l#####*l*#”lilii**il#i*l*’ii#!*i LAYOUT 112
- 4817 DR=R(N)/Zx o S _f . ) . Layout 113 i
) . DZ=Z (N}/ZX' LAYOUT 114 Tt
DT=T{(NY/ZX LAYOUT 115




SUBROUTINE LAYOUT _ 73/74 OPT=0 TRACE == . FIN4.0+P355 __ 30/11/73 10.48.34, = PAGE 3
115 GO 7O 70 LAYOUT l[ﬁ o
4816 CONTINUE ) LAYOUT - 117
DR*(R(N)-R(L))/ZX —_———————— ’ LAYOUT 118
DZ=(Z(N)=Z(L))/ZX i ) e LAYOUT 119
DY=(T(N)=T(LV)/ZX — =~ 7 i} B LAYOUT 120
120 70 L=bL+]) LAYOUT 121
IF (N=L) 100990-80 LAYOUT 122 _
a0 CODE (L)=0.0 LAYOUT 123
R(L)=R(L-1)+DR LAYOUT 124
Z{L)y=Z(L=-1)+DZ LAYOUT 125 3
s e iy =0.,0 R 2 {VE ¢ 126
UuzL)=0.,0 LAYOUT 127
T(L)= T(L-l)*DT LAYOUT 128 _
TGO TO 70T T LAYOUT 129
90 HRITE(IPR-ZOOZ)(KoCODE(K),R(K)oZ(K)9UR(K)oUZ(K)oT(K)oK:NLaN) LAYQUTY 130
130 _..2002 FORMAT(I1124F12,242F12.342E24,74F10,2) . LAYOUT 131
IF (NUMNP=N) 100,110,60 LAYOUT 132
100 WRITE(IPRs+2009) N LAYOUT 133
2009 FORMAT (26HONODAL POINT CARD ERROR N= 15) LAYOUT 134
CALL EX17 LAYOUT 135
135 110 CONTINUE LAYOUT 136
C 459420 35 36 41 35 35 33 2% 31 335 36 38 35 38 38 31 30 36 96 34 36 36 35 35 35 35 40 80 30 21 35 32 40 0 46 3838 3 44 S A4 4 S 4 242 2H S B R H U AR BRBR NN wwn | AYOUT 137
e c 10, READ AND PRINT ELAMENT DATA AND AUTOMATICALLY GENERATE THOSE LAYOUT 138
C : OMITTED ELEMENTS EXECPT TRIANGULAR ELEMENTS, LAYOUT 139
C M IS ELEMENT NUMBER AND IX(Msl) TO IX(Ms4) ARE THE IsJeKs LAYOUT 140
140 C LTH NODES RESPECTIVELY, K AND L MUST BE EQUAL IF IT IS A LAYOUT 141
C TRIANGULAR ELEMENTIX(MsS) IS MATERIAL IDENTIFICATION. LAYOUT 142 .
Cl#!ii###ﬂ§#§§#4%&*%%%%%#%#%##%*6#**#G#*G##*#*ﬁ##ﬁ##ﬁ#ﬂﬁﬁ*ﬁﬁ*#ﬁﬁﬁﬁi#*##i LAYOUT 143
T WRITE (IPR,2001) , LAYOUT 144 =
2001 FORMAT (49H1ELEMENT NO, 1 J K L MATERIAL ) LAYOUT 145
145 N=0 : LAYOUT _ 146 !
130 READTICR,1003) My (IX{My1)sI=145) LAYOUT 147
1003 FORMAT (615) - LAYOUT 148
140 N=N+1 ) LAYOUT 149 i
B IF (M=N) 170,170,150 &~~~ =777 LAYOUT 150
150 150 IX(Ns1)=IX(N=19s1)+] LAYOUT 151
IX(Ny2)=IX(N=1,2)+1 LAYOUT 152 L L
. TIX(NG3)=1X{N=133)+1 LAYOUT 153
IX(Ns4)=IX(N=1,y4)+1] LAYOUT 154
. e IX(NeS)=IX(N=1+5) ) - . e LAYOUT 155 - )
155 170 WRITE(IPR92003) No (IX(NgI) oI G) s o o e LAYOUT 156
2003 FORMAT (1113941691112) LAYOUT 157
IF (M=N) 180+1805140 LAYOUT 158 o B
T80 IF INUMEL-=NY 150,150,130 LAYOUT 159
190 CONTINUE LAYOUT 160
160 C*ﬁ*###*######ﬁﬁuuﬁ#ﬁﬁ%#&4###éﬁliii###i*uﬂ####ﬁﬁﬁ#*4##4##&#*#*#***#!&!!# LAYOUT 161
TTooTmTmTTTTTTTe 7 11, READ AND PRINT BOUNDARY PRESSURE CONDITIONS. LAYOUT 162
C ONE CARD FOR EACH BOUNDARY ELEMENT WHICH IS SURJECYED TO LAYOUTY 163
c A_NORMAL_PRESSURE MUST BE SUPPLIED,COMPRESSION POSITIVE, _LAYOUT _ 164 e
CHARRRB ARG RN DR R R R R G T A DR AR BRI AR TR T TI A0 H T4 T2 20 2030 3 11 0 930 36 02 2498 LAYOUT 165
165 JF (NUMPC) 290,+310,290 : LAYOUT 166
£90 WRITE(IPR,2005) , LAYOUT 167
203S FORMAT (29HOPRESSURE BOUNDARY CONDITIONS/ 24H 1 J PRESS LAYOUT 168
1URE ) . LAYOUT 169
e - _ DO 300 L=1.NumMPC o L L . Layourt e
1706 READ(ICR,1004) IBC(L)JBC(L}PR(L) LAYOUT 171
1004 FORMAY (215,F10.0) LAYOUTY 172
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299_!81[§}}E8}%Q27) IBC (L) + JBC (L) PR(L) LAYOUT 173
2007 FORMAT (2164F12,3) CAYOUT  "Yre —— — T TTroTTmr T
310 CONTINUE LAYOUT 175
1715 C 463838 46 31 38 82 133 45 88 453832 48 $0 40 34 248 33 S5 353740 83 30 51 41 848 S0 8 34 1T 0 13T 31 BT ISR IE SR AL SR 0T S A AR e wewt LAYOUT 176
o 12, OETERMINE MAXIMUM BANDWIDTH IN ANY ONE TELEMENT LAYOUT 177
8 96 48 38 441 38 84 84 30 3% 3230 5 D FE 4R SR SH LT SR AP SRS ST D ARSI IS SRR RN R AR RRNRR | AYOUT 178
______ J=0 . e e LAYOUT 179
DO 340 N=14.NUMEL LAYOUT 18y TN T T
180 DO 340 I=1.4 LAYOUT 181
DO 325 L=1l+4 LAYOUT 182
C 48 S48 8 33 3% 45 3% 45 35 3% £8 38 L8 35 33138 SHEE 8 40 £1 T 03 08 33 4 45 4F SPLH A0 40 33 35 £ 31 3 S0 41 6 ST G443 30 31 1 HHAF BB S AR #Hs | AYOUT 183
C 13. DETERMINE MAXIMUM NODAL POINTS DIFFERENCE IN ANY ONE ELEMENT, LAYOUT 184
_ CBE B30T 484042 8040 S AR RS I8 SHHRRE I 83001 30 43 35 81 3131 804 0 80 40 4E 4047 R RP I S1G A0 A 4R A T A S0 4 S RS S LAYOUT ) 185 o
185 KK=TABS(IX(NsI)=IX(N,L})) LAYOUT 186 B
IF (KK=J) 325,325,320 LAYOUT 187
. 320 J=KK LAYOUT 188
325 CONTINUE LAYOUT 186
340 CONTINUE LAYOUT 190 ’
_ 190 MBANN=2%#J+2 . T -5 4*1V ) N 191 e .
NUMBLK= (2#NUMNP) /MBAND + 1 LAYOUT 192 T
IF C(NUMBLK= (NUMBLK/2)#2) .NE, 0) NUMBLK=NUMBLK+1 LAYOUT 193
N IF (NUMBLK .GTe. MBAND) MBAND=NUMBLK LAYOUT 154
WRITE(IPR,341) MBAND LAYOUT 195
195 341 FORMAT(8H MBAND=I4) LAYOUT 196 1
CuaunaaMXBAN2 IS REDEFINED,I.E. IT IS NO MORE TWICE THE BANDWIDTH LAYOUT 197 ~
- " 'MXBAN2=MBAND T - LAYOUT & 198 — — "7 T T T TTTOT
IF{MBAND .LE.MXBAND) GO TO 315 LAYOUT 199 )
PRINT 3018, MXBAND LAYOUT 200
200 3018 FORMAT (" MAXIMUN BANDWIDTH =x=n,IS,# TOO SMALL"Y) LAYOUT 201
STOP LAYOUT 202
315 CONTINUE . _ LAYOUT 203
CHER AN R R R HERRTRFRRR BRI R ARG RS R RBGEA AR AR SRR R E ARt aaR e e eReaent (AYOUT T 204 T
C 14, READ AND GENERATE INITIAL RESIDUAL STRESSES IF ANY,STRESSES LAYOUT 205
- 205 C ARE INPUT AS POSITIVE FOR COMPRESSION, LAYOUT 206
C RESID(N+1) =RADIAL OR R STRESS, LAYOUT 207
C RESID(Ns2) = AXIAL OR Z STRESS, LAYOUT 208
_ R C . _ RESID(Ns3) = TANGENTIAL OR T STRESSs LAYOUT 209
C RESID(Ns4) = SHEAR OR RZ STRESS. LAYOUT 7~ 210 T ot T
210 C 4898 38 3 88 34 33 8 43 38 35 3 35 3 25 43 35 31 3 36 3% 331 35 8 35 31 41 35 T30 S04 3310 FE SR IH 3 LA S RS GRebee e LAYOUT 211
) DO 32 N=],NUMEL LAYOUT 212
DO 32 I=1,4 LAYOUT 213
32 RESID(N,I)=0,0 LAYOUT 214
_IF(NRES.EQ.0) GO TO_45 _ e ! LAYOUT _ 215 .
215 L =1 LAYOUT 216 __ Tttt T
47 READ 1007s Ns(RESID(NsI)sIz=1s4) LAYOUT 217
RESID(Ny1)==RESID(Ns1) LAYOUT 218
RESIN{(N+2)==-RESID(N+2) LAYOUT 219
RESID{(N:3)==RESID (Ns3) LAYOUT 220
220 _ IF(N-L) 4041442 LAYOUT 221
- 1007 FORMAT(I544E15,4) T T T LAYOUT T 222 Tt T
42 DO 46 I=1l,.4 LAYOUT 223
46 RESID(L+T)=RESID(L-1,1) LAYOUT 224
#1-1F ( . .EQ, NUMEL) GO TO 45 LAYOUT 225
225 L =L +«1 LAYOUT 226
e . IF (N = L) 47 41 42 L : . LAYOUT 227
40 PRINT 10084N i ) - T T LAYOUT 228 -
1008 FORMAT (" RFSINDUAL STRESS INPUT ERRORs N=%"]14) LAYOUT 229
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. GO TO 47 __ LAYOUT
230 45 IF(NRES.EQ.2) NRES=0 LAYOUT
NNC=NCUT LAYOUT

IF (NRES,EQ.0) NNC=NCUT+1 LAYOUT

NCARD=0 LAYOUT

c LAYOUT

235 C 15, BIG LOOP FOR EACH CUT OR FXCAVATION, LAYOUT
C LAYOUT

DO 600 NC=]1,NNC LAYOUT

IF(NCD,EQ.0)GO TO 49 LAYOUT

- B T2 2 R R R R T T T T e I T X0 0k

240 C 16. NCARD IS A CONTROL FOR OUTPUT EITHER ON CARDS OR ON TAPE FOR LAYOUT
C PLOTTING PURPGOSEs IT ALSO DEPENDS ON NCD AND NCUT. LAYOUT

L T L Ll L L L L L L R P P P N PR P T PP P - Py e LAYOUT

. IF(NRES.EQ.0AND.NC,EQe2) NCARD=1 LAYOUT

. e IF(NRES.NE,0.AND.NC.EQ.1) NCARD=1 LAYOUT
245 IF (NRES.EQ.0.AND,NCUT.EQ.0) NCARD=] LAYOUT
49 CONTINUE LAYOUT

IF(NC.EQ.]l.AND, NRES EQ.0) GO Tn 450 LAYOUT

T R R R RO R AN SR DA AR S B B BB AR R R RSB D R R AR AR E R RSB E GRS R ARG E R a R an e nsee LAYOUT
C 17, #enenanscs READ AND PRINT OF EXCAVATION DATA IF ANY #ssssssxss | AYOUT

250 C NCUTN = CUT NUMBERLEG.FIRST CUT OR 2ND CUT, LAYOUT

’ B NCUTNP= TOTAL NUMBER OF NODAL POINTS WHICH DEFINE THE CUT, LAYOUT
C NCUTEL= TOTAL NUMBER OF ELEMENTS IN THE CUT, LAYOUT

C NPCUT = ARRAY USED TO STORE NODAL POINTS WHICH DEFINE THE CUT LAYOUY

[o “"NELCUT= ARRAY USED TO STORE ELEMENTS IN THE CuT. LAYOUT

255S RN RN R AR A GO G H O RGO AR R B R R RSB AR QAR RO B A AR A AR N RO R G R s aRanenee AYOUT
READ 30064sNCUTN,NCUTNPNCUTEL LAYOUT

TUTTTTTT 3006 FORMAT(315) LAYOUT

PRINT 3008,NCUTNsNCUTNPNCUTEL LAYOUT

3008 FORMAT(1H1,40X,10HCUT NUMBER ,I3/1H0,10X,35HNUMBER OF NODAL POINTS LAYOUT

260 I DEFINING CUT »14s SX92SHNUMBER OF ELEMENTS IN CUT Lf4) “LAYOUT
READ 30109 (NPCUT(1)4+I=14NCUTNP) LAYOUT

3C10 FORMAT(1515) LAYOUT

T READ 3010, (NELCUT(I)I=1,NCUTEL) LAYOUT
PRINT 3012, (NPCUT(I)1=1,NCUTNP) LAYOUT

265 3012 FORMAT(1HO+10X+2SHNODAL POINTS DEFINING CUuT //(21X.15I1S5)) __LayouTt
- TT7 7 PRINT 3014, (NELCUT(I)»I=1sNCUTFL) LAYOUT
3014 FORMAT(1HO+10Xs1SHELEMENTS IN CUT //(21X+1515)) LAYOUT

Rt p RO E B RO AR R AR RS RS RS R RS DI B R H AP ARG IR RDARRA GO R O BRR R AR RN eR | AYOUT

Y o 18, SET MATERIAL PROPERTIES CLOSE TO NULL FOR THOSE ELEMENTS IN LAYOUT
270 C THE- CUT,AND MODIFY THE BOUNDARY CONSTRAINTS FOR THE LAYDUT
C NODES IN THE CUT EXCEPT THOSE DEFINING THE CUT. o LAYOUT

T R R A R B B R AR G R AR ARG SRRSO B R AR RARB R B R B AR B AG LR A SRR A GRS a R R s RO Reaes LAYOUT

DO 425 I=1,NCUTEL LAYOUT

NEL=NELCUT (T) LAYOUT

275 IX (NFLyS)=NUMMAT LAYOUT
DO 390 J=1l,4 LAYOUT

390 RESID(NELsJ)=0,0 LAYOUT

DO 425 J=1,4 LAYOUT

NPT=IX(NEL+J) LAYOUT

280 DD 400 K=14,NCUTNP LAYOUT
IF(NPT.EQ.NPCUT(K)) GO TO 425 LAYOUT

400 CONTINUE LAYOUT

CODE (NPT)=3 LAYOUT

- T URINPTY=0,0 } - T LAYOUT
2RS UZ(NPT)=0.0 LAYOUT
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\. 425 CONTINUE LAYOUT 287
4 450 CONTINUE : ) LAYOUT" 288 -
CME0T 0000 00030 00 00 00 000000000 0 0 000 0E 00 3000 3090 36 36 30 30 S SIS OIS IR 36 3 3 e e L AYOUT 289
e . € 194  SOLVE NON=-LINEAR STRUCTURE BY SUCCESSIVE APPROXIMATIONS, __Lavout = 290 o
290 Cc IF ALL ELEMENTS ARE ELASTIC,THEN NO YTERATION REQUIRED, ™~ LAYOUT \291
Cc EGy NP ALWAYS EQUALS TO ! FOR ELASTIC ANALYSIS, LAYOUT 292
C*lll#ill!!i!ft!##lliffi&li#i***i*ii****i*iiilliilililliiillii!ill..lili LAYOUT 293
Do 350 N=1,NUMEL ) LAYOUT 294 -
. . 350 EPS(N)=0,0 LAYOUT 295
e 895 ... . DO 500 NNN=1,NP LAYOUT 296
o Ciiil#i#i#%########&##i##i#i&*l#iii*iii###i####i#lili#i#i#liiililililiii LAYOUT = 297 Wt
C 20. FORM STIFFNESS MATRIX, LAYOUT - 298
396 3438 3538 2 30 3141331313130 E3EIE SE SRS SHAE I S S S S R S S SRR R E R E R R RN EE AR R RN e LAYOUT 299
T CALLTSTIFF (IBC.JBC,PR,UR,UZyRyZ9CODE,RESID, TX;B Ay EPS.T,ANG. LAYOUT™ 300 - -
300 1 NUMEL yMXBAN2) : LAYOUT 301
e ‘_”Ci#i##*i#i#*###i#»i#*#i###iiﬁﬁiiﬁi*iyaifygiiﬁiiﬁ####iiiii##iiinnniii#ifi LAYOUT 302 -
c 21, SOLVE FOR DISPLACEMENTS., LAYOUT 303 T
963438 35 3130 90 2 3485 3838 36 S5 SHQE 45 30 48 38 6 38 48 48 $5.95 90 38 3 31 2035 2630 30 31 36 3633 2535 90 38 38 35 98 31 35 26 35 38 5 20 U4 35 30 35 90 96 96 2 0 30 90 35 25 3 96 9 LAYOUT 304
CALL BANSOL§B+AsJMXBANZ) LAYOUT 305
305 Ci‘i’**#lii#####&#i##*########ii####**##iih'#i*l#i#i#######ii#i#ii#lllli LAYOUT 306 -
: C PRINT NODAL POINT AND ITS DISPLACEMENT IN R AND Z DIRECTIONS LAYOUT 307 '
MMNN_“_“““*mmw”C#"Qa#######*i#*#iiﬁ»#»aw#####i#i#u*#######unaa#ﬁ#ﬁ*i#iiii**iinoiiiqlih LAYOUT 308 ©
WRITE (IPR92006) (NyB(2#N=1) B (2#N) «N=19NUMNP) LAYOUT =~ 309 o ) — s -
2006 FORMAT (12HIN.P. NUMBER 18X 2HUR 18X 2HUZ / (lIlZoZEZO ) LAYOUT 310 .
310 IF (NCARD.EQ.0)GO TO 499 LAYOUT 311
C%liliﬁii##i###i###&###&#*###&#iﬁ###*#!ﬂ#%ﬂ%*i####&##l%#######iii&lll#*l-LAYOUT.___alz
C 22. OUTPUT DISPLACEMENTS EITHER ON CARDS OR ON TAPE FOR PLOTTING. LAYOUT 313
_ kwmmmmmm“mwmC*lll&##i&#i##*##&#&#####*#####ﬁ#&&#&%i!i*i######i&&###i#i#i##l#iiiiliii LAYOUT 314
WRITE(ICP+3016) (NyR(N)+Z (N)sB(2#N=1),B(2#N) yN=1,NUMNP) ) LAYOUT 315 oo
315 - 3016 FORMAT(ISs2E15,695X+2F20.6) LAYOUT 316
: ENDFILE ICP LAYOUT 317
499 CONTINUE . LAYOUT 318
C 3 30303000 30300 SIS I ST R SR 30000 3 3 S S 0 SR R NN R A RN RRS | AYOUT 319
s e 2 e+ e . C 23. COMPUTE STRESSES. LAYQUT 320
320 B T L R TR R 2 R AR I SR P S JO R LAYQUT &~ 321  ~ T Tt
501 CALL STRESS(IX+EPSsRESID+ByAgReZ+CODE » TeANG s NUMEL +MXBAN2) LAYOUT. 322
J LAYOUT 323
500 CONTINUE . LAYOUT 324 e
600 CONTINUE LAYOUT 325
325 . RETURN o o Lavour 326
END LAYOUT 327 =~
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SUBROUTINE STIFF (IBCsJBCyPRyURSUZsR+»Z9sCODEsRESIDsIXsBeAsEPS»ToANGs STIFF 2 . .
1 NUMEL s MXBANZ2) STIFF 3
CHERBBRRRRRERGRRRARRROE RO HRRGRRTRRDADHRRERB ARG ARG RRRRER AR AR R RRRRRen STIFF 4
(o} SURROUTINE STIFF FORMS OVERALL STIFFNESS MATRIX OF THE STRUCTURE STIFF 5
5 CRARBNGRBRRIRRBRHABHARRAABRGRARERHARRGRAREAR R RERRAR ARG HR R0 0GRRNt00an STIFF 6
COMMON NUMNP ¢y NUMMAT 4 NUMPC ¢ NCARD ¢yMTYPE s NP o NPP 4 NEND4NTAPC, STIFF 7
1 NTAPDOWNCD¢NCUT4NRESyMBANDsMXBAND ¢ NUMBLK ¢ NUMAPP,MAXPD, STIFF 8
2 MAXPD] 4NEL s ACELZ s ANGF Qs TEMP Qs UsHED (20) sLM (4) sRO(12) 4 XXNN (12§ 5 SYIFF — 9~~~ ~~—77 7777
3 ANGLE(4)9SIG(10) 9GH(4) sRRR(5) «ZZZ(5)9S(10,10)4P(10)4TT(4)+DD(343) STIFF 10
10 e G oHH(6410)9yE(B98912)sRR(4) «Z7(4) 9C(494)sH(6910)sTP(6)4XTI(10)EE(T) STIFF 11
T T S +F(6+10)4D(646) STIFF 12
DIMENSION IBC(1)+JBC(1)sPR(1)sUR(1)UZ(1)sR(1)+Z(1)sCODE(]), STIFF 13
.1 RESID(NUMEL +4) s IX(NUMEL+5) 9B (1) s A (MXBANZ, 1) JEPS(1)sT(1),ANG(12)  STIFF 14 e
ICR=S STIFF 15
15 1CP=7 STIFF 16
L . . IPR=6 ) A STIFF 17
Cunnna sttt g R R AR AR R R E R AR R AR R AR AR AR R R R R AR SR R tpaattaaaantannants STIFF 18
(of INITIALTIZATION STIFF 19 ‘
C#l&}}###%&ﬁ%iui###i#i&i*iiii#i#*##ii#i##ii*i##iﬁ##*G*ﬁ&ﬁ*ii##%##ﬁ'#ii#i STIFF 20
20 NTAPA=40 T ‘STIFF 21 T
REWIND NTAPB STIFF 22
REWIND NTAPC STIFF 23
] o ND=MRAND STIFF 24
NB=MBAND/2 STIFF 25
25 ND2=24%ND STIFF 26
§70P=20.0 STIFF 27
NUMBLK=0 STIFF 28 f
NCO= (ND=-1) #*MXBANZ2 +MBAND STIFF 29
Y ol : ' ' o STIFF 30 7 —ﬁ}_"“
30 DO 50 N=1,ND2 STIFF 31 .
B(N)=0.0 STIFE 32,
DO 50 M=1eND STIFF 33
S0 A(MsN)=0,0 STIFF 34
C*I#**#i##iiii###i##%#i*#*###i#iii*ii#i*#ﬂ*i#ﬂﬂ#ﬂ#!##il*##i#ﬂ#**iiiiii!i STIFF 35
TagTTTTTTT e T FORM STIFFNESS MATRIX IN BLOCKS =~ =~ ’ STIFF 36 )
(o} NUMALK IS NUMBER OF THE BLOCK OF THE STIFFNESS MATRIX STIFF a7
C NH IS LAST ELEMENT OF NEXT BLOCK STIFF 38
(] NM 1S LAST ELEMENT OF BLOCK 'IN QUESTION STIFF 39 T
(of NL IS FIRST ELEMENT OF BLOCK IN QUESTION STIFF 40
40 - c * KSHIFT 1S THE AMOUNT THE OIAGONAL OF THE STIFFNESS MATRIX SHOULD STIFF 41
oo (of BE SHIFTED FOR STORAGE IN THE FIRST COLUMN STIFF 42
Ci{ii#’*ﬂ%###*#i##i#ii#i##u#iii#i##ﬁu#i####i##*#ﬁi###ﬂﬁ**#"i##i”#iQ#ﬂﬂ STIFF 43
60 NUMBLK=NUMBLK+1 -,~._""_,,..J STIFF 44
TNH=NS#®# (NUMALK+1ly ~ =~ 77 T o mm o e STIFF 45 -
45 NM=NH=NB STIFF 46
NL=NM=NB+] STIFF &7
KSHIFT=2#NL =2 STIFF 48
c STIFF 49
DO 210 Nal,NUMEL o STIFF___ 50 _ - o
50 TCRNRR ARG RO R AR R RN AR RARERTEGR AR R LR U R R B L R B G F ARG R AR RN TR RN AR STIFF 51
c TESTING IF THE STIFFNESS MATRIXx OF THE ELEMENT HAS ALREAOY BEEN STIFF 52
(o INTRODUCED., STIFF 53
T CHRPRRR AR SRR AR AR AR B A RERARR R R AR R RS ER G R AR RGN G RRAE AR R NG R RGanE STIFF 54
(of STIFF 56
55 - IF (IX(N95S)) 2104210465 L STIFF 56 . _
o 65 D0 80 I=1l+4 STIFF 57
CHERRBRARBU I HEO R B GO LG A IR R IR R DB RRL SRR R BRBRR G R RS RS R R R R B AR 4R AR STIFF 58
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\ C TESTING IF THE ELEMENT CONTAINING THE NODAL POINT IS STORED IN STIFF 5%
c THE RLOCK "BEING FORMED T STIFF &0 - o
60 Cu*#*#**########n####u##################&#abbb##*##*&§##**###ﬁﬁ**#**#ﬁi# STIFF 61
. IF (IX(NsI)=NL) 80470570 S STIFF 62
70 IF (IX(NyI)=NM) 90,90,80 STIFF 63
80 CONTINUE STIFF 64
_ GO TO 210 e STIFF _65
65 C**##uuuu##¢¢¢nn¢¢¢¢¢n¢u¢u¢¢uuuuuu¢¢¢u¢#***#***aaa##u*uua#uauu e STIFF 66 T
C CALCULATE QUADRILATERAL ELEMENT STIFFNESS MATRIX STIFF 67
o R _"m_c§¢##u##u#¢¢uuuu¢*uu#u¢u¢u¢u%n»¢nuuuuuu#¢*n*nn*aa*#nn#uﬁ##uuu##uuu#*###u STIFF 68
30 DO 85 I=1,4 STIFF 69
85 SIG(I)=RESID(NsI) STIFF 70
— 70 __ CALL OUAD (NsVOLT+IX9EPSsR+ZsCODE s ANGsNUMEL) _STIFF 71
! IF(VOL) 14241424144 STIFF -
142 WRITE(IPR,2003) N STIFF 73
e .. 2003 FORMAT (26HONEGATIVE AREA ELEMENT NO. I4) ) o STIFF 74
Cu#u#uuuu¢¢uuuuu¢*u*uuu#uuuu#uuuu#u¢#¢u#u*###*#*uu*#u#u*###u#u##*#u##uu# STIFF 7S
75 C . STOP= CODE USED -TO CHECK FOR DATA ERRORS, STIFF 76
C*########¢uu#uu#uu¢u*uuuuuu#wuuuu#uu****u*u#*un###*#####u#u#u##**#u**#» STIFF 77
STOP=1.0 "STIFF ~ 777 7R TS
144 IF(IX(N+3)-IXINs4)) 145,165+145 STIFF 79
e e CHHESHHEHE 53030 8343040 0000000 S0 T30 1024 303020 25 4.0 5030 0 3030 0330 90 55309040 0 308030 043 5030 48 40 30 9098 50304090 6 515096 590 8048 0000 B 28 STIFF 8d
a0 C REDUCE QUADRILATERAL STIFFNESS MATRIX TO 8#8 BY GAUSSIAN STIFF 81
C ELIMINATION, STIFF 82
L C S = STIFFNESS MATRIX FOR ONE FINITE ELEMENT. . STIFF 83 '
: C P MATRIX OF FORCES ON"ONE FINITE ELEMENT — 77 TTTTUSTIFF T T T R4 T T 0
’ . . C###*u#uu#*#a*#uu*uuuu#uu#u##uu#un#u#»»%***u»**#«##uﬁ&#####»%#*##*###ﬁ*n STIFF 85 L
i 8. 145 DO 150 II=1.9 STIFF 86 .
CC=S(II+10)/5(10.10) STIFF 87
P(II)=P(IT)-CC*P(10) STIFF 88
— DO 150 JJ=1+9 . _ STIFF 89
150 S(I14J0)=s{II,J0)~CC®*ST{10,J0) STIFF 90 o
50 c 4 STIFF 91
_— ol DO 160 I1=1,8 . STIFF 92
CC=5(11,9)/5(9,49) STIFF 93
P(II)=P(I1I)=-CC#P(9) STIFF 9S4
R DO 160 JJ=1,8 STIFF 95
95 160 S(II+JJ)=S(I1,30)=CCES(9,dd) STIFF 96 T
C*########u##ubﬁuubbbu%#u###u*%*##ﬁ###%*%##**ﬁ###b##*#**ﬁ%##*#ﬂ##***#*#k STIFF 97
. ADD ELEMENT STIFFNESS TO TOTAL STIFFNESS STIFF s8
C**uu#*##¢######nu¢#¢uuuuuu¢#uu%u##&##*#ﬂn#%###u**#*#########u####*#*##* STIFF 99
165 DO 166 I=1,% STIFF 100
100 166 LM(I)=2#IX(N,I})=2 o _____STIFF 101
C TTUSTIFF T T 102 77 T
DO 200 I=).4 STIFF 103
—— DO 200 K=1,2 . STIFF 104
II=LM(I)¢K-KSHIFT STIFF 105
105 =2#1=2+K STIFF 106
- B(II)’B(II)+P(KK) STIFF 107
DO 200 J=1+4 T STIFF 108 7T TTTTTTTTR T T m e
D0 200 L=1,2 STIFF 109
. JI=LM) +L-T1»1-KSHIFT STIFF 110
110 LL=2%J=-2+L STIFF 111
IF(JJ) 20002000175 STIFF 112
B C##ff####é##b§§§#*#####é#ﬁ##############%é##***####%%%&*##é####*######## STIFF 113
c TEST IF BAND WIDTH EXCEEDS ALLOWABLE D T STIFF 4 e T

Ci}###ébb*u{}ﬂQsﬁ%é{}ﬂ%}#QD#t}{}%%*#%ﬁ#é#*#ééﬁ'#-t}ﬁb#####***Q#######é#############

STIFF
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115 175 IF(NQ JJ} 18091954195 STIFF 116 _ .
180 WRITE (IPR,2004) N STIFF 117
2004 FORMAT (29HOBAND WIDTH EXCEEDS ALLM-&B&E—H—)\ ' STIFF 118
STOP=1,0 ~ _ STIFF 119
GO 10 210 STIFF 120
120 195 A(JJsII)=A(JJs11) +S(KKoLL) STIFF “121
200 CONTINYE STIFF 122
210 CONTINUE STIFF 123
C STIFF 124
C{ﬁﬁ{#i#&###%ﬁ#####*##ﬁ#*ﬁﬁ&*#####ﬁﬁﬁi&ﬂ&ﬁ&&#&#ﬁﬁ#ﬁﬁ*iiﬁﬁﬁﬁ&iﬁﬁi’i’ﬁ#ﬁ’l STIFF 125
TTYes T T TTTTTC T ADD CONCENTRATED FORCES WITHIN BLOCK =~ =7 A STIFF 126
CHrtaan Bt a ot det ot PR IR B RS AR AB SR BBV B UL RSSO RSB RI S SRR s a Rttt STIFF 127
___bo 250 N=NLsNM STIFF 128 B
K=2#N=-KSHIFT STIFF 129
B{K)=B{K) +UZ (N) STIFF 130
.30 250 B(K=1)=B(K=1)+UR(N) STIFF 131 -
CHst st i it b B B 0 G B S R R DA R RN G R B R AR SR DA B AR AR RS DR s Ryt be R R o STIFF 132
(o BOUNDARY CONDITIONS . STIFF 133
c o STIFF 134 L
- C 1, PRESSURE B,C, STIFF 135
135 c CONVERT PRESSURE FORCES TO POINT FORCES WITHIN BLOCK STIFF 136
Cﬁlll##ﬂ######*#§§§*§§§§#%#%%§ﬂ*ﬁﬂ**&#%&%ﬁ*&&aek#&##ﬂ##*ﬂ*’ﬁ&l’iliiﬁ&#ﬁ& STIFF 137
o T IF (NUMPC) 260,310,260 STIFF =~ 138 -
260 DO 300 L=1,NUMPC STIFF 139
I=18C(L) STIFF 140
140 J=Jac L) STIFF 141
PP=PR(L) /6. STIFF 142 !
. e DZ=(Z2(I)=Z(J))*PP .m~w““_“.STIFF 143 el I
DR=(R(J)=R (1)) #pPP ) STIFF 144 —B—
RX=2.0%R (1) +R (J) STIFF 145 )
145 ZX=R(I)+2,0%R (J) STIFF 146
. IF (NPPY . 262‘264,262 STIFF 147
262 RX=3,0 STIFF 148
N Zx=3,0 STIFF 149
T T 24 II=2*I-KSHIFT o T oo o - T STIFF 150
150 JJI=24J-KSHIFT STIFF 151
IF (11) 280,280,265 STIFF 152 .
265 1fF (11-ND)Y 270,270,280 STIFF i53 i
270 SINA=0,0 STIFF 154
) C0SA=1,0 STIFF 155
LS T T R R s s A A T R RS R N R SRR S R RO RS R R R TRE RS S STIFF 156 -
Cc CODE(I) NEGATIVE MEANS MAGNITUDE OF AN ANGLE IN RADIANS STIFF 157
Cnnu»fia»u*##aun*»»nuu»aq**a»q**n**u%q#»*aqu*a»»#*a#u**#*»»u*»inu»ii»»i» STIFF 158
T IF T(COBE(IY) 271,272,272 _” STIFF 159~ T T
271 SINA=SIN(CODE (1)) STIFF 160
_}60._ ) COSA=COS(CODE(I)) ‘ . STIFF 161
T GRS 3Rt 3 AR 33 4 25 40 43R T2 2 2131 38 B4R S 40 $ 31 S 2R 2 AF 31 81 35 41 11 SH 2 3045 4630 S 20 46 SR H 4 2P D AP AP 46 S SE S A AP R AT S 4 0 STIFF 162 i
Cc CHANGE TO R DIRECTION STIFF 163
C“!Q%##%#Q%##&**#Q*n§§§§§#§&§§&§%*#4**#§#&###*#####%###%&####%#*##4&&##& STIFF 164
T ] 272 BUII-1)=B(I1=1)+RX3t (COSA#DZ¥SINA¥PRY ~— ~~~ "7 STIFF 165 T
165 B(II)=B(I1)-RX#(SINA*DZ-COSA#DR) STIFF 166
230 IF (JJ) 300,300,285 STIFF 167
235 IF (JJ-ND) 290,290,300 STIFF 168
C 31303038 3 3 31 35 3141 41 4147 25 48 38 38 31 41 38 231 38 24 20 35 80 45 3 3145 35 35 35 21 35 40 3146 33 35 3 33 31 35 35 33 35 35 3% 35 35 35 3545 35 b 220 3040 48 85 B 40 40 S 2 AT B STIFF 169
[ CHANGE TO 7 DIRECTION ) STIFF 170 _
170 [ L 2 T Y T TR R PR S SR i S R AR G grg e VIS & § of o 171 o
290 SINA=0,0 STIFF 172
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SUBROUTINE STIFF TRACE FTN 4.0+P355._m“w_‘30/11/73 10.48.49. PAGE 4
COoSA=1, 0 STIFF 173
IF (CODE(J)) 2914+292,292 STIFF 174 T T
291 SINAx=SIN(CODE (J}) STIFF 175
175 . COSA=COS(CODE (J)) STIFF 176
292 B(JJ=1)=B(JJ=1) +ZX# (COSA*DZ+SINA*DR) T STIFF 177
. B(JN =B (JJ)=ZX#* (SINA*DZ-COSA*DR) STIFF 178
300 CONTINUE STIFF 179
C&&*IG######«%#####»#»#&#»#&*##&I#&I&#####&I&&&&&&#&l&lll&&#l&&*&li&&aui STIFF ig0 Tt T e
180 Cc 2+.CONSIDER DISPLACEMENT B.C. WITHIN B8LOCK STIFF 181
R C CONE=0 SPECIFIED R LOAD AND/OR Z LOAD STIFF 182
Cc CODE=1 SPECIFIED R DISPLACEMENT AND/OR-Z LOAD STIFF 183
C CODE=2 SPECIFIED R LOAD AND/OR Z DISPLACEMENT STIFF 184
C .. _CODE=3 SPECIFIED R DISPLACEMENT AND Z DISPLACEMENT STIFF 185
185 C#l?l#%%%###%%#%%%##%%##%%#%%%##%#%##%#%*%%#%%%##§#§#ll%llll#llllll{lil{-STIFF'"" 186 7 T T Tt
310 DO 400 M=NL4NH STIFF 187
R e IF (M=NUMNP) 315,315,400 STIFF 188
315 y=urR(M) STIFF 189
. N=2#M=1 -KSHIFT STIFF 190 i
. 190 . IF (CODE(M)) 39044004316 STIFF ‘191
316 IF (CODE(M)=~1.) 3174370,317 STIFF 192 o T
317 IF (CODE(M)=-2.,) 318+390,318 STIFF 193
_— 318 IF (CODE(M)=~3.) 390+380,390 STIFF 194
370 CALL MODIFY(A+BsND2sNoUsMXBANZ) STIFF 195 )
195 GO TO 400 ) STIFF 196
380 CALL MODIFY(A;RsND2sNsUsMXBAN2) STIFF 197 &
390 U=UZ (M) STIFF le87™ T/ T
N=N+1 STIFF 199 !
o . . CALL MODIFY(AoByNDZcN;U-MXBANZl o STIFF 200
200 400 CONTINUE TTTTT STIFF 201
Cllll###l#####i#Illll#l#####l%lll#llllil#llillilllIlllilllllllilllﬁil!ll STIFF 202
__ [of WRITE BLOCK OF EQUATIONS ON TAPE AND SHIFT UP LOWER BLOCK STIFF 203
Clllliﬁli#éll#lllﬂlll#l#l#IllII&&IIIGllllllﬂlillllllllllllllllllllllllll STIFF 204
C STIFF 205
CR0S_ CALL WRITE(NTAPCsA«NCOQ) STIFF 206
CALL WRITE(NTAPBsByND) STIFF 207 -
C ‘ STIFF 208
e DO 420 N=1,ND } STIFF 209
K=N+ND STIFF 210 T
210 B(N)=B(K) STIFF 211
e e ., B =00 . - STIFF 212
DO 420 M=1,4,ND STIFF 213
A(MsN)=A (MeK) STIFF 214
o 420 A(MsK)I=040 ! STIFF 2158
215 CHNRR AR R BN R AR AR T TR AR AR RN R RAANRT AR RERTE R R R RFRARARR AN R R A ERIRNARR AR ERER STIFF 216 — -
C CHECK FOR LAST BLOCK. STIFF 217
: CHAM IS TE S 3B 330 TSI S 3 3 I A S S R B R RN RN RS RN R R STIFF 218
IF (NM=NUMNP) 605480+480 ' o S T STIFF 219 )
480 CONTINUE STIFF 220
220 CHERBINRUBR AR AR AR AR DR NIRRT RN R SRR BRI AR RN R R RRRRR RN AR RR STIFF 221 -
c CHECK FOR DATA ERROR, - "STIFF 222 o
Cc STOP = 0.0+ NO DATA ERROR STIFF 223
C STOP = 1.0s DATA ERRORS EXIST AND PROGRAM IS TERMINATED. STIFF 224
CHINBRAAR AR RFFRB R BRI RO T RE R AR RO R RN TR R DR R HR SRS RSN R RN R RRReun STIFF 22%
225 IF(STOP) 490+500+490 STIFF 226
) ) 490 CALL EXIT : L - STIFF 227 L }
S00 RETURN STIFF 22R
C STIFF 229
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coom .-SUBROUTINE QUAD . 73/74 _ OPT=0 TRACE _ . . . FTN 4.04P355 30/11/73 10.49.01. PAGE
SUBROUTINE QUAD(NyVOL’TQIXyEPSyR!ZvCODEsANGvNUMEL) QUAD 2
[ RREERFRRRBRARAARRE R RAR G R AT HH AR AAARFRA B R AR A SRS B RA R AR THRANNGNGECRER QUAD 3 - -
Cc FORM 10#10 QUADRILATERAL STIFFNESS MATRIX FOR N TH ELEMENT, FIND QUAD 4
L c CENTROID OF QUADRILATERALs DIVIDE IT INTO 4 TRIANGLES, QUAD s
S (X222 TTTEL IS TR FT LTI TIRET T E 22 TP EE L TR T T TT TR LT e e g eyl § 1.0 6
COMMON NUMNP s NUMMAT s NUMPC o NCARD ¢ MTYPE ¢ NP ¢ NPP 4 NEND s NTAPC o QUAD 7
1_NTAPD«NCD ¢ NCUT ¢ NRES y MRAND y MXBAND s NUMBLK s NUMAPP s MAXPD s QUAD 8
2 MAXPD1 ¢NEL yACELZ s ANGF Q> TEMP 3 Q¢ UsHED (20) +LM (4) yRO(12) 9 XXNNT(I27 5. ‘QUAD 97 Tottr T Tm e T
3 ANGLE (4) ySIG(10) 9GH(4) +RRR(5) 92ZZ(5)+S(10410),P(10)sTT(4)sDD(3+3) QUAD 10
e YO 4 yHH(65410)4sE(B4B912)+RR(4) 4Z22(4)sC(4sh)sH(6410)sTP{6) XTI (10)EE(7) QUAD i1
. S +F(6+10)+D(646) QUAD 12
DIMENSION T(l)yIX(NUMELoS),EPS(I)yR(l)gZ(l)yCODE(l) QUAD 13
C e e __.QuaD 14
. 70 Iz=IX(Ns1) ) ' QUAD ~ s - T
- 15 E J=IX{(N,2) . ' QUAD 16
S CKEIX(NS3Y ... QuaD 17
i L=IX(N+4) ' " QuaD 18
MTYPE=IX (N,5) ) QUAD 19
| NTYPE=IX (Ny5) QUAD 20
20 RRRRG R R TR R R G R AR RO ER TR AR A ARG R AR AR T AR R AR AR RARH AR RN R R B H R R AR FRa#0® QUAD 21
E SET IX(N»5) NEGATIVE TO SHOW THAT STIFFNESS MATRIX HAS BEEN FORMED QUAD 22
. e FOR THE ELEMENT WHEN RETURN TO STIFF. QUAD 23
' cni§¢§¢§¢§§¢§i§§«§ii#n’QQQQQ#§Q¢¢¢§§¢i§¢§§§§QQ§¢§¢i&ini«qi&ii¢*§¢¢¢¢¢¢§§ QUAD 24
IX(NsS)==IX(N+5) i , QUAD 25
25 NEL=N - ) QUAD 26 . 1
c«n¢¢¢§¢iiai¢§#§iiii*QGi¥?§¢¢§§?3§¢¢§*¢a§#¢$iuiba#a*#l*l#&#t}&#‘ttt###lt‘nUAD' 27T T o
C CORRECT MATERIAL PROPERTIES DUE TO TEMPERATURE QUAD , 28 i o
I > EE(1)=MODULUS OF ELASTICITY IN R DIRECTIONJEE(2)=POISSON RATIOC(RZ) QUAD : 29 ! ) )
C EE (3) =MODULUS OF ELASTICITY IN Z DIRECTIONSEE(4)=POISSON RATIO(TR) QUAD ~ ~ 30 : ‘ ’ ‘
t 30 [ EE(S)=THERMAL COEFFICIENT(R) FE(6)=THERMAL COEFFICIENT(T) QUAD 31 !
L C _EE(7)=YIELD _STRESS. Q IS REFERENCE TEMPERATURE - QUAD 32 {
M c&*&&##&&niihiiiiai§§i#i#i#i?#i#?iﬁihiiiaai$§iii#i#i»iiii#*#a#*iiiiiii#i QUAD 337 -
1 TEMP=(T(I)+T(U)+T(K)+T(L))/4.0 QUAD : 34 | ' i C g
K ciiiiihéiiii##iii#i##i&ii##i#i#ﬂ#*i###i#####i#######iii#iiii#i&#}#l{i‘## QUAD 3 ’
TTUTT e T € DETERMINE THE TEMPERATURE INTERVALS IN WHICH TEMP LIES. ) QUAD 36 P : ’ )
_ c‘i‘l##i###iii###l#i#i*#i}ii#i?##&#iii’i#*i#i#####ii#ii##iiiﬂi&##l#####i QUAD 37 i -
DO 103 M=2,8, I QUAD 38 1 i
IF (E(MyloMTYPE)°TE:p) 103,104,104 ; QUAD 39 . B { T
103 CONTINUE . : : ) ' QUAD 40 i ! | :
.40 104 RATIO=0,0 ' _ i ) QUAD 41
DEN=E (M, 1 SMTYPE) =E (M=1, 1 MTYPE) _ ‘ o T QUAD 42 } ‘ e
IF (DEN) 70497170 QUAD 43
70 RATIO=(TEMP~E (M=1+14MTYPE)) /DEN ! © QUAD 44
71 DO 105 KK=1,7 QUAD 45
45 105 EE(KK)=E (M= loKK#l,MTYPE)#RATIO*(E(M!KK#I,NTYPE)-E(M-l,KK*l,MTYPE)) QUAD 46
TEMP=TEMP-Q QUAD 41
* Ciiﬁiiiii#i##ii#ii#ﬁ#&i#i#i####*#ﬂ“é#*k*#@##i#ii##%ii#i####ii#&i##ii##ii QUAD T 48 - - b
C CHANGE PROPERTIES DUE TO BI-LINEAR BEHAVIOUR QUAD 49
C EPSR_ STRAIN AT YIELD POINT QUAD 50 N
S0 C ~  EPS PLASTIC STRAIN OR™ EFFECTIVE*STRATN'FOR ‘MODULUS OF ELASTICITY —quad — 51
C OF LAST TRIAL QUAD 52
CIiiiiiﬁdbéﬁﬁééii##i#%######*#i##i##i##i###&###iii##i####i##iiiiii#i###i QUAD 53
‘EPSR=EE(T) /FE(1) : QUAD 54
. IF (EPSR-EPS(N) 106,108,108 QUAD 55
55 . 106 RATIO=(EE(T)/(EPS(N)#EE (1)) )= (1.0- XXNN(MTYPE))*XXNN(MTYPE) QUAD 56
EE(1)=EE(1)#RATIO TTTTT qQuab T 57 o -
EE(31=EE (3) #RATIO QUAD - 58




_.SUBROUTINE QUAD = 73/74 OPT=g TRaCE FTN 4.00P355 30/11/773 10.49,.01, PAGE 2
108 CONTINUE L QUAD 59
CH A R R R R B R R R R B AR RBE R R RE RGN RE R DR GG GHRCR AR R GRRB R GRC OO RO OORROROORGReE QUAD ™ &0 T
60 C FORM STRESS=STRAIN RELATIONSHIP QUAD 6l
) CHNra R R r R d R ARG RO RGOS ORRELDRORISDARRBEBLRGHREROROLOSLDEBGRGLODOOG2000 QUAD 6?2
IF (NPP)85,86:84 QUAD 63
CQ’{!Q.QQQ}G**###*&C}#{‘:{H}GQ#%&%&&?%(:-«t){:&Q%%#**ﬂ##G%Q¢¢aé0§d§%%ﬂ§#ﬂb{)ﬂﬂf.}{ac’v{){} QUAD 64
Cc PLANE STRESS OPTION : QUAD 65
65 Rt a e Rt AR ORGSO R R R A E DO RLORATOaRREH RN noabadoobtocononaRaRBoadresy QUAD ~ ~ 66 T - -
84 XX=EE(1)/EE(3) : QUAD 67
e e COMM=EE (1) / (XX-EE(2)#%2) QUAD 68
C(lyl)=COMM=XX . . QUAD 69
C(l,2)=COMM&EE (2) ’ QUAD 70
o 70 . C(153)=0.0 e . _ e e QUAD L TY
C(2+1)=C(152) QUAD 72
- C(2+2)=COMM QUAD 73
e . C(2+3)=0,0 - _ o o i ) ) . Quab T4
C(351)=0,0 . QUAD 75
} 75 C(3+2)=0.0 . QUAD 76
C(3+3)=0.0 QUAD 77
Claes)= °5¢EE(1)/(xx<ri—_E(2n Touap T T T i
GO 710 88 ’ QUAD 79
C!!’Qf&*#*&##&#ﬁﬁ%QG#Q&%&%&QQQ&&Q#*b#a%#ﬁﬁQ#QG*&*G&Qﬂ@@ﬁ%ﬁﬁﬁﬁ%@ﬁ&ﬁ%ﬁ@ﬁ%& QUAD 80
TR0 T €T T PLANE STRAIN OPTIONT QUAD 81
CHERROIRBHRRIRRDFRRREHRDI LD RO OLIR LI RDR SRS RN ETR IR AR RS L SR TEOCLGBESOES082 QUAD 82
85 XX=EE(1)Y/EE (3) QUAD 83
COMM=EE (3§ / (T sEE T2 # (1. SEE(2) =2, #XKAEE (4 76 2) ) QUAD 84 o
Cl1s1)=COMMBXX# (] o =XX2EE (&) #22) QUAD 85 '
85 C(1+2)=COMM®XX#EE(4) % (1. +EE(2)) . QUAD 86 o
- C(1,3)=0, - . T QUAD 87 20
C(2+,1)=C(142) QUAD 88 1
C{2+2)=COMM® (1 ,~EE(2)¢%2) QUAD 89
C{Zs3)=0. QUAD 90
90 C(3+1)=0. , QUAD 91
C(3+2)=0, : . QUAD 92
T T C(343)=0, ' T o ooy QUAD 93
C(454)=0,5%EE (3)/ (L. +EE(4)) QUAD 94
GO TO 88 ’ QUAD 95
[-11 (T e A R T T T T e Ay 22 T 2T T T T 2 2 T T I T T e 1T 96
Cc AXISYMMETRIC OPTION . QUAD 97
c{iiiilll#w***#*ﬁﬁ***#&*%*a*#a&i*ﬁ##**#**i##*&%%%iiw#d&%@&@ﬁﬂlﬂﬁﬁiﬂﬁﬂbwﬁ QUAD 98
e e 86 C(1s1)=1.0/EE(1) QUAD 54
C(l,2)=-EE(2)/EE (1} QUAD 100
100 C(193)=-EE(4) /EE(3) __QUAD _lo1
CTegsr=Cc(T, 2 QUAD 102
C(2+2)=C(1y]) QUAD 103
. C(2+3)=C(1,3) . : ’ . QUAD 104
o C(3+1)=C(1+3) ) o D QUAD 105
105 C(3+42)=C(2+3) QUAD 106
C(3+3)=1,0/EE(3) Quap 107 ..
CALL SYMINV(Cs3) ™ QUAD 108
CA494)=EE(1) /(2.0¢2.0%EE(2)) ’ QUAD 109
CHRBEAD LR RSB RRLF IR BB BORC RIS I RN R DL RR RS RR R BB RFRDSGTR OB LR RBRIBO ISR R QUAD 110
1107 7T ‘C " CALCULATE STRESS DUE TO TEMPERATURE QUAD 111
Cthiﬁﬁéﬁﬁéﬁééﬁﬁﬁu##########&#*#%4*##4&#%***#hb*b&b&#i#&#*%#ﬁ#%ﬁﬁﬁ@&###é QUAD 112
88 DO 110 M=1,3 . quaD a3z
- - I10 TT(My=((C(My1}+C(My2))#EE(5)+C(My3)aEE (6} )#TEMP’ QUAD 114
IR L L L L TRy PR R R PR T S R Ay T R TR R R AT L e 18] 1)) 115




. FIN 4.0+P355
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115 C _INITIALIZATION QUAD 116
c¢¢»¢¢#§§§*#**»##i’;**iu**;iv**#q#;;*f’iv**ivvviii#iéfiaaviifﬁﬁfii‘iiiiﬁ QUAD 117 —
RRR(S)—(R(I)+R(J)0R(K)+P(L))l4 - ' QUAD 118
. ZZ2Z2(S)=(Z(1)+Z(J)+Z2(K)+Z(LI)/4,0 =~ QUAD 119
DO 94 M=1.4 QUAD 120
120 MM=TX (NosM) QUAD ‘121
L it e Ahiduiehahuhahieiabheofubuiufubaolobufofoualaidioiafabulatoloiabufialofiofsfiofaiofiodaodiubaloliol QUAD 122 :
c TO PREVENT DIVIDING BY.ZERO AND SET CODE=0 IN AXISYMMETRIC CASE TO QUAD 123 T -
C CODE = 1 QUAD 124
L ) C‘#QG#*#*#*##%####*#&#&#**####*****h#*##&###l******i***********i#iii*ii# QUAD 125
125 IF (NPP.NE.0)GO TO 93 QUAD 126
IF(R(MM)) 93,91,93 QUAD 127
91 R(MM)=_,0001#RRR(S) _ QUAD 128
IF (CODE (MM)) 93,92,93 ‘QUAD 129
92 CODE(MM)=1,.0 QUAD 130
Y30 93 RRR(M)=R(MM) N - QUAD 131
94 ZZZ(M)=Z(MM) QUAD 132
c ) QUAD 133
D0 100 I1=1,10_ QUAD 134
P(11)=0.0 QUAD 135 Trmhmmmmr T
135 DO 95 JJ=1,+6 QUAD 136
95 HHAJU IIY=00 . = QUAD 137
DO 100 JJ=1,10 QUAD 138 '
100 S(IIsJJ)=0.0 QUAD 139
DO 119 1I=1,4 QUAD 140 &
140 JJZIXINS I QUAD 141
‘119 ANGLE (I1)=CODE (JJd) QUAD 142 !
h tem e am et e e e ee 44 mswmee e hebees  merew ntvean s . PP —— QUAD 143
IF (K-L) 125,120,125 T QUAD 144
Ci****i#i#**######ii*#.#{i{liiiiiiiliii'iiii#Qii{i#{ii#iii{*i.Qi‘iiiiiii QUAD 145
145 C FORM STIFFNESS MATRIX FOR TRIANGULAR ELEMENT QUAD 146
C VOL = AREA OR VOLUME OF ELEMENT QUAD 147 Tttt/ T
C RRR(S) AND 22z (S) IS CENTRQID OF TRIANGULAR ELEMENT. QUAD 148
C#‘w########*########**#####**####*#**{i#*##*##&*###*i#i#i##***’iiii#i*i QUAD 149
. 120 CALL TRISTF(1+243) QUAD 150
150 RRR{S)=(RRR(1) +RRR(2) +RRR(3)) /3.0 QUAD 151
ZZZ(S)-(ZZZ(I)#ZZZ(Z)*ZZZ(3))/3 0 QUAD 1s2
voL=xI(1). QUAD 153 TreTmm T
GO TO 130 QUAD 154
e C*i***&##{###%*#ﬁ#i***ﬁ##***##*##*###*ll**l##**i*##iii*i‘#ii*ifﬁi"iiiii QUAD 15%
158 ¢ ) FORM QUADRILATERAL STIFFNESS MATRIX QUAD 156
C 38 384848 38 45 35 35 30 34 34 35 38 38 30 48 3431 3531 35 336 38 3F 336 3538 38 3F 3 38 38 38 35 38 38 35 38 35 3 38 36 38 3 34 35 35 36 36 38 38 38 3538 38 38 3030 SR QUAD 157
125 vOL=0.,0" QUAD 159
CALL TRISTF (441,5) QUAD 159 e
VOL=vOL+XI (1) QUAD 160
le0 CALL TRISTF(142,5) QUAD 161
VOL=VOL+XI (1) QUAD 162
CALL TRISTF (2+34+5) QUAD 163
VOL=VOL+XI (1) QUAD 164
CALL TRISTF(3+4,5) — QUAD 165
165 VOL=vOL+XI(1) QUAD 166
¢ _ QUAD 167
C 948 3 335 35 3 1135 38 35 5H 35 34 4 348 35 3135 3 31 35 38 S 300 35 34 30 B 35 3 3 338 6 38 348 5 6 36 435 35 35 35 35 90 30 03038 6 3 6 36 3 3 3 9 9 00 St 3 QUAD 168
o DIVIDE HH RY 44DUE TQ CALL TRISTF 4 TIMES QUAD 169
§ C********#**#####*##f?#####i{###i############*######ii#####****####{#{{# QUAD 170
170 DO 140 'II=1,6 - - T QUAD T T 1T T T T
. + DO 140 JJ=1,10 QUAD 172 , .
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140 HH(IT»JJ)=HH(II4JJ) /4,0

FIN 4.04P355

30/11/73

QUAD

10,49,01. PAGE 4

QUAD By

130 RETURN QUAD 175
1s = C L QUAD 176
END QUAD 177

)

- - —————— - - ——— - o - s o - - - L L
)
]
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e - SUBRQUTINE TRISTE. . 73774 OPT=0  TRACE _ _ FTN 4,04P355 530711773 10.49.11. _PAGE 1
\ SUBBQQIINE TRISTF(II+JJsKK) TRISTF 2
( CH 33303 30 3 301 330 S SH 3 S R S R R T R R R R R R AR AR AR N AR R AR R RN RE R R AR HAHF AR N REENH TRISTF 3
C TC FORM 6#6 STIFFNESS MATRIX FOR TRIANGULAR ELEMENT TRISTF' 4
— Ci###*&#**%§§§§§§§§§§§§§*é##*§**#**§}§#§§§##§§*##§§§§§§#*§§§§§i§§#####i* TRISTF S
5 COMMON NUMNP ¢ NUMMAT 4 NUMPC yNCARD s MTYPE ¢ NP ¢ NPP yNEND ¢ NTAPC TRISTF [)
1 NTAPD,NCDNCUT,NRES.MBAND, MXBAND ¢ NUMBLK 4 NUMAPP 4 MAXPD TRISTF 7.
2. NAXDDIQNEL’ACELZ,ANGFQ;TEMPOQ,UOHFD(20)1LM(4)1R0(12)OXXNN(12)Q TRISTF 8
3 ANGLE(Q);SIG(IO)-GH(A)-RRR(S)v7ZZ(S)vS(10910)vP(lO).TT(4)gDD(3,3)’TRISTF 9 TTTmoemT/
. 4 oHH(64910) 4E(8+48412) sRR(4) 977 (4) sC({444)9H(6910)sTP(6) +XI(10)49EE(7) TRISTF 10
10 S oF(64910)4D(646) TRISTF 11
) c**&unn**ouu*ua&#***n#*##**»nﬁq**ﬁqn#»*»a*qﬁ»unouuuuo»»*a*&*#»#*»*#*#«## TRISTF 12
C 1. INITIALIZATION TRISTF 13
Cb#*biﬁﬁ*&#ﬁ****§Q*§§**ﬁ&*#*ééééééé##é##%%%##ﬁﬁbﬁﬁﬁ&ﬁ##*ﬁ&*é#éé###*####* TRISTF 14
LM} =IT T T T OTRISTF 15 7 T
15 - LM(2)=JJ TRISTF 16
. e, LM(3)=KK TRISTF 17
[» . TRISTF 18
~ RR{1)=RRR(II) TRISTF 19
RR (2} =RRR (JJ). TRISTF 20
20 RR{3)=RRR{KK) TRISTF -3 S
RR(4)=RRR{I1) - TRISTF 22
- L Z2Z(Vy=Z22Z2¢1D e - ~ = e _ . TRISTF 23
Z2Z2{(2)=2Z22 (4N TRISTF 24
Z2(3})Y=2Z22Z (KK) TRISTF 25
. 25 Z2Z(4)=ZZZ2(11} TRISTF 26 !
C . TRISTF 27 T g
85 p0 100 I=ls6 ! TRISTF 28 LSRN
e DC 90 J=1,10 TRISTF 29 |
F(lsJ)=0.0 T ) ) T TRISTF 30
30 90 H(I,J)=0.0 TRISTF 31
D0 100 J=1,6 IRISTF 32
100 D(I,J1=0.0 . ) ) ) TRISTF 33
C#*ii*i&**é*§§*§§§§l§*l###*§ii#i}i**##i*##ill##}*##******#*i*******?**i* TRISTF 34
e e C 3. FORM INTEGRAL(G)T#*{(C)%*(G) TRISTF 35
35 Cli*b*###éé**#**§*#§§#§##é##**##**##}##%Q*Qi#ﬁ#i#*#%#####*###l**#*i###** TRISTF 36
CALL INTER TRISTF 37
C _;__“M_ TRISTF_ 38
D(2+6)1=XI(1)#(C(192)+C(2+3)) TRISTF 39
D(3+4S)=XI(1)#C(4+4) . TRISTF 40
40 D(54,5)=XI(1)%#C(444) TRISTF 41
. D(6+46)=XI(1)#C(2+2) TRISTF 42 )
' IF (NPP) 10441064104 TRISTF 43
104 D{2+2)=XI(1)#C(1s1) TRISTF L4
D(3+3)=XI(1)#C(4e&) TRISTF 45
45 GO TO 108" TRISTF 46
. e o 106 D(1s1)=XI(3)}%C(3+3) . L TRISTF 47
‘ D(1+2)=XT(2)#(C(1,3)+C{3,3)) T ) o TRISTF 48
D(1,3)=XI(5)#C(3,3) TRISTF 49
D(l,6)=xXI(2)#C(2, 3) TRISTF S0
50 D(2,2)=XT(1)#(C(1,1)+2, 2 0#C(1,3)+C(3,3) TRISTF 751
0}293)—XI(4)*(C(lv3)+C(3’3)) TRISTF 52
D{(3+3)=XT(6)RC(3+3)+XI(1)#C{4y4) TRISTF 53
D{3+6)=XT (4} #C(2:3) : TRISTF 54
cn**n»»*»»»»*»»au**u»*u*»»»»»»»*»»*»*»*»»*n»n***»&»*»n*#*»»nn**»***»**** TRISTF 55
55 C _TRANQPOSE(G)T“(C)*(G) MATRIX * TRISTF 56
C##§**§*§ﬁ§é*nan»qﬁ%#»»*Q***»*»&»»a**»»»u**#»a*»»»n»»#*#»»#n#»»#i‘iiéd&i‘TRIsTF D Y 4 - - -
108 DO 110 I=1,6 TRISTF 58
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SUBROUTINE TRISTF  73/74  OPT=0 TRACE”__  FTN 4.0+P355 ~ 30/11/73 10.49.11. PAGE 2
DO 110 J=1y6 TRISTF 59 ———— -
110 D(JLD)=D(I,N) : TRISTF 60
60 C 3t 9090 250 30 W30 20 3541 638 36 31 40 35 400 31 46 38 46 $60 305 20 336 20 0 35 40 34 83 60 B SR AL RSB R B R R R HERRR2u e TRISTF 61
(o4 4, FORM COEFFICIENT-DISPLACEMENT TRANSFORMATION MATRIX TRISTF 62
CArtah 30 14 30 40435 2540 300 S 2 S S S S U R U R B R B SRS B R BB BB R R E SRS AR BB R B H Rt ntnst TRISTF 63
COMM=RR (2)#(2Z(3)=Z7Z (1)) +RR(1)# (22 (2)=-2Z(3))+RR(I)#(ZZ(1)=2Z(2)) TRISTF ~64
DD(1+1)=(RR(2)%#ZZ(3)=-RR(3)%#ZZ(2))/COMM TRISTF &5
T 65 DD 42)=(RRI3Y#ZZ (1) =RR{1)®¥ZZ(3))/COMM ——— 77— "7 - TRISTF 66
DD(143)=(RR(1)#Z7(2)=RR(2)#Z2Z (1)) /COMM TRISTF 67
DD(2+1)=(272(2)=2Z(3))/COMM TRISTF 68
- ) DD(2+2)=(2Z(3)=2Z(1))/COMM TRISTF 69
DD(2+3)=(27(1)=22(2))/COMM TRISTF 70
70 DD(3+1)=(RR(3)~-RR(2))/COMM TRISTF 71 e
- 7T DD(3,2)=(RR(1)=RR(3))/COMM T - TRISTF 72
DO(3,3)=(RR(2)=-RR (1)) /COMM TRISTF 73
c'lﬁi'Iﬁ##'ﬂ'%ﬂv#ﬂ##ﬁ%#%ﬁ*#*%*b*%*ﬁ%%&k####ﬁ##ﬂ»##&#Q#&##ﬁ#{***iﬂ}#i&’*ii’*ﬁ*ii TQISTF 74
) - “CT 777 TRANSPOSE COEFFICIENT- DISPLACEMENT TRANSFORMATION MATRIX TRISTF 75
75 O3t M40 313445 40 3600 34 2 S RE 20 S 03 P B S R R R R R R R R R RS R R R R R e e nas TRISTF 76
po 129h1=19§”“m_____“____”._ L TRISTF 2 R
J=2# | M(I)~-1 TRISTF 78
H(l+J)=DD(1,1) TRISTF 79
e HUt2e)=DDU2s D) _ TRISTF 80
1] H(3,)=DD(3, 1) TRISTF 8l .
H{44J+1)=0DD(1,1) TRISTF 82
_H(5,J+1)=DD(24]) TRISTF 83 oo
120 H(6,J+17=DD(3,1}) TRISTF 84
O3 4450 3445 3020 00 34 £1 3640 01 3135 3045 3048 SH 40 35 36 01 4431 320000 SH A0S0 0 S SO A S B T S S A S S S R RN RN R TRISTF 85 !
85 C ROTATE UNKNOWNS IF REQUIRED TRISTF 86
’ T T SR A 33 30 35 38 34 38 S0 3 8804 38 3500 33040 B4 435 B4 3 05040 55 25 4038 2635 25 43 4040 363 4 30 4600 3 3 4036 00 2 45 4045 30 0 4000 M 00 43 83 4 46 0 TRISTF 87
DO 125 J=1,2 TRISTF 88
I=tM(J) TRISTF 89 L
. IF (ANGLE(I)) 122,125,125 TRISTF — 90~ — —  TTUTTT7T '
90 122 SINA=SIN(ANGLE(I}) TRISTF 91
e COSA=COS(ANGLE (1)) TRISTF g2
) 1J=241 ) - TRISTF 93 )
DO 124 K=1,46 TRISTF 94
TEM=H({K,1J=1) TRISTF 95
- 95 T OH(KSTJ~1)=TEM#COSA+H(K+ TJ) #SINA TRISTF "9 T T T T 7
124 HIKyT1J)= -TEM#SINA+H(KsIJ)#COSA TRISTF 97
125 CONTINUE TRISTF 98
- T T S04 8440 443 30 33 46 0626 48 35 3520 35 45 28 25 28 35 35 20 34 3548 35 48 46 5 20 3540 35 36 48 30 41 40 36 45 40 46 3630 45 35 46 45 30 00 45 40 35 25 26 38 2643 36 36 00 4 396 26 56 24 % 4 YRISTF 99
. c 5. FORM ELEMENT STIFFNESS MATRIX (H) T#(D)#(H) TRISTF 100
100 C 3 3035480 48 48 35 10 35 4635 38 36 50 30 340 3040 30 4530 46 35 3 88 35 2 44 38 35 2530 35 2048 45 4540 35 36 46 35 6 43 36 36 55 26 46 35 36 48 3 36 20 36 26 35 2640 35 40 20 90 35 90 36 5043 3 TRISTF 101
DO 130 J=1510 " ; YRISTF — "102 T~ T/
DO 130 K=1,6 TRISTF 103
. IF (H(K»J)) 128,130,128 TRISTF 104
128 DO 129 I=1,6 TRISTF 105
1058 129 F(IsJ)=F (I4J)+D(I4K)#H(KsJ) TRISTF 106
130 CONTINUE = . . TRISTF 107 _ -
o TRISTF 108
DO 140 I=1,10 TRISTF 109
DO 140 K=1,6 TRISTF 110
110 IF (H(K,I)) 138,140,138 TRISTF 111
138 DO 139 J=1.,10 TRISTF 112
Y39 ST J)=SIe N HH K T) #F (K ) TRISTF 113
77140 CONTINUE T T e e T — TRISTF 114 T T
C####&ﬂ{?ﬂ&u%ﬁ#4}4}%%*{?ﬂ'%&Q%%#%#%%####ﬁﬁ#ﬁ#ﬁ#####ﬁ'ﬂ'ﬂ-ﬁéﬂ'#ﬁb#b*#**ﬁ*ﬁ#*ﬁ“*### TRISTF l 15



SUBROUTINE TRISTF. _ 73/74 OPT=0 TRACE _ _ FTN 4.0+P355  30/11/73

1049411, PAGE 3
115 c FORM BODY FORCE MATRIX TRISTF 116
Cﬂﬂ%i%ﬂ*l****#ﬂ**%i*ﬁ*ﬂ*i*i*ﬂ%ﬂﬂ****ﬂ*!***ﬂﬂ****ﬂ**********ﬂ*****ﬂﬂi#**ﬂ TRISTF__—_II7"“_”‘—' T
IF (NPP) 145,150,145 TRISTF 118
145 TT(3)=0.0 TRISTF 119
150 COMM=RO(MTYPE) *ANGFQ##2 o TRISTF 120
120 . TP(1)=COMM=XT (7) + XI(2)*TT(3) TRISTF 121
TP(2)=COMM#XI (I) + XI(l)*(TT(l)OTT(3)) TRISTF 122
TP (3)=COMMaXT(10)+ XI(4)RTT(3) TRISTF ~ " 123 T
COMM=-RO (MTYPE) #ACELZ TRISTF 124
o e TP (4)=COMM#XTI (1) . o _ TRISTF 125
125 TP (S)=COMM#X1 (T7) TRISTF 126
TP (6)=COMM#XI (8) +XI(1)%#TT(2) TRISTF 127
C : TRISTF 128
Do 160 I=1’10 TRISTF """" 129 b —_——— .
DO 160 K=1.6 TRISTF 130
130 160 PUYI=P(I) +H (K I) #TP(K) o - TRISTF 131
c TRISTF 132
o 2 R e L T T e L L L LT Y T T T T T Y S eggegogay TRISTF 133
(% NP = 1 _LINEAR MATERIAL, RESIDUAL STRESSES CAN BE CONSIDERED. ___ TIRISTF 134
C NP NOT=1 BI-LINEAR MATERIALs NO RESIDUAL STRESSES ARE CONSIDERED TRISTF 135
135 Cﬂﬂ{ﬂ*#{?%#ﬁ***Q##l%**#ﬂ*%##*%%*i*l~I'~I'*9******%*%*%*%****'*%{%****ﬂ**ﬂ%*ﬂﬂ TRISTF 136 "
e = e e IF(NP.NE,1) GO TO 400 TRISTF 137 X
CﬂMtq****m:»*#n***%**#**#ﬁ»****#*#*#*****#**ﬁ-#*****»»*#***»#»*#*#**ﬂ***ﬂ« TRISTF 138 e
c SURTRACT RESIDUAL STRESS VECTOR TRISTF 139 e
CQIﬂﬂ***#%%ﬂ9%{%*%*%!}**#%Q%**%%*D*%*##'I'*%ﬁ*%%Q%QQ#Q%*%%*#Q*%*%**ﬂ*ﬂ****% TRISTF 140 !
. 140 DO 200 I=1.10 T TTTTYRISTE 141
GH{1)=H(2,1)#XI (1) TRISTF 142
. GH{2)=H(6+1)#XI (1) TRISTF 143
GHI(3)=H{1+ ) #XT(2) + GH(Y) + H(3+s1)%XI(4) TRISTF 144
GH{4)=(H(3sI) + H(SsI))®xXI(]) TRISTF 145
145 DO 200 J=144 TRISTF 146
200 P(1)=P(I)=SIG{J)*GH(J) TRISTF T 147 T
c TRISTF 148
e 400 DO 410 I=1,6 TRISTF 149
DO 410 J=1,10 TRISTF 150
150 410 HH(IeJ)=HH({I4J) +H(I4J) TRISTF 1S1
C B . o TRISTF 152
RETURN TRISTF 153 7
c TRISTF 154
. e END TRISTF 155
)
’ - &




_ SUBRQUTINE STRESS _ 73/74 OPT=0 TRACE FTN 4.04P355  30/11/73 10.49.19. PAGE 1
SUBROUTINE STRESS(IXsEPSsRESIDyBsAsRsZyCODE s T+ANGsNUMEL yMXBAN2) STRESS 2 I
CRun s nu NN n RN R U R R R R R R R A R AR AR AR U IR AR DRI DA R R BB AR I H R R B R B R DR he e nnnnunnn STRESS 3
C SUBROUTINE STRESS CALCULATES STRESSES AT CENTRIOD OF EACH ELEMENT STRESS 4
. Cii***uu»»»#»##*na###na*uu***au%u*uuuﬁa*aauauuuuuuuuu##&uuuu#uu**uuin*** STRESS 5
s T COMMON  NUMNP s NUMMAT s NUMPC s NCARD sMTYPE s NP s NPP s NEND s NTAPC, STRESS 6
1 NTAPD4NCD4NCUT yNRESyMBAND, MXBANDoNUMBLK NUMAPP ,MAXPD, STRESS 7
g_MAXPDIqNEL.ACELZ.ANGFQ.TEMP,OQUoHED(20).LM(4)-R0(12)9XXNN(12)q STRESS __ 8 _
3 ANGLE (4) 4+STIG(10) «GH (4) sRRR(S) 4ZZZ(5) 95(10,10),P(10)sTT(4)+DD(343) STRESS 9
‘ 4 JHH(6410)3E(B9Bs12) s RR(4)0ZZ(4)sC(4s4)sH(H410)sTP(6)94XI(10)+EE(7) STRESS 10
R L S +F(6410)9D(646) STRESS 11
DIMENSION IX(NUMEL.S)sEPS(l),RFSID(NUMEL-M.B(l)aA(MXBANZ 1)yR(1) STRESS 12
1 sZ(1)+CODE(1)+T(1)9+ANG(12) STRESS 13
ICR=5 : o o o L . STRESS ___ 14 _ ___ . __ ...
- 1cP=7 o STRESS 15
1S . IPR=6 STRESS 16
e o e e MPRINT=0 STRESS 17
c**u*ouuuu*%uuuaaouu%ouuuauuuuu%uuuu*u*%auu%ua%uuuuuuunu*uuu%u*u*«*uuuu% STRESS 18
Cc INITIALIZATION FOR ELEMENT STRESSES STRESS 19
CHERBUBUURUR UL B LR B HR U R BB R PRI BI R R AR U BB B R BB B DB BRI BB R U R R DB R Rt nutns STRESS 20
20 'D07100 121570 STRESS ™~ ~ ‘21— 07T o
100 sIG(I)=0, : STRESS 22
A U & ‘ STRESS 23
o C BIG LOOP FOR EACH ELEMENT ~°~ STRESS 24
C . STRESS 25
25 DO 300 M=1,NUMEL STRESS 26
C STRESS 27
ca***uunuuauuu#**nnaanbuu44&**«*&&«***%*;};}#u#iw#auu;»*;u»»*nt***&***n* STRESS 28
.__H_”““_C SET MTYPE POSITIVE, WHICH WAS SET NEGATIVE TO DENOTE ELEMENT STRESS 29 !
| C STIFFNESS MATRIX HAS BEEN FORMED FOR THAT ELEMENT. STRESS 30 ~li
30 CHps 433 330303033 3030 200 330 0 B 30 3040 3000 B BP0 S TR S AP B S S BB B S R P R BB B R R DR R R R Rt nnt STRESS 31 -
N=M : STRESS 32 !
IX(N~5)—IABS(IX(N95)) STRESS 33
MTYPE=IX(Ny5) STRESS 34
o C. - . ' : : ) STRESS 35
35 . CALL QUAD (NsVOL 9T IX9sEPSsRsZ9yCODE s ANG9yNUMEL ) STRESS 36
IX(NsS)EMTYPE STRESS 37
C*********u%*%*&**%***%********%*****%**o*u**u**u**uu#**»*****%******%** STRESS 38
- C B7IS DISPLACEMENT T " STRESS 39 T o
Cam s sr s 3 30330 4r 30 2 4r H 4r 30 3 S 30 S S S PSP B BB B R U H BB B R B R R B RS R BB AR SRS Bt STRESS 40
40 DO 120 I=1,4 STRESS 41
11=2#1 STRESS 42 i
JJ=2#IX(N,I) STRESS 43
P(II-1)=B(J4J=1) STRESS 44 e
120 P(I1Y=B(JJ) TSTRESS T 45,
45 CHARBHBRARIB R BB R R U R I U BB U RRUR AR R R D BB BB R R U R R BB BB BB BB SRR U R B R AR AR R u0E STRESS 46
~C SOLVE FOR RR(1) AND RR(2)s FORCES AT CENTROID. STRESS 47
[of 22 2 22 22 2 2 2 2 Ry Ry R R R R R R R R R R R Y o =T o 48
DO 150 I=1,2 STRESS 49
. _ ____RR(I)=P(I+8) . o e _ _____STRESS ___ 50 e
50 DO 150 K=1,8 —- STRESS 51
150 RR(I)=RR(I)-S(I+8yK)*P(K) STRESS 52
CHaai e AR a Rt aH Rttt Ao R B aantdantrpn ottt pansanatarnariss STRESS 53
C SOLVE FOR DISPLACEMENT AT CENTROID BY KRAMERS RULE STRESS S4
CHrdrsrsrsps 0o 4033t 2 BRI HE RN H BB AR PIA BB RSB BRB RS RSB AR B SRRt nt STRESS 55
.. __55 L COMM=S(999)*S(10o10)-S(9a101*$§10;9)_ o o ) o STRESS 56 o e
IF (COMM) 155,160,155 STRFSS 57
155 P(9)=(S(10410)%RR(1)=S(F,10)#RP(2))/COMM STRESS 58



SUBROUTINE STRESS _ 13/74 OoPT=0  TRACE 'FTN‘4.00P3SS_M“mww“30/ll/73 10.49.19, PAGE 2
P(10)*(~S(10+9)#RR (1) +S(9+3)#RR(2)) /COMM STRESS 56
c{lllllﬁﬁllGl&illl&#*&&&**&ln#é**#nll#G#*#h**#é*#***##*l#%é#ﬁél#lllilll& STRESS - &0
60 Cc SOLVE FOR. CONSTANT COEFFICIENTS ~ T STRESS 61
CRERBRBT RN MRS RN RS ERERBRES R BRI RO SRR RS DRI RO SE SRR SRR S SRRt n STRESS 62
160 DO 170 I=l,6 S STRESS 63
TP(1)=0,0 STRESS 84
DO 170 K=1,10 STRESS 65
65 170 TP(I)=TP(I)0HH(I;K)'P(K) STRESS™ 66 T T
< STRESS 67
Cc STRESS 68
RR(1)=TP(2) STRESS 6%
RR{2)=TP (6) STRESS 70
70 __ RR(3)=(TP(1)+TP(2) #*RRR(5) +TP(3)#ZZZ (5)) /RRR (5) STRESS 71
RR(4)=TP(3)+TP(5) STRESS 72 T
CAP 3000 333030 B2 S 3 I AL T3 3 MR R RS RRERN B R RN R ne R e STRESS 73
. c{lill&blé%ib*###éé}&bl#Q&G*#blll&&ll#*n#&#*&#l#&lé&l#ll#iililli.llli*l* STRESS 74
Cc SOLVE FOR STRESSES IN RsZsT DIRECTIONS STRESS 75
75 CoM MR RIS BT U T S R D R R R RN A RS R RE SRR R R RNt o® STRESS 76
____IF(NP.NEL1) GO TO 179 - STRESS 7
CHR SR TR IR R R IR RS RN RN F IR EFE R B R RO R R AR B GRS F R R R AR RGBSR A n R nnananen STRESS 78" T ) o
Cc STRESSES FOR LINEAR MATERIAL STRESS 759
B C CHNRRDBDRT SRR SRR E GRS SRR B R P R R SRR RS SR RS R R b e Rt ane STRESS 80
80 176 DO 180 I=1,3 STRESS 81
SIG(I)==TT(I) + RESID(N,I) STRESS 82 1
DO 180 K=1,3 STRESS 83 -
180 SIG{1)=SIG(I1)+C (I K)#RR(K) STRESS 84 PR
SIG(4)=RESID(Ny4) + Cl&4s4)%#RR(4) STRESS 8% 1
85 DO 185 I=1,4 STRESS 86
' 185 RESID(N«I)=SIG(I) STRESS 87
GO TO 25 . STRFSS 88
G0 94030 46 3252 340 4 SE 3 S0 30 L0 8 A0 SE 2RI S E S SRS SR TR RN BB EHERE SRR R R E R GRS R R R R % STRESS 89
C - STRESSES FOR BI-LINEAR MATERTAL "STRESS ™ 90 T e
90 e 00 480450 8 040 SHEE 1 1 06 SERRIE S S I RS T R R SRR SRR SRR O SRR RN RN RN RRRr STRESS 91
. 179 D0 181 I=1.3 STRESS 32
SIG(I)==TT (1) STRFESS 33
DO 181 K=1,3 STRESS 94
e 181 SIG(I)=SIG(I)+C(IsiK)*RRI(K) e . STRESS 35
95 SIG(4)=C(444) #RR (4) B " STRESS ~ T 9e¢ T T T T T T
25 IF (NPP) 251+252+251 STRESS 37
CM R gtt 3 M522 R2 D d  E R  T S SHER R R E FRR R H RSO R R R DS ORE IR R R RS STRESS 38
o c SOLVFE FOR PRINCIPAL STRAINS STRESS 99 .
CM0 3008 51900 6 43 35 9036 38 38 48 38 3536 36 4 3 M 413 ST BTN BRF R R RV OBRTEF R R TR RSCREORRD RN RN BRI 1R STRESS 100
100 251 RR({3)=-(SIG(1)+SIG(2))#EE(2)/EE(]) STRESS 101
252 CC={(RR({1)+RR(2))/2.0 o T ’ T T T T OSTRESS ) X1 -
CR=SART{ ((RR(2)=RR(1))/2.0)##2 + (RR(4)/2.0)##2 ) STRESS 103
RR(1)=CC+CR STRESS 104
RR(2)=CC=~CR STRESS 105
105 CoRMRQ NIRRT RERIDIIH ARG HHDUBRRF DB HRDE R HED DDA THARERE RO AR RN SRR R RRE230 STRESS 106
C FIND PLASTIC STRAIN STRESS 107
TCHNERRRCARDO RS RRROBE SRR AR AEB I RA R R IE R R R RSBSOSO SRR E R Rt R R RS FReRee STRESS 18 ~ T T———— T/ 7
EPS(N)=SART ((RR(1)=RR (2) ) *#2+ (RR(1)~=RR(3) ) ##2+ (RR{2)~RR(3)) ##2) STRESS 109
1#0.7077/(1.0+EE(2)) STRESS 110
110 c - STRESS 111
Clllllibllﬁﬂﬂénoﬁn&anG&*&b&Gll#&l&&&#&#é&b*bb&#é%*ébl&ﬁ&#n&é*ll&éll%l#é STRESS 112
Cc OQUTPUT STRESSES STRESS 113
- C CALCULATF PRINCIPAL STRESSES STRESS ~ 114 T
CrranuenaociaodRedddaenaonte ottt doot sttt aReaatiaon dtnodia REdEadtten STRESS 115

) ¥ - v - ——
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SUBROUTINE STRESS 73774 OPT=0 TRACE FTN 4.0+P355 30/11/73 10.49.19. PAGE 3
115 CC=(SIG(1)+S1G(2)) /2.0 STRESS 16
BB=(S1G(1)-S16(2)) /2. STRESS 117
CR=SQRT (BR##2+SI1G(4)##2) STRESS 118
SIG(S)=CC+CR STRESS 119
SIG(A)=CC=-CR STRESS 120
120 1F taRsS(RR) ,GT, .1E-10) GO TO 255 STRESS 121
SIG(7)=0.0 _ o . _ STRESS 122 e o
GO TO 256 STRESS 123
255 SI1G(7)=28.6484ATAN2(~S1G(4) +~BR) STRESS 124
256 CONTINUE . STRESS 125
125 -~ AR AR RS AR AR R AR AR OB AR BRSO AR R GBSO O BRGERRS RGN RBARRRSee STRESS 126
of STRESSES PARALLEL TO LINE I-J STRESS 127
SIG(R)s SIG(9) AND SI1G(10) ARE RESPECTIVELY THE TANGENTIALs STRFSS 128 L e
¢ NORMAL AND SHEARING STRESSES ON A PLANE PARALLEL TO IJ. STRESS 129
Connanprapgutaagsaatastasnaantaapisnatanpiagstranapatosopicapsapnonsanrssan STRESS 130
130 . . I=IX(N+1) STRESS 131
J=TX (N2} STRESS 132
ANGL=2.#ATANZ2(Z (J}=Z(I)+sR(J)~R(I})) STRESS 133 -
C0S2A=COS (ANGL) e } STRESS 134
SINZ2A=SIN (ANGL) STRESS 135
135 CX=,5%(SIG(1)-51G(2)) STRESS 136
SIG(R)=Cx#COS2A+51G (4)#SIN2A+CC STRESS 137
S1G(9)=2.#CC-51G(8) STRESS 138
SIG(10)==CX#SIN2A+SIG(4)#COS52A . STRESS 139
Cottpugpuaantassdanaataistsantnitatoagaittoppataniaintaittigrorestpgannnses STRESS 140
140 C MPRINT ‘IS CONTROL TO PRINT HEADING FOR STRESSES STRESS '~ 141
CHeSBBEDRORBURURRUREOLBEER AR ORORBRERBSBOGERRSERRBOAD ARG AR b SanBRBRGEREE STRESS 142
104 IF (MPRINT) 110+105+110 STRESS 143
105 WRITE(IPR,2000) STRESS 144
MPRINT=50 STRESS 145
145 110 MPRINT=MPRINT=~1 e _ STRESS 146 .
€ o T " STRESS 147
Cregnanatrotartanaaitaraaattbaatrsaniatttestautonpanaaabrniassnaenrsastnt STRESS 148
C REVERSE THE SIGNS OF STRESSES SO THAT COMPRESSIONS ARE POSITIVE STRESS 149
c AND TENSIONS NEGATIVEsSHEARING STRESSES ARE NOT CHANGED. STRESS 150
150 CHapstaipagantinateRauabBopraRsttotttgattRaRtRRERREEGERGRaRSsRSauRRBasnsr STRESS 151
DO 10 I=1+9 L STRESS 152 -
To SIGtI)=-SIG(I) ~~ T STRESS 153
SIG(4)==-S1G(4) STRESS 154
SIG(7)=~-SIG(T) STRESS 155
18§ "~ ° - Chonsnastapspocapaautpaiapoastnatinsaigaetaoaaanetannansantosansaaanatnanss STRESS 156
C STRESSES OF ELEMENTS IN CUT SHOULD BE ZERO STRESS 157
Ciibb##ﬂﬁnu#nnnnna«*##ﬁ»«nn#&nn&qan#hn&nnann&&ag&ﬁ&««ﬁkaggnbdunbnan«an&# STRESS 158
DO S I=1,10 STRESS ~ 159
S IF(ABS(SIG(I)) .LT. .1E-10) SIG(I)=0. STRESS 160
160 STRESS 161
T 305 WRITE(IPRs2001) NsRRR(S)sZ2ZZ(5)+(SIG(I)+I=1910) STRESS 162
Contaagnaapanitantnaaanaaaaantaoeaoartotontaaoirsoonotonnasnnbanneas STRESS 163
[of OUTPUT STRESSES EITHER ON CARDS OR ON TAPE FOR PLOTTING IF DESIRED STRESS 164
CHREEG AR EERRELRLGERGOOROREERRIRRGRROGOEROERRBLGRRNERORCORRRRARRRSERRERRSEE STRESS 165 Tt
165 IF (NCARD)301+300+301 STRESS 166
391 SIGG=SIG(7) i STRESS 167
3073 WRITF(ICP,2002)N,RRR(5)4227(5),SIG(1),S16G(2),51G(4),SIG(6),51G(5), STRESS 168
1S1GG STRESS 169
) 2002 FORMAT(ISe7F10.2+FS.1) STRESS 170
1707 7T c STRESS 171 o
IF(NLJEN. NUMEL) ENDFILE ICP STRESS 172




. SUBROUTINE STRESS ____ 73/74 _OPY20 _ TRACE - — FIN 4,0+P355 _ 30/11/73  10.49.
300 CONTINUE STRESS 173
Ci*%*&&%&##&#&**GG*%%%*#**#*#####%#*#######%%#i%#%##%*%%*%&*&%%##Gi#iiﬁi STRESS 1’74

c PRINT OUT NUMBER OF APPROXIMATIONS STRESS 175

178 C#i**l#&&&&&#&&&#&**###**###iu####i####*#*#%i######i##%&&l&&#&i#ﬁ#lﬁ&ﬁli STRESS 176
WRITE (IPRy131) NP STRESS 177

131 FORMAT(1HO,"NUMBER OF APPROXIMATIONS =0,15/////, - STRESS 178

1" -THE COORDINATES AND STRESSES ARE_IN INCHES AND LB/SQ.IN. OR IN STRESS 179

2 CM, 'AND KG/SQ.CM. DEPENDS ON YOUR INPUT UNITS "9 /7 STRESS ~ . 189

180 3" -THE ANGLES ARE IN DEGREES.“) STRESS 181
e - . STRESS 182
320 RETURN STRESS 183

c STRESS 184

2000 FORMAT (7HI1EL, NO. 7X 1HR 7X 1HZ 4X BHR-STRESS 4X BHZ-STRESS 4X  STRESS 185
185 1 BAT-STRESS 3X 9HRZ-STRESS 2X 10HMIN-STRFSS 2X TDAMAX=STRESS TTSTRESS 7T 186
-2 37H  ANGLE IJ-TSTRES IJ-NSTRES IJ=SHEAR) - STRESS 187
2001 FORMAT(IS,2F10,243E11,%42Xs3E11.%91X4F6,191X93E10,.%) STRESS 188
o} . - STRESS 189

END STRESS 190

19, PAGE
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SUBROUTINE SYMINV 73/74 OPT=0 TRACE FTN 4,0+P355  30/11/73 10.49.26.  PAGE 1
SUBROUTINE SYMINV (AsNMAX) SYMINV 2
- I L LR L T T A T T T P T T T e R L e Y T SYMINV 3 cToTrTTTmT/ T
C TO INVERT MATRIX NMAX 1S SIZE OF MATRIXTO BEINVERTED ’ SYMINV 4
C’."l‘l'l'i##i##i###ii##ii##i{###i#i#iii###i#i######ﬂ“#ﬂﬂ"###i#ﬁi#iiiliili SYMINV S
S DIMENSION A(4+4) SYMINV 6
c SYMINV —7
DO 200 Nx1eNMAX L sYMINV 8 L
B [ SYMINV 9
. D=A(NsN) SYMINV 10
10 DO 100 J=1,NMAX SYMINV 11
o 100 A(NyJ)==A(NsJ) /D ' SYMINV 12
C SYMINY 13
D0 150 I=1,NMAX e SYMINV 14 oL
) — 'IF(N=1) 110,150,110 T SYMINY 15
15 110 DO 140 J=1sNMAX SYMINV 16
, IF(N=J) 12041405120 _ o o SYMINV 17
120 A(T+J)=A(T1eJ)+A(TeN)I*A(NsJ) SYMINV 18
140 CONTINUE ' SYMINV 19
150 A(IN)=A(I,N)/D SYMINV 20 _
70 ¢ — Tttt T TsYMINV T T T 2]
A(NNI=1.0/D SYMINV 22 ,
SYMINV 27
200 CONTINUE LT T T SYMINY 24 —~
C ’ SYMINV 25 .
25 RETURN SYMINV 26
C T T/ T SYMINV 27

END SYMINV 28




.-SUBRQUTINE INTER __  73/74  OPTz0  TRACE = . FTN 4,04P355  _ 30/11/73 10.49.28. PAGE 1
SUBROUTINE INTER INTER 2
Gt S S S R B R L R B R S R R R I N R R R R R B R R R BB C U B R R DR G R G B G DD O R aa R awta® INTER 3
Cc NUMERICAL INTEGRATION OVFR TRIANGULAR ELEMENT . INTER 4
_____ Cot st S R R R R O R SR RN R H B R R B R R BN R R BN SRt paadt INTER 5
S C o . INTER 6
COMMON -NUMNP y NUMMAT ¢ NUMPC s NCARD sMTYPE ¢ NPy NPP o« NEND ¢NTAPC, INTER 7
_1 NTARD, NCDyNCUT +NRES s MBAND s MXBAND 9 NUMBLK s NUMAPP s MAXPDy __ _INTER 8 e
2 MAXPD14NEL yACELZ yANGF Qs TEMP 9Q,UsHED (20) sLM(4) yRO(12) s XXNN(12) » INTER L -
3 ANGLE (4) 4SIG(10)3GH(4) yRRR(5) +7ZZ(5)+S(10410)4P(10)4TT (4)+DD(3+3) INTER 10
X Qo 4 sHH(6410) 9E (B9B¢12) yRR(4) 972 (4) sC (444) 9H(6510)sTP(6)4XI(10),EE(7) INTER 11
S5 sF(6410)+D(64+6) INTER 12
DIMENSION XM(6) 3R (6)9Z(6)9XX(6) INTER 13
Ciiﬁﬁu#nﬂuﬂﬁuﬁkﬁbﬂb&%ﬁbb&*&ﬁ#&##&é%#&#ﬂ&u##&#&*##béébubb#é*é#b&%b&ébbb%é INTER 14
C SET INTEGRATION FACTOR T e TTTTTTTTTTTINTER T 1s T T T T
1S o R B R R S R S R R R N S S R R N S R R R R R R R R R R R BB R RO R R R INTER 16
e e XXy = 1.0 INTER 17
Xxt2) = 1,0 INTER 18 .
XX(3) = 1.0 INTER 19
XX(4)_ = 3.0 . e JINTER 20
20 XX{(5) = 3.0 INTER 21
XX(6) = 3.0 INTER 22
N o1 2 5 b L e S T e e S )y 23
c FIND AREA OF TRIANGULAR ELEMENT INTER 24 )
COMM=RR (2)# (2Z(3)=ZZ (1)) +RR(1)#(Z2(2)=ZZ(3)) +RR(3)#(Z2Z(1)=27Z(2)) INTER 25
25 COMM=COMM/24,0 INTER 26. P
CH R R S R B R B R R BN R R R TR F R R AN TR AR ARRRE R TR R TR EEFRHFFHHFN INTER 27 ‘"‘“_8'"' )
DO 20 I=1,10 INTER 28 \
20 XI(IN)=0.0 INTER 29
IF (NPP) 2004305200 INTER 30
30 30 CONTINUE INTER 31
R(1)=RR (1) INTER 32
R(2)=RR(2) INTER 33° T
R(3)=RR(3) INTER 34
R _ R(4)=(R(1)+R(2)) /2. INTER 35
3s R(5)=(R(2)}+R(3)) /2. INTER 36
R(6)=(R(3)+R(1)}) /2. INTER 37
Cc s L INTER 38
2(1)=2Z(1) INTER 97T T T
) 2(2)=27 (2} INTER 40
40 - Z2(3)=Z2Z2(3) : L L . INTER 41
Z(4)=(Z(11+Z(2)) /2. T o INTER 42
Z(5)=(Z2(2)+Z2(3)) /2. ) INTER 43
Z(6)=(Z(3)+Z(1)) /2, INTER 44
c . . JINTER T 45 T T T T )
45 DO 35 I=146 INTER 46
e ] XM(I)=XX(I)#R(I) INTER 47
c.*.nauuu*néuuné&»n§§§§§u¢§én¢¢¢¢¢*¢u§ﬁ&ub&&#&qékbébu&&»&u§§§¢¢¢¢¢§§u§¢¢ INTER 48
(o3 DETERMINE XI INTER 49
Ciliiééééééébébééééé#b*b&%%ibé&%#%é#&é%%é&b#i&###*é&#%i%éi#iii%&.&%#*bi% INTER . 50
S0 [ INTER 7~ 'sY -~ T
DO 100 I=196 INTER 52
L S XT(L)=XTI (1) +xM(1) . INTER 53
CXI(2)=XTI(2)+XM(I)/R(I) INTER 54
XI(3)=XI(3)+XM(I)/(R(I)##2) INTER 55
5SS XTIy =XT (&) +XM(T) =7 (1) /R(]) INTER 56
XI5)=XI(S)+XM(I)#Z (1) /(R(I)##p) ) T INTER 57
XTE6)1=XT(A)+XM(I)#Z (1) #82/(R(I)#u2) INTER 58
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SUBROUTINE INTER  73/74  OPT=0  TRACE FTN 4.0+P355  30/11/73 10.49.28. PAGE 2
XI(7)=XI(7)+XM(I) %R () INFTER s .
XT(BY=XT (B) +XM{TV%Z (1) INTER 60
60 XI(9)=XI1(9) +XM(I)#R(I) ##2 INTER 61
A U XT0)=XTO0) +XMI)#R(IN#Z(I) INTER 62
100 CONTINUE Co T T INTER 63
c ’ INTER 64
DO 150 I=1,10 INTER 65
65 T50 XI{1)=xI(1)%COMM - INTER 7~ 7 66 T
c INTER 67
) e . RETURN INTER 68
200 XI(1)=12.%COMM INTER 69
XI(7)=4.,%COMM# (RR (1) +RR(2) +RR (3)) INTER 70
70 XTI (B)=4,4COMM%(ZZ(1)+2Z(2)+2Z(3)) INTER 71
RETURN™ ™~ TINTER T T 72 T T
c . ‘ INTER 73
. o ~END - i INTER 74
]
- - — - - - - S —— L=
o
'—l
]




. SUBRQUTINE MODIFY . .. 73/74 _OPT=0  TRACE . FIN'4.04P355 _  30/11/73  10,49.37,  PAGE_ 1

o SUBROUTINE MODLE}LALQLNE09N9UcMXBAN2) MODNIFY 2
© AP S S A O R S R R R R R R R AR R RN R TR R R R R AR AR AR AR RRRRRNENR® MODIFY 3
c MODIFY STIFFNESS MATRIX A AND LOAD MATRIX B8—FOR-SPECIFIED - MODIFY 4
. B c DISPLACEMENTS AND BOUNDARY CONDITIONS. ’ L ) MODIFY )
S 06 48 0008 338 9696 35 48 3596 35 48 3545 090 T4 80 6 38 30 00 S0 96 38 10 F 00 31638 S 9050 41 45 4020 SHHH 0000 96 00 0T 0 SE IS AL MR NN R RN N MODIFY 6
COMMON NUMNP ¢ NUMMAT ¢ NUMPC s NCARD s MTYPE ¢ NP ¢ NPP s NEND e NTAPC» MODIFY B
_ 1 NTAPDvNCD'NCUT,NRESqMRANDoMXBAND»NUMBLK9NUMAPP-MAXPD _ MODIFY 8
DIMENSION R (1)sA(MXBAN2,1) T T TTTTMODIFY 9" TTmmmTrT T
.C MODIFY 10
10 DO 250 M=2,MBAND MODIFY 11
K=N=M+1 R MODIFY 12
IF(K) 235,235,230 MODIFY 13
C 3648 48 38083835 445 16 16 4530 S48 6 46 45 45 8540 S48 4548 45 354 45 6 4530 48 45 3645 16 00 91 45 30 B35 35 9645 39 HH R4 S S S E S0 s e b e i et MODIFY 14
€~ IN THE 2 BLOCKS SOLVING, SUBTRACT FORCE DUE TO 'SPECIFIED " TMODIFY 15 Tttt T/
15 c DISPLACEMENT AND SET ALL STIFFNESS TERMS CORRESPONDING TO THIS MODIFY 16
L c DISPLACEMENT ZERO, MODIFY 17
€ 369608 06 45 48 3438 48 34 46 34 345 44 35 0 46 0000 35 2030 00 8045 00 006 JE4E 00 SH4E 40 B4 4E T 45 40 314 S 4 00 88 30 0 S S S SRR A S R B R w9 MODIFY 18
230 B(K)=8B(K)=A(M,K)*U MODIFY 19
A MyI=0,0 e MODIFY 20
20 235 K=NeM-] o TOMODIFY T2y T T T T
IF(NEQ-K) 25042404240 MODIFY 22 !
e . 240 BIK)=B(K)=A(M¢N) =y o ) ~ MODIFY 23 -
A(MNI=0,.0 . MODIFY 24 o
250 CONTINUE MODIFY 25 ol
25 C 0909 04600 SE01 05 30000 AT FE0ESE 00 A 41 S0 0 0 T JE 0 0 I A0 16 IR0 S M 3 0 S S SR R R e b MODIF Y 26 '
C~ TSET STIFFNESS TERM ON MAIN DIAGONAL,CORRESPONDING TO TRIZ MODIFY 27 -
c DISPLACEMENT TO 1 AND SET DISPLACEMENT AT POINT CONSIDERED MODIFY 28
c TG ITS SPECIFIED DISPLACEMENT, - MODIFY 29
T '"C*Qi&u&a***#***«n*&n&&*na*a&*****«***ﬁn*«***«*&**«#*&***g*i#*«&i*&ﬁ*«*** MODIFY 30
30 . A(l,N)=1,0 MODIFY 3
. B(N)=U : MODIFY 32
. RETURN MODIFY 33 T Tt T
c ' MODIFY 34
. ... END MODIFY 35
35 (o4 T T MODIFY 36 )
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SUBROUTINE BANSOL 73/74_  0OPT=0  TRACE e FTIN 4,04P355 30/11/73 10.49.40. PAGE 1
SUBROUTINE BANSOL (BsAsMXBAN2) BANSOL 2
COMMON NUMNP,NUMMAT.NUMPC;NCARD9MTYPEpNPoNPP;NEND;NTAPC. BANSOL 3
1 NTAPD,NCD4NCUT yNRES 4MBAND yMXBAND s NUMBLK s NUMAPP y MAXPD BANSOL 4
3 e ; DIMENSION B(1)sA(MXBANZ2,1) e BANSOL 5
' S EQUIVALENCE (MM,MBAND) BANSOL 6
C . BANSOL 7
NTAPB=40 BANSOL 8 L
NTAPE=43 BANSOL 9
REWIND NTAPB BANSOL 10
10 REWIND NTAPE BANSOL 11
coTmm e - REWIND NTAPC - - T BANSOL 12
REWIND NTAPD BAMSOL 13
NN=MRAND BANSOL 14 _ o
- TTNL=NNSY T BANSOL 15
15 NH=NN+NN BANSOL 16
. NR=0 N e et ... BANSOL 17
NCI=(NH-NL) #MXBANZ+MM BANSOL 18
NCO= (NN-1) #MXBANZ +MM=1 BANSOL 19 ’
NCR= (NH=-NL) +1 BANSOL 20
20 GO 10 150 BANSOL 21
CHOARBABEIRRIR DB HLDRRTRRRRRRRRRRRRRRRRRRRLRBRRRRRRBRR L RRARRRRRRRRRRRRRER BANSOL 22
C REDUCE EQUATIONS BY BLOCKS BANSOL 23
B I I 1. SHIFT BLOCK OF EQUATIONS " T BANSOL 24
Co MMt 3432134 304 ML 3 L4 M2 SES LI 363 M 33 ISP IS 3 SN S SRS SRR DR RN AR RN RN R AR R RN BANSOL 25
25 100 NB=NB+1 BAMSOL 26
) DO 125 N=1,NN BANSOL 27 .
NM=NN+N BANSOL 28
) B(N) =B (NM) BANSOL 29 z
B(NM)=0,0 BANSOL 30 o
30 DO 125 M=1,MM BANSOL 31 .
A(MaN)=A (MsNM) BANSOL 3z -
125 ATMyNMY=0,0 BANSOL a3
Ciiii§§#i%%ﬁ*##*%#i{**{*%%ﬁ*%#*&&*{%i{**%éﬁ%*{ﬁ*%%#%%i***#%*i{%l*#ii**%* RANSOL 34
o C 2. READ NEXT BLOCK OF EQUATIONS INTO CORE BAMSOL 35
35 T AR 3N IS B UM SIS W22 2002 N 2E 3 M2 0TI S TS NSRRI RN BANSOL 36
IF (NUMBLK-NB) 150,2004150 BANSOL 37
. 150 CALL READ(NTAPCsA(1sNL)sNCI) BANSOL 38 .
o CALL READ(NTAPBsBINL) sNCBY BANSOL 39
. IF (NB) 2004100,200 BANSOL 40
40 CQ§§§i*§§§§§#4&*ﬁﬁﬂﬁﬁﬁéﬁééé§#§ﬂﬁﬁﬂiiuﬁiiﬁﬁﬁﬁﬁéuﬁﬁﬁﬁﬁﬁ*i*ﬁ*iﬁ%*****i***%i BANSOL 41
C 3. REDUCE BLOCK OF EQUATIONS BANSOL 42
Ciiiiiiiiiﬁﬁ#***###{##9##%###§§§§{ﬂﬂ*##**i#i*ﬁ##*ﬁ*ﬁ*#Q#{*ﬁ#lﬁ*****&*{%% BANSOL 43
200 DO 300 N=14NN ! BANSOL 44 . i -
IF (allaN))Y 22543605225 BANSOL 4S
4S 225 B(N)=B(N)/A(1sN) BANSOL 46
R DO 275 L=2,MM BANSOL 47
IF(A(LsN)) 230,275,230 BANSOL 48
230 C=A(LsN)/A(1sN) BANSOL 49
. ___ I=Ns+sL-1 BANSOL 50 - o _
S0 J=0 TooT T BANSOL 51
DO 250 K=L,MM BANSOL S22
J=d+} . BANSOL 53
€50 AlJg1)=A(JsI)=CHA(K,N) - BANSOL 54
B(I)‘B(I)-A(L»N)*B(N) BANSOL 55
55 ) A(LWN)=C o o e _BANSOL 56 n _
275 CONTINUFE T T - BANSOL 57
300 CONTIMNUE - BANSOL 58




. __SUBROUTINE BANSOL___  73/74

~ FTN 4'0’P355"mm“m;w;p(11/73 10.49.40, PAGE 2
CR I WL 20 330 T2 342 S0 3 4E 23 AR 030 S0 B AR 4 AR 3 40 30 40 80 45 45 41 31 40 3535 1 30 40 3536 SE 41 4F 4E 2045 20 40 46 30 3598 9 86 40 45 8 4 8¢ BANSOL 59
c 4. WRITE BLOCK OF REDUCED EQUATTONS ON TAPES(DISCSY NTAPDyNTAPE BANSOL 60 T
60 Gl Bt R B S SR R R R R R BRI BRI R R BB R H BT R R e e aEes BANSOL 61
IF (NUMBLK=NB) 375,400,375 BANSOL 62
375 CALL WRITE (NTAPD,A(2+1),NCO) BANSOL 63
CALL WRITE (NTAPE,B,NN) BANSOL 64 -
__ ... GO T0 100 e RANSOL 6%
65 CHuEmRitat ittt BBt R4 R H RN HRBREH AT IXDRBRA DU R H 2 BB RSB R B Ao B AR HREHABEE BANSOL Tee T T T T B
C BACK-SUBSTITUTION - BANSOL 67
L } CH 30430304038 R 1S IEER SRS AL 20 3 S SE AP S T B S ISP R EP R R BERR R R R R B R a R resnre BANSOL 68
400 DO 450 M=] 4NN BANSOL 69
© N=NN+laM BANSOL 70
. 70 ... DO 425 K=24MM e e ~ BANSOL 71
L=N+K=1 BANSOL I
425 BIN)=B(N)=A(KyN)*B (L) BANSOL 73
e _ NM=N+NN ) BANSOL T4
B (NM)=B (N) BANSOL 75
75 450 A(NB.NM) =B (N) BANSOL 76
. ___.NB=NR=1 e ~BANSOL 77 e
IF (NB) 47545004475 RANSOL I
CHM R R B R R RN TR BB R TR RN RRGEHB R AL R R RRRLR RN R R RB BB RN RN RR® BANSOL 79
e . € BACKSPACE CAUSES THE SPECIFIED TAPE OR DRUM TO BE POSITIONED BANSOL 80
80 C AT THE BEGINNING OF THE LOGICAL RECORD LAST WRITTEN OR READ BANSOL 81
340 041 1S S1 41303134041 303030 S SH S0 S 41 41 SO AT O SR AR A B B B SR A AR SRR RIS 1S B SR AL A R R nHe BANSOL 82
475 BACKSPACE NTAPD BANSOL 83

500 K=0

DO 600 NB=1+NUMBLK
DO 600 N=14NN___

95 NM=N+NN
K=K+}
e e e . 600 B (K) =A (NByNM)
c .
RETURN
100. Cc L

END

BACKSPACE NTAPE
CALL READ (NTAPD4A(241)4NCO)
85 CALL READ(NTAPE4BysNN)

BACKSPACE NTAPD
BACKSPACE NTAPE
GO TO 400 . I |
. Co 909031 35 303031 36 31 48 3833 34 30 5338 313 41 8 T 40 440 4040 S 1 40 81 41 40 80 40 48 8130 000 41 90 06 90 4548 S141 45 £ 40 0 38 35 45 3 47 S5 45 4% 44 98 47 8190 46 90 04 8

90 C - ORDER 'UNKNOWNS IN B ARRAY .
o L A R A R L L L Ly T T Ty Yy e
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BANSOL
BANSOL
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85
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SUBROUTINE WRITE (LUNsAWN) 10
C 22Ty ey yasl s sy e -a-r 2222222222222 2 10
DIMENSION, A(N) ———— . 10
S WRITE (LUN) A ‘ 10
5 RETURN ' 10

END 10
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SUBROUTINE READ (LUNsAsN) ' 10 8

C Ty R T T T Ty Ty e T Yy Y Y Yy ) 9 : e

DIMENSION A(N) ) . 10 10

.. ... READ(LUN)A OO 4 11
S RETURN ' : 1o "7 e
END . o . 10 - 13
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The publications listed below may be obtained from;

Publications Distribution Office, Mines Branch,

Department of Energy, Mines & Resources,
555 Booth Street,
Ottawa, Ontario. KI1A OGI.

All requests should be accompanied by a cheque or money order made
payable to: Receiver General of Canada,

R = Research Report
IC = Information Circular
TB = Technical Bulletin
RS = Reprint Series
Bielenstein, H.U, and Eisbacher, G, H., '"Tectonic Interpretation of

Elastic Strain-Recovery Measurements at Elliot Lake, Ontario",
R 210, 1970. $I1.00.

Coates, D.F. and Cochrane, T.S., ""Development of Design Specifications
for Rock Bolting from Research in Mines', R 224, 1970. $0.75.

Coates, D.F., "Rock Mechanics Principles' (Revised), Monograph 874,
1970. $8.75.

Barron, K., Coates, D.F.,, and Gyenge, M., "Artificial Support of Rock
Slopes', R 228, 1971. $1, 25,

Coates, D,.F. and Muir, W, G., ""Some Observed Deformations Under-
ground in Various Canadian Mines', R 226, 1971. $0.75.

Coates, D.F., and Yu, Y.S., "Rock Anchor Design Mechanics', R 233,
1971. $0.50.

Canadian Advisory Committee on Rock Mechanics, '"Report for 1969 of
the Subcommittee on Research Requirements for Rock Foundations',
Le comité consultatif canadien sur la mécanique des roches, '"Rapport
pour l'année 1969 du sous-comité relativement aux besoins de la
recherche pour 1'étude des fondations rocheuses', IC 251, 1971. $1. 00,

Verity, T.W., "Ground Support with Sprayed Concrete in Canadian Under-
'~ ground Mines', IC 258, 1971. $0. 75.
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Proceedings of the 6th Canadian Rock Mechanics Symposium, Ecole
Polytechnique, Special Publication, Délibérations du 6iemme
symposium canadien sur la mécanique des roches., Publication
spéciale, 1971, $6.50.

Coates, D.F,, "L'exploitation minigre', IC 285F, 1972. $0. 50.

"Tentative Design Guide for Mine Waste Embankments in Canada',
TB 145, 1972. $5.00.

Proceedings of the 7th Canadian Rock Mechanics Symposium, Edmonton,
March 1971, Cat. No. M37-1572, $5. 00,

Coates, D,F., "Principes de la méchanique des roches' (revisé),
Monographie 874, 1972, $8. 75.

Cochrane, T.S., Knight, G,, Richards, L.C. and Stefanich, W.,
"Comparison of Dust Sampling Instruments', R 250, 1971, $1. 25,

Gray, W,M., and Toews, N,A,, "Analysis of Accuracy in the Determina-
tion of the Ground-Stress Tensor by Means of Borehole Devices'),
RS 109, 1972. $0. 25,

Gray, W.M. and Barron, K,, "Stress Determination from Strain Relief
Measurements on the Ends of Boreholes; Planning, Data Evaluation
and Error Assessment', RS 110, 1972, $0. 25.

Coates, D, F. and Yu, Y.S., "Analysis of Grading Effects on Hydraulic
and Consolidated F'ill", and

Gyenge, M, and Coates, D.F., ""Mine Fill System Design based on
Optimization', RS 113, 1972, $0. 25.

Dubnie, A., '""Northern Mining Problems with Particular Reference to
Unit Operations in Permafrost', TB 148, June 1972, $0.75.

Dubnie, A., '"Surface Mining Practice in Canada'’, Mines Branch Informa-
tion Circular 292, 1972. $3. 00,

Yu, Y.S. and Coates, D.F,, ""Analysis of Rock Slopes Using the Finite
Element Method", R 229, October 1970, $1.25.

Dubnie, A,, "Problems miniers dans le nord avec reference particuliere
aux chantiers d'exploitation dans le pergelisol', TB 148F,
September 1972. $0, 75,

Murray, D,R,, '""Vegetation of Mine Waste Embankments in Canada',
IC 301, January 1973. $1. 00,
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i

Sage, R. and Coates, D.F., "Survey of Physical Mineralogical
Characteristics of Underground Mines in Canada', IC 306,
May 1973. $0. 75,

Norris, D.K. and Barron, K., '"Structural Analysis of Features on
Natural and Artificial Faults', RS 120, 1973, $0. 25.

Bielenstein, H.V, and Barron, K., "In Situ Stresses', RS 120,
1973, $0. 25,

Tervo, R.O, and Everell, M.D,, "Communication Methods in
Underground Mines', RS 121, 1973. $0, 25,

Coates, D.F. and Dickhout, M., "Elements of Planning in Deep
Mining", RS 122, 1973, $0. 25,

Hedley, D.G.F. and Grant, F., ''Stope-and-Pillar Design for the
Elliot Liake Uranium Mines'!, RS 122, 1973. $0. 25,

Larocque, G, E., Kapeller, F., and Coates, D.F,, '"Seismic
Measurements and Borehole Photographic Observation',
RS 123, 1973. $0. 25,

Larocque, G, E., and Coates, D,F,, ""Comparative Ground-Shock
Measurements for Evaluating Pre-Splitting'', RS 123, 1973, $0. 25,

Everell, M.D., "Foncage Mécanique de Tunnels et de Montées'',
Circulaire d'information IC 304F, mars 1973,

Proceedings of the 8th Canadian Rock Mechanics Symposium, Toronto,
November-December 1972, Cat, No. M37-1873. $5. 00,







