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Abstract

The Folding Strains Analysis Program (also called BLADER, TRW
Computer program AS189) performs a step-by-step large strain, elas-
toplastic static analysis of a two dimensional continuum. The program
allows the user to perform a plane strain analysis using a rectangular
coordinate system or to perform an axisymmetric strain analysis using
a cylindrical coordinate system. The structure to be studied may
consist of one or more homogeneous, isotropic materials whose plastic
and elastic properties are temperature and strain rate independent.
The structure may be loaded either by specifying certain nodes to be
subjected to imposed displacements or by specifying certain sides of
some of the finite elements to be subjected to pressure loadings.
Boundary conditions which constrain specified nodes from movement in one

or both coordinate directions must be imposed by the user.

One of the major features of the program provides for the analysis
of folding bladder problems by the specification of a minimum amount

of input.

The program employs a dynamic storage feature which allows the
program to efficiently use the available computer memory space. Thus
small problems require only a relatively small amount of memory while
the ability of the program to handle large problems without programming

modifications is limited only by the maximum amount of memory available,

The program is written in Fortran IV and was developed and checked
out on the CDC 6500 computing system at TRW. With a minimal conversion
effort the program should be capable of being compiled and executed

on other computing systems.
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1.0 PROBLEM DESCRIPTION

The BLADER Program (TRW Program AS189) performs a step-by-step
large strain, elastoplastic static analysis of a two-dimensional
continuum. The user may pefform a plane strain analysis using a
rectangular coordinate system or perform an axisymmetric strain analysis
using a cylindrical coordinate system. In either coordinate system
the basic finite element used is a triangle with six nodal points, one
at each corner and one on the midpoint of each side (fig. 1.1). A
quadratic variation of displacement is assumed for each element, and is
expressed in terms of two components of displacement at each node,
giving a total of twelve degrees of freedom per element or 2N degrees

of freedom for the system, where N = number of nodes.
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Figure 1.1 Basic Finite Element

The structure consists of one or more homogeneous, isotropic
materials whose plastic and elastic properties (i.e., elastic modulus,
Poisson's ratio, plastic/elastic modulus ratio, and initial yield

point) are temperature and strain rate independent.

The structure may be loaded by three different methods. However,
only one method of loading may be applied in a single run. The first
method allows the user to require that specified sides of specified
elements are to be loaded. Each side Si loaded may be loaded with a
total load Pi which is applied in N equal load steps, or the loading
may be specified as a tabulated function of the load step. If the



latter procedure is used, then all sides loaded must be loaded according
to the same schedule. In either case some sides may be loaded with
a positive load (compression) and other sides may be loaded with a

negative load (tension).

The second method of loading allcws the user to specify any
number of imposed displacement constraints. In this method of loading,
each designated node is moved by a specified amount in a specified

direction and held in this position during the analysis.

The third method of loading applies only to axisymmetric problems
and allows the user to load the structure by shrinking the secondary

radius of curvature.

The user must specify boundary conditions which restrain specified
nodes from motion in one or both coordinate directions. In addition
the user may impose maximum displacement boundary conditions which
restrain specified nodes from exceeding certain maximum displacements

in specified directions,

The primary application of the program is to be in the analysis
of folding bladders which are used in rocket propulsion systems.
Accordingly one of the major options of the program called the Bladder
Analysis Option allows the analysis of the stress-strain relationships
in single folds or double folds of bladders. The specialized nature
of such analyses makes it possible to specify the problem completely
by a minimum of input quantities. Thus the user is required to
specify only the most basic problem parameters such as the number of
element layers, the dimensions and material properties of each layer,
and the basic loading parameters such as the initial and final radii

of curvature,

Another option available as part of the Bladder Analysis Option
provides for the calculation of the fatigue life of each layer of
elements using input tables of fatigue life versus plastic strain for

the materials which make up the structure.



Any consistent set of units may be used by the program. That
is, all measures of length should be in the same units, all measures of

force should be in the same units, etc.

A more detailed discussion of the engineering aspects of the

problem is presented in a companion document written by L. D. Hofmeister.
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2.1 Introduction

A1l data input to the BLADER program is specified on punched
cards which are read using the Namelist feature of Fortran IV. Because
of the dynamic storage feature used in BLADER, the input data is divided
into two major categories. The first category of input data is the
General Input Data, which consists of an input header, a convergence
criterion, option flags, and parameters defining the problem dimensions.
The second category of input is the Array Data, which consists of all
input arrays other than the input header. The separation of the data

into these two categories is a physical as well as a logical separation.



That is, the Namelist cards which specify the General Imput Data for

a single case are read in first, being initiated by the "Name card"
$AS189

and being terminated by a dollar sign ($). (See section 2.1.2, '"Name
cards, and section 2.1.5, "End-of-Data'). After the program determines
the dimensions of the problem and requests the necessary memory for

the arrays to be used, the Array Data is read in, being initiated by

the "Name card"
$DATA
and being terminated by another dollar sign.

The data cards should be punched on a standard keypunch machine
using the 026 character set. With the exception of a possible P in
column 1 of the Name card (defined below), no characters should be

punched in any columns other than columns 2-72 of a Namelist data card.

2.1.1 Keypunching Conventions

Due to the similar shapes of many letters, numbers, and symbols
it is possible to confuse one character for another. In order to
assist the keypuncher in discerning between the many similar characters,

the following coding conventions should be observed:

indicates n blank columns

alphabetic as distinguished from O (zero) numeric
alphabetic as distinguished from ! (one) numeric
alphabetic as distinguished from 2 (two) numeric
alphabetic as distinguished from # (four) numeric
alphabetic as distinguished from 5 (five) numeric
alphabetic as distinguished from € (six) numeric
numeric as distinguished from 9Q (nine) numeric
alphabetic as distinguished from V alphabetic

alphabetic as distinguished from ( (left parenthesis)

4 a8 fF s N =SSR

alphabetic as distinguished from + (plus)



2.1.2 Name Cards

The first card of the General Input Data must have $AS189 punched
in columns 2-7. The first card of the Array Data must have $DATA
punched in columns 2-6. When executing on the CDC 6500 computing
system at TRW, a P may be punched in column 1 of each Name card if it
is desired to list the card images of the Namelist input. In order
to maintain compatibility with other computing systems, the rest of

the card should be blank.

2.1.3 Head Card

The user may specify alphanumeric information for labeling a

given case by entering a card of the form
HEADER = nHbed... ,

where n(< 60) is the number of characters in the header and where
bed... is a string of n characters (including blanks). The terminating

comma is required and must not be included in the character count.

Example
HEADER = 21H THIS IS AN EXAMPLE,,

2.1.4 Numeric Data Entries

Data cards other than header cards consist of one or more entries

of the form

o = bl’ b2’ b3, see s bn’

where o is the name of a real (i.e., floating point) or integer
variable and may have one, two, three, or no positive integer subscripts
and where bl’ bZ’ b3, vos bn are decimal constants separated by

commas and are to be stored in n successive locations beginning with

the location corresponding to the symbol a. With the possible exception
of the last data card, a comma should always immediately follow the

last value on a card. For example, a card punched in the format

$MEGA = 1.3,MAS = 8000,I = 2,2(5) = ~1.8,3,6.15E~6,B = 1,2,3,



would indicate the following:

1) The value 1.3 is to be entered for @MEGA,

2) The value 8000 is to be entered for MASS,

3) The value 2 is to be entered for I,

4) The values -1.8, 3, and 6.15 x 10—6 are to be entered for
Z(5), Z(6), and Z(7) respectively,

5) The values 1, 2, and 3 are to be entered for B(1l), B(2),
B(3) respectively.

It should be remarked that the user does not have to be concerned
with the mode (i.e., integer of floating point) of decimal input quantities.
The program will interpret the proper mode for all decimal input quantities.
If no decimal point is input for floating point quantities, the program
will assume a decimal point immediately following the rightmost digit
(e.g., 10.0, 10., and 10 are all equivalent for floating point quantities.
If decimal scaling is desired for floating point quantities, then the
notation aEb may be used (where a is a decimal quantity with or without
a decimal point and b is the desired scaling factor). Thus to enter
3.123 x 10°° one could write 3.123E-6 or 3123E-9.

If a decimal point appears in the value entered for a quantity
which is typed as an integer by the program, the program will truncate
rather than round off the value to an integer. Thus the values 10,
10., 10.0, 10.4, and 10.9999 will all be stored as the value 10 if the

mode of the variable is integer.

An additional feature of Namelist allows the user to specify a
repetition factor to indicate the same wvalue to be stored in several
consecutive locatioms. Thus the notation n*v indicates n consecutive

values of v.

2.1.5 End-of-Data

Each category of input data (i.e., the General Input Data and
the Array Data) must be terminated by a $ immediately following the

last item on the last card containing data entries for that category



or by a $ in column 2 of a card immediately following the last card
containing data entries. Any characters punched to the right of the
$ are ignored. Hence the remainder of the end-of-data card may

be used for comments.

2.1.6 Stacking Cases

The user may 'stack cases" (i.e., request the program to execute
more than one case) by placing the input decks for the second and
subsequent cases in order behind the input deck for the first case.
Because of the dynamic storage feature used in the BLADER program, the
input data for each case must be complete. There is no carryover of
data from one case to the next. Also because certain coefficients
are built into the program by means of DATA statements, the user is
not permitted to stack a plane strain analysis problem behind a

axisymmetric strain analysis problem.

Example

$AS189 Name card for General Input Data.
Cards specifying General Input Data
for case 1.

$END End-of-~data card

SDATA Name card for Array Data

— Cards specifying Array Data

— for case 1

$SEND End-of-data card

$AS189

— General Input Data for

E— case 2.



$SEND

SDATA
Array Data for
case 2.
$END
2.2 Summary Listing of Input Quantities

This section consists of a listing of the symbolic names of all
possible input quantities for the BLADER program. For the convenience
of the potential user, the quantities are divided into subsets according
to the nature of their usage. First of all, the quantities are separated
into the two major categories mentioned in the introduction (section 2.1):
(1) General Input Data, and (2) Array Data. As mentioned in the
introduction this is a physical as well as a logical separation. Each
of the two major categories may be subdivided into several subsets
according to logical usuage. However, this second level of subdivision
is strictly a logical separation. No physical separation is required
except that certain combinations of input quantities will never appear
together because some quantities are defined for one particular option
whereas other quantities are not defined, or at least are not input
for that option. TFor example the array NP must be input for the
standard strain analysis option, but will be calculated for the Bladder
Analysis option. On the other hand the array DEPTH must be input for
the Bladder Analysis option, but isn't even defined for the standard

strain analysis option.

For convenience the nominal values of optional quantities are
indicated by values or expressions enclosed by brackets, e.g., [0],
Also the dimensions of arrays are indicated by values or expressions

enclosed by parentheses, e.g., (NUMEL).



2.2.1 General Input Data

A,

Quantities which are always required. (At present there

are no quantities in this particular category.)
Quéntities which are optional regardless of the value of

BLANAL

HEADER  [blanks]
RECCYL  [0]

NUMAT [1]

NNDLIM  [0]

MAXST [25]

ITER [1 for double fold option; 10 otherwise]

CoNVER  [0.1 for double fold option; 107" otherwise]
IPRIN [1]

IRESI [0]

MAXBW [50]

MAXBKT [25000]

RESTRT  [0]

savETP  [0]

IRSIN [1 on cDC 6500]

IRSPUT  [3 on CDC 6500]

Quantities which are required only for the Bladder Analysis

option.

BLANAL
NLAYER
RFINAL

Quantities which are optional only for the Bladder Analysis

option.
LWRAT [2] (single fold option only)
NXINT [LWRAT*NLAYER]  (single fold option only)



NLAYER
XINGTH  [LWRAT*BLTHNS where BLTHNS=p  DEPTH(i)]
i=1L
(single fold option only)
XSTART [O] (single fold option only)
YSTART [0] (single fold option only)
NANGIN ElS] (double fold option only)

RPTRAT [1000 for single fold option,
10 for double fold option

RSTRAT [100] double fold option only

RPFPLD  [RPTRAT*BLTHNS ]

RSFOLD [RSTRAT#BLTHNS ] (double fold option only)
FLIFE [0]

NCYCF [0]

E. Quantities which are required only for the standard strain

analysis option.

NUMEL
NUMNP
NUMCP
NUMBC

NLOAD One quantity must be non-zero; the other must
NID be zero.

F. Quantities which are optional for the standard strain analysis

option.
NPD [o]
PRESS ignored if NPD#0.

2,2.2 Array Data

A. Arrays which are always required
VEM (NMAT)
VXI (NMAT)
VXU (NMAT)
vYp (NMAT)
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Arrays which are optional regardless of the value of BLANAL.

DLIM (3,NNDLIM) - required if NNDLIM >0.
LSSAVE (2, 20) - required if SAVETP#0.
X@RD (NUMNP) ) May be input only on

Y@RD (NUMNP)} a restart run.

Arrays which are required only for the Eladder Analysis

option.

DEPTH (NLAYER)

Arrays which are optional only for the Bladder Analysis

option.

MLAYER (NLAYER) (required if NMAT >1)
CYCT@F (40, NCYCF) —(used only if FLIFE#0)
CYCM (NLAYER) ) Used only if FLIFE#0.

CYCZ (NLAYER) } May be input or calculated.

Arrays which are required only for the standard strain

analysis option.

NP (6 ,NUMEL)

CPRNER (3,NUMCP)

VTH (NMAT)

IBC@ND (2 ,NUMBC)

DISPL (3,NID) - required if NID>0.
LOADE (NL@AD)

L@ADS (NL@AD) required if NL@AD >0.

Arrays which are optional for the Standard Strain Analysis

option.

DELTAP (NDP) - required if NDP >O0.
MATEL (NMAT) - required if NMAT >0.
VPR (NLPAD)



2.3

Definition of Input Symbols

2.3.1

General Input Quantities

3

2)

3)

4)

5y

6)

7)

8)

HEADER

BLANAL

RECCYL

NMAT

NNDLIM

MAXST

ITER

C@NVER

Input header (See section 2.1.3, '"Header Card"

for details)

Bladder Analysis option flag:

#0 4if Bladder Analysis option is desired;

=0 if Standard Strain Analysis option is desired.

[nominal value is 0]

Coordinate System option flag:

=0 if rectangular coordinates are desired (single
fold analysis if BLANAL#0);

#0 1if cylindrical coordinates are desired (double
fold analysis if BLANAL#0).

[Pominal value is 0]

Number of Materials:

If NMAT >1, then the material code of each element

must be entered in the array MATEL.

[nominal value is 1]

Number of limiting displacemént entries:

If NNDLIM >0, then the limiting displacements are

specified in the array DLIM.

[nominal value is 0]

Number of load steps to be used.

[nominal value is 25]

Maximum of iterations to be used for each load

step.

1 £for double fold optionﬂ

[nominal value is {10-otherW1Se-

Convergence criterion:

1/2
Z(DF(J‘.))Z

If = < C@PNVER,

2-10



the solution is considered to have converged.
N = 2%NUMNP,

DF (i)
F(1)

residual load for ith degree of freedom,

accumulated load for ith degree of freedom.

[éominal value =§0.i4 for double fold option%]
10 ~ otherwise

9) 1IPRIN - Detailed print interval:
The point strains and stresses will be printed out
every IPRIN-th load step starting with load step
IPRIN.
[nominal value is 1]

10) IRESI - Load residual option flag:
If IRESI#0, then at the start of each load step
except the first, the incremental load vector DF
will be set equal to the residual load vector
from the previous load step.
If IRESI=0, then at the start of each load step,
the incremental load vector DF will be cleared to
zZero.
[nominal value is 0]

11) MAXBW - Maximum band width: i.e., 2%¥ (maximum difference
in node numbers of any single element) + 2.
For the Bladder Analysis option MAXBW must be 3 8%
NLAYER + 10.
[nominal value is 50}

12) MAXBT - Maximum size of the Dynamic Storage array. See
section 6.2 "Dynamic Storage Array" and section
5.6 'Memory Requirements" for information describing
how to estimate the size of the Dynamic Storage
array.

[nominal value is 25000}



13) RESTIRT - Restart dump number:

14) SAVETP

15) IRSIN

16) IRSPUT

17) NLAYER

18) RFINAL

19) LWRAT

e

1

i

= n>0 if the current run is to be restart from
dump n of the input restart tape;

= 0 otherwise

[nominal value is 0]

Restart flag:

# 0 if is is desired to save data periodically
on a ''save tape" for a possible restart in a
subsequent run;

= 0 otherwise.

If SAVETP # 0, then the frequency at which the
data is saved on the output restart tape must be
specified by the array LSSAVE.

[nominal value is O]

Internal file name for input restart tape.

nominal value is 1 for CDC 6500;
see section 6.6.4 of this report

Internal file name for output restart tape.

nominal value is 3 for CDC 6500;
see section 6.6.4 of this report

Number of element layers for the Bladder Analysis
option.
[no nominal value; must be specified]

Rf = final inner folding radius.

[no nominal value; must be specified]

Ratio of the total length in the x-direction to
the total bladder thickness and/or the ratio of
the number of intervals in the x-direction to the
number of element layers (for the single fold
bladder analysis option). See NXINT and XLNGTH
below.

[nominal value is 2]
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20) NXINT -~

21) XLNGTH -

22) XSTART -~

23) YSTART -

24) NANGIN -

25) RPTRAT -

26) RSTRAT -

Number of intervals in the x-direction (for the
single fold option).

[nominal value is LWRAT*NLAYER]

Total length in the x-direction (for the single
fold option).

mominal value is LWRAT*BLTHNS where
NLAYER

BLTHNS = Z DEPTH(1)
i=1

is the total "depth" of the bladder area |

X, = x~coordinate of the left edge of the rectangular

area (for the single fold option).

[nominal value is 0]

Vo = y~-coordinate of bottom edge of the rectangular
area (for the single fold option).

[nominal value is 0}

Number of angular intervals (for the double fold
option).

nominal value is 18 corresponding to angular spacing
of 10°
R ) -

P

e ratio of primary fold radius Rp to total

bladder thickness t, where
NLAYER

t = ZDEPTH(i).
i=1

nominal value is 1000 for the single fold option
and 10 for the double fold option

—f-= ratio of secondary fold RS to total bladder

thickness t (for the double fold option).

[nominal value is 100}

2-13



27) RPF@LD

R_ = initial radius of primary fold

P
inner fold radius for double fold;
radius to median line for single fold.

nominal value is RPTRAT*BLTHNS where BLTHNS = t =]
total bladder thickness
S

28) RSFPLD

R = inner radius of secondary fold (for double

fold option).
[nominal value is RSTRAT*BLTHNS]

29) FLIFE Fatigue life option flag.

# 0 if the fatigue life is to be calculated and
printed out;

= 0 otherwise.

[nominal value is zero]

30) NCYCF Maximum number of pairs of entries €; and Ni in

the CYCT@F table for any material, where

€.
1

N,
i

plastic strain,

corresponding value of the fatigue life.
rmminal value is 01
must not exceed 20

31) NUMEL - Number of elements.

32) NUMNP -~ Number of nodal points.

33) NUMCP -~ Number of corner points.

34) NUMBC -~ Number of boundary condition entries in IBCPHND
array.

35) NLPAD ~ Number of elements which are pressure loaded:

a) 1If BLANAL = 0, then a non-zero value must be
specified for either NL@AD or NID (but not
both).

b) If NLPAD > O, then NLPAD specifies the number
of entries in each of the arrays LOADE and
LPADS (i.e., the number of elements which are

pressure loaded).

2-14



36) NID

37) NDP

38) PRESS

c)
d)

If RECCYL = 0, then NLOAD must be >0.

If RECCYL # 0, then a negative valge may be
entered for NLPAD. If NLPAD = -n (where n >0),
then n is the index of the node which is used
as a reference for changing the radius of
curvature of the secondary fold.

[nominal value is 0]

Number of imposed displacement constraints.

a)
b)

See NL@AD above for compatibility requirements.
If NID> 0, then NID specifies the number of
imposed displacement specifications in the
array DISPL.

[nominal value is 0]

Number of pairs of entries in the DELTAP array.

[nominal value is 0]

Total pressure to be loaded:

a)
b)

c)

Ignored if NDP # 0, or if BLANAL # O.
If BLANAL = 0, if NL@AD >0, and if NDP = OQ,
then each side Si loaded will be loaded in

MAXST equal load steps each of magnitude

Pi
APy = MAXST.
If PRESS is entered, then P, = PRESS for each

i
side loaded. If PRESS is not entered then

Pi = VPR(i).

If BLANAL = 0 and if NL@PAD = -n< 0, then the
structure will be loaded by changing the radius
of curvature of node n. The change in the
radius will be given by the table DELTAP if
NDP >0 or by PRESS if NDP = 0,

2-15



2.3.2 Array Data

With the exception of the array LSSAVE, which is described below,
all of the input arrays are stored in the Dynamic Storage Array and
are described in detail in section 6.2.4 of this document. Section

6.2.3 lists all of the arrays in alphabetical order for easy reference.

LSSAVE -~ 2%10 array in which LSSAVE(1l,i) specifies Ni and LSSAVE(2,1i)
specifies 0, which are used to control the frequency at which
dumps of the program data are taken for a possible restart in

a subsequent run (provided that SAVEIP # 0).

Dumps of the restart data are made on load step n, and

1 load steps until load step Nl is reached. 1In general

dumps of the restart data are made every n, load steps for

every n

load steps between N, and N, .
i-1 i

A maximum of ten pairs of values (Ni’ni) may be entered.
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2.4 Input Forms l Nl

Page .. of _ .

Priority

NAMELIST INPUT FORM Keypunched by

.l Verified by
‘TL" General Input Data for BLADER (AS189) COMMENTS
P $AS189 [P in column l=print card images (TRW only)]
HEADER=60H [followed by 60 characters including blanks] -
RECCYL= [l for cylindrical coordinates; no entry ot;herwise] o
NMAT= [number of materials; no entry=>1] N
NNDLIM= [number of limiting displacet_n_er_l_t.s]. o
MAXST= [pumber of load steps desire_d]/ o
ITER= [max. no. of iterations] - L
C@NVER= [convergence criterion] o ) )
. IPRIN= [detailed print interval] ]
IRESI= [residuals option flag]
MAXBW= [maximum allowable band width}
MAXBKT= [max. size of dynamic storage array] i
RESTRT= [n to restart from dump n]
SAVETP= [l to save data for a restart]
BLANAL= [1 for bladder analysis; no entry otherwise] B
NLAYER= [no. of element layers]
RFINAL= [final folding radius]
FLIFE= [1 if fatigue life calcualt;ions are desired’]~ B
[Additional input quantities are described in sgction 2,2.11
el
"™ $END
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Date ... __
Name

Problem No.

No. of Cards

NAMELIST INPUT FORM

Page . __
Priority ... - .

Keypunched by

Verified by

of .. ..

TITLE:
2

$DATA

VEM=

VXI=

Array Data for BLADER (AS189)

80

[P in column 1=>Print card images (TRW only)]

[elastic modulus for each material]

_[plastic/elastic modulus ratio for each material]

COMMENTS

2-18

| vxU= [Poisson's ratio for each material] ]
: VYP= [yield point for each material) ..~~~
DLIM= [limiting displacement specifications] ]
i DEPTH= [depth of each element layer] - o
MLAYER= _ [material code for each layer] e L
. $END



2.5 Restart Procedure

2.5.1 1Introduction

An option available in the BLADER program allows a problem which
has been interrupted for some reason in one computer run to be continued
in a subsequent computer run. In order to restart an interrupted
problem the user must have instructed the program to save the necessary
data on a restart tape during the initial run. He does this by
appropriate entries in the Namelist input of the initial run and by
requesting the restart tape to be saved by having the appropriate control
cards inserted in the deck. Then in the restart run the user must
request the saved restart tape to be mounted again by having appropriate
control cards inserted in the deck, and must enter RESTART # O in the

Namelist input.

2.5.2 1Initial Run

1) Enter SAVETP = 1 in the General Input Data.

2) Enter the LSSAVE array to specify the frequency of the
restart dumps. See section 2.3.2 for a description of the
array LSSAVE.

3) 1Insert the appropriate control cards to have the restart

tape saved.

2.5.3 Restart Run

1) Enter RESTRT = n, where n is the number of the dump corre-
sponding to the load step from which the user wishes to
continue. The dump number is printed out during the
initial run each time a dump of the restart data is taken.

2) 1Insert the appropriate control cards to have the previously

generated restart tape mounted.

2.5.4 Modifying Data on a Restart Run

On a restart run the user is allowed to modify the values of
some input quantities through the Namelist input. The original

intention of the programmer was to allow the user as much freedom as
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possible in modifying the problem on a restart run, but several
programming considerations (the most important of which is the Dynamic
Storage.feature) made it necessary to impose some restrictions on the
quantities which may be modified on a restart run. Thus major

modifications such as changing coordinate systems or changing the

dimensions of the problem are not allowed. In most cases these

restrictions do not impose unreasonable limitations on the user. It
is unlikely that the user would want to change coordinate systems,
or to change the dimensions of the problem in the middle of a given

problem.

Below, an attempt has been made to indicate those quantities
which may be safely modified on a restart run and those quantities

which may not be modified.
1) Quantities which may be modified on any restart run:

HEADER
ITER
CPNVER
IPRIN
IRESI
RESTRT
SAVETP
VEM

DLIM [however it is not possible to remove a constraint
once a node has reached its limiting displacement.

LSSAVE

XPRD } The arrays X@RD and YPRD are not input on an initial

Y@RD run, but the coordinates of any node may be modified

on a restart run.

2) Additional quantities which may be modified only if BLANAL # O0:
CYCM

CcYCz
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3

4)

Additional quantities which may be modified only if‘
BLANAL = 0:

PRESS : The value of PRESS may be modified, but the method
| of loading may not be changed. Thus if PRESS was

not entered on the initial run, it must not be
entered on a restart run.

MAXST

VIH

L@ADE

L@ADS

DELTAP

MATEL

VPR

Quantities which must never be modified:

RECCYL

BLANAL

NLAYER

RFINAL

LWRAT

NXINT

XLNGTH

XSTART

YSTART

NANGIN

RPTRAT

RSTRAT

RPFQLD

RSFPLD

FLIFE

NCYCF

NUMCP

DEPTH
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5)

MLAYER
CYCT@F
CPRNER
DISPL

Quantities which might be modified with some risk.

A word of explanation is appropriate here. It is
recommended that none of the quantities listed below be
modified in a restart run. Changing the problem dimensions
on a restart is at best hazardous. At worst it could be
disasterous. However, in case someone feels particularly
adventuresome we list these quantities in the hope that the
program won't completely blow its mind if some user desires
to change the problem dimensions. One final point is that
because of the Dynamic Storage feature used in this program

it definitely is not possible to decrease any problem dimensions.

NMAT

NNDLIM

MAXBW

MAXBKT

NUMEL

NUMNP

NUMBC

NL@AD

NID May not change method of loading

NDP

NP

IBC@ND The boundary conditions are cummulative. It may
be possible (but not advisable) to add boundary
conditions on a restart run, but existing boundary

conditions may not be deleted.
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3.0 OUTPUT

There are two basic types of printed output: the printout produced
by the operating system and the printout produced by the program itself.
The system generated printout consists of such things as the load map, the
listing of Namelist card images, the data or program dumps, and the
dayfile, and is more or less not under the control of the program. The
program generated printout consists of everything printed directly under
the control of the program by means of Fortran WRITE and FORMAT state-
ments. The two different types of output may appear interspersed

throughout the output listing and may even appear on the same page.

The main reason for diStinguishing between the two different
types of printout is that while the program generated output is more or
less independent of the computing system which the program was run, the
system generated output is very much dependent on the computing system.
For example, the feature which allows the listing of the Namelist card

images may be unavailable on some computing systems.

Below we shall list and, in some cases discuss, the various
categories of printout that may be produced. The system generated print-
out will be indicated by placing "(system)" after each appropriate
category. In addition, comments encldéed in parentheses will be used to
indicate the conditions under which certain categories of printout will
be produced. The categories will be listed in the approximate order in

which they may be produced.

1) Load map: (system) - see section 5.4 for a load map

produced on the CDC 6500 at TRW.

2) Listing of card images for the General Input Data:

(system).

3) 1Input Parameters: This category consists of the values of
parameters such as the number of elements, the maximum
number of load steps, etc., which may be input or, in some

cases, generated by the program.

4) Listing of card images for the Arréy Data: (system).



5)

6)

7)

8)

)]

10)

11)

12)

13)

14)

Bladder Analysis Parameters: (BLANAL # 0) -
This category consists of such quantities as number of

element layers, total length, final fold radius, etc.

Nodal coordinates: (BLANAL # 0) -
The x and y coordinates for the single fold option or the
r and z coordinates for the double fold option are printed

out for each nodal point.

Fatigue life as a function of plastic strain for each

material: (BLANAL # 0 and FLIFE # 0).

Plastic strain coefficients: (BLANAL # 0 and FLIFE # 0)

M and z are printed out for each material.

Material and geometric properties: The elastic modulus,

Poisson's ratio, etc. are printed out for each material.

Variable material specification: (NMAT < 1) -

The material code is print out for each element.

Corner point array: (BLANAL = 0) -
The coordinates (x and y or r and z) of each corner

point are printed out.

Element array: The node numbers Nys M,y eens D for each
element are printed out under the headers I, J, K, L, M,

and N respectively.

Boundary conditions: (BLANAL = 0) -

The nodal index and the constraint code are printed out

for each boundary condition under the headings PPINT and

NFIX respectively. See the description of the input array
IBCUND (item 40) in section 6.2.4 of this document for details.

Nodal displacement limits: (NNDLIM > Q) -

The nodal index, the direction code, and the magnitude of

the displacement are printed out for each limiting displacement
constraint. See the description of DLIM (item 30) in

section 6.2.4.



15) Pressure loading specifications: (NL@GAD > 0) -
The element index and the side code for each pressure
loading condition are printed out. If, in addition, neither
of NDP and PRESS is specified, then the pressure loading
fof each side loaded is also printed out. See the descrip-
tions of LOADE, LPADS, and VPR in section 6.2.4 of this

document .

16) Imposed displacements: (BLANAL = 0) -
The nodal index, the direction code and the magnitude of
each imposed displacement constraint are printed out. See

the description of DISPL (item 39) in section 6.2.4.

17) The band width of the stiffness matrix is printed out
opposite the heading BAND WIDTH.

18) The total length of the dynamic storage array is printed

out as a decimal integer and as an octal integer.

19) Load step and iteration information:
a) Load step number.
b) Load step size(s) (AP)i and total load(s) Pi:

i) If NL@AD > O and if either NDP > O or PRESS was
specified in the Namelist input, then (AP)i is
the current value of the incremental pressure
loading and Pi is the accumated pressure load.
The two values (AP)i and Pi apply to all sides
loaded.

ii) If NL@AD > 0 and neither NDP nor PRESS was
specified, then (AP)i is the incremental pressure
load for the ith side loaded and Pi is the
corresponding accumulated pressure loading.

See the descriptions of LPADE, LPADS, DPR and TPR
in section 6.2.4 of this document.

1ii) If NLPAD = - n < 0, then (AP) is the current
value of the incremental change in primary fold
radius and Pi is the accumulated change in fold

radius (i.e. r - rp) of node n.
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19)

20)

21)

Load step and iteration information: (continued)

iv) If NL@AD = O (hence NID # 0) and if BLANAL = 0,
then (AP)i and Pi have no significance.

v) If BLANAL # 0 and RECCYL = 0 (single fold bladder
analysis), then (AP)i = (0 has no significance,
but Pi specifies the current value of the fold
radius (measured from the origin to the median
line).

vi) If BLANAL # 0 and RECCYL # 0 (double fold bladder
analysis), then (AP)i is the incremental change
in the secondary inner fold radius and IPRESS is
the accumulated change in the secondary inner

fold radius.

¢) Force norm:

numnp nummnp 1/2
¥ = E F2.+§ ¥
xi yi
i=1 i=1

is printed out for each load step.

d) DF norm
numnp
IpF| = E (AF )" +
i=1 ]

e) DF/F norm ratio

For each iteration the DF norm |DF|| and the ratio
|[pE]
(1|

Total force and the total moments: (RECCYL # 0) -

are printed out.

For each load step, the total force fe and the total

moments Mr and Mz are printed out,

Fold radius: (NL@AD < 0) -
If NLGAD = - n < 0, then the current value of the primary

fold radius R = rn is printed out for each load step.
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22)

23)

24)

25)

26)

Radius of curvature: (single fold analysis) -
For each load step, the inner radius of curvature at the

centerline (x = 0) is printed out.

Nodal point forces and displacements -

The x and y (for rectangular coordinates) or the r and z
(for cylindrical coordinates) components of displacement,
accumulated loads, and residual loads are printed out for

each nodal point for each load step.

Estimated fatigue life (FLIFE and BLANAL # 0) -

The estimated fatigue life and the maximum equivalent
plastic strain, and the index of.the node at which the
méximum equivalent plastic strain occurs is printed

out for each element layer for each load step.

Point strains -

At load step intervals determined by the input parameter
IPRIN, the elastic, plastic and total strains are printed
out for each nodal point. If RECCYL = 0, then the
following components of strain are printed out for each

type of strain:

ex: Sy’ Yx y

If RECCYL # 0, then the following components of strain

are printed out for each type of strain

£ € €
r’ z’ 8> Tr z

Point stresses -

At load step intervals determined by the input parameter
IPRIN, the nodal coordinates (x and y or r and z), the
point stresses (cx, oy, SXY’ g,> and 0 if RECCYL = 0,

OL O, 0,5 Ogs T > and ¢ if RECCYL # 0), and the
accumulated plastic work and the incremental plastic work

(DWP)- are printed out for each nodal point.



27) Dump of LBUCKT array and Dynamic Storage Array (System) -
If the solution fails to converge, the program calls the
library routine PDUMP to dump out the LBUCKT array, which
specifies the D.S.A. pointers, and the Dynamic Storage
Array. See section 6.2 for a description of LBUCKT and
the D.S.A.



4,0 SAMPLE CASE

4.1 Description of Sample Problem

In this section, a simple single fold aluminum bladder problem is
presented in order to illustrate some of the program features. The
bladder finite element model consisted of six elements, as shown in

Figure 4-1. The material properties are:

E = 200 KSI
u=0.33

X = .167
OY = 10 KSI

The other pertinent input quantities are given in the next sections.

4.2 Load Sheets for Sample Problem

The load sheet for the example problem is shown on the next
page.

4.3 Printout for Sample Problem

Following the load sheet is the primntout for the single fold
problem of Figure 4-1. For brevity, only load steps 1 and 20 (the first

and last steps) are shown.

Figure 4-1: Sample Single Fold
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Date ___ _ Page of

Name . _ . .. A Priority

Problem No. NAMELIST lNPUT FORM Keypunched by

No. of Cards . - 1 Verified by

TITLE: . 80 COMMENTS

cguver —ioe-03, i
HEADER = ITHSINGLED FYLDC M gner |
BLANAL =1, FLTFE =1, NCMCF=72,
NJ LP;‘/ Q’:’TZ.F‘« )

(LW IRAT = 3, _
RFINAL= 0,05, B

; MAXST ..-a'z,o)
$eND

$DATA o
VEM = 200, VXT = 0.33) VA= 0,167,V P = 0.,
DE PTH-0.02, CNLCTEF .28, 10>
008,y Vool o
Fernp e |
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5.0

OPERATING PROCEDURES

5.2.3 End-of-record and End-of-file cards

High speed digital computer such as CDC 6500 or UNIVAC 1108.

At least 25K (decimal) memory - (larger memory permits

Two magnetic tape units if full restart capability is
desired. One magnetic tape unit would be sufficient if

input parameters are set properly (See section 6.6.4).

5.1 Computing System Requirements
5.1.1 Hardware Requirements
5.1.2 Software Requirements
5.1.3 Input/Output Units
5.2 Deck Setup
5.2.1 Administrative Control Cards
5.2.2 CDC Control Cards
5.3 Library Subroutines
5.4 Load Map
5.5 Subroutine Cross—~References
5.6 Memory Requirements
5.7 Print/Timing Estimates
5.7.1 Print Volume
5.7.2 Execution Time
5.8 Error Messages
5.1 Computing System Requirements
5.1.1 Hardware Requirements
1)
2)
solution of larger problems).
3)
5.1.2 Software Requirements

1)

The entire BLADER program is coded in Fortram IV. Although
the BLADER program was compiled and checked out primarily
on the CDC 6500 computing system at TRW, a great effort has

been made to avoid using any programming practices which

5-1



5.1.3

1

2)

3)

(continued)
would cause significant problems in converting the program
to other computing systems which have Fortran IV capability

reasonably close to ASA standards.

The memory release feature of the CDC 6500 computing system
at TRW is used, but is not really required and the usage

thereof can be easily eliminated.

The Namelist feature of Fortran IV is used to read

input data.

Input/Output Units

1)

2)

3)

4)

Fortran logical unit 5 is the standard input file (file

INPUT on the CDC 6500 computing system).

Fortran logical unit 6 is the standard output file (file
@UTPUT on the CDC 6500 computing system).

One magnetic tape unit is required for the input restart

if the input parameter RESTRT is nonzero. The Fortran
logical unit number for this tape unit is determined by

the parameter IRSIN. On the CDC 6500 computing system, the
nominal value of IRSIN is 1 corresponding to file TAPE 1

(see section 6.6.4).

One magnetic tape unit is required for the output restart
tape if the input parameter SAVETP is nonzero. The Fortran
logical unit number for this tape unit is determined by the
parameter IRS@UT. On the CDC 6500 computing system, the
nominal value of IRS@UT is 3 corresponding to file TAPE 3
(see section 6.6.4).



5.2 Deck Setup

The deck setup for executing the BLADER program from a binary deck
is very simple. The deck setup for executing from'a binary program tape
or from file service would be equally simple. 1In this report only the
deck setup for executing from a binary deck on the CDC 6500 computing
system at TRW is described. From this one basic deck setup, hopefully the
deck setup for executing from a binary program tape or from file service

or even for running on a different computing system will be suggested.

5.2.1 Administrative Control Cards

In this section is presented a list of the administrative control
cards that are likely to be used when executing the BLADER program on the
CDC 6500 computing system at TRW. Because the format of these cards may
change from time to time, the reader is referred to section 4.3.6.1 of

the TRW Systems Programming Handbook for details.
1) $ NAME
2) $ PRGBLEM
3) $ PROGRAM, AS189.

4) PRIGRITY

5) MAXTIM

7)

$
$
6) $ FLENGTH (See section 5.6 Memory Requirements)
$ PRINT

$

8) TAPE

For example, if we wish to run a case which uses the input
restart tape 1234 mounted on unit 1 and which will write

an output save tape mounted on unit 3, then we would include
the following $ TAPE cards:

$ TAPE, TAPE 1, 1234.

$ TAPE, TAPE 3, S.
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5.2.2 CDC Control Card's

In this section is presented a list of the CDC control cards that
are required for executing the BLADER program from a binary deck. The
general usage of the CDC control cards is described in the CDC SC@PE

reference manual.

1) SET (1) - presets core to indefinites before program

is loaded.

2) INPUT. - loads program and starts execution.
When a large amount of printout is expected, the line
count should be set to a large value, e.g. INPUT
(LC = 1000000).

3) EXIT.

4) VIV.
Actually, the VIV card is not a standard CDC control
card. Rather, it is a special feature of the TRW 6500
computing system and is described in section 4.3.5.1 of

the TRW Systems Programming Handbook.

5.2.3 End-of-record and End-of-file Cards

These are standard control cards for the CDC 6500 computing system.
An end-of-record card has 7-8-9 punches in column 1, and an end-of-file

card has 6-7-8-9 punches in column 1.

5.3 Library Subroutines

The following is a complete list of all library subroutines
explicitly called by the BLADER program. This list does not include
subroutines such as the I/@ routines which may be called indirectly by

READ, write, and other I/§ statements.

1) MRELSE - Memory release routine for the CDC 6500 computing
system at TRW. For executing the BLADER program
on other computing systems, the two call statements
calling MRELSE from the main program BLADER may
be removed or a dummy routine for MRELSE may be

provided.



2) ALAG - Natural logarithm subroutine: Obtains 1ln(x)

for given x.

3) C@S - Cosine subroutine: Obtains COX(x) for given x

(where x is in radians).

4) EXP - Exponential subroutine: Obtains exp(x) = e*

for given x.

5) PDUMP -~ Memory dump subroutine: PDUMP is a more or
less standard memory dump routine available on
many computing systems. The calling sequence is
call PDUMP (Ll, Ul, fl’-LZ’ U2’ f2, eoes Ln’ Un’ fn)
where Li and Ui indicate the lower and upper
limits of the memory region to be dumped and fi

is a flag indicating the format of the dump:

0 for octal dump,
f, = 1 for real cump,

2 for integer dump.

If the Bladder Program is to be executed on a
computing system which does not provide a PDUMP
subroutine, then .the CALL PDUMP statements in
subroutine EERRXX may be deleted or replaced by

another dumping procedure,
6) SIN -~ Sine subroutine: Obtains sin(x) for given x.
7 SQRT - Square root subroutine: Obtains v x for given x.

5.4 Load Map

5.5 Subroutine Cross—-References

The following is a load map and subroutine cross reference listing

produced when executing the BLADER program on the CDC 6500 computing system.
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5.6 Memory Requirements

The basic memory requirements for the BLADER program (excluding
the variable memory requirements of the Dynamic Storage Array) are
relatively modest. On the CDC 6500 computing system, the basic memory
requirement is approximately 46000 (octal)~19,500 (decimal) cells.

The memory required for the Dynamic Storage Array is extremely variable,
depending on the size of the problem. On the CDC 6500 computing system,
the program begins with 3000 (decimal) = 5670 (octal) cells in the
D.S.A., but may increase or decrease the size of the D.S.A. - depending
on the size of the problem. On a computing system which does not have
a memory release feature such as that on the CDC 6500 computing system
at TRW, it would be necessary to dimension the array BUCKET in the

BLADER main program with the maximum dimensions desired for the D.S.A.

Tables 5.6.1 and 5.6.2 should be helpful in estimating the size
of the Dynamic Storage Array for a given problem. It turns out that in
most cases the only really significant parameters are the number of
elements NUMEL and the number of nodal points NUMNP, All of the input

parameters are described in section 2.3 of this report.

For a bladder analysis problem (BLANAL # 0), many of the
dimensional quantities (NUMEL, NUMNP, etc.) are calculated from the
basic bladder dimensions as indicated in table 5.6.2. NLAYER, LWRAT,

and NANGIN are the basic input dimensions.
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Table 5.6.1

Dynamic Storage Requirements

Rectangular Cylindrical

Coordinates Coordinates

(RECCYL = 0) (RECCYL # 0)
NUMEL X 102 120 Most significant
NUMNP X 33 37 dimensions
NMAT X 5 5
NDP X 2 2
NUMBC X 2 2
NID X 2 2
NNDLIM X 5 5
Plus
NL@AD X 2 2 If NL@GAD > 0
NL@GAD X 3 3 If NL@AD > 0 and

neither NDP nor
PRESS is entered.

NUMEL X - 3 If NL@AD < O
NUMEL X 1 1 If NMAT > 1
NLAYER X 2 2 If BLANAL # 0O
NMAT X 2 2 If FLIFE # O
Plus

2% NUMNP * BANDW for the band matrix; where BANDW is the band

width of the system stiffness matrix.
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Table 5.6.2

Bladder Analysis Dimensions

Single Fold Double Fold
NXINT LWRAT * NLAYER NANGIN
NPTSX 2 % NXINT + 1 2%NXINT + 1
NPTSY 2 * NLAYER + 1 2*NLAYER + 1
NUMEL 2 % NLAYER #* NXINT  2*NLAYER*NXINT
NUMNP NPTSX * NPTSY
NMAT Input Input
NDP 0 0
NUMBC NPTSY 2%NPTSY
NID 2 * NPTSY 0
NNDLIM Input Input
NL@AD 0 <0
BANDW 8 * NLAYER + 10 8*NLAYER + 10

Note: If FLIFE # 0, then the array CYCT@F will
require 40 * NMAT cells. However, since
the CYCIQF array is overlaid by the band
matrix, which is normally larger than the
CYCT@F array, there is usually no need to
allow extra storage for the CYCT@F array.

5.7 Print/Timing Estimates

Both the volume of printed output and the execution time are
extremely variable being dependent upon such factors as the problem
dimensions, the number of load steps, and the options selected. 1In this
section an attempt is made to present information that will assist the

user in estimating the volume of printed output and the execution time.

5.7.1 Print Volume

For the purposes of estimating the volume of printed output, the
print may be divided into three categories: input printout, standard
load step printout, and detailed load step printout. The following
algorithms consider only the options which greatly affect the volume of

printout and hence provide only an estimate of the printed output.
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5.7.1 Print Volume (continued)

1) Input printout:
No. of lines * C + E + P + Z where
C = no. of input cards,
E = no. of elements (multiplied by 2 if blank lines are
included),
P = no. of points,
7 = 100 if blank lines are included,
60 otherwise.
2) Standard load step printout:

No. of lines ® MAXST * (I + P + L + Z) where

no. of iterations (< ITER),

no. of points,

]

no. of sides loaded (see VPR in sections 6.2.3 and 6.2.4),
7 = 320 if blank lines are included,
10 otherwise

3) Detailed load step printout:

MAXST
i z *
No. of lines TPRIN (4L %P+ 2)

where

P

i

no. of points,

25 if blank lines are included,

43

Z
12 otherwise.

In some computing systems blank lines must be included in the
estimate of the print volume while in other computing systems only real

lines are counted.

5.7.2 Execution Time

Although the problem options (i.e. coordinate system, bladder or
standard strain analysis, etc.) have very little effect upon the running
time, the problem dimensions, the number of load steps, and the convergence
criterion have a great effect upon the running time. It is somewhat
difficult to determine the relation between the problem dimensions and the
running time. The band matrix size is approximately proportional to the

square of the number of nodes, and the number of nodes is in turn
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5.7.2 Execution Time (continued)

proportional to the product of the number of intervals in each coordinate
direction. The running time per iteration is roughly proportional to the
size of the band matrix. Thus we can expect the running time per iteration
to be roughly proportional to the square of the number of nodes. For a
problem with a given number of nodes, the running time is almost directly
proportional to the total number of iterations required, which in turn
would be directly proportional to the number of load steps if all load
steps required the same number of iterations. Thus a very crude estimate

of the running time may be obtained from the formula

T = SIN2
where
T = running time
= total number of iteratioms
= MAXST * (average number of iterations per load step)
N = no. of nodes

S is a quantity which is roughly constant for a given computer

and must be determined through experience in running the program.

Perhaps a few examples will give a rough idea of the running time at least
for the CDC 6500 computing system. The running time for other computing

systems will have to be determined by experience.

Total Running
No. of No. of No. of Time 3
Run Nodes Load Steps Iterations (sec.) S*10 Comments
1 21 10 13 15.5 2.7
21 12 15 20.3 3.07 (with restart)
3 21 10 12 19.8 3.74 cylindrical
coords
4 45 10 36 136.0 1.87
5 45 5 15 60.0 1.98
6 75 4 4 32.05 1.42
7 75 20 20 126.9 1.13 2706 lines of
output
8 75 20 20 145.1 1.29 6396 lines of
output
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5.7.2 Execution Time (continued)

It is obvious from the table on the preceding page that the formula

T = SIN2 is only a rough formula since the value of S = —IE' is not the
same for all cases. N

5.8 Exror Messages

This section consists of a list of all error messages which may be
printed out directly by the BLADER program. For convenience, the error
messages are listed alphabetically, and for each message the name of the
subroutine which prints the message is specified. Also, a brief explana-
tion of the meaning of the message and suggested remedial procedures are

presented for each message.

Lower case letters are used to indicate numerical or alphabetic
variables in the message, and upper case letters are used to indicate

the fixed portion of each message.
1. k%%%% A PLANE STRAIN CASE MAY N@T F@LLGW AN AXISYMMETRIC CASE.

Subroutine: DIMCHK

Explanation: ﬁecause the values of certain coefficients are
built into the program by means of DATA statements for the
rectangular coordinates option but are calculated for the
cylindrical coordinates option, a plane strain problem may
not be stacked behind an axisymmetric problem. (see section
2.1.6)

Remedy: Reorder the cases placing all problems involving
rectangular coordinates in front of all problems involving

cylindrical coordinates.
2, ERR@R ... IDIMEN(i) = m IS LESS THAN @LD VALUE = n

Subroutine: GINPUT

Explanation: Because of the Dynamic Storage feature, the problem
dimensions may not be reduced on a Restart run. The values m and
n are the new and old values of the quantity IDIMEN(i) where
IDIMEN(2) = NUMEL, IDIMEN(3) = NUMNP, etc... See the description
of the labeled C@PMM@PN block IDIMEN in section 6.3 of this report
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5.8

Error Messages (continued)

(continued)

for the significance of IDIMEN(i) for any specific value of i.

Remedy : Compare the new values and the old values of the problem
dimensions and restructure the problem to avoid reducing the

problem dimensions.
ERRGR IN PR@BLEM DIMENSIONS

Subroutine: DIMCHK
Explanation: An obvious error has been detected in the problem
dimensions. The following is a list of possible errors which the

program checks for:

a) o < 0 where a may be any of the following: NUMEL, NUMNP,
NUMCP, NUMBC, NMAT, MAXBW, MAXST.

b) NID < 0.

c) NDP < 0,

d) NUMCP > NUMNP.

e) NLOAD # 0 and NID # 0.

f) NLOAD = 0 and NID = 0.

g) RECCYL = 0 and NLOAD < 0.

h) NNDLIM < 0 or NNDLIM > NUMNP.

i) BLANAL # 0 and NLAYER < 0.

j) BLANAL # O and NXINT < 0.

k) BLANAL # O and NCYCF > 20.

1) BLANAL # 0 and RFINAL < 0.

Remedy: Check the input problem dimensions very carefully. Also,

in the case of a bladder analysis (BLANAL # Q) check the calculated
problem dimensions and the input parameter RFINAL. In particular,

check the printout of the general input data. More than one error

may be present so check very carefully. Correct the offending

quantities and resubmit the run.
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5.8

Error Messages (continued)

ERR@R ... VPRFLG FRYM RESTART TAPE = valuea PRAGRAM ALREADY
SET VPRFLG = valueb

Subroutine: RRST23
Explanation: There is an’inconsistency between the old (valuea)
and new (valueb) values of VPRFLG, the variable pressure flag,
where
1 if NLPAD > O and if neither NDP nor PRESS
VPRFLG = is specified,

0 otherwise.
Most likely one or more of the input Quantities NL@AD, NDP, and
PRESS was changed incorrectly on a restart run.
Remedy: Check the old and new values of the input quantities
NL@AD, NDP, and PRESS. If NDP and PRESS were originally non-zero,
then they may not be set to zero on a restart. Similarly, if NDP
and PRESS were zero or unspecified on the original run, then they
should be left unspecified on a restart run. Also if NL@AD was
originally zero or negative, then it must be zero or negative on
a restart run since the method of loading may not be changed on

a restart run.
ERRJR ... m SIDES LGADED FOR ELEMENT n

Subroutine: SETUP

Explanation: The user has attempted to specify m (> 3) sides
loaded for element n. Since the elements are triangular, no
more than 3 sides of any element may be loaded. Also, no side
of an element may be loaded with more than one load.

Remedy: Modify the pressure loading specifications (input arrays
LPADE and L@ADS)
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Error Messages (continued)

ILLEGAL VALUE SPECIFIED F@R VARIABLE varnam WITH
SUBSCRIPT(S) m, n

Subroutine: SETUP .
Explanation: The program has detected an obvious error in the
array indicated by the symbol varnam. The following table lists

the possible errors.

varnam Subscript(s) Description of Possible Errors
DELTAP 1 DELTAP(1, 1) < or
DELTAP(2, 1)= 0.
MATEL m MATEL(m) < O or MATEL(m) > NMAT.
C@PRNER 1, n CPRNER(1, n) < O or
C#RNER(1, n) > NUMNP.
NP m, n NP(m, n) < 0 or
NP(m, mn) > NUMNP.
IBC@ND 1, n IBCPND(1, n) < O or
IBCAND(1, n) > NUMNP.
DLIM 1, n DLIM(1, n) < 0 or

DLIM(1, n) > NUMNP or
DLIM(2, n) < 0 or
DLIM(2, n) > 2.

LOADE m LPADE(m) < O or
LOADE(m) > NUMEL.

L@ADS m |LoADS (m) | > 3

DISPL 1, n DISPL(1, n) < 0 or

DISPL(1l, n) > NUMNP or
DISPL(2, n) < 0 or
DISPL(2, n) > 2.

Remedy: Correct the offending values in the indicated array.
INPUT ERROR. CYCM(m) = value, BUT N VALUE WAS INPUT FOR CYCZ(m).

Subroutine: MSHGEN

Explanation: The arrays CYCM and CYCZ are in one-to-one corres-
pondence. Thus, if a value is entéred for CYCM(m), then a value
must be entered for CYCZ(m).

Remedy: Delete the entry for CYCM(m) or enter a value for CYCZ(m).
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5.8

Error Messages (continued)

10.

LENGTH OF DYNAMIC STORAGE m (DECIMAL) nnnnnn (BCTAL)
EXCEEDS MAXIMUM BUCKET SIZE.
MAXBKT = k.

Subroutine: BLADER

Explanation: The values m and nnnnnn specify the length of the
Dynamic Storage array as decimal and octal integers respectively.
The value m exceeds the maximum allowable value as indicated by
the parameter MAXBKT.

Remedy: Increase the value of MAXBKT through the Namelist input
or decrease the problem dimensions so that m < MAXBKT. See
section 5.6 for a discussion of the size of the Dynamic Storage

array.
MAX BAND WIDTH §F n EXCEEDED.

Subroutine: SETUP

Explanation: The integer n is the value of the parameter MAXBW
and is less than the calculated band width of the band matrix A.
Remedy: Increase MAXBW so that it is at least as large as the
calculated band width, or restructure the problem to reduce the

band width of matrix A.
NEGATIVE @R ZER@ AREA, ELEMENT = n

Subroutine: SETUP
Explanation: The area of element n calculated by the relation

A= (xy - x)03 -y - (x5 -%)03 -7
is negative or zero, where (Xl’ yl), (XZ’ yz) and (x3, y3) are the
coordinates of points 1, 2 and 3 (i.e. the corner points) of
element n. 1If RECCYL = 0, then rectangular coordinates (x, y)
are used, but if RECCYL # 0, then cylindrical coordinates (r, z)
are used.

Remedy: Renumber the nodes, change the point coordinates, or

restructure the problem to avoid negative areas.
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5.8 Error Messages (continued)
11. SPLUTIGN FAILED T@ C@NVERGE.

Subroutine: BLADER

Explanation: The solution of the problem (more specifically, the
norm of the residual load vector DF) failed to converge within
ITER iterations.

Remedy: Examine the sequence of values printed out for the norm
of DF and the DF/F norm ratio. If the sequence appears to be
converging satisfactorily, then perhaps merely increasing the
value of the parameter ITER will allow the problem to converge
within a few more iterations. Also, increasing the value of

the convergence criterion CPNVER may permit the problem to converge
and thus continue (but with reduced accuracy). If the DF norm
and the DF/F norm ratio are not converging, then it will be
necessary to change some of the problem parameters (such as YP,
EM, etc. or the pressure loading parameters PRESS, MAXST, etc.)

in order to get the problem to converge.
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6.0 PROGRAM DESCRIPTION
6.1 Introduction
6.2 Dynamic Storage Array

6.2.1 Introduction

6.2.2 Dynamic Storage Array Pointers

6.2.3 Summary List of Dynamic Storage Arrays

6.2.4 Description of Arrays Stored in the Dynamic
Storage Array

6.3 Labeled Common Blocks

6.4 Overall Flowchart

6.5 Summary List of Subroutines
6.6 Restart Feature

6.6.1 Problem Dimensions and Other General Input
Quantities

6.6.2 Computed Constants and Input Arrays

6.6.3 Load Step Dependent Quantities

6.6.4 Internal and External File Names

6.1 Introduction

The contents of section 6 of this report describes various
programming aspects of the BLADER program and is intended primarily for
the benefit of any programmers who might have the responsibility of
modifying the program in the future. This section is not as complete as
we would like, but hopefully it describes the most significant programming
aspects of the program and will prove of value to anyone who needs to

understand the coding of the program.

6.2 Dynamic Storage Array

6.2.1 Introduction

The Dynamic Storage Array (D.S.A. for short) BUCKET, which is also
referenced by the shorter name B for convenience, is a large block of
memory in which all of the arrays which have variable dimensions are

stored. Since all of the arrays in the D.S.A. may have variable
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6.2.1 Introduction (continued)

dimensions, the origin of each array An relative to B is not fixed but

rather is dependent upon the dimensions of the arrays Al’ A2, ceny A.n_1

which precede A.n in the D.S.A. The origins of the various individual

arrays Al’ A2, ALy ooes AN relative to B are stored in the labeled

COMMON block LBUCKT. For example, the origin of the array NP is always

B(1l) and the origin of the array LOADE is B(JLNP + 1), where ZNP is the

total dimension of the array NP (ZNP = 6% NUMEL). The relative origin

Lyp t 1 of the array LPADE is stored in LL@ADE. Similarly, the relative

origin of the array L@PADS is stored in LL@BADS and is equal to 1 +

ZNP + 2L¢ADE’ where 2L¢ADE
The origin of LOADS is equivalent to the location B(LL@ADE + 2

is the total dimension of the array L@ADE.

L¢ADE) ’
On the CDC 6500 version of the BLADER program, the Dynamic Storage

Array B is assigned to blank COMMON for two important reasons:

1) By being assigned to blank COMMON, the array B may overlay
the portion of memory which was occupied by the loader
during the final operations of the loading process and

which otherwise would not be used during execution.

2) The memory allocation/release feature (TRW subroutine
MRELSE and CDC control card RFL) of the CDC software
may be used to increase or decrease the size of the
D.S5.A. during execution. Thus, a user with a large
problem can obtain the large amount of memory that is
required to solve his problem (provided of course that
the absolute upper limits of available memory, e.g. 50K
or 131K, or whatever, are not exceeded), whereas the user
with a small problem will request (and thus pay for) only
a relatively small amount of memory and will receive

better turn around time as an extra bonus.



6.2.2 Dynamic Storage Array Pointers

Unless explicitly stated otherwise, the name of the D.S.A. pointer
for each of the arrays described in the following section is obtained
by placing the character L in front of the array name. For example, the
D.S.A. pointer for the array NP is LNP, and the D.S.A. pointer for the
array BETA is LBETA. The main exceptions are the D.S.A. pointers for
arrays whose names already contain six characters. 1In order to avoid
having symbolic names with more than six characters, one or more
characters have been deleted from the array name in order to make room
for the L prefix. Thus, the pointer for the array MLAYER is LMLAYR,
and the pointer for the array CYCT@F is LCYCF. All D.S.A. pointers are
stored in the labeled COMMON block LBUCKT.

6.2.3 Summary List of Dynamic Storage Arrays

In this section is presented an alphabetical list of all arrays
which are assigned to the Dynamic Storage Array. For each array, the
corresponding D.S.A. pointer is given along with the position of that
array in the following section, which gives a detailed description of

each array.

Array D.S.A. Position in

Name _ Pointer Section 6.2.4
A LA 48

BETA LBETA 7

CPRNER LA 46

C@UNT LCAUNT 18

cYcM LCYCM 41

CYCT@F LCYCF 45

Cycz LCYCZ 42

DELTAP LDELTP 37

DEPTH LDEPTH 44

DF LDF 19

DIS LDIS 21

DISPL LDISPL 39

DLFLAG LDLFLG 31

DLIM LDLIM 30
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6.2.3 Summary List of Dynamic Storage Arrays (continued)

Array D.S.A. Position in
Name Pointer Section 6.2.4
DPR LDPR 50
DR LDR 20
DSD LDSD 29
DTST LDIST 27
DWP LDWP 16
EEST LEEST 11
EPST LEPST 10
ESIG LESIG 12
EST LEST 26
ETST LEIST 9
EWP LEWP 13
F LF 22
IA LDISPL 47
IBC@ND LBC@ND 40
L@ADE LL@ADE

L@ADS LL@ADS

MATEL LMATEL

MLAYER LMLAYR 43
ND LND

NEBC LNEBC

NP LNP

PST LPST 25
REST LRESI 23
R@YRD LX@RD 14
SIG LSIG 28
THETA LTHETA 38
TPR LTPR 49
TST LIST 24
VEM LVEM 32
VPR LVPR 8
VTH LVTH 34

64



6.2.3 Summary List of Dynamic Storage Arrays (continued)

Array D.S.A. Position in
Name _ Pointer Section 6.2.4
VXI LVXI 35
VXU LVXU 33
VYP LVYP 36
WP LWP 17
X@RD LX@RD 14
Y@RD LY@RD 15
ZPRD LY®RD 15

6.2.4 Description of Arrays Stored in the Dynamic Storage Array

Name Description
1) NP - NUMEL #6 array in which NP(i, j) specifies the nodal

point index of the j-th point in element i.

However, in subroutine SETUP, the order of the

subscripts is reversed so that in subroutine SETUP only

NP is a 6% NUMEL array. Thus, in the Namelist input data

NP(j, i) specifies the nodal point index of the j-th
point in element i. This reversal of the order of the
subscripts in subroutine SETUP was done in order to
permit the implementation of the Namelist input feature
and the Dynamic Storage feature without requiring an
excessive amount of recoding. In the original version
of the BLADER program, arrays such as NP were given fixed
maximum dimensions such as 40%6., Unfortunately, the
dimension that limited the size of the problem (e.g. the
maximum number of elements) was chosen to be the first
dimension. This choice of the order of the dimensions
was perhaps slightly inconvenient, but not critical as
far as the implementation of the Dynamic Storage feature
was concerned. But when, for greater convenience in
specifying the input data, the Namelist input feature

was implemented, it was discovered that the Namelist
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Name (continued)

feature would not permit variable dimensions.

Description (continued)

Thus, in

order to "fool" the Fortran compiler, the order of the

dimensions of the NP were reversed in subroutine SETUP.

Because of the way a compiler works,
of an array passed through a calling
dummy dimension which serves only to
as an n-dimensional array.

was dimensioned 6%1000.

Thus, in

Just before

the last dimension
sequence is a

identify the array
SETUP the array NP

exiting from SETUP,
the program uses the temporary array IA to take the

transpose of the array NP.

2 and

of the corner

Consider the following diagram in which n;, n

n, represent the nodal point indices

3

points of element i and o, ng and n, represent the

6
nodal point indices of the midpoints of element i.

n

n, ¢ 6 n
1 3
n4 -
5
b}

Then the wvalues 0y, Ny, «ee, D are stored in columns
1-6 of the i~th row of the NP array (except in subroutine

SETUP, where the rows and columns are interchanged).

Actually any one of the three corner points may be
selected as the starting point for numbering the nodes
within the element so long as the three corner points
are listed first in cyclic counter-clockwise order
followed by the three midpoints again in cyeclic counter-
clockwise order. The midpoint between the first and

second corner points must be the first midpoint listed.



Name (continued) Description (continued)

If BLANAL = 0, then the NP array must be input. If
BLANAL # 0 (i.e., Bladder Analysis Option), then the
NP array will be calculated in the subroutine SETUP.

2) LPADE -~ Vector with dimension NLPAD (provided that NLGAD > 0) in
which L@PADE(i) specifies the element index for the ith
loading condition. If NLPAD < 0, then the LPADE array

is not used.

If BLANAL = 0 and if NL@AD > 0, then the array L@ADE
must be input. If BLANAL # O, then NL@PAD is set < 0 so
that LOADE is not used.

3) 1LPADS -~ Vector with dimension NL@AD (provided that NLPAD > 0) in
which L@PADS{i) specifies which side of the element
specified by LOADE(i) is loaded.

side 2

As shown in the above diagram, sides 1, 2, and 3 are

opposite nodes ., Nys and n, respectively where nl, n

3 2°
and n, are the nodal point indices stored in columns 1,
2, and 3 of the jth row of the NP array and where j is

stored in LOADE(di).

The sign of LPADS(i) determines whether the loading is
a compression (+ or no sign) or a temsion (- sign). For .
example, if LPADE(5) = 12 and L@ADE(5) = 2, then side 2
of element 12 is loaded with a compression. If LPADE(5) = =2

instead, then side 2 of element 12 is loaded with a tension.
PRESS if

In either case, the magnitude of the loading is MAXST
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Name (continued) Description (continued)
NDP = 0 or is determined from the array DELTAP if NDP # O.
If NLPAD < 0, then the array LPADS is not used.

If BLANAL = 0 and if NL@AD > 0, then the array L@ADS
must be input. If BLANAL # 0, then NL@AD is set < 0 so
that L@PADS is not used.

4) NEBC ~ Vector with dimension 2% NUMBC + NNDLIM that specifies
which degrees of freedom are constrained by the boundary
conditions. Part of the array NEBC is generated in the
subroutine SETUP, and if NNDLIM > 0, part of the array
NEBC may be generated in the subroutine DISCHK. If
BLANAL = 0, then the input array IBC@UND is used to set
up that portion of the NEBC array which is generated by
the subroutine SETUP. If BLANAL # 0, then the nodes
on the "left" and possibly the nodes on the "right" edge

are used by subroutine SETUP to generate the NEBC array.

Suppose NEBC(i) = 2(n - 1) + k where k may have the

value 1 or 2. Then for convenience we denote

x if RECCYL = 0 and k = 1,

£ = y 1if RECCYL =0 and k = 2,
r if RECCYL# 0 and k =1,

0 and k = 2.

#
z if RECCYL #
k

Then the value 2(n - 1) + k for NEBC(i) states that the i-th
boundary condition requires node n to be constrained from

motion in the direction specified by the coordinate £.

5) ND - Vector with dimension NID that specifies which degrees of
freedom are constrained by imposed displacement conditions.
If BLANAL = 0 and NID > 0O, then the ND array is obtained
from the input array DISPL. If NID > O, then NLPAD must be
zero. Similarly, if NID = 0, then NL@AD must be nonzero.

If BLANAL # 0 and RECCYL = 0 (single fold bladder analysis
option), then NID ig set equal to 2% NPTSY and ND(l) ... ND(NID)
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5) ND -

6) MATEL-

7) BETA -

8) VPR -

9) ETST -

(continued)

are set to 2N+ 1, 2N + 2, ..., 2% NUMNP, where NPTSY = 2% LAYER
+ 1 and N = NUMNP - NPTSY. 1In other words, all of the nodes on
the rightmost edge of the area to be analyzed will be subjected

to imposed displacements in both the x~ and y- directions.

If BLANAL # 0 and RECCYL # O (double fold bladder analysis),
then NID will be set to zero.

Suppose ND(i) = 2(n ~ 1) + k where k may have the value 1 or
2. Then, using the symbol £ as described under NEBC above, the
value 2(n - 1) + k for ND(i) states that the n-th node is
constrained by an imposed displaéement in the g-direction. The

magnitude of the imposed displacement is specified by DSD(i).

Vector with dimension NUMEL (defined only if NMAT > 1) in which
MATEL(i) specifies the index of the material of which element 1
is composed. If there is only one material, then the array
MATEL is not necessary and is therefore not defined. If BLANAL
# 0 and NMAT > 1, then the MATEL array is generated by subroutine
SETUP from the input array MLAYER, if BLANAL = 0 and NMAT > 1,
then the array MATEL must be input.

NUMEL #*6 array in which the variables 61, 62, sy 86 for the
elasto-plastic constitutive law are stored. BETA(i, j)

specifies Bj, the jth variable for element 1i.

The arrays BETA, ETST, EPST, EEST, and ESIG are cleared to
zero by subroutine SETUP when the Dynamic Storage Array is

cleared and then are updated by subroutine SETIC each load step.

Vector with dimension NL@PAD in which VPR(i) specifies Pl’ the
total loading to be applied to side Si = LPADS(i) of element
LPADE(i). The VPR vector is defined and used only if NL@AD > O
and if NDP and PRESS are not specified in the Namelist input.

NUMEL # 6 * K array (where K = 3 if RECCYL = 0 or K = 4 otherwise)
in which the accumulated elemental total strains are stored.
ETST(i, j, k) specifies the k-th component of strain for the

j-th point of element i. The significance of k is described by
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9) ETST -

10) EPST -

11) EEST -

12) ESIG -

(continued)
the following table:

8T,k for eT,k
k RECCYL = 0 RECCYL # 0
1 eT,x 8T,r
2 eT,y ST,z
3 YT,xy eT,e
4 - YT,rz

See description of BETA above for addition details.

NUMEL * 6 * K array (where K = 3 if RECCYL = 0 or K = 4
otherwise) in which the accumulated elemental plastic strains

are stored. EPST(i, j, k) specifies ¢ the k-th component

P,k’
of strain for the j-th point of element i. The significance of
k is indicated in the table under the description of ETIST above

(substitute € for € in each case). Also, see description

P,k T,k

of BETA above.

NUMEL *# 6 * K array (where K = 3 if RECCYL = 0 or K = &

otherwise) in which the accumulated elemental elastic strains

are stored. EEST(i, j, k) specifies €F Kk the k-th component of

9

strain for the j-th point of element i. The significance of

k is indicated in the table under the description of ETST above

(substitute ¢ for € in each case). Also, see description
E,k T,k

of BETA above.

NUMEL * 6 * 5 array in which the accumulated elemental stresses
are stored. ESIG(i, j, k) contains the k-th component of stress
O for the j~th point of element i. The significance of k is
described by the following chart:
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12) ESIG -~ (continued)

kaor Uk for
k RECCYL = 0 RECCYL # 0
1 Ox Ur
2 oy cz
3 Txy 09
4 Oz Ty,
5 ] g

See description of BETA above for additional details.

13) EWP -~ NUMEL *6 array in which EWP(i, j) specifies the accumulated

plastic work for node j of element i.

The array EWP is initially set equal to 10-6 by subroutine
SETUP and then is updated by subroutine SETIC each load step.

14) X@RD]- Vector with dimension NUMNP in which X@RD(i) specifies the

R¢RD§ g~-component for nodal point i, where

- zx if RECCYL = O,
r 1if RECCYL # O.

See the description of Y@RD below.

15) Y¢RD§— Vector with dimension NUMNP in which Y@RD(i) specifies the

Z@PRDYy z- component for nodal point i, where

c = gy if RECCYL = 0,
z if RECCYL # O.

The arrays XPRD and YPRD are initialized by subroutine
SETUP and then are updated by subroutine SETIC each load step.
If BLANAL = 0, then in subroutine SETUP, X@RD and Y@RD are
obtained from the input array CPRNER. If BLANAL # 0, then
XPRD and YPRD are calculated using the input array DEPTH and
the value XLNGTH (the latter may be input directly or
calculated from the array DEPTH).
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16)

17)

18)

19)

bwp -

WP -

CAUNT-

DF -

In subroutine FMCALC the arrays X@RD and YPRD are refer-
enced by the names RPRD and ZPRD respectively.

Vector with dimension NUMNP in which DWP(i) specifies the
incremental average plastic work for nodal point i. The
array DWP is calculated in subroutine SETIC and printed in

subroutine PRINT.

Vector with dimension NUMNP in which WP(i) specifies the
accumulated average plastic work for nodal point i. The
array WP is calculated in subroutine SETIC and printed in

subroutine PRINT.

Vector with dimension NUMNP in which C@UNT(i) specifies the
number of elements which contain nodal point i. The array

CAUNT is calculated and used in subroutine SETIC.

Vector with dimension 2% NUMNP in which DF(i) (where
i = 2(n-1) + k) specifies the incremental load for the £-

component of node n. where £ and k are related as follows:

1
if RECCYL = 0 and k = 1,
if RECCYL = 0 and k =

B <K

if RECCYL # 0 and k
z if RECCYL # 0 and k

v

]
N =N

»

The vector DF actually is used in two different ways in
order to save memory space. Since this double usage has
caused some confusion in the past, it is perhaps worthwhile

to describe how DF is used.

First, in subroutine STEP2 the actual incremental loads
are calculated and stored in the DF vector. Thus, on the
first iteration of each load step, the vector DF will be
initially set equal to the vector RESI (which will be zero if
the input flag IRESI < 0; if IRESI > O, then RESI will contain
residual loads from the previous load step). Next, still in
STEP2, for each element the subroutines STFNS and GE¢M are
called to calculate the elemental stiffness matrix ST and the

incremental load vector CF for the six points within that
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19) DF

20) DR

- (continued)

element. Then the elemental incremental loads are added to
the system incremental load vector DF. Next, the DF vector
may be modified by the consideration of imposed displacement
constraints. The vector DF and the system stiffness matrix
A are used to calculate the incremental displacement vector

DR using the matrix equation
[A] [DR] = [DF].

Finally (again only on the first iteration for each load
step), the incremental load vector DF is added to the

accumulated load vector F.

The second usage of the vector DF is by subroutine RESID,
which calculates the residual nodal forces to find out how
much the structure is out of equilibrium. Thus the DF vector
is again cleared to zero. The residual forces for each element
are calculated using the totai elemental stresses ESIG and
are stored in the vector CF. The residual load vector DF for
the entire structure is formed by éuperimposing the vectors
CF over all of the elements. Next, the DF vector is modified
to account for the boundary conditions and perhaps for the
imposed displacement constraints. Finally, unless NL@AD < O,
the accumulated load vector F is added to DF. If NL@AD < O,

then for each degree of freedom n specified in the boundary

conditions, DF(n) is set to zero. The purpose of the iteration

is to reduce the modulus of the DF vector below an acceptable
limit.,
If IRESI > 0, then the residual load vector DF calculated

by subroutine RESID is stored into the vector RESI by sub-
routine PRINT.

— Vector with dimension 2% NUMNP in which DR(i) specifies the

incremental displacement of the E-component of node n (where

i, £, and n are defined as for DF described above). The vector

~
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20)

21)

22)

23)

24)

25)

DR -

DIS -

REST -

TST -

PST -

(continued)

DR is calculated in subroutine STEP2 and then added to the

vector DIS in subroutine SETIC.

Vector with dimension 2% NUMNP in which DIS(i) specifies the
accumulated displacement of Z-component of node n (where i, &,

and n are defined as for DF described above).

The array DIS is initially cleared to zero by subroutine
SETUP when the D.S.A. is cleared and then is updated by
subroutine SETIC each load step by being increased by the
vector DR. The array DIS may also be modified by the sub-
routine DISCHK if NNDLIM > 0.

Vector with dimension 2* NUMNP in which F(i) specifies the
accumulated load for the E-component of node n (where i, &,
and n are defined as for DF described above). See descrip-

tion of DF above..

Vector with dimension 2% NUMNP in which RESI(i) specifies the
residual load for the E-component of node n (where i, £, and
n are defined as for DF described above). See description

of DF above.

NUMNP * K array (where K = 3 if RECCYL = 0 or K = 4 otherwise)
in which TST(i, k) specifies the accumulated total average
nodal strain €T,k for the i~th nodal point. See the descrip-
tion of ETST for the significance of k. The TST array is

calculated in subroutine SETIC and is printed in subroutine
PRINT.

NUMNP * K array (where K = 3 if RECCYL = 0 or K = 4 otherwise)
in which PST(i, k) specifies the accumulated plastic average

nodal strain for the i-th nodal point. See the descrip-

€
P,k
tion of ETST for the significance of k. The PST array is

calculated in subroutine SETIC and is printed in subroutine

PRINT.
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Name (continued) Description (continued)

26) EST
27) DIST -
28) SIG
29) DSD

NUMNP * K array (where K = 3 if RECCYL = 0 or K = 4 otherwise)
in which EST(i, k) specifies the accumulated elastic average
nodal strain eE,k for the i-th nodal point. See the descrip-
tion of ETST for the significance of k. The EST array is
calculated in subroutine SETIC and is printed in subroutine

PRINT.

NUMNP * K array (where K = 4 if RECCYL = 0 or K = 5 otherwise)
in which DTST(i, k) specifies the incremental total nodal

strain for the i-th nodal point. The significance of k

€
T,k
is described by the following table:

sT,k for eT,k for
k RECCYL = 0O RECCYL # 0
1 €r,x Er,r
2 eTay ST’Z
3 YT:XY ET’e
4 rotation YT,rz
5 — rotation

The DTST array is calculated by subroutine SETIC using the
locally defined arrays DETST and R@T.

NUMNP * 5 array in which SIG(i, k) specifies the accumulated
average stress Gk for the i-th nodal point. The significance

of k is described under ESIG.

Vector of dimension NID whose elements are in a one-to-one
correspondence with the elements of the vector ND. DSD(i)
specifies the magnitude (including sign) of the ith imposed
displacement. If BLANAL = 0 and NID > O, then the DSD array
is obtained from the input array DISPL. If BLANAL # O and
RECCYL = 0 (single fold option), then DSD(1),..., DSD(NID) are
calculated in subroutine STEP2 using the quantities XLNGTH,
RSF@LD, BLTHNS, etc.
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Name (continued) Description (continued)

30) DLIM - 3% NNDLIM array in which DLIM(i, j) specifies the following
information defining the j-th limiting nodal displacement

condition:

Description of DLIM(i, j)

A
1 Nodal point index;
2

Component code:

]

_ 1;for x  if RECCYL = 0,
for r if RECCYL # 0.

_ 2; for y if RECCYL = 0,
for z if RECCYL # 0;

3 Magnitude (including sign) of the

limiting displacement.

The array DLIM is used by subroutine DISCHK (if NNDLIM > 0) to
check for limiting nodal displacements. The array DLIM is

input if NNDLIM > O.

31) DLFLAG - Vector of dimension NNDLIM that specifies which, if any,
nodes have reached their limiting displacements. Suppose
DLIM(1, i) contains the node index n. If DLFLAG(i) = O,
then node n has not yet reached its limiting displacement.
If DLFLAG(i) # 0, then node n has reached its limiting dis-
placement. If NNDLIM > 0O, then the vector DLFLAG is initially
cleared to zero by subroutine SETUP when the D.S.A. is cleared
and the appropriate elements of DLFLAG are set to 1.0 by
subroutine DISCHK as the corresponding limiting displacement

%

is reached.
The D.S.A. pointer of DLFLAG is LDLFLG.

32) VEM - Vector with dimension NMAT in which VEM(i) specifies Ei’ the

elastic modulus of the i-th material. VEM must be input.

33) VXU - Vector with dimension NMAT in which VXU(i) specifies vy

Poisson's ratio for the i-th material. VXU must be input.

6-16



Name (continued) Description (continued)

34) VIH -~ Vector with dimension NMMAT in which VIH(i) specifies the
initial thickness of the i-th material. VTH must be input.

If BLANAL # 0, the VTH array is set to indicate unit thickness.

E_.
35) VXL - Vector with dimension NMAT in which VKI(i) specifies x, =.E2£,
the plastic/elastic modulus ratio for the ith material. *

VXI must be input.

36) VYP - Vector with dimension NMAT in which VYP specifies Yi’ the

initial yield point for the i~th material. VYP must be input.

37) DELTAP - 2% NDP array in which DELTAP(l, i) specifies n; the load
step index up to (and including) which the load increment APi
is to be used. That is, if i = 1, then the load increment
APl is used from the initial conditions up to load step n; .
if i >1, then the load increment APi is to be used for each
load step n where n,_; <mn=<mn. The load increment APi is
specified in DELTAP(2, i). 1If NDP > 0O, then the array DELTAP
must be input. If NDP = 0 (or is not entered), then the array
DELTAP must not be input.

The D.S.A. pointer for DELTAP is LDELTP.

38) THETA - NUMEL * 3 array in which THETA(n, i) specifies

X,
o, = —L1-1
1 X,
1 s
%
N + 1

where n is the element index; i is the point index within
element n(i=1, 2, or 3); j = |NL@PAD| (where NL@AD < 0); and
P is the load step size. If NLOAD < 0, then the array is
calculated in subroutine GEPM and is also used in subroutine
SETIC.
39) DISPL - 3 * NID array which is used, if NID > 0 and if BLANAL = O,
to specify the imposed displacement constraints through the

Namelist input data.
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39) DISPL - (continued)

a) DISPL(l, i) specifies the node for which the i-th

constraint is to be imposed:

b) DISPL(2, i) specifies the component code for the i-th

constraint:

-1 ;for x  if RECCYL
for r if RECCYL # 0

]

9 ;for y if RECCYL = O,
for z 1f RECCYL # O;

c) DISPL(3, i) specifies the magnitude (including sign) of
the i-th imposed displacement.

The information specified in DISPL(1l, i) and DISPL(2, i)
for each i is used to generate an entry in the ND array. The
value specified in DISPL(3,i) is divided by MAXST, the total
number of load sfeps and the quotient is stored in the DSD
array. After the Namelist input data is processed by sub-
routine SETUP, the memory space assigned to the array DISPL
is no longer needed and hence is released by redefining the

value in the D.S.A. pointer LA.

If NID = 0 or if BLANAL # O, then the array DISPL is not

used.

40) IBC@ND - 2* NUMBC array which is used, provided that BLANAL = 0, to
specify the boundary conditions through the Namelist input
data.

IBCOND(1l, i) specifies n, the nodal index of the i~th
node to be constrained, and IBCPND(2, i) specifies C, the

corresponding constraint code, where
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40) IBCOND - (continued)

1 if node n is to be constrained in the x-

direction only,

C= 2 if node n is to be constrained in the y-

direction only,

0 if node n is to be constrained in both the

x~ and the y-directions.

The information specified in the IBC@ND array is used to

generate the NEBC vector.

After the NEBC array is used, the IBC@PND array is no
longer needed, and thus the memory space assigned for the

array IBC@ND is released to be used for other purposes.

If BLANAL # 0, then the NEBC array will be generated
in a different manner. Therefore no memory space is
reserved for the IBC@ND array and the user must not attempt

to specify any entries for IBCUND in the Namelist input.
The D.S.A. pointer for the array IBC@ND is LBC@ND.

41) CYCM - Vector with dimension NMAT in which CYCM(i) specifies Mi’ a
coefficient used to calculate the fatigue life of element
layers which are composed of the i-th material. The arrays
CYCM and CYCZ are calculated in subroutine SETUP and are
used in subroutine PRINT only if BLANAL and FLIFE are both

non—-zero.

Mi and Zi (see CYCZ below) are coefficients for a least

squares fit to the relation

for the i-th material. Thus, if (Emax)i is the maximum
plastic strain for layer j and if layer j consists of material
i, then the fatigue life Nj (i.e. number of cycles to failure)

of layer j is calculated from the relation

6~-19



41) CYCM - (continued)

42) CYCZ - Vector with dimension NMAT in which CYCZ(i) specifies Zi’ a
coefficient used along with Mi stored in CYCM(i) to calculate
the fatigue life of element layers which are composed of
the i-th material. See the description of CYCM above for

further details.

43) MLAYER - Vector with dimension NLAYER ip which MLAYER(i) specifies,
if BLANAL # 0 and if NMAT > 1, the material index for the
i-th element layer. If BLANAL = 0, the array MLAYER is not
defined. If NMAT = 1, then it is not necessary to specify

MLAYER since all elements are composed of the same material.
The D.S.A. pointer for MLAYER is LMLAYR.

44) DEPTH - Vector with dimension NLAYER in which DEPTH(i) specifies
the initial "depth" of each element layer provided that
BLANAL # 0. In this case the array VTH is set to indicate
unit "thickness" into the plane of the cross-section as

indicated by the following example:

y
1
Depth (2)
*
Depth (1)
z l A

F

VTH(1) = VTH(2) = 1.0
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4h)

45)

DEPTH - (continued)

If BLANAL = 0, then the array DEPTH is not defined.

CYCT@F - 40% NMAT array in which a table of N(e) may be entered for

each material provided that BLANAL # O and FLIFE # 0. N(g)
is the number of cycles to failure as a function of the

plastic strain €.

In the CYCT@F array, CYCT@F(2i-1, j) and CYCT@F(2i, j)
respectively specify ei,j and Ni,j’ the ith value of
plastic strain and the corresponding number of cycles to
failure for the j-th material. The index i may range from
1 to 20. Zero entries for either €; 5 Or N, i will cause

E L]
the pair to be ignored.

If BLANAL # O and FLIFE # 0, then the array CYCI@F is
used by subroutine SETUP to calculate the vectors CYCM and
CYCZ. After CYCM and CYCZ are calculated, the array CYCT@F
is no longer needed and therefore the memory space for

CYCTPF is released for the storage of other arrays.

The D.S.A. pointer for CYCTOF is LCYCF.

46) CPRNER - 3% NUMCP array in which the coordinates of the corner points

are specified if BLANAL = 0. If BLANAL # O, then the array
CORNER is not defined.

CPRNER(1, i) specifies the node index n. CPRNER(2, i)
specifies x if RECCYL = O or T if RECCYL # 0, and C@RNER(3, i)
specifies y_ if RECCYL = O or z if RECCYL # 0.

The array CPRNER is used by subroutine SETUP to generate
the arrays X¢RD and YPRD. The values X (or rn) and Y,
(or zn) are stored in XPRD(n) and YPRD(n) respectively. After
the arrays X@PRD and Y@PRD are generated, the array CPRNER is no
longer necessary and the memory space may be used for storing
other quantities. Thus, the D.S.A. pointer for C@RNER is LA
so that the array CPRNER is assigned to the same afea of
memory as the array A, which is.not used until later in the

progran.
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Name {continued) Description (continued)

47) 1IA
48) A

49) TPR
50) DPR

Vector of dimension 6* NUMEL which is used by subroutine
SETUP to trénspose the array NP. (See the description of-

NP for details.) The D.S.A. pointer for IA is LDISPL so that
the IA array overlays the DISPL array and is subsequently
overlayed by the A array.

(2% NUMNP) * IBAND array in which the system stiffness band
matrix A is stored. Since the band width IBAND of matrix A
is calculated by subroutine SETUP after all of the input

data has been read and processed, the memory required for
storing A is not requested until after SETUP returns control
back to the main program. Then the D.S.A. pointer LA of the
array A is adjusted so that the array A overlays arrays such
as DISPL and IBCUND (if BLANAL = 0) or CYCT@F (if BLANAL # 0),
which are no longer needed. The pointer NBUCKT which indi-
cates the total length of the D.S.A. is adjusted to allow for
the A array, and the subroutine MRELSE is called to obtain

the required amount of memory for the D.S.A.

Vector with dimension NL@AD in which TPR(i) specifies the
accumulated load applied to side Si = LPADS(i) of element
LPADE(i).

TPR(i) = n DPR(i)

where n is the current load step index and where DPR(i) is

as described below.

Vector with dimension NLPAD in which DPR(i) specifies the
increment of load to be applied to side Si = LOADS(i) of
element LPADE(i) for each load step. The vectors TPR and
DPR are used in connection with the vector VPR and are thus
defined and used only if NL@AD > 0 and if NDP and PRESS are
not specified in the Namelist input.
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6.3 Labeled COMMON Blocks

This section describes the quantities which are defined in each
labeled COMMON block.

All of the labeled COMMON blocks are defined in the main program.
In general, a COMMON block is defined within a subroutine if one or more
quantities in that COMMON block are used in the subroutine.

COMMON Block : CDIMEN

(Computed Dimensional Quantities)

1) NCDIM

i

Number of quantities in the CDIMEN COMMON block.
2) LRECLl - Length of first record of the restart tape. (33)

3) NEQ ~ Number of degrees of freedom. (2* NUMBC = dimension of
several vectors: DF, DR, DIS, F, and RESI.)

4) NEQBC - Total number of boundary conditions: (NUMBC < NEQBC <
2% NUMBC + NNDLIM.)
5) IBAND - Band width of matrix A.
6) LENA -~ Number of cells of memory required for band matrix A.
(NEQ * IBAND)
7) NEL6 - 6% NUMEL = dimension of several arrays: NP, BETA and EWP.

8) NEL64 ~ Dimension of several arrays: ETST, EPST and EEST;
NEL64 = 6 * n * NUMEL
WHERE 3 if RECCYL = 0,
n= {4 1f RECCYL # 0.

9) NPTSY - Number of points in "y-direction”. (See description of

Automatic Mesh Generation Procedure.)

NPTSY is calculated and used only if BLANAL # 0 and
has the value 2% NLAYER + 1.
1 .
0) NPTSX - Number of points in "x-direction.” (Similar to NPTSY except
NPTSX = 2% NXINT + 1)

11) NCYCF2- 2% NCYCF.
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1)

2)

3)

4)

)

2)

1)

COMMON Block : CMESH

(Computed Quantities Used in Automatic Mesh Generation)

BLTHNS

XINTN

XYRAT

DPRAT

N@NTRY

BLANK

HEADER

NDIMEN

H

Bladder thickness t where

NLAYER

t = Z DEPTH(I)

I=1

il

Same as NXINT = No. of intervals in "x-direction" except

XINTN is a "real" (i.e. floating point) quantity.

Ratio of total length in "x-direction" to total bladder
thickness, i.e.

XLNGTH = XYRAT * BLTHNS
if XINGTH is not explicitly entered in the Namelist input

data. (XYRAT is the floating point equivalent of LWRAT.)
1

o - (rema MAXST-1
RPFPLD

Factor calculated in subroutine MSHGEN and used in sub-
routine STEP2 to modify the fold radius for a single
fold analysis.

COMMON Block : FFLAGS
(Fixed Flags)

= 100000 to indicate "no entry'" for various Namelist input

quantities.

Word of blanks for clearing and checking the input header.

COMMON Block : HEADER
Input header comsisting of up to 64 characters (including
blanks).

COMMON Block : IDIMEN

(Input Dimensional Quantities)

Number of quantities in the IDIMEN COMMON block.
(18)
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2)

3)

4)

5)

6)

NUMEL

NUMNP

NUMCP

NUMBC

NL@AD

COMMON Block : IDIMEN (continued)

Number of elements.
a) Must be input if BLANAL = 0
b) Will be set to 2 * NLAYER * NXINT if BLANAL # O,

Number of nodal points:
a) Must be input if BLANAL = 0;
b) Will be set to NPTSX * NPTSY if BLANAL # O.

Number of corner points:
a) Must be input if BLANAL = 0;
b) Will be set to (NLAYER + 1) * (NXINT + 1) if BLANAL # O.

Number of boundary condition entries in IBC@ND array and
must be specified in Namelist input if BLANAL = 0. If
BLANAL # 0, then NUMBC will be set to n * NPTSY where

1 if RECCYL = 0 ,_
(Single fold option), .ﬁ

2 if RECCYL # 0 ]
(Double fold option).

Number of elements which are pressure loaded:

a) A non-zero value must be specified for either NL@AD
or NID (but not for both) if BLANAL = 0.

b) If NLGAD > 0, then NLPAD specifies the number of
entries in each of the arrays LPADE and L@ADS (i.e. the
number of elements which are pressure loaded).

c¢) If RECCYL = 0, then NL@JAD must be > 0. \

d) If RECCYL # 0, then a negative value may be entered
for NL@AD., If NLOAD = -n (where n > 0), then n is
the index of the node which is used as a reference
for changing the radius of curvature of the secondary
fold.

e) If BLANAL # 0, then

0 if RECCYL = 0 (Single fold case)

—(NANGIN * NPTSY #* 1)

if RECCYL # 0 (Double fold case).

NL@AD =
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COMMON Block : IDIMEN (continued)
7) NID -~ Number of imposed displacement constraints:

a) See NLPAD above for compatibility requirements.

b) If BLANAL = 0 and
if NID > O, then NID specifies the number of imposed
displacement specifications in the array DISPL,

c¢) 1If BLANAL # 0, then NID will be set

2 4if RECCYL = 0 (Single fold case),
equal to 0 4if RECCYL # 0 (Double fold case).

8) NMAT -~ Number of materials.
(nominal value is 1)

9) NDP - Number of pairs of entries in the DELTAP array.
(nominal value is 0)
If BLANAL # O, then NDP is set to. 0.

10) MAXBW - Maximum band width allowed for the matrix A.
(nominal value is 50)

11) MAXST -~ Number of load steps.

(nominal value is 25)

12) NNDLIM - Number of limiting nodal displacement entries in the array
DLIM,

(nominal value is 0)

13) MAXBKT - Maximum allowable size of the dynamic storage array BUCKET.
If the program requests a larger amount of memory than
permitted by MAXBKT, then an error message will be printed
and the run will be terminated.

(nominal value is 25000 (decimal) )
14) NLAYER - Number of element layers.
(Must be entered if BLANAL # 0)
15) LWRAT -~ Ratio of the total length in the x-direction to the total

bladder thickness and/or the ratio of the number of intervals
in the x-direction to the number of element layers. LWRAT

is significant only if BLANAL # 0 and if RECCYL = 0.
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15)

16)

17)

18)

1)

2)

3)

LWRAT

NANGIN

NXINT

NCYCF

NFLGS -

RESTRT -

RECCYL -

COMMON Block : IDIMEN (continued)

(continued)
(See XLNGTH ‘and NXINT for further details)

{nominal value is 2)

Number angular intervals for the double fold option
(i.e. BLANAL # 0 and RECCYL # 0).

(nominal value is 18)
Number of intervals in the "x-direction':

a) Required only if BLANAL # O.

b) If RECCYL = 0, then the nominal value of NXINT is
LWRAT * NLAYER.

c¢) If RECCYL # 0, then NXINT will be set equal to NANGIN.

Maximum number of pairs of entries (i.e. ey and Ni)
in the CYCT@F table for any material.
[nominal value 1is 0;] 4

must not exceed 20.

COMMON Block : IFLAGS
(Input Flags)

Number of quantities in the IFLAGS COMMON block. (10)

Restart dump number:
=n > 0 if the current run is to be a restart

from dump n of the input restart tape;

= 0 otherwise.

{nominal value is zero)

Coordinate system flag:

= 0 if rectangular coordinates are used (i.e. plane strain
analysis). If, in addition, BLANAL # 0, then a single
fold bladder problem is being considered.

# 0 if cylindrical coordinates are used (i.e. axisymmetric
strain analysis). If, in addition, BLANAL # 0, then a double
fold bladder problem is being considered.

{nominal value = 0)
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4) C@NVER
5) 1IPRIN
6) ITER
7) 1IRESI

COMMON Block : IDIMEN (continued)

Convergence criterion €:

N N
Z(AFX) L+ E Wr),
im1

If i=1 < g

N N
:EFx.i +Z o

i=1 i=1

the solution for a given load step is considered to

have converged. N is the number of nodes. (AFx)i

and (AFy)i are the x~ and y-components of the

incremental load for the ith node. F_ ., and F_ ., are
X,1 Y.t

the x- and y-components of the accumulated load for

the ith node. (Nominal value is 10_4, except for the

double fold option for which the nominal value is 0.1)

Print interval:

The strains (elastic, plastic, and total), the stresses,
the plastic work (incremental and accumulated), and the
coordinates for each nodal point will be printed out
every IPRIN load steps.

(nominal value is 1)

Maximum number of iterations permitted for a single
load step. If the solution does not converge within
ITER iterations, then a warning message is printed out,
the available data is printed, and the run is
terminated.

(nominal value is 10)

Residual loads option flag:
If IRESI > 0, then at the beginning of each load step
the incremental load vector (DF) is set equal to the

residual load vector (RESI) from the previous step.

If IRESI < 0, then at the beginning of each load step
the incremental load vector (DF) is cleared to zero.

(nominal value is 0)
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COMMON Block : IDIMEN (continued)

8) SAVETP - Restart Flag:
# 0 if it is desired to save data periodically on a ''save

tape" for a possible restart in a subsequent run;

= () otherwise.

(nominal value is 0)

9) BLANAL - Bladder Analysis option flag:
# 0 if the Bladder Analysis option is desired,

= ( otherwise.

(nominal value is 0)

10) FLIFE - Fatigue Life option flag:
# 0 if the fatigue life is to be calculated and printed out;

= 0 otherwise.

(ﬁominal value is 0)

COMMON Block : INDEX
(Indices and Computed Flags)

1) IFIX -~ First pass flag used by subroutines BLADER, STEP2, and
GE@M.
= 0 on the first iteration of each load step;
# 0 on subsequent iteratioms.

2) NV - Element index ~ In particular NV is set by subroutine STEP2
and passed to subroutines STFNS and GE@M.

3) ISTEP - Load step index

4) JSTEP - Index used with DELTAP array by subroutine STEP2.

5) NSTEP - Load step limit used with DELTAP array by subroutine STEP2.

6) IMAT -~ Material code for element NV; used by subroutines RESID,
SETIC and STEP2.

7) LMAT - Material code for element NV-1; used by subroutines SETIC

and STEP2.
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COMMON Block : INDEX {continued)

8) ERRFLG ~ Error flag used by subroutines DIMCHK, EERRXX, GINPUT and
PRINT.

= 1,0 until an error is detected.
= (0,0 1if an error has been detected.

9) J34 - Index which is used in subroutines GE¢M, PRINT, RESID,

in the
rz

proper position in the arrays ESIG and DESIG. J34 is

SETIC and STFNS to pick up or store Txy or T

also used by subroutine SETIC to store ny or Y., in the
proper position in the arrays ETST, EPST, and EEST.
Finally, J34 is also used in subroutine STFNS to determine
the size of matrices which are used to calculate the

stiffness matrix ST.

J34 is set in subroutine DIMCHK as follows:

3 . if RECCYL = 0,
J34 =
4 if RECCYL # O.

10) J43 - Index used by subroutines SETIC and STFNS to pick up and

store o, or © in the proper position in the array ESIG.

0
J43 is set in subroutine DIMCHK as follows:

4 if RECCYL = 0,
J34 = _
3 if RECCYL # 0.

11) J45 - Index used by subroutine SETIC to store the rotation
component of the incremental total nodal strain in the
proper position in the array DIST. J45 is set in subroutine
DIMCHK as follows:

4 if RECCYL = O,
J45 =
5 4if RECCYL # O.
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COMMON Block : INDEX (continued)

12) 163 - Index used by subroutine STFNS to determine the maximum
value of I in the array C(I, J, K). 163 is set in sub-
routine DIMCHK as follows:

6 dif RECCYL = O,
163 =
3 4if RECCYL # O.

13) 169 - Index used by subroutine STFNS to store the matrix UV in
the proper position within the matrix RMM. 169 is set in
subroutine DIMCHK as follows:

6 1if RECCYL = 0,
169 =
9 if RECCYL # 0.
14) 1912 - Index used by subroutine STFNS to determine the number of

rows and columns of the matrix AA and the number of rows
in the matrix RMM. 1912 is set by subroutine DIMCHK as
follows:
9 41if RECCYL = O,
1912 =
12 if RECCYL # 0.
15) LSTEPO - 1Initial value of load step index ISTEP. If RESTRT = 0 (i.e.
an initial run), then LSTEPO is set to 1 in subroutine
GINPUT. If RESTRT # O (i.e. a restart run), then LSTEPO

is read in from the restart tape.

16) NPRIN -~ 1Index used by subroutine PRINT to determine when the next
printout of the point strains, nodal coordinates, point
stresses, and plastic work is to be made. When the load
step index ISTEP reaches NPRIN, then the above quantities
are printed out and NPRIN is increased by IPRIN,

NPRIN is initially set equal to IPRIN in subroutine
GINPUT. If RESTRT # O (i.e. on a restart run), NPRIN is
set equal to LSTEPO + IPRIN, where LSTEPO is read from

the restart tape.
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17) NXTLS
18) INDMP
19) LSLIM
20) IDUMP
21) 1ILSS

COMMON Block : INDEX (continued)

Index used by subroutine PRINT to determine when the next
dump of the restart data is to be made. When the load
step index ISTEP reaches NXTLS, the load step dependent
data is written onto the restart tape. NXTLS is initially
set equal to LSTEPO - 1 in subroutine BLADER and then is
incremented by an appropriate amount in subroutine PRINT
on the first load step and each time a dump of the restart

data is made.

Index used by subroutine PRINT to determine the frequency
of the dumps of the restart data. The load step dependent
data is written onto the restart tape every INDMP load
steps. INDMP is initially set equal to 5 in subroutine
GINPUT. If there are nonzero entries in the input array
LSSAVE, then INDMP will be set equal to LSSAVE(2, I) when
the load step index ISTEP satisfies

LSTEPO < ISTEP < LSSAVE(l, I) if I = 1,
or LSSAVE(1l, I-1) < ISTEP < LSSAVE(l, I) if I > 1.

Index used by subroutine PRINT to determine the frequency
of the dumps of the restart data. LSLIM is the current
value of LSSAVE(1l, I) mentioned in the description of
INDMP above.

Dump number - used by subroutine PRINT to identify the

dumps of the restart data.

Index used by subroutine PRINT to determine the frequency
of the dumps of the restart data. ILSS specifies the
current value of the index I which indexes the array LSSAVE
mentioned in the description of INDMP above. ILSS is
initially set equal to 1 in subroutine GINPUT and is

incremented when appropriate in subroutine PRINT.
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COMMON Block : INDEX (continued)
22) VPRFLG - Variable pressure loading flag:

VPRFLG # 0 if NLGAD > 0, and if PRESS and NDP are

not specified in the Namelist input;

VPRFLG = 0 otherwise.

COMMON Block : IQUNIT
(Logical Unit Names for Restart Tapes)

1) 1IRSIN

Logical unit for input restart tape (nominal value
is 1).

2) IRSPUT - Logical unit for output restart tape (nominal value is 3).

COMMON Block : IPERM
(Cyclic Permutation of Integers 1,2,3)

IPERM(1) =
IPERM(2) =3
IPERM(3) =
COMMON Block : LBUCKT
(Dynamic Storage Array Pointers)
Pointer Array
Name Name(s)
1) LNP NP
2) LL@ADE L@ADE
3) LL@ADS L@ADS
4) LNEBC NEBC
5) LND ND
6) LMATEL MATEL
7) LBETA BETA
8) LVPR VPR
9) LETST ETST
10) LEPST EPST
11) LEEST EEST
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12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)
43)

COMMON Block

Pointer

Name

LESIG
LEWP
LX@RD
LY@RD
LDWP
LWP
LC@UNT
LDF
LDR
LDIS
LF
LREST
LTST
LPST
LEST
LDTST
LSIG
LDSD
LDLIM
LDLFLG
LVEM
LVXU
LVTH
LVXI
LVYP
LDELTP
LTHETA
LDISPL
LBC@ND
LCYCM
LCYCZ
LMLAYR
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: LBUCKT (continued)

Array
Name (s)
ESIG
EWP
X¢RD
Y@RD
DWP
WP
C@UNT
DF
DR
DIS

RESI
TST
PST
EST
DIST
SIG
DSD
DLIM
DLFLAG
VEM
VXU
VTH
VXI
VYP
DELTAP
THETA
DISPL, IA
IBC@ND
CYCM
CYCZ
MLAYER



1)

2)

3)

4)

5)

NMESH

XSTART

YSTART

XLNGTH

RPFPLD

COMMON Block : LBUCKT (continued)

Pointer Array
Name Name (s)
44) LDEPTH DEPTH
45) LCYCF CYCT@F
46) LA A, CPRNER
47) LTPR TPR
48) LDPR DPR
49) NBUCKT End of Dynamic Storage
Array.

COMMON Block : LSSAVE

LSSAVE is a 2* 10 matrix which is used to control the frequency
at which dumps of the restart data are made. A detailed

description is given in Section 2.3.2 of this document.

COMMON Block : MESHIN

(Automatic Mesh Generation Input Data)

Number of quantities in the MESHIN C@MMON block.
9

X, = x-coordinate of left edge of the rectangular area
(single fold option only).

(nominal value is 0)

Vo = y-coordinate of bottom edge of the rectangular area

(single fold option only).

(nominal value is 0)

L = total length of plane area in the x-direction (single
fold option only).

(nominal value is LWRAT #* BLTHNS. See footnote at end

of section.)

- RP = initial radius of primary fold: dinner fold radius for
double fold; radius to median line for single fold.
(nominal value is RPTRAT * BLTHNS. See footnote at end

of section.)
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COMMON Block : MESHIN (continued)

" R_ = radius of secondary fold (double fold option only).

(nominal wvalue is RSTRAT *% BLTHNS. See footnote at end
of section.) :
Also used for current value of fold radius (to median line)

for single fold.
EE_= ratio of primary fold radius

R.p to total bladder thickness t.

nominal value is 1000 for the single fold option and
10 for the double fold option.

= ratio of secondary fold.

RS to total bladder thickness t (double fold option only).

nominal value is 100. See footnote at end of section.

Final inner folding radius Rf (double fold option only).
No nominal value. RFINAL must be specified if BLANAL # 0
and RECCYL # 0.

6) RSFPLD - .
7) RPTRAT -
t
8) RSTRAT - s
t
9) RFINAL -
FOOTNOTE:

The total bladder thickness t is stored in BILTHNS and
is computed according to the relation

NLAYER

t = E DEPTH(i)

i=1

COMMON Block : PRAPS

(Material Properties and Miscellaneous Floating Point Quantities)

PRESS:

DPRESS:

Total pressure loading (input quantity).
See description of PRESS under item (36) in section 2.3

of this report.

Incremental pressure loading: If BLANAL = 0, then

DPRESS may be calculated from PRESS, from the DELTAP

array, or from the VPR array. If BLANAL # 0 and RECCYL # 0
(double fold), then DPRESS is computed by
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DPRESS:

EM

TH

X1

YP

AREA

TPRESS

RMAXS

COMMON Block : PR@PS
(continued)

DPRESS = (RFINAL - RSF@LD)
MAXST

If BLANAL # O and RECCYL = 0 (single fold), then
DPRESS is set equal to zero.

Elastic modulus for element NV.

Poisson's ratio for element NV.

Initial thickness of element NV.
Plastic/elastic modulus rati& for element NV.
Initial yield point for element NV.

Area of element NV.

Accumulated pressure loading

Maximum number of load steps (i.e. MAXST) in floating

point format.

COMMON Block : RSDATA
(First Record of Restart Tape)

The COMMON block RSDATA consists of one array, RSDATA.
At the time of this writing, the dimension of the array
RSDATA is 35 (on the CDC 6500 computer). The significance
of RSDATA(I) is specified below. In general, RSDATA(I) is
a fixed point integer quantity and is sometimes referenced
by the integer name IRSDAT(I). In subroutine RRST23, the
quantity RSDATA(I) may be assigned another equivalent

name for convenience.

If RESTRT # O in the Namelist input, then the first
record of the restart tape is read into the array RSDATA.
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COMMON Block : RSDATA (continued)

RRST23
Equivalent

Name Description

\D(b\ld’\UI-l-\le—“H

WD N NN NDNRNRNDNIRH[RH [B B 2 B B B B
O W X ~wN S, WN MO WO NGO U S WD RO

INUMEL
INUMNP

INLGAD
INID
INMAT
INDP

INDLIM
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NUMEL
NUMNP
NUMCP
NUMBC
NL@AD

NID

NMAT

NDP

MAXBW
MAXST
NNDLIM
MAXBKT
NLAYER
LWRAT
NANGIN
NXINT
NCYCF
RECCYL
C@NVER
IPRIN
ITER
IRESI
SAVETP
BLANAL
FLIFE
PRESS
HEADER(1)
HEADER(2)
HEADER(3)
HEADER (4)



COMMON Block : RSDATA (continued)

RRST23
Equivalent
I Name Description
31 HEADER(5)
32 HEADER(6)
33 HEADER(7)
34 Not Used
35 Not Used

COMMON Block : ST
(Stiffness Matrix)

The COMMON block ST contains the 12x12 elemental stiffness
matrix ST and the incremental element force vector CF (with

dimension 12 corresponding to the 12 degrees of freedom for

each element).

COMMON Block : TEMP
(Intermediate Stiffness Matrix)

The COMMON block TEMP contains a nx12 matrix which is a
intermediate result in the calculation of the conventional
elemental stiffness matrix (where n = 9 if RECCYL = 0
or n = 12 if RECCYL # 0).

COMMON Block : UV
(U, V Matrices)

The COMMON block UV contains a 3x6x2 array UV in which

UV(I, J, 1) specifies Uij and UV(I, J, 2) specifies Vij'
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X2

Y1

Y2

Y3

COMMON Block : XYC@@R

(x,y or r,z Coordinates)

RECCYL = 0

X1

640

RECCYL # 0

b |



6.5

Summary List of Subroutines

This section presents a complete list of all subroutines which

make up the BLADER program with the exception of standard Fortran IV

library subroutines. A brief description of each subroutine is included.

1)

2)
3

4)

5)

6)

7)

8)

9)

10)

BLADER

BLgC

DIMCHK

DISCHK

EERRXX

FMCALC

GESM

GINPUT

MSHGEN

PRINT

The main program - defines all labeled COMMON blocks and

serves as the basic logic control routine.
Initializes the pointers for the Dynamic Storage Array.

Initializes several index quantities and checks the problem

dimension input quantities for obvious errors.

Checks for nodes which have réached their limiting

displacements.

Error procedure routine. Calls PDUMP to dump out various

quantities and ecalls PRINT to print the terminal output.

Calculates the total force and the total moments for

axisymmetric problems.

Calculates the incremental elemental force vector for

each element.

Read the general input data (i.e. problem dimensions, control
flags, etc.) from the Namelist input cards. On option the
first record of the restart tape will also be read and/or

written.

Mesh generation routine - generates the element mesh, node
coordinates, boundary conditions, loading specificatiomns,

etc. for a bladder analysis problem.

Main printout routine - prints out the displacements,
accumilated loads, and residual loads. At specified load
step intervals the nodal coordinates; nodal elastic,
plastic and total strains; nodal stresses; and plastic
work are printed out. On option the estimated fatigue
life is calculated and printed out. Also on option, the
load step dependent quantities are written on the restart

tape.
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6.5 Summary List of Subroutines (continued)

11) RESID - Determines the total error in nodal print equilibrium
by calculating the residual nodal point forces.

12) RRST23 -~ Reads the second category of restart data (input arrays)
and the third category (load step dependent quantities).

13) SETIC - Calculates the incremental and accumulates stresses
and strains,

14) SETUP — Reads the input array data and initializes various
quantities.

15) STEP2 - Assembles the incremental system stiffness matrix and

' solves for the incremental displacements.

16) STFNS — Calculates the instantaneous stiffness matrix ST for
each element.

17) WRST2 - Writes the second category of restart data (input arrays)
on the output restart tape.

6.6 Restart Feature

The usage of the restart procedure is described in section 2.5
of this report. In the current section, the programming aspects of the
restart feature are described. In particular, the format of the restart

tape is described.

The two input parameters SAVETP and RESTRT control the restart
logic. An output restart tape will be generated only if SAVETP # 0. An
input restart tape will be read only if RESTRT # 0. The value specified
for RESTRT determines which restart dump (i.e. which load step) wili be

used to restart the problem.

Other input parameters such as NLPAD, NDP, BLANAL, etc. determine
the format of the restart tape as described below. The data on the restart
tape may be divided into three general categories:

1) Problem dimensions and other general input quantities.

2) Computed constants and input arrays.

3) Load step dependent quantities
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6.6 Restart Feature (continued)

The formats of the different categories are described below in sections
6.6.1, 6.6.2 and 6.6.3.

6.6.1 Problem.Dimensions and Other General Input Quantities

The first category of restart data occupies the first record of
the restart tape and is both written and read in subroutine GINPUT. The

format is as follows:

Restart Tape (First Record)

1) NUMEL
2) NUMNP
3) NUMCP
4) NUMBC
5) NL@GAD
6) NID
7) NMAT
8) NDP
9) MAXBW
10) MAXST

11) NNDLIM
12) MAXBKT
13) NLAYER

14) LWRAT
15) NANGIN
16) NXINT
17) NCYCF

18) RECCYL
19) CONVER

20) IPRIN
21) ITER
22) IRESI

23)  SAVETP
24)  BLANAL
25)  FLIFE
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26)
27)
28)
29)
30)
31)
32)
33)

6.6.2

Restart Tape (First Record) (continued)

PRESS

HEADER(1)
HEADER(2)
HEADER(3)
HEADER(4)
HEADER(5)
HEADER(6)
HEADER(7)

Computed Constants and Input Arrays

The second category of restart data occupies several records. The

number of records occupied depends on the values of the input parameters

NL¢AD 3

NNDLIM, NDP, NMAT, NID, BLANAL and FLIFE. 1In addition, the second

parameter on the second record is VPRFLG which is monzero if NL@AD > 0O

and if neither NDP nor PRESS is specified. Otherwise, VPRFLG is zero.

The value of VPRFLG determines whether or not the array VPR is written on

the restart tape.

and is

1
2)
3)
4)
5)
6)
7)
8)
)]

26)

The second category of restart data is written in subroutine WRST2

read in subroutine RRST23.

The format of the second category of the restart data is as follows:

Restart Tape (Second Record)

NEQ (Input into INEQ)
VPRFLG

DPRAT

XLNGTH

BLTHNS

NPTSY -~ 2% NLAYER + 1
LSSAVE (1, 1)

LSSAVE (2, 1)

LSSAVE (1, 2)

11

111
LSSAVE (2, 10)
A



6.6.2 Computed Constants and Input Arrays (continued)

Restart Tape (Third and Subsequent Records)

1) [(NP(I, J); I =1, 2, oo, NOMEL); J = 1, ..., 6]

2) [LADE(I); I = 1, NL@AD] If NLGAD > 0
[LOADS(I); I =1, NL@BAD]

3) [VPR(I); I = 1, NL@PAD] If VPRFLG > O

4) [DLIM(I, 1); 1 = 1, * NNDLIM] 1If NNDLIM > O

5) [VEM(I); I = 1, NMAT]

6) [VXU(I); I = 1, NMAT]

7) [VTH(I); I = 1, NMAT]

8) [VXI(I); I = 1, NMAT]

9) [VYP(1); I = 1, NMAT]

10) [DELTAP(I, 1); I = 1, 2% NDP] If NDP > 0

11)  [MATEL(I); I = 1, NUMEL] If NMAT > 1

12)  [ND(I); I = 1, NID]
[DSD(I); I = 1, NID]
13)  [DEPTH(I); I = 1, NLAYER] If BLANAL # 0
14)  [MLAYER(I); I = 1, NLAYER]
[CYCM(I); I = 1, NMAT] 1f FLIFE # 0
[CYCZ(I); I = 1, NMAT] '

If NID > O

6.6.3 Load Step Dependent Quantities

The third category of restart data also occupies a variable number
of records, depending on the value of input parameters and is written in

subroutine PRINT and is read in subroutine RRST23. The format is as

follows:
Restart Tape (First Record of Each Restart Dump)
1) IDUMP ~ Dump number
2) ISTEP - Load step number
3) TPRESS - Accumulated loading
4) NPRIN - Detailed print index
5) NEQBC - Number of boundary constraints
6) DPRESS - Incremental loading
7 RSFPLD - Current fold radius (single fold bladder analysis)
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6.6.3 Load Step Dependent Quantities (continued)

Restart Tape (Second and Possibly Third and Fourth
Records of Each Restart Dump)

1) BETA
2) ETST
3) EPST
4) EEST
5) ESIG
6) EWP
7) X@RD
8) Y@RD
9) DIS
10) F
11) RESI
12) NEBC

13) DLFLAG (if NNDLIM > 0) - Third record
14) TPR (if VPRFLG # 0) - Third or fourth record

6.6.4 1Internal and External File Names

The internal symbolic file names for the input and output restart
tapes are IRSIN and IRS@UT respectively. The corresponding external file
names can be determined by means of arithmetic replacement statements or
DATA statements in the main program BLADER. For example, on the CDC 6500
version of BLADER, the statements

]

IRSIN
IRS@UT

specify that the external file names corresponding to IRSIN and IRSQUT

are TAPE1l and TAPE3 respectively. On the CDC 6500 version, the desired
external file names (e.g. TAPEl and TAPE3) must also appear as parameters
on the program statement in the main program. For example, the statement
PROGRAM BLADER (INPUT, @UTPUT, TAPE5 = INPUT, TAPE6 = GUTPUT, TAPEl, TAPE3)
permits Fortran logical units 1 and 3 to be used for the input and output

restart tapes.
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6.6.4 Internal and External File Names (continued)

When executing the BLADER program on other computing systems such
as the UNIVAC 1108, the values assigned to IRSIN and IRS@UT may have to
be modified to values which correspond to utility magnetic tapes. For
example, in a certain UNIVAC 1108 computing system Fortran logical units
1 and 3 correspond to I/f devices other than magnetic tape units, but
logical units 12 and 14 are two permissible magnetic tape units. Thus,
we could set IRSIN = 12 and IRS@UT = 14 when executing BLADER on that

computing system.

The parameters IRSIN and IRS@UT have been defined as permissible
input quantities in the General Input Data allowing the file assignments
to be changed during‘execution. Thus, for example, an output restart tape
may be generated on unit 3 during the first of two stacked cases and
then read in as an input restart tape during the second case provided
that we set IRSIN = 3 in the General Input Data for the second case. It
would be advisable to also set IRS@UT = 1 when we set IRSIN to avoid
doing something foolish like writing on top of our input tape during the

second case.

A user could get by with only one tape unit provided he does not

wish to have distinct input and output restart tapes on the same run.
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7.0  SOURCE LISTINGS

This section contains listings of the main program and all sub-

routines of the BLADER program except for library subroutines.
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