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1.0 INTRODUCTION

The objective of this research was to develop analytical tools
capable of economically evaluating the cyclic time-dependent plasticity
which occurs in hot section engine components in areas of strain
concentration resulting from the combination of both mechanical and
thermal stresses. The techniques developed are capable of accomodating
large excursions in temperatures with the associated variations in
material properties including plasticity and creep.

The overall objective of this research program was to develop
advanced 3-D inelastic structural/stress analysis methods and solution
strategies for more accurate and yet more cost-effective analysis of
combustors, turbine blades, and vanes. The approach was to develop a
matrix of formulation elements and constitutive models, three
increasingly more complex formulation models and three increasingly
more complex constitutive models.

The three constitutive models were developed in conjunction with
optimized iteratioh techniques, accelerators, and convergence criteria
within a framework of dynaﬁic time incrementing. These consist of a
simple model, a classical model, and a unified model. The simple model
performs time-independent inelastic analyses using a bilinear
stress-strain curve and time-dependént inelastic analyses using a
power-law creep equation. The second model is the classical model of
Professors Walter Haisler and David Allen (Reference 1) of Texas A&M

University. The third model is the unified model of




Bodner, Partom, et al. (Reference 2). All models were customized
for a linear variation of loads and temperatures with all material
properties and constitutive modéls being temperature dependent.

The three formulation models developed are an eight-noded
midsurface shell element, a nine=-noded midsurface shell element and a
twenty-noded isoparametric solid element. Both of the shell elements
are obtained by "degenerating" 3D isoparametric solid elements and
then imposing the necessary kinematic assumptions in connection with
the small dimension of the shell thickness (References 3 and 4). The
eight-noded element uses Serendipity shape functions and the
nine-noded element uses lLagrange shape functions. The eight-noded
element uses Gaussian guadrature for numerical integration, with
nodal and surface stresses being obtained by extrapolation/mapping
techniques. Lobatto quadrature is being used with the nine-noded
element to effectively provide for direct recovery of the stresses
and strains at the surfaces and node points. The eight-noded element
has an excellent combination of accuracy and economy in the normal
element aspect range encountered when modeling most hot section
components. The nine-noded Lagrangian formulation overcomes the
shear locking problem experienced when the element
size-versus-thickness-aspect ratio becomes very large. The
twenty-noded isoparametric element uses Gaussian quadrature.

A separate computer program has been developed for each
combination of constitutive model-formulation model. Each program

provides a functional, stand alone capability for performing cyclic
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nonlinear structural analysis. 1In addition, the analysis
capabilities incorporated into each program can be abstracted in
subroutine form for incorporation into other codes or to form new
combinations. These programs will provide the structural analyst
with a matrix of capabilities involving the constitutive
models~-formulation models from which he will be able to select the
combination that satisfies his particualr needs.
The program architecture employs state-of-the-art techniques to
maximize efficiency, ut_..ity, and portability. Among these features
are the following:
(1) User Friendly I/O
® Free format data input
® Global, local coordinate system, (Cartesian, Cylindrical,
Spherical)
e Automatic generation of nodal and elemental attributes
° User-controllgd optional print out
Nodal Displacements
Nodal Forces
Element Forces
Element Stresses and Strains
(i1) Programming Efficiency
e Dynamic core allocation
e Optimization of file/core utilization

e Blocked column skyline out-of-core equation solver



(iid) Accurate and Economical Solution Techniques
e Right-hand side pseudoforce technique
e Accelerators for the iﬁeration scheme
e Convergence criteria based on both the local inelastic
strain and the global displacements.

The ability to model piecewise linear load histories was also
included in the finite element codes. Since the inelastic strain
rate could be expected to change dramatically during a linear load
history, it is important to include a dynamic time-incrementing
procedure.

Three separate time step control criteria are used. These are
the maximum stress increment, maximum inelastic strain increment, and
maximum rate of change of the inelastic strain rate. The minimum
time step calculated from the three criteria is the value actually
used. Since the calculations are based on values readily available
from the previous time step, little computational effort is required.

These formulation models and constitutive models have been
checked out extensively against both theory and experiment. Figure 1
shows the correlation between Bodner's model in the eight-noded and
mid-surface shell element (MSS8) and both experiment and other
predictions (Reference 5). Figﬁreé 2 through 6 illustrate the
predictability of the classical Hiasler-Allen model. Figure 7 shows
a comparison of both Bodner's model and the simple model to both

experiment and independent predictions (Reference 6).
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These nine programs, both source (Fortran 77) and compiled, have
been installed and checked out on the NASA-Lewis CRAY-l1 machine. The
interactive deck generator has been installed on the NASA-Lewis
AMDAHL machine.

Table 1 shows the lines of socurce code for each of the nine

computer programs. These numbers do not include the interactive deck

generators.
Table 1. Lines of Source Code
Elements
20-Noded 8=-Noded 9=-Noded
Simple 8300 13,800 17,900
Constitutive Hajisler-aAllen 9200 16,300 19,000
Models Bodner 7300 13,800 17,600

Since these programs use dynamic core allocation, they can be

recompiled to size for any specific machine. They are presently loaded

for 107 bytes of core. At this size, the maximum problem would be
approximately 4000 nodes and 1000 elements, and 24000 degrees of

freedon.
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2.0 TECHNICAL PROGRESS

The first activity in this program was the performance of a literature
survey. The pertinent results of this are given in Appendix A. Based on
the results of this survey, three constitutive models and three
formulation models have been developed.

The final versions of the computer programs for the 3D Inelastic
Analysis Metheds contract have been installed on the NASA-Lewis CRAY.
There are nine sepafate programs, each with a different combination of the
3 element types and 3 constitutive models. The element types are a
20-noded insoparametric brick element, an 8-noded midsurface shell
element, and a 9-noded midsurface shell element. The constitutive models
are a simple isotropic hardening classical plasticity model, a
sophisticated classical plasticity model with combined kinematic and
isotropic hardening, and -a unified model. Both classical plasticity
models also have a secondary creep model combined with them.

The major features of the programs are described below. These
features are generally available in each of the programs except as
specifically stated..

The physical geometry of the finite element models is described by
nodal locations and element connectivities. The shell programs provide
for automatic generation of nodes and elements if requested. Since
quadratic shape functions are used in all the elemeﬁt types straight or
curved boundaries that can be described by a quadratic are easily modeled
simply by appropriately placing the nodes on the element edge around éhe

boundary. No special information is necessary.
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Loadings can be specified in the form of nodal concentrated loads,
displacements, and/or temperatures or on an element level as
pressures for the 20-noded brick element and as pressures and line loads
in the shell program. Global loadings such as gravity and rotational
loads can also be specified. Loads with the same value can be easily
applied to large numbers of nodes and elements since series of evenly
incremented node and element numbers can be specified.

All of the programs provide for linear ramping of loadings. Initial
and final‘conditions for the load case are input and the intermediate
conditions are obtained by linear interpolation. The intermediate points
can be specified in a couple of ways. A number of even load increments
can be specified with or without a reference to <time. Alsoc available is
a dynamic time incrementing scheme which allows the program to calculate
time increments and that user input maximums of stress change, inelastic
strain change, or inelastic strain integration error are not exceeded.

In this way the program will use large time steps for load intervals
causing small inelastic action and small time steps for loadings causing a
great deal of inelastic action to occur.

The constitutive models are capable of predicting inelastic responses
for constant or variable temperature conditions This is done by including
terms that arise due to thermal variation in the derivation of these
models and by allowing the user to specify the required inelastic data at
up to 10 different temperatures per material type. There can be up to 3
different material types per model. Each of the constitutive models is
capable of modeling response due to simple loading as well as reverse or

cyclic loadings.
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The elastic material properties (elastic modulus, Poisson's ratio, and
thermal expansion coefficient) can be specified at up to 10 different
temperatures per material type for orthotropic as well as isotropic
materials. The program will then linearly interpolate between the values
at the given temperatures.

Several numerical technigques have been included in the programs in
order to speed up execution time, convergence, and make efficient use of
available memory. All of the programs provide for out of core solution of
the system of equations so that larger systems can be solved. The memory
available for solution is determined by the program and the system of
equations is broken up into appropriately sized blocks, stored on file and
solved a block at a time using the available core. The shell programs
also use a dynamic core allocation scheme which yakes maximum use of the
available core. This is done by the program surveying the input for the
problem to be solved and reserving just the amount of core needed to store
the required information and still have a large sized block of core
available for soclution of the equations. Information will be stored on
file,ashnecessary in order to leave a solution block of core available.

The shell programs also have a provision for the user to specify nodes
which are fixed (with zero displacement) throughout the problem. The
equations associated with these nodés are then eliminated from the systen
of equations, thus reducing the problem size.

An Aitken acceleration scheme which causes a more rapid convergence to
the inelastic solution is built into the 20-noded brick and 8-noded shell

programs. This scheme uses the two previous iteration solutions to modify
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the present iteraction toward the apparent converged solution. This
scheme is used with the plasticitf and unified constitutive models, but
nct with the seconday creep model.

These programs cover a large spectrum in sophistication in their
ability to predict inelastic response. The problem to be solved, the
desired degree of accuracy and available amount of effort will dictate the
element type and constitutive model combination to be used. A great deal
of overlap occurs, especially for simple problems with simple loadings,
but as more complexity is added one combination may be better suited than
another. Many capabilities are available in these programs and can be

used to great advantage in a wide variety of problems.

2.1 CONSTITUTT (o] S

Three separate constitutive models have been implemented in each of
the three formulation models. These constitutive models represent a broad
perspective in the present state of the art in constitutive modeling,
running from a simplified model based on the classical plasticity theory,
to a much more sophisticated and advanced treatment of the classical
plasticity theory, and finally a unified model where plasticity and creep
are viewed together as inelastic action. A separate seconday creep model
is combined with the two classical plasticity models in order to expand

their capability to the time-dependent decmain.
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2.1.1 SIMPLE PIASTICITY MODEL

Classical plasticity theories propose the existence of a function
describing the onset of yield and leéding to an uncoupled rate-independent
portion of deformation. There are four common ingredients in the majority
of the incremental classical plasticity theories: (1) a yield function
distinguishing inelastic and elastic deformation, (2) a relationship
between the stress increment tensor and the elastic strain increment
tensor, (3) a descriptic!. of the rate~-independent plastic strain increment
such as the normality condition, and (4) a work-hardening rule describing -
the evolution of the yield function under mechanical loading.

The simplified plasticity model is an incremental classical plasticity
medel which works with effective stresses and strains in the constitutive
law and expands these effective quantities to component form through
application of the normality condition.

The yield function used in the simplified model is the Von Mises yield

function and is given by:

¥(a;;, K) = 3/2 S5 Sy -ae2 =0 (1)

(]
where:

S.. =0, . -
ij = %3 " V3 (o + gy +a,.)

(2)
is the deviatoric stress tensor, and:

cem 1S the maximum effective stress; that is, the yield surface

radius.
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The above shows that the yield function accounts only for an expansion
of the yield surface about the origin (isotropic hardening only). If this
function is less than or equal to zero, there is no plastic action. If it
is greater than zero, plastic action occurs.

The relationship between the stress state and elastic strain state in
the simplified model is characterized by an equation relating effective

stress and elastic strain:

E

e ;. (3)

is the effective modulus, which differs from the elastic modulus due to
the difference in the definitions of effective stress and effective

strain. The effective strain is defined as:

2

2 * (533 - 811) (5)

‘e T3 [(‘11 - ezz)2 * (52 - £33)

(5122 . 5232 . 5312)] 1/2

where engineering shear strains are used.

+

Njw

The effective stress is defined as:

2
- "22)2 * (952 - °33)2 * (933" %1) (6)

o

nu
2 2 2.\11/2
+6 (°12 *+ 0,," * 0y )]
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The plastic strain increment is calculated using effective quantities as:

P E (7)
Aae = Ase Aee
where:

be, is the total effective strain increment, and (8)

is the effective strain increment.
To expand this effective plastic strain into component form and also
ensure that the plastic strain increment is normal to the yield surface,

the Prandtl-Reuss Normality Flow Rule is used. This is given by:

P (9)
dejy = dA sy,

where the scale d) can be calculated from the effective plastic strain

increment. To see this, rewrite the Flow Rule as:

(10)
2 P =(2 2
(3>2 dsij dcij = (3)2(&\) sij sij

2 P P 2 ..\ 3 (11)
Sde; . de;. .= [ £ =
LS E 5 (3 d*) 2 5ij Sij
but:
2
2 4P P = (d€P> (12)
5 daij dcij .
and:
2 - 2
2 515 515 = (9) | (13)
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So:

W-Zae,

(14)

3 deP .

dA = s g (15)
e

Finally, the work-hardening rule is fully isotropic as mentioned
previously. Thus, the maximum effective stress value is retained as the
vield surface size for use in the yield function.

For a typical load case, the finite element equations are used to
obtain displacements due to the structutie loadings and previous inelastic
history. These displacements are used to calculate total straih
increments. From this, a stress increment is calculated with the initial
assumption of no plastic action. The stress state is then used in the
yield function to check whether any plastic action occurs in the load

step. If not, calculations proceed to the next load case. If plastic

E
e
subtracted from the total effective strain increment to obtain the

action does occur, the effective elastic strain ae- is calculated and
effective plastic strain increment. This is expanded to component form
using the flow rule, and an incremental pseudoforce is then calculated.
After going through this procedure over the entire structure, the
pseudoforce increments are applied to the structure with the other loads,

and the process is repeated until convergence is obtained.
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2.1.2 Haisler-Allen Classical Plasticity Model

Professor Walter Haisler and David Allen of Texas A&M developed their
classical plasticity theory along the same lines as other classical
plasticity theories. However, they have added the capability to
accurately handle thermodynamic loadings in conjunction with multiaxial
mechanical loadings. Previous classical plasticity models have not been
used to model rate~dependent or temperature-dependent media, until
recently.

The yield function used in the Haisler-Allen model is assumed to be of

the form:

(16)
- 2 -
F(sij °ij) =k ( dcp,r)

where:

sij = the second Picla-Kirchoff stress tensor

ajj = coordinates of the yield surface center in stress space

k = a characteristic radius dimension describing the size of the
yield surface in stress space

d;P = the history of equivalent uniaxial plastic strain, and

T = temperature

Tlie yield surface described by fnis equation defines an area stress
space enclosed by the surface where all deformation is elastic and thus
recoverable, whereas on this surface, inelastic deformation is allowed.
The form of the yield function suggest that the yield surface may both

translate kinematically by means of the translation tensor a1 4 and
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expand insotropically due to changes in the radius dimension k, thus
producing a combined isotropic kineatic work-hardening rule. Note that
any thermally induced changes to the yield surface will be totally
isotropic in nature.

Differentiation of this general form of the yield function gives a

statement of consistency during plastic loading:

)3 3F 3k -p 3k
ds . -  ewmsmm— da' , - zk —— dc - zk —— =
as. . = dT = 0 (17)
ij ij asij 1) - 38 aT

where the term
)3
asij

represents

ar(si.-ai.)
as. .
1)
evaluated at Sij' €490 which can be seen to be egquivalent to
7 aF
a(sij-aij)
Since during neutral loading (one in which the yield surface remains
unaltered), the plastic strain increment and daij are zero, it is

apparent that a statement governing loading can be defined to be:

s, - Earso
ij M (18)

whereas unloading is described by:

)3 ak (19)
- - = <
asij dSij 2k aT dT 0
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Two commonly accepted yield functions of the above form are the Tresca
and Ven Mises yield functions. The Haisler-Allen model uses the Von Mises

yield function, which can be described as:

2 2

F(ci) =

(T

[(c1 - 02) + (cz - 03)2 + (03" 01)2] =k

(20)
where ¢y o,, and 05 are principal stresses and k is the current
uniaxial yield surface size. This yield condition supposes that yielding
is a function of deviatoric stress only. Utilization of this yield
function limits the model to analysis of initially isotropic media.

The stress tensor may be related to the elastic strain tensor by:

5 = Dijan (an * Zon * Fam " Ea)
(21)

where Ep. is the Green-lagrange strain tensor, ngmn is the
temperature-dependent elastic constitutive tensor at time t, and the
collected terms in parentheses represent the elastic recoverable strain.
In addition, superscripts P, C, and T denote plastic, creep, and thermal
strains, respectively.

Since the model is of incremental form, the above equation must be

incrementalized. Thus,

ds. = s;*At - gt o pttat ( . P c T \t+At 22
ij ij sij Dijmn Enn Eun - Eun - Enn (22)
nt P _sC T \®
Dijnn (inn Enn E- - Enn)
24
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which can be rewritten in the form used in the model as:

t+At P c ,
ds.. =D, df - - . dp?
i mn( wn " gy - E o dEm) (23)
t . gPt _ Ct_ Tt )
idmn(émn Emn Emn Emn

where the superscripts t denote parameters measured at the start of a lcad
step and the superscript t+4t denotes measurement at the end of a load

step. The terms preceded by d represent the increment in these parameters

during the load step.

The flow rule used in the model is the flow rule associated with the

Von Mises criterion, and is given by:

(24)
aEF = an --—ag"'
ij i

where d ) is an unknown scalar to be determined by the consistency
condition. This equation is commonly called the normality condition. it
can be seen that the plastic strain increment is assumed to be a
projection on the outer normal to the yield surface, which is scaled by
the parameter di.

The final expression required to complete the const_tutive law is the
hardening rule. According to Ziegler's modification of the Prager
hardening rule, a tensorially correct statement describing translation of
the yield surface during a load increment is:

daij = dH (Sij - aij) ‘ (25)
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where the yield surface translation scalar, dy, contains the temperature
and plastic strain history-dependen;e of the yield surface translation

tensor,aij. The translation scalar is described as:

i (26)
s ds, . -2k 2y - o & 4P
S.. ij aT =P
= il e
du = 3%
(s -1

- )
an mn asmn
These components described above are used to derive the constitutive

law used in the Haisler-Allen model. The resulting stress-strain relation

is:
t c T )
= - - dE (27)
dsij Cijmn <;Emn dEmn an
- De e ‘r:
E°* « E*" - E"" - E + dP. .
* dcijmn<('mn “mn Emn mn> ij
where:
t+At 3F  3F _.t+At
C: D:*At ijvw ova 3Stu tumn
timn iima 2 . _GF 57 tsdt _3F &F
3 3535 " Ppqrs 35 3% (28)
PQ Pq PqQ rs
t+At 5F &F
ijvw aSW as,u dn'umn
dC.. =4dD.. - - = ———
ijma ijmm 2 ' gf eFr t+at 3F 3F
3 3s__ as pqrs 35__ 3 (29)
PqQ  pq Pq TS
and

‘/ I _8F _3F ptear 3F o0 (30)
3 astu as:u ijmo asmn aT

— dT

ij -~ |2 " 3F 3F ptTat 3fF _3F
3 3 as__ as
3 cqu aqu Pqrs pq “°r

S
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Also, H' is the slope of the uniaxial stress-strain diagram for the
temperature at the end of the load step, and 3¢/3T is the change in
uniaxial stress due to a temperature change for the total uniaxial strain
at the start of the load step.

£t can be seen that the form of the constitutive law is an effective
modulus c?ﬁm& multiplied by a strain increment added to the change in
the effective modulus multiplied by the elastic strain at the start of the
step. The term dPij is a correction term which arises from estimating
H' using the uniaxial strain at the start of the step.

The general seguence followed in the implementation of this model in
the finite element codes is to solve for displacements from the given

loading and previous history. These displacements are then used to

calculate an increment in total strain which is fed to the constitutive

model along with the temperature increment. A stress increment is then
calculated initially assuming zero creep and plastic strain increments.
This stress increment is used with the yield function to check for plastic
loading. 1If there is none, the results are correct and the procedure for
the load step is complete.

If loading is predicted, the effective modulus (C the

ijmn) s
effective modulus increment (dcijmn)' and the correction factor

(dPij), are calculated and used to determine the stress increment. The
yield surface radius (k) is then updated and the translation of the yield
surface center (daij) is calculated to complete the procedure.

This process is carried out over the entire structure resulting in a

pseudoforce increment caused by the plastic strain increments. The
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process is then repeated with the just-calculated pseudoforce increment

(along with the other loads applied to the structure) until convergence s

achieved.

2.1.3 SIMPLE CREEP MODEL

To make possible the calculation of time-dependent response with the
two classical plasticity models, a simplified creep model has been
included with these plasticity implementations. This has been done in
such a way that the mode-s can be used separately in creep-only or
plasticity-only applications, or they may be used simultaneously for
certain applications (generally in material testing) where both
time-dependent and independent responses may occur. The implementation
allows for equal time increments or dynamic time-incrementing as developed
for use with the Bodner model.

The simplified creep model is a linear model based on secondary creep

only and is represented as:

2

¢ I 4

Ac -Qj (¢) " dt (31)
£l

where Q and r are constants. The integration scheme used in the
implementation of this model is a tfapezoid rule (using the stress value
at the beginning and end of the time step) to compute creep strain rates

at those times, so that

‘c b
£, + €
c 1 2
be” = < R )“2"1) (32)
where:
(X -~ 1T
€ " Q=) (33)
28

]

B

N S

SIS I TS B




2.1.3.1 EXAMPLES WITH PLASTICITY/CREEP MODELS

For the classical plasticity models, uniaxial stress cases have been run
to check out the constitutive routines. - One set of four plasticity-only
cases are very useful since they involve both thermal and mechanical
loadings in various combinations. Note that the total thermomechanical
load is the same for these four cases, but different residual strains
result due to the various loading sequences. The following Figures (8
through 13) show the material data used, the four thermomechanical load
histories, and the results.

An example of the creep-model-only is shown in which the total strain
is imposed and creep strains vary accordingly. This results in a stress
relaxation as time increases. The creep coefficients used are chosen to
simplify the calculations as Q = 0.44E-8 and r = 1.

Finally, two examples of plasticity and creep combined are shown. The
plasticity data used is the same as for the plasticity-only examples, and
the creep coefficients are the same as for the creep-only example. The
results are encouraging in that the plasticity results are unaffected by
the creep, which is the assumption of the classical plasticity theory.

The creep results are improved on the total strain, given that the loading
is done slowly enough to introduce.time-dependent action but quickly
enough for time-independent action to occur simultﬁneously. The use of
this option is determined by the user, although some initial examinations
of time-step sizing indicate that for slow loadings when creep-only is
expected, plasticity does not occur (even with the plasticity calculations

included) given small enough time steps.
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Figure 8. Material Data for Plasticity Example.
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Figure 10. Results of Plasticity Example.
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2.1.4 BODNER'S UNIFIED MODEL
Bodner's constitutive model is considered a unified model since
plastic and creep strains are inclﬁded in a single inelastic strain
measure. Thus, the total strain is the sum of elastic, inelastic, and

thermal strains. The inelastic strain rate tensor is defined in a form

similar to the Prandtl-Reuss flow rule. It is:

(34)

where Do is the limiting strain rate in shear. The material constant n
controls the strain rate sensitivity and J5 is the second invariant of
the deviatoric stress tensor, sij' The state variable Z is a measure of
resistance to inelastic flow and is given an initial value of Zo.

The state variable evolution equatidn is:

] 1 2 -z, R (35)
Z= m(Zl- ) W - AZ | ———=

1 Z1
where the first term defines the hardening and the second term
characterizes the thermal recovery. The material parameter Z, is the
maximum value of Z and Z5 is the minimum value of Z obtained in thermal

I

recovery. The inelastic work rate is W' and m, A, and R are material

constants.

The Bodner model presented here predicts only isotropic hardening,
since Z is a scalar quantity. The material parameters are easily
calculated from standard stress strain curves and creep tests, and the

numerical implementation is relatively simple.
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In order to test the Bodner model, the solution, and dynamic time
incrementing schemes discussed in Seétion 2.3.3 within the context of a
finite element code, a two-dimensional model of the benchmark notch
specimen (References 10 and 16) containing more than 1,000 constant strain
triangles has been run (Figurel4). This code uses Bodner's constitutive
model, and the first cycles of Tests 8, 9, and 10 of the benchmark notch
program were simulated (Figuresl5 through 1£). The results were quite
satisfying, both in the performance of the constitutive model and in the
economy of the solution. ©On General Electric's Honeywell 6000 computer
systems, each of these analyses required approximately 3 hours of CPU time
at a cost of about $500 each. With similar codes on the CRAY-1 and the
Honeywell 6000, we have experienced speed ratios of about 50 to 1.
Therefore, on a machine such as the CRAY-l, we would expect such an
analysis to use about five minutes of CPU time. The three analyses
required between 205 and 219 time subincrements.

-
[~

can be concluded that this code and constitutive model show promise

as a design tool.
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Figure 14. Two-Dimensional Model of Benchmark Notch Specimen.
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2.2 FORMULATION MODELS

Three formulation models have been developed, a nine-noded degenerated
shell element, an eight-noded degenerated shell element, and a 20-noded
isoparametric solid element. The implementation of the theoretical
formulation of these elements in computer software has been accomplished
in such a way as to optimize their utility for nonlinear analysis. All
have been implemented with an out-of-core modified. blocked skyline
equation solver so that very large, real world problems can be solved.
Emphasis has been placed on numerical accuracy, user friendliness, and

economy of the situation.

2.2.1 =NO GEN

The analysis of shell structures having complex shapes presents an
intractable analytical problem in the classical theory of shells. In
addition, if the shell structure is thick and shear deformation is
significaﬂt, the application of classical thin-shell theory becomes
questionable. The finite element analysis of such structures is a
feasible alternative for obtaining numerical solutions. In modeling shell
structures, curved sﬁrtaces and faces are often approximated by flat
elements with straight sides. For accurate representation of the
structure geometry, many of these elements are necessary. The need for
elements with curved surfaces is rather obvious.

Isoparametric mapping provides a logical means for developing such
elements. The conventional flat-shell elements are often a combination of

plane stress and bending elements, but the double-curved shell element has
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been derived by modifying the three~dimensional, isoparametric,
solid-element formulation in a manner consistent with the shell-theory
assumptions without restricting behavior to purely thin shells.

The constraint of a straight normal to the midsurface is introduced,
and the strain energy corresponding to the direct stress normal to the
middle surface is neglected to conform to the shell theory. However, the
normal to the middle surface does not remain normal after deformation.
This permits the element to experience transverse shear deformations
necessary for thick-shell applications.

A temperature-dependent property can be accurately determined using
element nodal temperatures. The element loads consist of thermal loading,
distributed or uniform pressure loading on element faces, and body forces
consisting of centrifugal and gravitational loads. A rotated local
Cartesian coordinate sysfem may also be defined at each node of the
element. This feature is useful in constraining the rotational degree of
freedom about the shell normal.

Consider a 3-D, isoparametric, solid element where linear edges
connect higher order faces containing an equal number of nodes. Figure 19
shows a l6-noded, 3-D, isoparametric, solid element where
eight-noded parabolic faces are connected by linear edges. The external
faces of these elements are curved, but the sections across the thickness
are generated by straight lines. For such elements, the pair of Nodes
i, and ip with given Cartesian coordinates completely describe the
element geometry. In 3-D curved shells, this geometry is represented by a
middle surface containing the element nodes and the normal to these nodes,
such that 631 is a unit normal at Node i, and t; represents the

element thickness at Node i (Figure 20 and 21).
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Thus, for the 3-D curved-shell-element geometry, we can write:

X n X n .
yo= 1 Ni(g,n) yi} + Ni(:,n)-é A

z i=] z3 i=]

where the interpolation shape function for quadratic element is:
Corner nodes N; (e/mn) = 174(1 + &) (1% n) (g, + ny = 1)

Midside Nodes

£ = 0, N; (g,n) = 1/2 (1-¢2) (1 + ng)

ni =0, N (g,n) = 1/2 (1+g;) (1 = n2)

€o 2 §8i, ng 2 n n§

DISPLACEMENT FIELD
For the element shown in Figure 20, the pair of nodes iy and iy

with given translations completely describe element-displacement behavior.
For the 3-D curved-shell element, these are reduced into three

translations and two rotations at Node i (Figure 22):

|

€ < c

} T N ydeil, ¢ gei oL
- :(E.n vile s N: gei o= _=
te] it§, v; a1 i(g,n) 2 [vli v21] 8

The unit vectors ﬁi' 6&1, and 651 define an orthogonal local triad

at Necde {i.
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STRESS AND STRAIN CONSTITUTI EQUATION
Definition of proper stresses and strains consistent with the shell
theory is necessary for deriving element properties. Consider the shell
surface defined by §{ = constant. At a point on this surface, construct
orthogonal Cartesian axes x', y', and z' such that x'y' lie in the tangent
plane and z' is normal to the x'y' plane. The strain components of

interest can be defined in the local system x'y'z'.
{E'}‘r - [%r’ ey'- ex'yv’ 5y'z" Ez'x']

The strain ¢,' has been neglected to satisfy shell assumption. The
stresses {o'} are related to the strains through the elasticity
matrix: {c'} = (c'] f{era Eg} where the elasticity matrix (c'] is a

5x5 symmetric matrix.

CA G ON
The calculation of element matrices and the load vectors require
evaluation of the integrals over the element volume or the faces of the
element volume. This is accomplished numerically using quadrature.
Reduced integration is used in ¢ and n directions to improve the bending
behavior. A (2x2x2) integration rule has been chosen for the eight-noded,

parabolic-shell  element.
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Figure 19. Sixteen-Node

Solid Element.
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Normal to the Midsurface
Figure 20. Eight-Node Curved
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Figure 21. Shell Node i with Normal Vis #
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Al 2
Node 1§ ‘é 3 11
i

Figure 22. Local Coordinate
System and the
Rotations a4,B;.
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ROTATED IOCAL COORDINATE SYSTEM
With the basic five degrees of freedom (Uir Vis Wiy vi0 34)s
the element does not permit sharp junctions in the structural models. To
avoid such difficulty, the rotations Y;» 8; are transformed into

] However, the element still does not have rotational

xi’eyi’ezf
stiffness about the normal to the middle surface. Therefore, this
rotational degree of freedomn should be constrained at the nodes where the
surface is gecmetrically smooth before solving for the unknown nodal
displacements. A local Cartesian coordinate system is established at the
nodes requiring such constraining in such a way that one of the axes is
normal to the middle surface of the shell. The element stiffness, mass,
and the load vectors are transformed into this local coordinate systemn.

The rotational degree of freedom about the axis normal to the middle

surface is then deleted before assembly and solution.

EXAMPLE CASES
This element has been implemented in a finite e;ement computer
program, and the program debugged, verified, and validated. Three of the
test cases are shown in Figures 23, 24, and 25, These cases are very
severe tests because the geometries investigated are on the lower end of
plate theory and thus involve both beam and plate characteristics for

which exact, closed-form solutions do not exist.

To demonstrate its nonlinear capability, the compact tension specimen

shown in Figure 26 was modeled (utilizing the line of symmetry) with 30
eight-ncded shell elements and 114 nodes. The results of the analysis
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using the simplified constitutive model is shown in Figure?27. It compared
favorably with other nonlinear finite element analyses (CYANIDE, an

in-house program) and published data (Reference 7).

Q M
| Y S T A L I
t

P
E = 30 x 10° psi
ve=0.3

C
a=b =2 inch
t = 0.2 inch

B

A

B

Cc

Figure 23. Example Case 1.

A cantilever plate is subjected to area pressure-load/line-distributed

loads as shown above. The square plate was modeled by 8 elements and 37

48

1

S S Jbo - 1 1 1 ]

1




T

nodes. The comparison of displacements between beamplate theory and

finite-element results are listed below:

Loading Conditiens

oM, P, Q.
Ln=1ibf/in) (Ib£/in) (psi)
1000 0 0
0 0 1000
0 1000 0

Vertical Displacements (inch)
Beam Theory

Plate Finjte-Zlement Result
{A, B, and C) A B c
(0.1 to 0.091) 0.0979 0.0963 0.0915
(0.1 to 0.091) 0.0953 0.0946 0.0938
(0.1333 to 0.1284 0.1274 0..1232
Q.1213)
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t

o a e

30 x 10% pst
0.3

b = 2 inch
0.2 inch
1000 psi

O a B <
[}

SS
Figure 24. Example Case 2.

A square plate with simply supported (SS) boundary conditions along all
edges is subjected to the uniform pressure over the entire plate. The
plate was modeled by é elements and 37 nodes. The comparison of the
maximum vertical displacement at the center of the plate (Location A) was

made between the finite-element result and Roark's published solution.

Finite-Element Analysis: § = 0.003165 inch

Roark's Formula: CA = 0.00296 inch
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= 30 x 105 pet
= 0.2

= 2 inch

= 1 inch

0.2 inch

103 psi

<

O rn o Mm
)

Figure 25. Example Case 3.

A parallelogram plate (skew slab) with all edges simply supported (SS) is
under uniform pressure load all over the entire area. The plate was
modeled by 8 elements énd 37 nodes. At the center of the plate (Location
A), the maximum displacement was obtained by finite-element analysis and
from Roark's published formula as shown beléw:

Finite Element Analysis: §y = 0.00365 inch

Roark's Formula: ¢p ™ 0.00393 inch
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Figure 27. Compact Tension Analysis Results.
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2.2.2 NINE-NODE DEGENERATED SHELL

The basis for this element, as it is for most of the others, is the

principle of virtual work for displacement increments, written as:

foécdv-/t‘éudv*f Téuds (36)

. .
-~

where ,Z ,; +T and £ are the displacement-, strain-, stress-,

u
traction- and body force-rate fields, respectively. The displacement-rate
field is related to the nodal displacement rates {u} through shape
functions appropriate for each individual element by:

W= N 4
(37)

The shape functions [N] are functions of the spatial coordinates, and
are chosen to satisfy admissibility conditions for | as well as particular
characteristics for each element. The strain field is found by faking'the
appropriate combination of partial derivatives of ﬁ with respect to the

spatial cocrdinates, and may be written as:

£ = (N'] {u} (38)
The stress-strain law is in the form (see Section 2.1)
c=([Ele-~-¢2 (39)
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Substituting (37)-(39) into (36) and taking variations with respect

to {3} yields the element equations:

(K] {4} = (FE} + (FB) « (FT) + ()

(40)
where:
i x1 = [ T (2] v ja (41.2)
[~ JIE, _ T
i (F }-ﬁ[N) T av (41.b)
(#) =_/:, (N)T £ av (41.c)
(#1) =,/;:: (N)T T as (41.4)

and where {F} are the nodal force rates exerted on the element by its
neighbors. Generally, some of the body force field is due to structural

vibration. This ultimately yields a mass matrix given by

(M] =j:, [NlTp (N] dv (41.e)
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where ? is the mass density of the element. The objective of any of the
element packages is to determine five expressions (41) appropriate for a
given element, and from geometric, material, and load data, determine
numerical values for the entries in the particular vectors and matrices.
The nine-node degenerated shell element formulation is a modification
of the element developed by Chang, et al. (References 3 and 4). The
Figures illustrate the geometry of the element. The middle surface of the

shell is generated by mapping a 2x2 square into the surface using:

.
-

£, = (x,, v, 2z) = (N (&, )] {(x}, (s}, {z}} (42)

where (xo, Yo, 2,) represents a point on the midsurface of the shell

and {{x}, [¥}, {z]] is the collection of node point coordinates, one of the
given bits of information in the element development. The shape

functions (¥] are the bequadratic shape functions for the 2x2 square.

Also given at each node point are the shell thicknesses{i}.

The thickness is assumed to be measured locally normal to the shell
midsurface. We determine the normal direction by first obtaining §°

and e®

n
taking their cross product. These vectors are found by:

. vectors tangent to the midsurface at a particular point, and

e"=?=[§]xm. (s}, (2] (42)

:n]ux}. v}, {21

a4
"
@
Gf
"
—
12
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The normalized cross-product is labeled v,, defined in symbols as:

Ve (g s 2:)/1.:g xegl = vy vy g Yy ) (44)

(93]

The nondimensiocnalized coordinate in this direction is labeled ¢,

Thus, any point in the shell is represented as:

T = (x,9,2) = (N(§,n)]([x + v 5§, {7+ =}hv 3, b0 (27 =5t 4 s,

An individual element of the vector {x = 1/2 3hv3,l}, for
instance, is x; + 1/2 3hy vé,l, where x;,h;, and vi; are
the x, coordinate, thickness, and Xx-component of the V4 vector at node
i, respectively. The z dependence, then, is assumed to be interpolated

in the same way as the midsurface coordinates, without

using the (§,n) explicit function implied by (44). The three

directional vectors for the mapping (45) are:

CRESEREHL I [EARNCAR AN
o = %f - % (N1 {{bvy 1}, {bv, o}, {bvy 4]
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The Jacobian matrix (J) is formed by:

(47)
(3] =|et <
én
e
In general, (J) is a function of (g, n,z ): however, interest in (J)
will be at the nodal points i (i=l,...,9), where z = 0, and above and

below the nodal points, where ¢ = 1, for a total of 27 points. These
27 points will be the numerical integration points for the element.

The (£, n ,t) coordinates are convenient to describe the geometry.
In addition, Ez is parallel to 1§"at the nodal points. Note that
the e, and e, are not necessarily perpendicular to each other, (and
away from the midsurface, probably not perpendicular to e%), and thus do
not form a local Cartesian system at any point. However, from a shell
analysis point of view, it is desirable to distinguish between in-plane
behavior. 1In order to accomplish this, the (1, 2, 3) coordinate systen
is introduced where 35 is the unit vector orthogonal to the
midsurface, and-\:l and '\72 are defined ocrthogonal to each other in the
plane of the midsurface. The V) vector is defined by normalizing the
cross product of 33 and the Cartesian unit vector most perpendicular
to it:; then ;2 = ;3 X ;l'

At each node point of the element, there is defined the six degrees
of freedom (DOF) for that node point. They are the three translations
Ux,gy, and U, and the three rotations 8x’ Oy/ and 87. Note

that these are defined relative to global DOF to local DOF in the (1, 2,
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3) system. Actually, the local translations will be identical to the
global ones, and only the rotations will be transformed. As in most
shell analysis, the DOF ©4 will be suppressed. The transformation at

each node point is accomplished through the matrix T; given as:

1 0
1
(1] = 0 (48)
i i i
0 0 ¢ it 1,2 Y13
i i i
0 0 0 Y21 2,2 2,3
i i i
0 0 0 v v v
3,3
L 3,1 3,2 a

The collection of [Ti]'s along a diagonal is denoted as (T): thus,

for the element

{ ﬁlocal}= (7] {uglabal} (49)
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The (T] matrix is 54x54 and there are 54 DOF's for this element.

ap——

Another useful matrix is the tensor transformation matrix (7]

node point i, given as:

SRES D R

.

1

B (vxfl)z “"1?2)2 (vxfs)z v1?1 Vlfz
('zfz)z (szz)z (vzfs)z " “2?2
— (vyhp)? ("3f2)2 (v51 )2 Y31 T3g
(Ti] =
2'1?1 Y201 2’1%2 v2%2 vty v2%3 v1?1 W v2?1 "
2vzf1 v3?1 2vzfz vsfz 2vzfs v3%3 'zfl v3%2 * v3?1 vzfz
3 v zv3f2 "2 2v3?3 '1?3 v3f1 2t v1%1 v3?2
- - (50)
v1fz v1?3 v1fa '1?1
vzfz v2?3 v2?3 '2?1
'3?2 '3?3 '3%3 '1?1
'1?2 'zfa * ?zfz '1?3 vxfa 'zfx * 'zfs v1?1
v2?2 '3?3 * '3?2 'zfa ”1?3‘v2f1 * 'zfs '1?1
v3?2 '1?3 * '1fz '3?3 '3?3 v1?1 * '1?3 v3?1
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The degrees of freedom are defined at the midsurface of the shell.

To find the displacement field at‘any point in the shell, use:

.
-
u

(N (&, n)] [Q){a *°%3L) (51)

where here, (N] is the biquadratic repeated over three rows, thus
! making (N} a 3x27 matrix, and ([Q] is 27x54 made up of nine 3x6

submatrices [Qi] arfanged along its diagonal, each [Qi] being:

B (52)
‘ F— 1 i i ]
1 0 0 -3 Chi "1 ¢k 11 0
| — 21 i 1 i
| (Q;1 =0 1 0 258V, 2887, O
: 1 i1 i
;r o 0 1 28 %3 2875 O

Note that U is defined in terms of the gleobal directions and the

zero sixth column of {QiI indicates the independence of U on 83.

}
!

Furﬁhermore,[Qi] clearly represents the usual shell assumption of

[ linear variation of the displacement field through the thickness.
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Strains are calculated in Cartesian coordinates first. The relaticn

between the differential operaters in (x, y, z) and (g, n.,gz ) are:

(53)
3/3x 3/3¢

(£ = [a/ay|= (317 |a/2n
3/3¢ 3/3¢

Denoting as [F'] a 9x3 matrix with 3 [f'] arranged on the "main
diagonal," and (D], a 6x9 Boolean matrix denoting a linear combination
of partial derivatives of U, the strain displacement relation is written

as:

c= (4 (F] (0 (o)) (1) {a SRebeL) (54)

where use has been made of (49). The combination of matrices on the

right-hand side of (54) is denoted as [38:°03})

The strain relative to (x, y, 2z) is generally not interesting from a
physical point of view. It is desirable to obtain the strain in the
(1, 2, 3) systam where it physicallf has greater meaning. Thus, using
(50),
local, _ - global 55
where the i subscript refers to the ith nodal point, and the j

subscript refers to the jth surface (middle, upper, or lower).
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ey

The constitutive law (39) must be modified to take inte account the
mechanics of materials assumption'that @33 = 0. With (2] and surplied
in the (1, 2, 3) system for the 27 integration points, a partiticion of

(39) is made as follows:
¢, E.3 Eee €. te (56)
0 Eye B3z {[%33] [%a3

where ¢, are the five non-zero stress-value fields, éb the

corresponding five strain fields, and the dimensions of Ecer Eqiy
Eser E33, to, and t34, are 5x5, 5x1, 1xS5, S5xl1, 1xl, 5x1, and
1xl, respectively. Solving the lower partition of €35 and using it in

the upper partition yields the modified relation:

{¢C}=[€cc:]{tc}- T (57)

where:

, (58)
A 1
[Ecc] * [Ecc] - [Ec3:l [233]- [E3c]
-:. - -1 -
T =TT l:zcs:l [533] T3
(58b)
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Furthermore, it is convenient to define [3'l°°al] as

iie
[3i§°calL with the row corresponding to €44 deleted; then:

(3 local] = [g ] (¢ local]

ije ec! ije (59)

local]

[alocall
1]

The matrix (3 ije

can be defined as
augmented by a row of zeros cbrresponding to ?33 = 0. Finally, the
stress in global coordinates is expressed as:
+ global _ T7%-1 <[ local] {- global} . local>
%3 (T \ (3 u Ty (60)
Element matrix and vector calculations are now ready to begin. For
instance for the stiffness matrix, the integrand [kij] at the
(i,j)th integration point is:
- local local (61)
The volume integration will be taken numerically by approximating
the integrand in (4l1.a) by evaluation of the integrand at the 27
integration points and then interpolating these using the triquadratic
shape functions in (§, n,% ). The shape functions are integrated

exactly over the nondimensionalized cube:

£ 3, Effl ffl ﬁllnij (€, n, 01 df dn at (62)
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where [Nij] is the appropriate shape function for the (i,j)th
integraticn point, then: |

(63)
(K] = 2 aij [xij] det [Jij]

The vector {%IE} is calculated in a similar manner; defining

T .
: - local,” 7 local
(F, .} = (3 R

ij* T Yije

(64)

then:

(FIEy = I, 5 ey {fij} det (J;,] (65)
The mass matrix calculated this way yields what appears to be a
lumped-typed mass matrix.
In general, the value of the body force field is either given or can
be calculated at every integration point. Let {iéj}'be the body force
load at the (i,3j)%P integration point. It{fg}is defined as 6x1

subvector corresponding to the iR node's contribution {fB},

Fl=za
{ B] : o

T T (3§

The particular body force loads of interest are due to the weight,
linear acceleration, and centrifugal acceleration. For the weight load,
the mass density must be given as well as the direction consines for the

downward direction, then:

(67)
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where g is the acceleration of gravity. For linear acceleration,

three components of acceleration are needed; thus:

a
X
a

'ij - .
{fa }acc P

7 (68)
z

For centrifugal loading, the three components of the angular
velocity vector, plus a point A on the axis of revolution must be

given. Defining:

(69)
- v
0 wz y
el =|w, 0 ¥y
-wy wx 0
then:
ij ~ *a
(B4 = a*ly, -y '
B ‘ecig ij A (70)
257 %
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The traction loading for this element is generally divided into two
types: pressure loading on the upper or lower surfaces and line loading
along the element edges. Pressure loading performs normal to the
surface (in the v4 direction). The (x, y, 2z) components of the
traction vector at integration point i(i = 1,9; top or bottom surface)

is:

3,1 (71)

where pi is the magnitude of the pressure at node i. The 6xl subvector

of:
{fr} pres, {rf} pres
is thus:
(]} pres = 01 (107 10,17 1 1 3 & a1 7
where
Bi =ff1ffl Ni (§, n) d&dn (73)
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For an edge load, it is first assumed that the load is applied alcng

the line $= 0. For any edge, let the s direction be directed aleng an
edge and let the n direction be normal to it. TIf the edge load at ncde
Ej (where the three nodal points on the edge are labeled Ey, Ejy,

-
Es3), is given in terms of Cartesian components as wej, then the 6x1
equivalent subload vector {fgj} is given as:

T} Lt - T T3y (74)
{sz Hoe = yp; [Tyl Qg )7 Wy, legal

Note that s corresponds to ; or n depending on the edge. Sometimes,

an edge load will be given in terms of normal and shear components. For

shear locading in the s direction:

- .
= B Eij 2Ej
v as %so’ l%50!

Ej (75)
For shear loading in the normal (Z) direction:
g El (76)
“E; "ﬁ; Y3
For normal loading:
s Ei RS “Ej 3
ij - wEt:.::l (e“ x 93)/|e“ x '/3l (77)
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Other loads can be mocdeled as necessary in similar fashion. It
hould be noted that "thermal loading" is incorporated into the
constitutive law by the T term. In fact, 1 may be portiocned into sum of

terms. Each of these are then manipulated in an identical fashion.

2.2.3 20~-NODED TSOPARAMETRIC SOLID EIEMENTS

The isoparametric solid elements permit the modeling of any general
three-dimensional (3-D) object, since the elements represent a
discretization of the object into finite elements which are 3-D
continuocus representations. The basic term "isoparametric" means that
the elements utilize the same interpolating functions (also called
"shape functions") to interpolate gecmetry, displacements, strains, and
temperatures. It is, therefore, important that the user be aware that
not any displacement, geometry, and temperature field to be analyzed is
necessarily compatible with a given element mesh. This isAparticularly
trwe where high temperature or strain gradients occur. The following
sections discuss the basic element formulation assumptions and define
the node numbering order and face definitions for pressure load input.

Shape functions are used to describe the variation of some function

G within an element in terms of the nodal point values.

a
Glx,y,2) = 3 BiG;(xi,y;{,2{) (78)
isl
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where

G(x,y,2) = the 'value of the function (such as
displacement, temperature) at any
point with coordinates (x,y,z) within
an element

Gj(xy,24 = the value of the function at node
point i

H; - the element "shape function"

n = the number of nodes describing

intraelement variation.

In order to ensure nonotonic convergence to the correct results,
shape functions must satisfy several requirements. Satisfaction of
these requirements results in convergence from an uppér bound. These
displacement function requirements are:

e They must include all possible rigid body displacements

e They must be able to represent constant strain states

e They must be differentiable within elements and compatible

between adjacent elements.
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While the above conditions prove valuable for establishing upper
bounds for solutions, they are not essential. Incompatible displacement
modes are widely and successfully used. Their principal disadvantage is
that stiffness may no longer be bounded from above.

Curvilinear coordinates are introduced into the isoparametric
concept to overcome the difficulty of formulating shape functions in
global Cartesian coordinates. Also, generality in element geometry
definition is obtained by this process.

A local curvilinear coordinate system (g,n,. ) which ranges from -1
to 1 within each element is introduced in which shape functions are
formulated. Also, a mapping from curvilinear to global coordinates is
defined. A typical two dimensiocnal element is shown in Figure 28.

The same polynomial terms used in the Cartesian coordinates are used
but with the curvilinear coordinates ¢,n, replacing x, y, and z to
generate shape functions. The ¢{,n and ¥ coordinates are the same for
all global element configurations.

Structural finite element equilibrium equations:

(M](G;) * [Cl(ag) » [K](uj} = (Fa} +» (Fg} ¢ {Fy} + (Fcl + (Fyp} (79)
(] = !vplllr[H]dv "Consiscent" mass matrix

[c] = Dampiag matrix
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® o
1 5 “2

nes-1

(a) Curvilinear Coordinates

(b) Global Coordinates

Figure 28. Typical Two-Dimensional
Element.
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(k) - fv[l]r[D][B]dv Stiffness matrix
{Fg} = fv[H]T(!g}dv Body forces

{Fg} = [s[ﬂslr {£5}dS Surface tractions
(Fg} = £y(3]1T(D](epidv Initial straias

(FyL} = 7y(BI1T(D]{eNL}dv Nonlinear strains

vhere
{ui}T = [u] vy vy ug va v2....]

(u}T = [u v v]

{u} = [(B](u;}
{e} = [B]{uj}
{o} = [D](e®} = (DY(eTOT}=(TEERY)<(eyy))

(£3}T = [f3g fay fn.l

{£g1T = [Cgy gy f5q)
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This element has been formulated with variable temperature general
orthotropic material properties. buring numerical integration for
stiffness and equivalent nodal forces due to thermals, plésticity, and
creep, the material properties at each integration point are evaluated
at the temperature of that integration point. A Gauss integration
scheme is used, and the user may choose an integration order of 2, 3, cr
4 points in each direction (g, n,z ).

The 20-noded sclid has three displacement degrees of freedom on each
of the 20 nodes for a total of 60 element degrees of freedom. Since
this element utilizes a higher order displacement (and thus higher order
strain) function, it can be used .to model larger regions with fewer
elements. The displacement functions yield a displacement distribution
which is parabolic on an edge (three nodal points per edge).

The node numbering sequence for this element is shown in Figure
29. The user may define the location of Nodes N; and Ng
as desired, thus establishing the element pressure coordinate system and

the resulting face numbering.
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The interpolating functions can be defined starting with the

corner noded shape functions:

Gy = (1 +
G =(l -
Gs = (1 -
Gy = (1 +

The midside
Hy

He

36 -
Hg

Bjp =
iz =
Higy =
Hig =
Hyg =
g =

Hig =
Hog =

node shape functions are:

(1
(1
(1
(1
(1
(1
(1
(a
a
(1
(1
(1

g) (1
g) (1
g) (1
g) (1

g2)

- :)
2
+ )
- 2
-
- ¢2)
* ;)
+g)
- )
-

g)

*
*
-

(1
Q1
a
(1
(1
(1
(1
a
(1
Q1
(1
(1

a) (1
n) (1
n) (1
n) (1

+n)
- n2)
- n)
- nZ)
+ )
- n?)
-n)
- n2)
+n)
+n)
- n)
=)

+

+

g)/8
¢)/8

+z)/8

+

(1 +

g)/8

g) /4
g) /e
g) /6
g)/4
¢ /o
g) /e
g)/6
g)/é
t2)/46
t2)/4
c2)/4
¢2) /4
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Figure 29. 20-Noded Solid Coordinate and Node
Numbering System.
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The modified corner node shape functions are:

B =G - (R +Hg + Hyy)/2
Hy =C3 - (B +H, +Hg)/2
Hs = Gs =~ (H, + Hg <+ Hjq)/2
Hy =Gy = (B + Hg + Hyg)/2
Hg =Gy = (Hjg + Hyg +» Hy7)/2
Hip = Gy - (Hyg + Hyg + Hyg)/2
Hi3 = Gy3 - (Hy + Hyg + Hg)/2
His = Gpy = (B4 + Hyg + Hyg)/2

This element requires no incompatible modes to simulate bending
properly, since the displacement functions are complete quadratics.

Thus the displacements (and strains and temperatures) are computed as:

20
u = I HjUg
i=l

v e L Biwi
1

Given the coordinate system (g,n,g) as previously established, we
can alsc now define the face numbering conventions and order of nodes on
a face. These definitions are needed to established conventions for

inputting pressure levels on the element and numbering of faces when
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displaying surface stresses on the faces. These conventions are

summarized below.

Face No. location Nodes and Node Order on Face
1 £ = «] Nl N8 N7 N20 NIS N6 N9 NI7
2 ne= <l Nl NI7 N9 NIO NIl N18 N3 N2
3 g = +] NI N2 N3 N4 N4 N6 N7 N8
4 £ = -] N13 NI19 NS N& N3 N18 NIl NI12
5 ne e~} N13 Nl14 NS N20 N7 N6 NS N19
6 g ==l N13 N12 NI1 NIO N9 N16 N1S N14

This element has been formulated with variable temperature and
general orthotropic material properties. During numerical integration
for stiffness and equivalent nodal forces due to thermals, plasticity,
and creep, the.mﬁterial properties at each integration point are
evaluated at the temperature of that integration point. A Gauss
integration scheme is used, and the user may choose an integration order

-of 2, 3, or 4 points in each direction (&,n,z).
2.3 ¢CO RO

A separate computer program has been developed for each combination
of constitutive model-formulation model. Each program provides a
functional, standalone capability for performing cyclic nonlinear
structural analysis. In addition, the analysis capabilities
incorporated into each program can be abstracted in subroutine form for

incorporation into other codes or to form new combinations. These
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programs will provide the structural analyst with a matrix of
capabilities involving the constitutive model-formulation models from
which he will be able to select the combination that satisfies his
particular needs.

The total amount of software developed for this contract is large.
It will be presented in separate manuals as required. To illustrate the
program architecture, Appendix B is a Fortran source listing for a main
calling program. Appendix C contains a listing of the input for the
various programs. Appendix D contains the listings of the DATA DECK
GENERATORS programs. These programs can be used to interactively

generate the input for the structural codes,

2.3.1 ROG c c

The program architecture employs state-of-the-art techniques to
maximize efficiency, utility, and portability. Among these features afe
the following:

(i) User Friendly I/0

e TFree format data input
® Global, local coordinate system, (Cartesian, Cylindrical,
Spherical)
© Automatic generation of nodal and elemental attributes
¢ User-controlled optional print ocut
Nodal Displacements
Nodal Forces
Element Forces

Element Stresses and Strains
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(ii) Programming Efficiency
e Dynamic core allocation
e Optimization of file/core utilization
® Blocked column skyline equation solver
(iii) Accurate and Economical Solution Technigques
e Right-hand side pseudoforce technique
@ Accelerators for the iteration scheme
e Convergence criteria based on both the local plastic strain
and the global displacements.

Figure 30 is a generic flow chart for these programs.

2.3.2 v N O QADS

The ability to model piecewise linear lcad histories was also
included in the finite element code. This capability is particularly
useful when modeling stress strain tests or fatigue loops, and also for
certain analysis applications. Since the inelastic strain rate could be
expected to change dramatically during a linear load history, it is
important to include a dynamic time-incrementing procedure. The term
"load case" is used to denote a time period for which the initial and
boundary conditions are defined and vary linearly between the end
points.

In order tb incorporate linear load histories into this scheme, the
total displacement vector is decomposed into elastic and inelastic

components as:

(a7} = (dF} + (&%}. (80)
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Multiple Load-Case Loop

ELKIND
Y
NODDOF

/
ADRESS

Linear Load-Increment Loop

L STIFF
Computation

ELSTIF

ADDSTF

Y

MODSTF

.
DECOMP

A

Iteration Loop

A

Figure 30. Generic Flow Chart.
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The vector {dE} is the displacement due to applied thermomechanical
I . , ' . . -
forces, and {d°] is the displacement due toc the inelastic pseudoforces.

These displacementt vectors can be calculated using:

(¢fy = (x1°! (51, (81)

and:

(aly = (k)7 {FI}. | | (82)

The elastic displacement are obtained for the initial and final
thermomechanical loads in the locad case. The elastic displacements at
any time in the load case are given by:

%E}= {f}o *<Ei;{§> ({J}f ) {J}o> (83)

£
The vectors{dz}° and {dE}f are the elastic displacements due to
the initial and final applied thermomechanical forces. The current time
in the load case is t, and t, and t, are the initial and final times
in the load case.
The displacemcﬁts due to the inelastic strains at any time during

the locad case are given by:

{ar} - {dr}o,,_ {adt} (84)

Tiae
Incrempents
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The vector {dI}° is the vector of displacements due to inelastic
strains at the beginning of the loéd case, and {AdI) is a displacement
increment due to the inelastic strains during a time step.

The increment in displacements {AdI} due to the change in inelastic

strains {AsI} during a time step is computed using:
- (85)
{aat} = 7t {art}

The inelastic pseudoforce increment {AFI} is calculated from:

{AFI = 1 [[B)7(E] {AeI}dv

Elements

(86)

where {AzI} is the change in inelastic strain during the time
increment.

At the beginning of a load case, the initial and final elastic
displacements are computed using equatiocn (81) , and the displacements
due to prior inelastic strains are computed using equation (82). The
total strains at the beginning of the load case are recovered for each

integration point and the elastic strains are computed from:

{e} = {r} - {em} - ) (&)

where {tT} are the total strains and {quI} are the thermal

strains.
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Using the current values of the state variables and the stress state
variable evolution rates. Before eﬁtering the time looé, an initial
time increment is computed and the inelastic strain increments are
estimated using a forward Euler integration formula. From the estimated
inelastic strain increments, an initial estimate is made for the
inelastic pseudoforce increment using Equation (86).

The usual technique employed with the initial strain method is to
assume that the incremental inelastic force {AII}, the corresponding
displacements {AdI}, arid the inelastic strain increments {Azx}, are
all zero on the first iteration of a time step. The stability of the
method can be improved considerably when a forward Euler integration of
the inelastic strain rates is used to make an estimate of {Azr},

{AFJ} and {AdI} on the first iteration. This method results in an
initial estimate which is much closer to the solution. In sample cases,
thé overall number of iterations was reduced by more than one half.

The procedure during a time increment is to estimate the solution on
the first iteration using a forward Euler scheme as outlined above.

Then displacements, strains, stresses, inelastic strain rates, and state
variable evolution rates are computed at the end of the time

increment. The inelastic strains and state variables are integrated
over the time increment and an improved inelastic force is computed.

The procedure is repeated until convergence is achieved at the end of

the time increment. Figure 31 summarizes the logic.
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2.3.3 * DYNAMIC TIME INCREMENTING

In a computer code that allows a linear variation of loads, a
dynamic time incrementing scheme ié very desirable since large
excursions in stress and inelastic strain rate are to be expected. The
procedure used to compute the time increments requires a certain amount
of initial experimentation to determine appropriate time step centrol
parameters. However, once this has been done, the procedure works quite
well and is a tremendous improvement in economy over a constant time
increment.

Three separate time step control criteria are used. These are the
maximum stress increment, maximum inelastic strain increment, and
maximum rate of change of the inelastic strain rate. The minimum time
step calculated from the three criteria is the value actually used.
Since the calculations are based on values readily available from the

previous time step, little computational effort is required.

2.3.4 STRESS INCREMENT CRITERION

A maximum stress increment criterion is used to control the time
increment during primarily elastic excursions. This criterion is
necessary to prevent overshoot of the point where significant inelastic

strain rates begin. The calculation for the time increment is given by:

&

INC
at = At (88)
k k-1} (a0
< X-1> max
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Begin Load Case, Compute Initial At and
{é1}, and Zo for Every Element

\

Y

Begin Time Loop

/

Begin Iteration Loop

Y

{a"}; = {a%h; + {aT};p + {adT}; (aal) = [k {aFly

y

—> Begin Loop Over Elements

Y

Begin Loop Over Integration Points

Y

{eT}; = [B] (@) 1B = (7] - {el}; - [e%T),

{o}; = [E] {eF};

/

Constitutive Equation Iteration, Compute
zi, Az, {eI};, {Ael}

{aF1} = 2,(J [BIT[E]{AcT}av)

/

No 4"””’52;:;rged?

Update {el}, z, etc.; Compute New At

Y

End of Load

No

Case?

Figure 31. Flow Chart of Finite Element Solution Procedure.
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where Atp_; is the previous time increment, (8ok-1) is the

max
maximum change in effect stress for all integration peoints during the
previous time increment, and 40 e is the maximum desired stress
increment. The value for &0rne 1s program input and will vary
somewhat, depending on material constants. Typical values are about 15

MPa -

2.3.5 INELASTIC STRAIN INCREMENT CRITERION

The inelastic strain increment criterion controls the time step when
the stress and inelastic strain rates are not changing significantly.
This is given by:

I
ac, = At INC

K-1 max

The maximum change in effective inelastic strain for all integration

points during the previous time increment is (A&Ik_

AzIP“:is the maximum desired inelastic strain increment. The value

1 max)'

for A‘IINC is program input, and typical valus are about 0.000100.

2.3.6 RAIE OF CHANGE OF THE INELASTIC STRAIN RATE CRITERION

The £ criterion controls the time increment when the inelastic strain

rate is changing rapidly, such as in the "knee" of a stress strain
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curve. The quantity £l is a measure of how close the initial
forward Euler estimation is to the final converged solution. The

backward difference formula:

L1 .1 1 (90)
ti - (ci-l - gi-2>/6tk_1

is used to estimate aIi. The maximum value of £l for all

integration points, zI max 1S used to estimate the next time step

using:
2Atk-1A£§VC e
£ .
( i )m:

The parameter e is the maximum desired percent error by which the
initial forward Euler estimation is in error. The value for e is
program input and typical values are about 0.0l. Equation (91) is
derived simply from taking the difference between a Euler integration

scheme and the more accurate second order Adams-Moulton method.
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APPENDIX B

FORTRAN LISTING FOR MAIN CALLING PROGRAM
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TITLE= DATE =03/13/85 TIME = 13.03
200080C === == e m e e e e e e e e———————
200100 SUBROUTINE MAINPG(LTOT)

200110C

200120C EQUATION SOLVER BY PACKED SKYLINE,COLUMN SOLUTION SCHEME
200130C STORAGE DYNAMIC ALLOCATION IS USED

200140C

200150CALCOM

200160C

200170 DIMENSION IA(1)

200180 COMMON A (3000)

200190 EQUIVALENCE (A,IA)

200200¢

200210 EQUIVALENCE (W1,RPM123(1)),(W2,RPM123(2)),(W3,RPM123(3))
200220¢C

200230 CHARACTER JOBID*4(18)

200240 CHARACTER JUNK*4

200250C

200260 DIMENSION BUFF(400)

200270 CHARACTER IFILES*4(7)

200280 DATA IFILES(7)/';'/

200290¢C

200300C

200310 DATA MAXN/35/

200320C

200330 9000 FORMAT(V)

200340 9010 FORMAT(6A4)

200350 9100 FORMAT(1P6E12.3)

200360 9200 FORMAT(18A4)

200370 8300 FORMAT(//1AX,70(1H#)//1X,18A4//1X,70(1H#)/)

200380 9400 FORMAT(A1)

200390¢C

200400 8510 FORMAT(/‘ NDIM =‘,14//IANALY=‘,14/' IPLANE=',I4/’ INCOMI=‘,14/
200410& ‘ TREF =',F10.3/’ ISOTHE=',14/’ ITHERM=’, 14/

200420& ‘ NMAT =',14/’ NMT =/ ,14/' NMTCRP='’,14/'NORTHO=',14/
2004308 ‘ NSKEW =’,14/’ NCONST=',14//

2004408 '’ KFIXTY=',14/’ KPDIS =',14/‘ KSKWBC=',14/’ KNTHK =’ 14/
2004508 ‘ KLOCAL=’,14/‘ KPRCNT=',14//' MIDXY2=’,614/

2004608 ‘ KXY2CD=',14/’ KGAUSP=’,614/

2004708 ‘ Wi =, F10.3/' w2 =/ F10.3/‘ W3 =’ F10.3/
200480& ‘ G1 =’ F10.3/’' G2 =’ ,F10.3/' G3 =, F10.3/
2004908 ‘ XBARAX=',F10.3/' XBARAY=’',F10.3/’' XBARAZ2=',F10.3/)
200500 9520 FORMAT(/’ NELTYP=‘,I4/’ MAXEL =',14/‘ NUMEL=’,14/
2005108 ‘ MNODE =',14/’ MIDOFN=’,14/’ MSTRAN=’,14/

200520& ‘ MAXNOD=',I4/' MNUMNP=‘,14/’ NUMNPS=',14/‘ MAXEQ ='.I8/)
200530C

200540 9530 FORMAT(/’ KFIXTY=‘,14/’ NPDIS =‘,I14/' NSKWBC=',14/
2005508 ‘ KNTHK =‘,14/’ NLOCAL=’,14/’ NPRCNT=‘,14/)

200560C

200570 9540 FORMAT(/’ NBLOCK=',I4/' NEQ =’ 18/’ NEQBND=',18/
200580& ‘ NTOTPi1=’,18/)

200590C

200600 MTOT=LTOT

2006 10C

200620C SEQUENCIAL FILES IOVSTF AND NSTF

200630C IOVSTF AND NSTF ARE FILE UNITS FOR OVER-ALL STIFFNESS
200640C BEFORE AND AFTER BOUNDARY CONDITION MODIFICATION
200650C

200660C RANDOM-ACCESS FILE NRED

200670C

200680C NRED IS FILE LOGIC UNIT FOR DECOMPOSED STIFFNESS MATRIX
200690C

200700 CALL CREATE(IFILE ,5000,0,IER)

200701 CALL CREATE(23,100,0,ISER)

200710 CALL CREATE(IOVSTF,5000,0,I1ER)

200720 CALL CREATE(NSTF ,5000.0,I1ER)

200730 CALL CREATE(NRED ,5000.1,IlER)

200740 CALL CREATE(IFCONN,5000,1,1ER)

-= /MHCH/MSSEP ~= MAINPG PAGE= 2
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TITLE= DATE =03/13/85

200750 CALL CREATE(IFLK ,5000,1,1ER)
200760 CALL CREATE(IFSTIF,5000,1,1ER)
200770 CALL CREATE(IFEF ,5000,1,IER)
200780C

200790 PRINT, ‘INPUT DATA FILE’

200800 READ 9010, (IFILES(I),I=1,86)
200810 CALL ATTACH(IFILE,IFILES,3,0,ISTAT,BUFF)
200820C

200830 LAXDOF=10000

200840C

200850 METHOD=1

200860 EPSTOL=1.0E-5

200870 TOLEPS=0.01

200880 TOLDIS=2.5E-5

200890 BETAA =0.75

200800 BETAB =0.25

2008 10C

200920 READ(IFILE,9000,ERR=1) LINE
200921 REWIND IFILE

200922 READ(IFILE,S200) JUNK,JOBID
200923 LINEBS=1

200924 GO TO 2

200825 1 CONTINUE

200826 REWIND IFILE

200927 READ(IFILE,8200) JOBID

200828 LINEBS=0

200929 2 CONTINUE

200830 LINETP=LINEBS+1

200931 LINTP1=LINEBS+2

200832 LINTP2=LINEBS+3

200933 LINTP3=LINEBS+4

200834 LINTP4=LINEBS+5

200935 LINTPS5=LINEBS+6

200836 LINTP6=LINEBS+7

200837 LINTP7=LINEBS+8

200938 LINTPB=LINEBS+9

200938 LINTPO=LINEBS+10

200840 PRINT 9300, J0BID

200950C READ(IFILE,9000) LINE,NDIM,IANALY,IPLANE, INCOMI,

TIME

13.03

200960C& TREF,ISOTHE, ITHERM, NMAT ,NMT ,NPS ,NMTCRP ,NORTHO ,NSKEW,NCONST,
200970C8& KFIXTY,KPDIS,KSKWBC,KNTHK,KLOCAL ,KPRCNT ,MIDXYZ ,KXY2CD,KGAUSP,

200980C& ,W1,W2,W3,G1,G2,G3,XBARA
200890C

201000 CALL READZR(MAXN,NWORDS,A,IERR)
201010C

201020 NDIM =A(LINEBS+1)

201030 IANALY=A(LINEBS+2)

201040 IPLANE=A(LINEBS+3)

201050 INCOMI=A(LINEBS+4)

201060 TREF =A(LINEBS+5)

201070 1SOTHE=A(LINEBS+6)

201080 ITHERM=A(LINEBS+7)

201080C
201100 NMAT =A(LINEBS+8)
201110 NMT =A(LINEBS+9)

201120 NPS =A(LINEBS+10)
201130 NMTCRP=A(LINEBS+11)
201140 NORTHO=A(LINEBS+12)
201150 NSKEW =A(LINEBS+13)
201160 NCONST=A(LINEBS+14)
201170C

201180 KFIXTY=A(LINEBS+15)
201190 KPDIS =A(LINEBS+16)
201200 KSKWBC=A(LINEBS+17)
201210 KNTHK =A(LINEBS+18)
201220 KLOCAL=A(LINEBS+19)
201230 KPRCNT=A(LINEBS+20)

~-- /MHCH/MSSEP
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TITLE= DATE =03/13/85 TIME
201240 MIDXYZ=A(LINEBS+21)
201250 KXYZCD=A(LINEBS+22)
201260 KGAUSP=A(LINEBS+23)

201270C

201280 W1 =A(LINEBS+24)
201290 W2 =A(LINEBS+25)
201300 W3 =A(LINEBS+26)
201310 G1 =A(LINEBS+27)
201320 G2 =A(LINEBS+28)
201330 G3 =A(LINEBS+29)

201340 XBARA (1)=A(LINEBS+30)

201350 XBARA (2)=A(LINEBS+31)

201360 XBARA (3)=A(LINEBS+32)

201370C

201380 NGAUSS=2

201390 NGAUST=0

201400 CALL GAUSSO(NGAUSS,GAUSS,GAUSSW)
201410 IF(NDIM.EQ.2) GO TO 4

201420 NGAUST=NGAUSS

201430 CALL GAUSSO(NGAUST,GAUST,GAUSTW)
201440C

201450 4 CONTINUE

201460C

201470 IF(KGAUSP.EQ.0) GD TO 5

201480 MGAUSP=NGAUSS

201490 MGAUTP=NGAUST

201500 NPLOCA=MGAUSP**2*MAXO(1,MGAUTP)
201510 GO 7O 6

201520 5 CONTINUE

201530 MGAUSP=1

201540 MGAUTP=1

201550 NPLOCA=1

201560 6 CONTINUE

201570C

201580 PRINT 9510,NDIM, TANALY, IPLANE, INCOMI,TREF,ISOTHE,ITHERM,
201590& NMAT ,NMT,NMTCRP,NORTHO,NSKEW,NCONST,
2016008& KFIXTY,KPDIS,KSKWBC,KNTHK,KLOCAL,KPRCNT,MIDXYZ,KXYZCD,
201610& KGAUSP,W1,W2,W3,G1,G2,G3,XBARA
201620C

201630 CALL CDUNT

201640C

201650 PRINT 9520,NELTYP,MAXEL,NUMEL ,MNODE ,MIDOFN,MSTRAN,
2016608 MAXNOD, MNUMNP  NUMNPS ,MAXEQ

201670C

201680 REWIND IFILE

201680C

201700 READ(IFILE,S8400) JUNK

201710 READ(IFILE,9400) JUNK

201720C

201730 CALL RANSIZ(IFCONN,MNODE, 1)

201740 CALL RANSIZ(IFLK ,MIDOFE,1)

201750 CALL RANSIZ(IFEF ,MIDOFE,1)

201760 CALL RANSIZ(IFSTIF,MNES 1)

201770C

201780 IF(NDIM.LE.2) NGAUST=0

201790C

201800 IF(NCONST.EQ.O .DR. KFCONS.LE.O) GO TO 10

201810 CALL
201820 CALL
201830 CALL
201840C

201850 CALL
20186C CALL
201870 CALL
201880C

CREATE(IFNCON, 5000, 1,1ER)
CREATE(IFFCON,5000,1,1ER)
CREATE(IFECON,5000,1,1ER)

RANSIZ(IFNCON, LCONLK, 1)
RANSIZ(IFFCON,LCONLK, 1)
RANSIZ(IFECON,LCONES, 1)

201890 GO TO 15
201900 10 CONTINUE
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TITLE= DATE =03/13/85

201910 IFNCON=-IFNCON
201920 IFFCON=-IFFCON

201930 IFECON=-1FECON

201940 15 CONTINUE

201950C

201960 NDIMP 1=NDIM+1

201970 NDIMSQ=NDIM*NDIM

201880C

201990 W1SQ=W1**2

202000 W25Q=W2**2

202010 W3SQ=W3**2

202020 WMATRX(1,1)=W2SQ+W3SQ

202030 WMATRX(2,2)=W1SQ+W3SQ

202040 WMATRX(3,3)=W1SQ+W2SQ

202050 WMATRX(1,2)=-W1i*W2

202060 WMATRX(1,3)=-W1*W3

202070 WMATRX(2,3)=-W2*W3

202080 WMATRX(2,1)=WMATRX(1,2)

202090 WMATRX(3, 1)=WMATRX(1,3)

202100 WMATRX(3,2)=WMATRX(2,3)

202110C

202120 GMATRX(1)=G1

202130 GMATRX(2)=G2

202140 GMATRX(3)=G3

202150C

202160 CALL ADRESS

202170C

202180 PRINT 9530,KFIXTY,NPDIS,NSKWBC,KNTHK,NLOCAL ,NPRCNT
2021980C

202200 PRINT 9540,NBLOCK,NEQ,NEQBND,NTOTP 1

202210C

202220 IF(IANALY.EQ.1) GO TO &0

202230C

202240 CALL CREATE(IFSS ,5000,1,I1ER)

202250 CALL RANSIZ(IFSS ,LRSS3D,1)

202260C

202270C INITIALIZATION FOR IN-ELASTIC IFSS DATA
202280C

202281 TOTCRT=0.

202280 DO 40 1=1,LRSS53D

202300 A(1)=0.0

202310 40 CONTINUE

202311 A(112)=TREF

202320C

202330 IPRECD=0

202340 DD 50 IEL=1,NUMEL

202350 DO 50 1=1,NPLDCA

202360 IPRECD=IPRECD+1

202370 CALL GENIODF(2,1FSS,IPRECD,LRSS3D,LRSS3D,A,A(IPSS))
202380 50 CONTINUE

202390C

202400 60 CONTINUE

202410C

202420 LCASE=0D

202430 IFIRST=0

202440C

202450C INITIALIZE TOTAL MECHANICAL LOADS AT TIME (T)
202460C TOTAL DISPLACEMENTS AT TIME (T)

TIME

13.03

202470C INCREMENTAL LOAD FOR THE CURRENT INCREMENT TIME

202480C

202490 DO 100 I=1,NEQ
202500 A(IPFM1B+1)=0.0
202510 A(IPDISB+1)=0.0
202520 A(IPDFB +1)=0.0
202530 100 CONTINUE
202540C

202550C INITIALIZE NODAL TEMPERATURES AND TEMPERATURE GRADIENTS
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TITLE= DATE =03/13/8% TIME = 13.03

202560C

202570 IPOUTB=IPOUTN-1

202580 DD 150 I=1,NUMNPS

202590 IA(IPDUTB+1)=0

202600 A(IPTN1B+I)=TREF

202610 A(IPTN2B+I)=TREF

202620 IF(KNTHK.EQ.0) GO TO 150

202630 A(IPDT1B+1)=0.0

202640 A(IPDT2B+1)=0.0

202650 150 CONTINUE

202660C

202670C INITIALIZE ELEMENT MATERIAL #
202680C

202690 DO 160 I=1,NUMEL

202700 1EL=1

202710 CALL FLAG(2.,1,IDMATN,1,JA(IPFLGB+IEL))
202720 160 CONTINUE

202730C

202740C TO INITIALIZE ELEMENT STIFFNESS RE-COMPUTATION CODE
202750¢C ELEMENT AVERAGE TEMPERATURE
202760C

202770 ISTIFF=1

202780C

202790 IPTEMB=IPTEME-1

202800C

202810 DO 170 JEL=1,NUMEL

202820 IEL=JEL

202830 CALL FLAG(2,1,IDSTIF,1,IA(IPFLGB+IEL))
202840 A(IPTEMB+IEL)=TREF

202850 170 CONTINUE

202860C

202870 200 CONTINUE

202880C

202830 LCASE=LCASE+1

202800C

202801 PRINT, "LOAD CASE",LCASE

202910 DO 300 I=1,NEQ

202920 A(IPFM2B+1)=0.0

202930 300 CONTINUE

202840C

202850C TO INPUT LOAD PARAMETERS AND LOADS

202960C

202970 CALL LDADS (IA(IPFLAG).IA(IPICON),IA(IPJCON),IA(IPEINT),IA(IPNINT),
202980& A(IPDOFB),A(IPLM ), A(IPFM1 ) ,A(IPTN1 ),A(IPDTN1),

202890& A(IPFM2 ),A(IPTN2 ),A(IPDTN2),TOTCRT,DELT,IER)
203000C

203001 PRINT, "DONE OF LOADS"

203010 IF(IER.NE.O) GO TO 990

203020C

203030C PRINT,‘FM1’,(A(1),I=IPFM1, (IPFMt+NEQM1))
203040C PRINT, ‘FM2‘,(A(1),1=IPFM2, (IPFM2+NEQM1))

203050C

203060 DO 800 INC=1,LODINC

203070C

203071 TOTCRT=TOTCRT+DELT

203080C PRINT, 'INC,ISTIFF ,NTEMCH’,INC,ISTIFF , NTEMCH
203080C

203100C CURRENT TOTAL MECHANICAL LDADS

203110C

203120 DO 360 I1=1,NEQ

203130 A(IPFOB+1)=A(IPFM1B+I)+A(IPFM2B+I)
203140 360 CONTINUE

203150C PRINT.'FO’,(A(1),1=1PFO, (IPFO+NEQM1))
203160C PRINT, ‘NTEMCH' .NTEMCH

203170C

203180 IF(NTEMCH.EQ.0) GD TO 400

203190C
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TITLE= DATE =03/13/85 TIME = 13.03
203200C CURRENT NODAL TEMPERATURES AND THE GRADIENTS
203210C

203220 DD 370 I=1,NUMNPS

203230 A(IPTNB+I)=A(IPTNIB+I)+A(IPTN2B+1)

203240 IF(KNTHK.EQ.O) GD TO 370

203250 A(IPDTNB+I)=A{(IPDT1B+I)+A(IPDT2B+I)

203260 370 CONTINUE

203270C

203280C PRINT, ‘TN, (A(I),I=IPTN, (IPTN+NUMNPS~1))

203280C

203300C TO COMPUTE ELEMENT AVERAGE TEMPERATURE

203310C

203320 CALL ELTEMP(IA(IPFLAG),IA(IPICON),IA(IPJUCON),IA(IPNINT),

203330& A(CIPTN) ,A(IPTEME))

203340C

203350C PRINT, ‘TEME’, (A(1),I=IPTEME, (IPTEME+NUMEL-1))

203360C

203370 400 CONTINUE

203380C

203390 IF(ISTIFF.EQ.O0) GD TO 500

203400C

203410 CALL ELSTIF(A(IPFLAG))

203420C PRINT, 'DONE OF ELSTIF’

203430C

203440C TD ASSEMBLE OVER-ALL STIFFNESS AND DETERMINE MAX. DIAGONAL VALUE
203450C

203460C

203470¢C CALL ADDSTF(NEQBND,A(IPFLAG),LK,ES,MAXMIN,MAXA,NCOLBV,AARRAY)
203480 CALL ADDSTF(NEQBND,A(IPFLAG),A(IPDOFE),A(IPSTIF),A(IPMXMN),A(IPMAXA),
2034908 A(IPCLBV).,A(IPMATA))

203500C PRINT, ‘DONE OF ADDSTF’

203510C

203520C TO MODIFY OVER-ALL STIFFNESS DUE TO SPECIFIE DISP. B.C.
203530C

203540C CALL MODSTF(NEQBND,MAXA,NEQDIS,NCOLBV,AARRAY)

203550 CALL MODSTF(NEQBND,A(IPMATA))

203560C PRINT, ‘DONE OF MODSTF'

203570C :

203580C TO DECOMPOSE THE MODIFIED DVER-ALL STIFFNESS
203590C

203600 CALL DECOMP

203610C

203620 500 CONTINUE

203630C

203640C PRINT,'FO’,(A(I),I=1IPFO.(IPFO+NEQM1))
203650C PRINT, 'FM1‘/,(A(1),I=IPFM1, (IPFMi+NEQM1))

203660C TO COMPUTE INCREMENTAL PSEUDO THERMO-MECHANICAL LOADS
203670C

203680C A(CIPDF) IS A WORKING ARRAY

203690C

203700 CALL INCLOD(A(IPFO),A(IPFM1),A(IPDF), A(IPDFO))

203710C

203720C PRINT, ' INCREMENTAL ELASTIC THERMO-MECHANICAL LOADS’
203730C PRINT,(A(1),1=IPDFO, (IPDFO+NEQM1))

203740C

203750 IF(IANALY.NE.1) GO TO 600
203760C

203770C ELASTIC ANALYSIS
203780C

203790 CALL ELASTY
203800 GO TO 800

203810C

'203820C IN-ELASTIC ANALYSIS
203830C

203840 600 CONTINUE

203850C

203860 CALL PLASTY(MSTRAN,NDIM,NPS NMT,IA(IPICON),IA(IPJUCON),
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2038708 IA(IPDOFE),IA(IPNINT),A(IPDF),A(IPDFO),A(IPFP),A(IPDFP),
2038808 A(IPDFP1),A(IPDIS1),A(IPDFC),A(IPTN) A(IPDTN),A(IPSKEW),
2038908 A(IPTSKW),A(IPXYZ),A(IPTHKN),A(IPFLAG),A(IPELVO),A(IPTEME)
2038008 A(IPTMAT),A(IPORTH),A(IPSXSX),DELT)

203810C

203820 800 CONTINUE
203830C

203940 CALL UPDATE
203950C

203960 IF(KDISP .LT.O .AND. KSTRES.LT.O) GO TO 850
203970 CALL OUTPUT(INC,LODINC)

203880C

203980 850 CONTINUE

204000C

204010 IFIRST=A

204020C

204030 IF(NTEMCH.NE.O) GO TO 800
204040C

204050 ISTIFF=0

204060C

204070 900 CONTINUE

204080C .
204080C INITIALIZATIONS FOR THE NEXT LOAD CASE
204 100C

204110 ISTIFF=0

204120 DO 810 JEL=1,NUMEL
204130 IEL=JEL

204140 CALL FLAG(2,1,IDSTIF,O,IA(IPFLGB+IEL))
204150 910 CONTINUE

204 160C

204170 GO TO 200

204180C

204180 990 CONTINUE
204200 STOP

204210 END
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APPENDIX C
LISTING OF INPUT DATA

Following is a detailed description of the input for the 8

noded shell programs and 20 noded brick programs. Input for the 9

noded shell program is similar to that for the 8 noded shell.
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SCSROUTINE MAINPG

cacc
[CSCC NCTE  THE FOLLOWING INPUTS ARE ALL ON ONE LINE FOLLOWING THE =17_%

126C<C

+C70C TANAL Y analysis flag

+080C -1t.C reac acaitional line contarning restart nfo

129CC =1 {yn absolute value) elasiic

11COC =2 (1n apsolute value) plastic

*+118¢C =3 ('n apsolute value) creep

1120C 223 (1'n apsolute value! =reer ang plasticity, comornec
++3CC TRES= reference temperature

©14Cc I5CTHE: 1sotnermal element flag

*1E0C =0 1scthermal :

118CC -ne.C snape functions used to 'nterpolate 1NT.pt. temperatures
1170C ITHERM: therma! load flag

1180C *0 no tnermal loads

118CC .ne.0 thermal locads calculated

1200C NMAT ; numper of materials

1210C NMT . numper of temperatures for material property specifization
1220C NPS . number of poINts used tO specify stress-strain curves
1230C NMTCRP . numoer of temperatures where creep coeffi1cients specifirec
1240C NORTHO: orthnotropoi'c material flag

125CC *Q iSOtrogic materia!

+26CC .ne T orthotropic material imat props. tn 3 ai~ecticns req I
1272C Program stores numper of a:¢feremt ortho mat s 1n NORTwQ
+28CC NSKEw : Skeweg ccordinate s.stems ‘flag

1282¢C =2 no skewed coordinate systems

1300C ne O skewed coorcinate systems

*312C Program stores numper of skewed coord. sSystems 1~ NSKEw.
t320C M4SSCD- mass matrix flag

133CC 20 Nno mass matrix calculated

*34CC =1 lumped mass mat-1x calculated

1350¢ =2 consistent mass matrix calculated

1363C KFIXITT: fixed noce flag

*37CC =C no fixed noaes

138CC .ne.Q there are some fi:xea noges

*39CC System of eans 1S r~eduzeo Dy number of ¢:xec DOF

*40CC KPRIS prescribec ncaal aisplacement flag

1410C KSKWBC: skewed bouncary condi:ion ¢lag

*<42CC =0 no skewed BC

1<3CC .ne. 0 skewed BC s

13430C KLOCAL: loca) coordinate system flag

1450C ) *C no local! coord. systems

1460C .ne.0 there are local coord. systems (5 max)

1$70C KPRCNT: nooal percentage distribution flag

1480C =0 no percentage di1stributions

14380C .ne.0 there are percenage di1Striputions of nedes (5 sets max )
*+S00C MIDXYZ: flag to generate element mid side ncdges

1510C *0 no mid si10e node generation

1520C .ne.0 mid s10e noae generation

1530C KXYZCD: nonstangard coordinate 1nput flag

1540C =0 standard coordinates used

1350C .ne. Q0 nonstancard coordinate order is used

1560C Standard is (X,Y.,2) for cartesian

1570C (R.THETA.Z) for cylinarical

1580C (R.THETA PHI) for spherical

1590C KGAUSP: gauss integration order flag

1600C =0 first order i1ntegration

16 10C .ne.0 second orger i1ntegration

1620C W1.W2.W3: unit vector gefining ax1s of rotation 'n global system
163CC G1,G2.G3: unit vector defining gravity direction 1n global system
1640C XBARAX,XBARAY , XBARAZ: location of origin of rotational coord.
1650C system 1n global system

1660C KEIGTP: eigenvalue/ergenvector computation flag
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TLE= INPUT FOR MSSB WITH m-A PLAST DATE =102 15,88 TIME = 16 *8§ AGE
t€72C =C an3.MASSIC ne 2 calculate érgenvalue/ergenvecter
1e82c Ys'ng .getre~minart searzr me+ron
188C2C ' and MASSCC ne.Z calculate 2'genvaiue e genvectcor
1700C UsS'Nng subspace teration metnod
+T e~
1*25c ---------------------------------------------------------------------
17308 IF{IANALY LT D)
1740C NOUT , LASCAS . NEXCAS
1780¢
1760C NOUT : output (for later restart) file creation flag
17708 20 No output “1le created
1780¢C *1 Qutput file for r~estar: createg
1790C LASCAS. load zase on restar: file “~om snicn solutior oroceeas
1800C NE<CAS. loao case on 1nput f:l@ whicn 18 nmext joaaq case 0 sc'se
1810C

1820C == oo o e aLLLL R T T T ce-ee---

1830C SUBROUTINE ADRESS

1840c--a---l'---n-----r--'-;rxn-na.u-cn-xnan-----u-\t---.--r‘um--u-'--v--\

1850C SUBROUTINE EKINDZ

1860C

1870C TELT . JEL2.ZEL3.. ... ... .

1880C o]

1890C

1800¢C IELN: element numpers

1910C I element entered as negative. all elements ‘-~om previous
1922C entered elemen: <o <ne negative element are 1nclugea
19302

194oc\~-. ....... &+ « s vN Y sy AR I T T LA B N N E R RN .Y venr oo
*350C SUBROUTINE NODOF2

1960C

1970C SO0FN.NQDE 1 ,NODE2.NODEZ,

1980C c

1980C

220¢C IDOFN' DOF per noge

201CC NCCEN: noges with this numper of DOF

piopleld

zcaoCN"‘\Iv.'v‘.‘ll-llv---'l"n-qivliv'lnl"'l.."-l.-’-‘u.v‘-“'-v!!oll
2040C  SUBROUTINE CONNEC
::50:::nl-l.-l....,a:l.l:..ta.:s..::::::l.as.-r-.-a-.::.:.a-:a-:.a::::.—::

232608 SUERQUTINE ELGENZ

2080C IE;.(INODE(I).I=1.NODE).IEEND1.IEINC1.ININC1.IEEN02.IEINC:.ININC:
208cC <

21C0C

2110 TEL: Deginning element number

212CC INCDE: array sized to numper of nodes per element and 1s

2130C connectivity of element 1n terms of globa! noce numbers
2140C IEEND1: endaing element numoer for generation set 1

2150C IEINC1: i1ncrement '1n element numper for generation set 1

2160C ININC1: fincrement imn noge numbers for generation set 1

2170C IEEND2. enaing element numper for generation set 2

2180C IEINC2: tncrement in element mumoer for generation set 2

2190C ININC2: increment 'n node numoers for generation set 2

220¢¢C

221cc--‘---------n..-----.-.------v--o---.-------.--.--.-------4.---\‘--.

2220C SUBROUTINE XYZCOR

2230C

2240C IF(KLOCAL.NE.OQ)

2250C XYZO(1,NLOCAL),XYZO(2 .NLOCAL ), XY20(3,.NLOCAL)

2260C 0

2270C

2280C XYZ0: array 3 by number of local coordimate systems angd s
2290C origin of local cooroinate system 1n global system (5 max)
2300C

2310C IF{KPRCNT .NE.O)

2320C NPTS, (PERCNT(I.NPRCNT).I121 NPTS)

2330C @]
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TITLE= INPUT FOR MSSB WITH M-a oL AST

DATE =10. *5 3s TIME = 1§ '8
NPTS Tuymoer o€ ncges gererateq n “tm1s ser
FERCNT  arra, NPTS «x numeer o percent gigt-mu-

SN sets args s

distrioution 9f ~cges Detween zoorc:nates i1mpus oel

S D

0
(4]
m

0
3

2380¢ ITUKXY 22D ONE Q)

24cC0¢ SOXNZO1, ICOXYZI2), 1SDXY2(3)

2410C

2427 iCCXYZ . array specifying coorginate ‘NpuT orager

2430¢

<«30C IFUINCY. EQ. Q)

2480C NODENC.X1.x:.x3.INCv.Ich.ISVSNO.ISYSTD.XDCNT!.IDCN7:

246CC e}

2472

2480C NQCENO : beginring noae numper

2490C X1.X2,x3. coordinates

2500C INC1: node numoer increment for generation set 1

2510C INC2: node numoer 'ncrement for generation sat 2

252C¢C ISYSNO: loca!l coordinate System numper usea for above coordinates

2530C ISYSTP: globa! coordinate svstem type

2540C =0 cartesian

285CC 1 Ccvlinarical

2560C =2 spherical

2572 IPCNT 1. percentage arsiricuticn set for node germeration set

2580C IPCNT2: Ppercentage cistricution set for noge generation set 2

2830¢C

28C2C IF(INCY . NE 2)

2512C NCDENO , v 1,2 2.0 3

2620C

2630C NODENO: ending roce rumper for node generation set *

2840C “1.X2.x3: eno1ng zoorzimates

2650C

2660C IFIINC2 . NE.O)

267CC NODENO . x*,x2.x3

268CC

269CC NCDENO - endrng node numoer for node generat:ion set 2

Piatele]e A1.X¥2.43: enaing coordinates

2710C

:*:c ---‘unqvv‘;--v---v--v-vn.‘s.-- ------- \--vvlvgvv\v ---------- P s v ome -’

27 3¢¢

2730C  IF(MIDYYZ . NE.Q}

Z78CC  SUBROUTINE NODMID

2760C

2770C IEL1.1EL2.1ELS. . ..

2780C o]

27380C

2800C IELN elements for mig-side node generation

2812C

2823c-l-vc-----------------t---tvr----------'vv---'.-1----.-----u--—-‘.--

2830C

2840C SUBROUTINE NODEIN

2850C

2860C THICK,NO1,NO2.NO3., .. ... . .. .. ..

287CC o]

2880C

28390C THICK: thickness

29800C NOn: nodes witn this thickness

2910C

2920c-----n---------.‘----------------t----------’-------------------a---

2930C

2840C SUBROUTINE MTABLE

2950C :

2960C SPECVT.ZSOCOD.TMAT(1.NMAT).TMAT(2.NMAT). ..... TMAT(NMT ,NMAT)

2970C 0

2980C

29980C SPECWT: specific we:gnt = aensity * g (LB/CUBIC INCH)

3000C 1SOCQD: 1sotropic material coage
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TITLE= INPUT FOR MSS8 WITH m-a PLAST DATE =1C 15,g% TIME = ‘6 °8
20402 =0 isctropic
3lz2Ct e J o~tncrtroge
3230C T™AT array numper cf mat ' temps b, number Of mat ‘s anc 'S
3040C temperatures wnere material oropert'es are spec frec
3CsSCC
3060C IF(IS0CC0.EQ.0) INPUT NMT GF THE FOLLOWING LINES
3C70¢C 1. NUT,ALPHA
3080C
3080C E Young s moaulus (program multiplies oy, tE6)
3100C NU1: Porsson's ratio
3110C ALPHA - tnermal coefficient (program multiplies by 1E-6)
3120C
3130C IF1ISOCOD . NE. D) INPUT NMT OF THE FOLLOWING LINES
2130C £1.22.E3.NUT . NUZ.NU3.ALPHA
3150C
3160C En:  Young's moaulus 1N the n direction (multiplies by 1£6)
3170C NUNn: Poisson’'s ratio 1n the n direction
3180C ALPHA: therma! coefficient (multiplies by 1E-6)
3190¢C
3200C IFINPS.NE.C) INPUT NMT OF THE FOLLOWING LINES
210C STSXSX{ 1.1, NMT NMAT) STSXSX(2.1.NMT . NMAT)
3220¢C STSXSX{ 1, 2.NMT NMAT ), STSXSX(Z.2.NMT.NMAT )
3230C . .
3240C
3280C . .
3260¢C STSASX( 1. NPS NMT NMAT) STSXSX(2.NPS . NMT . NMAT)
3270¢C BETA(1 NMAT) BETA(Z.NMAT) . . C.EETA(NMT .NMAT)
3280C .
3250C STSXSx: arra, 2 by NPS Oy NMT b, NMA™ and 1s
3320¢C Stress.stran pairs gefining curve at temp NMT
3310C BETA array NMT ©y NMAT ang s
3320C hardening coefficirent at temperature NMT
3330¢C *1 1sotropic haroening only
3340¢C =C kinematic nardening only
3350¢C tC .LE. BETA .LE. 1)
3360C
337¢CC IF(NMTCRP NE.D) INPUT NMT OF THE FOLLOWING LINES
3380C TEMP ,SNGRM.(.R,STRCUT
3390C
3400C TEMP . temperature at which these prcperties apply
3410¢C SNORM : normali2ing siress for tnese properties
3420C Q: creep property
3430C R: creep property (creep = Q * (stress) ** R)
3440C STRCUT: cutoff stress below which no creep occurs
3450C
3460c-v--v-------------------u----u-------’-n.v--‘---t--------nv--l-‘--l-
3470C

3480C IFINSKEW.NE . Q)
3490C SUBROUTINE SKEW

3500C

3510C ISKEWN,At,A2,A3

3520C o]

3530C

35840C ISKEWN: skew set number

3550C .9t.0 A’'s are node numpers gefining skewea coord. system
3560C .1t.0 A's are successive rotation angles 1n gegreas
3570C A1,A2,A3: nodes or angies cefining skewed coordinate sSystem
3580C if nodes, ax1i1st1 is formed from A1 to A2

3580C ax1s2 is formed from A1 to A3

3600C axis3 is formed as axis! cross axis3

3610C
362°c--------l------------.--.l--:l‘---------------------t---------ttv--v
3630C

3640C IF{KSKWBC .NE.OQ)
3650C SUBROUTINE SKEWBC

3660C
3670C ISKEWN,NODE 1 ,NODE2,NODE3, . ...... ...
== /MHCH/NASAHA ~- MAINPG PAGE= 4
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TITCE= INPUT FOR MSSB WIThH m-A OLAST DATE =10.15 g§ TIME = 6 '8
372oC (SKEZWN. skew set numper
372C NODE~ noaes wnere skew 8C's referrea 10 this skew set are ace -
3722¢C
3730C -----t-v--.---n-.v-xt---.-v---v-a'A-.'---4--.\...--‘,-n--v-:vo---v
‘2‘340C
27800 IFINORTHC NE.O)
3760C SUBROUTINE ORTHOP
3772C
3780C ISKEWN.TELT, TEL2,IE 3.
37eQc o
38232C
2810C iSKIWN. skew set mumper
3820¢C JELm. el'ements wnose materiai properties nave this Skew set crrenta
3830C
3840c1a.II'VI'\IIIII""I.'.‘.I':!.!IIII"l.-‘vlﬂt‘\lllllt"'.-u.-.-llvv‘hu
3850C
3860°C IFIKFICITY NE.C)
3870C SUBROUTINE FIXITY
3880C
3880¢ IDIREC.NODE1.NODE2.NODES, . .. ..
390c¢C o]
3910C
3922C iDIREC: glopa! f:xed arrection
3923¢C NCDEN: noges ' tn tN1s fixity
3540C
sesoc ............... .. + 5 - AL I B T B -w “ve D T
3880¢C
3873 IF(KPDIS NE.Q)
3980C SUBROUTINE PREDIS
3990C )
<40C0C ICIREC.VALUE .NODE Y NCOE2.NCDE3.
4201CC ja]
4C20C
4032C IDIREC: glcpa! g rect1on of prescribed grsplacement
<C4a0C VALJE: magnitugde ¢ prescribed dr'solacement
4082C NCCEn: ncaes wi1th tnis gisplacement
4062C
B o b D R et T U
4080C
4290C SUBROUTINE LOADS
4100C
4110C KDISP.KSTRES.LODINC.MATCH.NTEMCH.NREMOV.NCLOAD.QPM.
4120C KGLOAD.KTLOAD.KALOAD.KLLOAD.KCLOAD.
4130C METHOD ,EPSTOL . TOLEPS,TOLD!S
4130C
4130C KCISP: nocal data print flag
4180C *1 print noaal cata (gisplacements)
3170C as specrfied in th's lcad case
4 180C =0 print nocal! data as specified previously
4180C =-1 no nocal cata printing
4200C KSTRES: element gata print flag
4210C *1 print glement Cata (stresses.strains)
4220C as specifired 'n thas load case
4230C =0 print element cata as spec)fied previously
4240C =-1 no element cata printing
4250C LODINC: number of 10ad increments
4260C .1t.0 sets ITIMEs1 (readgs time data)
4270C MATCH: material change flag
4280C =1 there 'S material changed
4280C =0 no material 1s changed
4300C NTEMCH: termperature cnange flag
4310C =1 there iS change 1n temperature
4320C =0 no temperature change
4330C NREMOV: element removal flag
4340C =1 some elements are to be removed
== /MHCH/NASAMA -- MAINPG PAGE= 5
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TITLE= INPUT FOR MSS8 WITH SIMPLE p_ DATE =1D. 3 gg TIME = 5 .23 et
3T 2C ALPHA - therma! coefficiers torogram mult plies o, 1E-3)
3C2zC
3C32C iFIISOCOD NE O) INPU™ NMT 0F Twmsoze SINES
3C4CC E EZ. 83 .NL . NU2.NU3.ALPHA
3082C ) v
306C< in 'OUTY S MOdU JUS 1N the N grrection tmu'e g es By ‘£&
3270¢C NUr  PC1$88n 5 rat o 1n tne ~ z-mection
3080C ALPmi tnermal coefficcenmt (multip’es b, 1£-5)
3c8C ‘ '
3122C iFINPS NE C) INPUT NMT QOF THESE LINES
31132C S'S’Sl(1.l.NMT.NMAT),57$XSx(Z.1‘NMT.NMA?)
312¢C2 S'SKSXI1.2.NMT.NMLT).STSXSI(Q.Z‘NMT.NMAT)
313CC
3+acc
3180C .
3160C S’SXSX(1,NPS.NMT,NMAT),S'StS!(2.NPS,NM?,NMAT)
3175C
3180C STSxSx- array 2 by NPS by, NMT by NMAT ang s
31928 stress.sira:r pairs gef:ning curve at temp. NMT
32C0¢C
3210C [FINMTCRP NE O) INPUT NMT OF TRESE L_INES
222¢ TEMP  SNORM.Q.R,STRCUT ’
3230C
3240¢C TEMP - temperature at wnisr trese properties app!,
3250C SNORM: normal:z:ng stress ‘or tnese properties
326CC G creep gropert,
3272¢C R creep oroperty (c-eec = lstress) =* R)
3282¢C STRCUT. Cutoff stress Deiow which nc creep occurs
3292¢
33:.:{':---‘--~v....v..-'..-....-....-.~-- ------- ‘. = v voavwoe *wwasa . - -
3310¢C
3322¢ IFINSKEW NE 7))
3330C SUBROUTINE SKEw
334C<
33500 ISKEWN, A A2, 43
336CC <
33722
33807 ISKEWN Skhew set numper
238CC gt.C 4 s are node rumbers dJef ~'ng skewed Io0rd S.stem
34ccC -'t.0 A s are suczessive -~otation angles 'n gegrees
3212C ~'.AZ.A3: nooes or angles gefining skewez coordirate sysstem
3412CC *f noges. axis1 s formed f~om A1 to A2
343272 ax1s2 1s ‘ormega from A1 to A3
34488 ax1s3 's formed as ax1st cross ax:s3
3450C
3460C‘v------------‘--n--v--.-------n------rn--‘n-v«----»-----"----------
337¢CC
348CC IFIKSKWBC .NE.O)
349CC SUBROUTINE SKEWBC
3500C -
3510C - ISKEWN NODE 1t NODE2.NODE3. . .. . ..
3520C e}
3530C
3540C ISKEWN: skew set number
3550C NODENn: nodes where skew 8C s referred to0 this Skew set are app!red
3560C
3s7oc----.----------.-------.---tt--------.-------------------'.----------
3580¢C
3590C IFINORTHO .NE O)
36COC SUBROUTINE ORTHOP
3610C
3620¢C ISKEWN, IELY,IEL2.IELD, ... .
3630C C
3640C
3650C ISKEWN: skew set number
3680C TEun: elements whose material properties Nave this sSkew set orierta
3670C
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TITLE= INPUT FOR MSS8 WITH SIMPLZ P CATE =1C7

Beaoc.-.---I----------q.--------c'v---.---v.--.-.--.-.--.;x.--

363CC

37ZoC IFIKFIXITY NE C)
37:CC  SCERQUTINE Fial™y

3722C

3730C (ZIREC

3722C <
375CC

37835C ICIREC
37°¢CC NCOEN
378CC

3"90C-1---I'-'l-‘-'-l-‘-lt‘n--';\-v‘cninn.‘u--

3820C

.NCDE 1 . NCDE2 . NCCES.

giobal ‘- -xec oi-
necoes whtn thhs

3812C (FIKPCIS NE . C)
3820 SUBROUTINE PRED!IS

3830C

3840C ICIREC.VALUE _NOCE ' NODE2 NODEZ,

38350C 0

3860C

3870C IOIREC glcpa! g r~ecti0on cf prescr:bed displacement
3880C VALUJE magnituce cf orescr:oeg J:sclacement

3890¢C NCDEN nodges with tr's gisclacement

38CCC

O 10 = m m o m mm e e e e e e e e e e e
3822

3830C SUBROUTINE LZADS

3940C

3950C KDISP,KST?ES.LCC:NC.MAT:H,N’EMCH.NREMOV.NCLGAO.QPM‘TEND.
3960C “GLOAC . KTLCAD . KALCAD K_LSAD.KCL3AD.

3872C MET=OD  EPS™OL, TZ2LUEPS . "0

3980C

3980C K2ISP roga: Jaa s-:~t €flag

40007 =1 ormt necal! gata (gi1splazements )

=Z12< as spec-f:ec 'r -°s '5a3 zase

2C220¢C ={ pr'rt ~00a‘' Qata as specrfreq prev:ious!,
4C30C =-1 n> ~scal gata c--~t:ing

<02C “STRES e'ement gata print €ag

<C580C =i priNt elemert Zaa Istresses.strains |
<260C as specrfred '~ r:s ‘saqg case

A~
AV RO
ey -Tatel
A %2201

4C62C LCTINC:

< 120C MATC=
1103C
2120C

413CC NTEMCH

<4140C
3150C

<160C NREMOV :

31170C
4180C

4190C NCLOAD:

1200C
2210C
<220C RPM:
1230C TEND:
4240C

4250C KGLOAD:

4260C
4270C
4280C KTLOAD
42380C
4300C

4310C KALOAD:

$320C
4330C

4340C KLLOAD:

== /MHCH/NASAEP

=2 prin: elerment Qata as spec:fied previcus’,

1 NnC eiement aqa

ect:on
frxaze,

ta T -mitng

number c¢¢ l1oag i1ncrements

material change ¢
=1 there 's mater
*0 no matertal s

lag
12' znarged
crangea

termperature cnange ¢'ag

=1 tnere s change

=) no temperature
element removal ¥

=1 some elements are

change
lag

z0 no elements removea

concentratea lcag

C'vag

=1 there are concenz-ated !oads
=0 NnoO concentratea !2ags

revolutions per m

1ALte for ths

time at end of i0aQ step

used only wnen time ocepencent response (creep) desirea

gravity loaag flag
21 there are grav
=0 no gravity loa
thermal locad flag
=1 thermal! locaas

rt, loaas
as

caiculated

=0 no therma) loacs

area loag flag
=1 there are area
=0 no area loaags
line load flag

tcaas

124

588

L A L I T R O I TR R N

1N temperature

10 be removed

loaa case
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TITLE= INPUT FOR MSSB WITH SIMPLE oL DATE =10 'S 8% TIME = 16 23 EN-Yet
4350C =1 thnere are 1:ne loacs

<43860C =0 no !':'me ‘cacs

33750 TOLEPS. conmvergence tolerance Sm oStrar~

138C¢C TOLZIS . convergence toerance on displacemers

439CC

SAOGC e e L R N T T T S v em v e amaa e e .
14110C

4428¢C IFIKT ISP EQ . )

4430C  SCERQUTINE JUTPUTN

4440C

4450C IDISP.IREF ,NOIY.NC2.NC3.

4460C <

KRS ot

448CC ICISP praimt flag

4490C =2 dor t cranmt

45C0¢C =1 Q0 print

4510C IREF

3520C NOn nodges for wnich output 1's Jesired

453CC
JSJOC""-“"--"'-"""".““"“"-‘"“'“---'-"..‘-'.""-""""'
4550C

4560C IFIKSTRES EQ 1)
4570C  SUEROUTINE CUTPUTN

<580C
4882¢C ZELF.ISTRESS.ZSTRAIN.LOCA‘IE;’.IEL:.ZELE.
460072 c

46 10C

482C¢C IZoF force prim: ¢lag ’
4630¢C =1 print element forzes

$4642C =C gon t primt-forces

4650¢C {STRESS: stress print f1ag

46600 =t pr nt stresses

16727 =L daon t ©p~1Nnt stresses

<e8CC ISTRAIN: strair prome €tag

<582C =t pr'rt stra:ns

<~2¢CcC =0 don T print steasng

<T120C LlZa lecatien for whicrhr gata s orirted
<72C *1 center of gravit, of element
<732¢C =2 elemer: ncaes

<742¢C =3 Gauss points

4730C IZer elements for w.,Pich cutpus des:rea
<4T82C

~'-":\:'l"l'll-v-n'l'-..'ll...v".'.‘1§- ----- A L I A N R R R R .
iad-Jole

179ZC IFIMATIH NE.O)

=80CC SUBROUTINE INPUT2

48 10C

4822C MATNO ., IEL1,IEL2.IELS.

<483CC o)

484CC

4850C MATNO: new material number

4860C IELn: elements cnangeag to th:s material
4870C
JSBOC--t--.----------;-.v--ov.-v-rv---vn-v-----------v---v-vu;----r-x----
4890C

4300C IF(NTEMCH.NE .O)

4810C SUBROUTINE NODEIN

4920C

4930¢C TEMP NO1,.ND2,.NOJ, .

43840C e}

4950C

4960C TEMP: new temperature

4870C NOn: nodes cnanged to this temperature
4980C

5010¢C

-~ /MMCH/NASAEP -= MAINPG PAGE= ¢
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D
n

INPUT FOR MSS8 WITH SIMPLE o

IFINTEMCH NE 01
SUEROUTINE NODE:IN

jolar-X V-
an
LA

TEMP NC* NC2.NC2,

temceratute gragrens
ncoes ~itr Tn's temperacture grac-ent

REMCV NE 29

IFIN
SUBROUT:

NE

INPUTH

A N L T .

DIREC.VALUE.NC* . NC2.NC3.

gloval a-rect:om of zag

magn: tuae of 'cag

noges wne-e " s Ioncernirated 'caz apolieg
NE O

£LJ4L0S

S380C crmucrmraasarenccorrsnsacnsoavarsaan sro b acaan nc e e ne

€3e3C

Zm,an
Tl on

(5]

PR PO P

Ml wry .
)

O Qi
COHODHO

Ul Ul
Lot

n

o

(o

o -
m oy x
[R¢) (o]
mo (g
[A] 10

R

Z

ns

O e

s B v e qn (D
VONOZZmMm
[SHUNLESNE S EnY

Vet reraresn
- ) nmmmm

P

Z
> m

|‘
[N Q]
»
]
wn

0

m
m

NC . JEINC, CE.ICIRE . P: P2 P2 . Fa

veginning element

enging eiement

ncrement 1n element numbers
eiement face where pressure
girection o€ lcaa 1n element
3.P4:. corner pressure values

load applea
ocal coora. system
1N clockwise? girection

5530CF'l'lllll'ﬂﬂl""l,"-""lc"ull....--..'.'l.'.-l..l'-'ll.al..".'-.

£540C
£3353C
$582C
£870C
£580C
£5390C
560CC
3610C
5620C
5630C
5640C
5650C
5660C
5670C

[F(KLLOAD .NE . O)
SUBROUTINE LLOADS

IEBEG,IEEND,IEINC,IFACE.IDIR.P1,P2

o]

IEBEG:
IEEND.
IEINC:
IFACE:

iDIR:

Pt,P2:

peginning element
ending element
tncrement 'n element numpers

element face where line 'oad applied
grrection of load 1n element local coord. system
pressures at either ena of line load

SGBOCnva'n..--nnn"lu-w-nppnnon-p-ua-aaa-:u"na-'vwonnunvnnnnv':l-:p----,p.n
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== /MHCH/NASAEP

Is

TINE

NE C ANC LTASE NE 1)
PREDIS

.vALUE  NODE Y  NCDEZ . NGCDES. .

g'coal g'rect'con cf prescr'oed g'sciacemers
magn:tide of prescribed asplacenent

nodes w'tn thas gisplacement

“HE NOCES wIT™w PRESCRIEEZD C
SAME THRQUGHOUT AND MUST BE

127

-- PAGE=

8 LAST




TITLE= INPUT FOR MSS8 wITH BODNER UN CATE =1C*'5.85 TIME = 13 IS 2Ll
1000C~=-mmmmmeccmaas e
©73C INPUT FOR MSS8 WITh ECOMNER S ZONSTITUTIVE MODEL
B U e
*C30C SUBROUTINE MAINPG
*242C
10880C NCTE THE FOL_OWING ARE AL ON ONE LINE ATTER THE TIT_E _INE
1262C
*2TCC JANAL ama'.sis ‘lag
“08CC "t 1 reac aggitrora' lirme cCrlaining restart réo
1230C =* 1~ apsclute vaiue!) e'lastic
*1C0C =2 ('~ acsciute value) '1nelastic
111C8C TREF® refererce temperacure
1120C <SCTHE  1sotnermal eiemert ¢lag
+2CC =Z r'sotnermal
114C ne.l srape furctions useo tc -~te~polate 'nt £I rtemperat.res
11820 IT=ERM  thermal iocadg f'ag
1160C = Mo thermal lzaags
1170C ne C thermal loaas calculated
118CC NMA T number of materials
1180 NMT “umper c¢ temperatures €s- maser:al prcperty spect€:gat-cn
1200C NMTCRP - numper c¢ temperatures where creep coeff:cients spec ez
1210C NORTHO ortnctropic material flag
1220C =7 1S0T"O0DC materia!
123CC ne.C orinet-opic materral (mat 1 proos. 1n 3 girecticns ~eq@ )
12288 Program sic-es numoer =f J1fferent orthe mat''s rn NORT~C
125CC NSKEw Skewed coordinate s.stems flag
*+260C =2 NC skewea cocrgirate s.stems
127¢C ne T skewed Tocroinazcte s,stems
128CC S-~cgram stcres numcer cof skewed ccord systems 1n NSKEw
1290C MAS3CD mass matr:x flag
13CCC =C nc mass matr v w'1' ce computed
“31CC =1 umpec mass matrix computeq
132CC =2 Coms-stert mass matr'x comouted
+230C KFIxIT+ “i1xed rocoe “lag
©34CC =0 ro ¢-xea noaes
413502 ne.C trere are some ‘i1xed roges
©360C S,stem of eans s recuced b, numoer of fixeg CoF
137CC XKPLIS' ©crescr'ped nogal! a'sclacement flag
“38CC KSKWEC. skewea bounaary condit-or ¢iag
1390C =0 Nnc skewed EC
1222C ne { skewea BC s
134CC KLOCAL ‘ocal cooraimate system flag
12228 =7 no iccal coora. s.stems
137 ne. C there are iocal ccorg systems (5 max}
1440C KPRCNT - rmoga! percentage gistriputicr flag
td82C =0 no percentage gistributions
146CC ne.C tnere are percentage di1stributions of nogdes (5 sets max!
1370 MITxvZ: filag to generate elemer: mid side nodes
1480C =C no mi1d srae node generation
*430C ne O mid si1de node generation
t8CCC KXYZCD: nonstangard coordinate '1nput flag
1510C *Q stangardg coordinates used
1520C ne.O0 nonstangard zocrdinate order 15 used
*S83CC Stangarg 's (X.Y.Z) for cartesian
*540C (R.THETA.2Z) for cylinarical
1550C (R.THETA.PH]1) for spherical
1560C KGAUSP: gauss 1ntegration oraer flag
1870C :C first order i1ntegration
1580C .ne.0 second orcer i1n:egration
1590C W1 W2, W3: umit vec:or gefining axis of rotation 1n global system
1600C G1.G2.G3: umit vector gefining gravity direction 1n giobal system
1610C XBARAX ,XBARAY, XBARAZ: location of origin of rotational coord.
1620C system 1n global system
1630C KEIGTP: ergenvalue/ergenvector computation flag
1640C =C.and MASSCD.ne O calculate er1genvalue/ergenvector
1€50C using cgeterminant search method
1660C =1.and.MASSCD ne. O calculate eigenvalue/ei1genvector
=~ /MHCH/NASABD -~ MAINPG PAGE= 1
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TITLUE= INPUT FOR MSS8 WITH SCDNER UN CATE =1C 15.88 TIME = 1§ 25 SAGE =
*870C €SNy subspace 1teratior mes:nsy

*38CC

FB 00 m m e m e o e e e e e e e e eceeceeaon
*T2CC SUBRCUTINE ADRESS
471\'::-.-'.-.-'--0--.v-‘--v.;-rvv‘v..-.---;.-v.t--n--n-v--o-..'v-v;.v vvvvv
pietele SUERQUTINE EXIND2

‘T30C

1T4aCC IELY JELZ TELD,

-lele ol

*752C

t770C IELn: element numpers

+7380C if elemert enterea as negative, a'! elemerts f~om prev:ous
173CC | ertered eiement IC thne negat've eiemems are 1nclugec
“820C
181oc~u"'c‘-v-----;-v-A.---r-~..¢‘--~~-'.,....-v-v-v-vo--'-r.\.v---~.---
1820C SUBROUTINE NDDOF2

+830C

1840C ICCEN,NODE 1 . NODE2.NCDEZ.

1850C o}

1860C

1870C IDCFN. DOF per ncae

1880C NODEr: nodes witn tn's numper of JOF

1880C
‘-QC‘OC""""""""""'""""""'"‘"""“"""“"""""""‘

1$10C  SUBROUTINE CONNEC
‘320C=-la..u..!.:ar:-::...::-np.-.nn.a.::::=:::l.-n.....'n..a...n.n.--x.a

183CC SUBRCUTINE ELGENZ

'9530C

1€52C IEL.(INODE(I).I=’.NCCE).ZEENO'.ZEXNC1.ININC1.!EENDE.!EZNC2.!NIN:2
*1$50C C

1870C

128C L beginming element numper

*290¢C INCDE arra, sizeg to numper cf ~=ces per elemer: arg s

27C2¢C conreclrvat, of e'ement -~ terms 3f glcrmal roce numcers
2710C IZENDY . enaing e'ement rumper ‘or generation set °

2l2CC IZEINC! - 1ngcrement 'r eiemen: ~umper for generation set

2232C ININC1: ncrement '~ noge numpers “zr gereratior set !

2243C (EENC2 - enoyng elemert ~umper €ar generation set 2 .

20328 IEINS2 1ncrement 1n elemer: ~umper for generation set I

22e0C ININC2: 'ncrement 'n noge numpers for generation set 2

Anm~

- - ~

“’\BP\CU-.-----vv----nn------u---clb--v----4-;--::-'---.’"---.v;v-an:-.-'~-
<«wSv

2280C SUERDUTINE xY2COR

21:C0C

2110C IF(KLOCAL NE.QO)

2120C XYZO( 1. NLOCAL) . XYZO(2 . NLCCAL) . >YZO(3.NLDOCAL)

2130C o)

21430C

2+50C XYZ0: arr~ay 3 by numpber of iocai coordinate systems ang s
2160C origin of local coora'nate system 1n global system (S max)
2170C

2180C IF(KPRCNT NE.O)

2190C NPTS, (PERCNT(I ,NPRCNT ), I=1 \PTS)

2200C 0]

2210¢C

2220C NPTS: number of noges gernerated 'r this set

2230C PERCNT: array NPTS x numper 2f percent distribution sets and 's
224CC distribution of noces petween coordinates 1MPuUt below
2250C

2260C IF(KXYZCD .NE.O)

2270C ICOXYZ(1),ICDXYZ(2),I1CDXY2(3)

2280C

2290C ICDXY2Z: array specifying coordinate nput order

2300C

2310C IFCINCT. EQ.Q)

2320C NODENO ., X1,X2,X3,INC1, INC2. ISYSNO,ISYSTP,IPCNT 1, IPCNT2

2330C 0 '
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TITLEs INPUT FOR MSSB WITH EODNER UN DATE =12 8 g5 TIME = 1§ 28

234¢¢ .

225¢CC NODENO vpegi'nn:ng nooe mnumper

238C2¢C A1.Xx2,23° coorag:nates

<37C<C INC ncae numoer :ncrement fo- generation ses 4

<38cCcC INZZ ToQe numper ‘ncrement for generat:cm ses 2

239CC <$*3N0  local coorarmate s,stem rumper usec fcr ancve coorci-actes

242CC I$3TP giopal) cocraimate system upe

2= 132C =2 cartestan

<-422¢C =t Ccylimgrica:

2430C =2 spnerscal

<=40C IPCNT! percentage g:stripbut on se+ for no0e generati1on sec ¢

24350 IPINTZ: percentage cistr'cuticr se: for ncae generactor set I

<460C i

272 IFLINCY . NE.O)

248CC NODEND . A1, xZ X3

2490C

2300C NODENGC . ending noge numper €or noge generation set 1

23510C X1.,%x2,Xx3. enorng coora-nates

52¢C

2E30C IFIINC2 NE O

2540¢C NOCEND , x*, x2,X3

J88C

256c¢ NODEND - enar'ng noce numper fo- moge generation set 2

2570C Y1.x2.X3 enaging zooroinates

2580C

:seoc..-.--.v-----q‘-.-v‘-.--......--a-...v‘----.-.-\-'.-'--‘v-.u ..... ..

28COC

2S10C  IFIMIDXY2 NE.Z)

2820C SUBRCUTINE NODMID

2830C

2642C gL IELD,TELT.

283CC o)

26e0C

5738 IEerm elements fo- m:g-sige nsge generaticn

88CC

259(::-----.v-..-.--....-.-'..-.....--.n‘.--.-.-..-‘.“.v.......... ..... .

272¢C

27+0C  SUBROUTINE NODEIN

2732¢C TH=ICK . NOY . NOZ.NC2.

27ascC 2

<783C

2780C T=ICK  tnickness

<7 NCn. noaesS witn tN:E Thickness

2782C

:TQOC.‘-""‘--."-"..---.‘.-'-.-----.‘-"'...-.---'-..---.""-"".."

28CCC

<81tCC SUBROUTINE MTABLE

2820C

283¢C< SPECWT.ISOCOD,TMAT( 1. NMAT) . TMAT(Z2 NMAT), .. _ TMAT(NMT NMAT)

28430C 0

2850C

2860C SPECWT: specific weight = gensity * g

2870C IS0C0D: 1sotropCc material coae

2880C Q0 1sotropic

2890C .ne.0 orthotrop1c

2900C TMAT: array number of mat 1| temps by number of mat‘'ls and 1s

291CC temperatures where material properties are speci1firea

2920C

2930C IF(ISOCOD.EQ.0) INPUT NMT OF THESE LINES

2940C E1.NU1T,ALPHA

2950C

2960C Eit: Young's moaulus (program multiplies by 1E6)

2870C NU1: Porsson’'s ratio

2980C ALPHA: tnerma) coefficient (program multiplies by 1E-6)

2980C

3000C IF(ISOCOD.NE.QO) INPUT NMT OF THESE LINES

-- /MHCH/NASABO == MAINPG PAGE= 3
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E1.

Er
oNur
A=A

=Rl

-

JFEUNMTCRE

-

TEMP

T

b4

R ]

SUBROUTINE

ISKEWN. A

)
~

ISKEWN

A1 22,43

IFIKSKWES
SUSRCOUT INE

(@3

(4

Lad

wiN .
n

man

3
Q

Z v

tevasr e ranmraw

IFINORTHD .
SUBRCOUTINE

ISKEWN, I
o]

ISKEWN:
lELNn:

SUBROUTINE

I
o)

IDIREC:
: NODEN:
{ 3660C

INPUT FOR MSS8 WITH SODNER N

rSung s moaulus

S SKEWN.NCDE1 ,NCDE2 . NO

LB
wn

a
(%]
m

ME

(33

E2.E3.NUT NL2Z.NU3. 4L Dmp

sl

T~

-]
~at'o
coefficare

Sson s

NE T INPUT NMT oF

-

Lw

-~
<

AN 21 AM

-

<

materiail parameters requ'~eq
temperature TEMP
tn Y KSIL remaiming are gimers:on‘ess

emperatyre

. 21, Z2. AM. a4,
for Ecarer's moae
C.2'.22 'n KSI,

-

1N gegrees

at
AM

e
R

-.--.....-.-..--.--.;..-;.‘---.--.v-----v..u.;..-------

IF(NSKEW.NE ©)

SKEW

1.42.4A3

Skew set ~umcer
gt.C 4 s are rcoe ~umpers defrning skeweo I20rc. s.sctem
Tt I A s are successive rctation anglies :n gegrees
noges or armg'es gefir:ing skewed Soo-dinate sS.stem
f ncges. ax's* ‘s farmed from 4 Ttz A2

ax1s2 's fcrmed from A1 o A2

ar:'83 s “zrmeQ as ax1§1 c~3Ss ax1s3

~

NE 2
SKEWEC
3.

V13

Skey set ~umper

rncaoes wnere skew BL s referrea tc th1e skew se: are apelireq

I-I-.-II-'l'l-'l.--lt.lv-lA--1‘-lvv-1---v-tvtns-.‘-vl--.

NE 0)
CRTHOP

ELY,TEL2,1E5L3,

Skew set number

elements whose material properties have thi1s skew set orienta

------n-.---n---------r----‘.c----v---.-u-------.--------------z-‘---

IFIKFIXITY NE.O)

FIXITY

CIREC,NQODEt,NODE2.NODES,

global fixed direction
noges witn this fixity

367OC-‘-1--¢-:.----n-vn----tn-t--ct-n---‘tt-tt-n-tu----'-t-ut------ra-.ut-
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-
7.

3e80C
3863CC

37CCC

AT e
37 v

hedalole
Kiadniole
2732¢C

~r
-

3758CC
3763C
37°3¢C
3780C
3792C
3800C
3828
3823C
3830¢C
3840C
3880¢C
3860C
38°2¢C
3880C
389¢CC
3900¢C
3910C
3920¢C
3830¢C
3840C
3850C
33860C
3s7ZC
39820
398C2¢C
=00CC
“C12C

TAAA~
“vdo~

cmnmn
<2338
cmsan
o e
4350
<38l

cm—~ -
Eickiola

<080¢C
<C907
-1C22¢C
<12
< 122C
<1308
<1407
<182C
4160C
3170C
4180C
41390C
1200¢C
1210C
1220C
4230C
1240C
4250C
4260C

A
37«

= INPUT FOR MSS8 WwITh BODNER UN 24ATE =10,

IF(KPDIS NE Q)
SUEBROUTINE PRED!S

SCIREC.VALUE UNCDE* . NODE2 . NODE3.

oimgl

VALUE
NCOEN

gloca: o rec<'on of orescr pea

nogdes w'th tn's grsplacement

SUERCUTINE LOACS

KCISP . KSTRES.LOCINC . MATCH NTEMCH, NREMOV ,NZLCAD . RPM,

KGLOAD . KTLOAD . XALOAD . KL .DAD . KCLCAD,
METHOD . EPSTOL.TOLEPS,TOLDIS

KO ISP nodal cata p~int flag
=1 print ncoal data (a'splacemenss)
as spec:fied 'n *trys lpag case
=0 print noca' cata as spec:fiea previous!,
=-1' no nogal cata printing
KSTRES - eiement cata prins flag

~

T splacemers
magnituce of orescr-ved gisplacemenrt

=1 print el'lement cata (Stresses,.strains)
as spec rfiea 1n tr's loag case

=0 print element cata as specfieq previIcus),

*=! noc e'emen: gata primting

-CDINC numper o0f 'caa i1nc-ements

't 2 sets ITIME=! (reags :'me agata)

M2aTZ<.  materia! znange flag

1 tnere °'s mater:al cranged
=C nc materra2i s cnanged
termperatu~e cnange flag

=1 there ‘s crange
=C no temperature change
element removai fiag

NTEMCH

=% some eiements are I be remcveq

=C nc elements removed
corcentratea locaa flag

=1 there are concentrated loags
= no consent-ateda loags

ROM- revolutions per minute far tris
KGLOAC gravity loag “lag

=!' there are gravity l2aas

=0 no gravity loaas

tnermal lcaag flag

=1 tnermal loads calculatea

=0 no thermal loags

area load fiag

*1 there are ‘area loags

=0 no area lcads

KLLOAD: Yime locad flag

=1 there are li1ne loacs

=0 no Jine loads

convergence tolerance on stramn

KTL3AD .

KALOAD:

TOLEPS:
TCLOLS:

rortemperacure

lcaa case

convergence tolerance on displacement

3]

m

4270c----------n--------------l-'t--t----------------v.---------------t-

$280C
4290C
4300¢C
4310C
4320C
4330C
4348C

IF(KDISP .EQ. 1)
SUBRQUTINE OUTPUTN

IDISP.IREF ,NO1,NO2,NO3, ... ... ... ..
C
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T

T

TITLE= INPUT FOR MSS8 wITH BODONER uUN GATE =4C°15/85 TIME = g 1% =2
~33CC ICISP. print flag

<4382C =0 gor ¢t crirt

<37CC =* go praint

-382C IREF

<433CC NOn ncges for which output 's gesired

A A A A R I T T T T T T S
7

=30C ITIKSTRES £EQ

<«d0C SUEROUTINE CZUTPUTN

<dE0C

<4802 CELT L ISTRESS , ISTRAIN.LOCA,.IEL1, IELZ. TEL3

<47CC o)

+280C

<<30C IELF - force print flag

+530C =1 prirnt eiemert forces

45+0C = gon’'t print fcrces

14520C ISTRESS: stress print flag

+532C =t print stresses

31840 =C aeon t print siresses

4550C ISTRAIN: strain print flag

1580C =t Print strains

1570°C =) gon t print strairms

438CC wCCa ‘ocation fcr whnic~ gata s printed

489CC =' center cf gravit, cf eiemen<

46CCT =2 elemert noces

4610C =3 Gauss pcimts

<82ZC IELm: e'ements for wnicr outlput Qes)red
4€30C
AGJOCIAI\"-'\‘Ovn-‘vl-“-.~v-w-t'A;-.--'I--ocnv.--\v.l.v'-;...‘.v...vo v o
1632C

<8&2C IFLITIME NE ) 7

€720 SUBRCUTINE DYNTIM

-<33C

4832C "CM.TCRP . TINIT . ECMAX, SIGMAY . ERMAY CELTMIN.SE_TMULT

——————

<7172 N2M numoer ©¢ equa! t'me stecs '~ tm's load case

<7223 =C Iynamic t'me incremerting s usea

<733C TIRP tct2) t'me 1n *ms 'gag case

2742C  ¢fcllcwing mputs appi, for gynamic time 1ncrement-ng or',

<=730C TINIT rmitial 2'me step

-73ls =C ang 'nvtial l1oadg case. TINIT=DELTMIN

<57 2C =C ana not rrtial loao case. TINIT= S * last time stec of
<78CC previous load case

179CC ECMAx: maximum i1nelastic strain i1ncrement desired 1n any time stec
4820C cefault= Q001

<8102 SIGMAX. maximum change 'n stress gesired 1n any time step

<8228 cefault=1000 ps

4830C ERMAX . maximum estimated 1ntegration error alliowed 1 any time step
+84CC default= 01 (1% :

28350C DELTMIN: minimum allowabie t'me step

4860QC gefault=.001 = TCRP :

1870C DELTMULT: maximum multiple of current time step allowed for mext time
4880C gefaultsi.5

4890C
JSC,OC'QHIl-llIIll..l..lll--l.-.--'v-4I--t."t--l----------l-v-'v---v--l-'--'--
491GC

4820C IF(MATCH . NE.C)
4930C SUBROUTINE INPUT2

4940C

4950C MATNG . IELY, TEL2,IELT, .. ..

1960C [¢)

4970¢C

4980C MATNQ: new materia! number

4980C IELn: elements changea to this material
S000C

ol lelel R R N T
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TITLE= INPUT FOR MSSE wl™w BCONER UN CATE =155 8% TIME = g
8C20C

523C¢C IFINTEMCH NE 2

5242C SUBROUTINE NODE'N

S2€CC

506CC TEMP NCY NCZ.NCS3.

[-Jolgole >

8C80C

5090C TIMP  ~ew temperature

2:2CC NOP ncaes cranges o tnis temperature

S5++0C

S123
5130c--v|vv--.‘-....---.-v..--...‘.v.---v.-.v-'-...-.---.-..y---‘-,'-
£30¢C

5182C IFINTEMCH NE 2

S:80C SUSROUTINE NOSEIN

S1+7¢CC

S180¢C CTEMP NO1.ND2.NC3,

5130C C

§20CC

5210C CTEMP temperature gradier<

8220¢C NCn noges wiir tris temperatu-e gracient

8230¢C
524OC...-'I-“'V'|I'....nIi-l'l!‘-.4'~.ll\l'l‘l‘a‘!"l‘."-lt".‘li“
5250¢C

5280C IFINREMOV NE . 2

S270C SUBROUTINE [NPL™:®

5280C

€2990C IELT.IEL2. 2.3

830¢CC 2

8310¢

S320C IELr removes eiemenrcs

€33CC

SSJOC“"'.. ------ ® v oE e .o - v e LI I R ] .~
52%52C

£23e02 IFINCLCAT NE 2

5370C SUERQUTINE Z._CACS

£3807

53sCC ICIREC.VALUE NOY . NCZ . NC2.

5420¢ z

S42C

24200 IDIREI. g'zspbal airecz:or o+ ‘zac

543CC VALJE  magr.ituge of :gag

5440C NOn noges wnere th's toncert-ated oag aceclrea

545C¢C
SJGOC"'-.""'.""'..'-""""°""""'"""""'""""""'--
5470C

548CC IFIKELQAD NE.D)

5430C SUBROUTINE ELOADS

SEOOC
551OC..~"..p.l...pl"...ua'.’ln-"l-.'-prr..-an.-.-n-...-a..-a.a--a.-.a:
SE20C

8530C IF(KALOAD NE.O)

S540C SUBROUTINE ALOADS

5550C

5560C IEBEG.IEEND.IEINC.IFACS.!::RE.o'_PZ.DS.DJ

5370C o]

S580C

5590C IEBEG: beginmning element

5600C IEEND: ending element

5610C IEINC: 'ncrement 1n elemer: ~umpers

5620C IFACE: element face where pressure 1oad applied

5630C IDIRE: airection of load 'n element local coora. system
5640C P1.P2.P3.P4: corner pressure values 1n clockwise? Girection
5650C
SGGOCiudﬁuﬂp:paﬂpvﬁvp-nnnnlapvnrnnvnnn-u:punutouuuvaaﬁﬂaunlavdp"uavnvw.-'
5670C ) )

5680C IF(KLLOAD NE.OQ)
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TITLE= INPUT FOR MSS8 WITH BCDNER UN

M
O W
[SXo XS]

DO AAA

oo
| I I}
HLowry .
OOOHO

]

SV N T T
1

3
()]
(0]
O

5800C

581OCUnl'll'l'l"ll.aau.l:a:at:.:sc'dl':l.l
sazoC'q-- .
583CC---

5840¢C
5850C
5860C
S87CC
588CC
5890C
582CC
59:C2C
582CC
5930C
S540C
525CC
5862C
€970%--

IFIKPDIS . NE.O AND _CASE NE. 1)
SUBROUTINE PRECIS

iDIREC,

C

(0IREC.

VALUE .
NCDEnN .

NCTE

L L O .

DATE =17 '«

o
m
w

SUBROUTINE LL0OADS

EBEG.IEEND.IEINC.ZFACEAIDZQ,P1.°2

ceginrning eiement

eng:ng etement

'ncremert N element ~umpers

element face wrere 1ine 'oad apo!rea
arrectiom of loag 1n element 'gcal coorg
pressures at ertner eng of !inme !cag

L R NI I

VALUE ,NODE 1 . NODEZ . NOCES. .

g'coal directicon of prescrted grsclacement
magn:iude of oprescr:iced a'splacement
noges w:th this J:splacement

THE NODES WITH PRESCR:E:E- CISPLACZEMENTS MyUsS™T
SAME THRZUGHOUT ANC M_S™

m

LEREEER FEEEE N F I e

vermNaeseae

£ SPEZIFIED FROM 7w

system

ty
o
"
t>
L)
m

u

SE33za=

s e
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TITLE= INPUT FOR T3CYAN WITH H=-A PLA DATE =10/16/85 TIME = 10.27 PAGE= 1

1000C ORGANIZATION OF INPUT [
1010C FOR T3CYAN WITH H-A PLASTICITY AND SIMPLE CREEP

1020C :

1030C 1 HEADING AND CONTROL INFORMATION

1040C I.1 TITLE CARD .
1050C 1.2 PROBLEM SIZING f
1060C 1.3 ANALYSIS AND RESTART OPTIONS

1070C 1.4 EQUATION NUMBERING AND BANDING OPTIONS

1080¢

1080C Il NODE COORDINATES AND TRANSFORMATIONS -~y
1100C II.1 NODE COORDINATES ;
1110C I1.2 LOCAL NODE COORDINATE SYSTEM TRANSFORMATIONS

1120C

1130C IIl ELEMENT DEFINITION

1140C II1.1 HEADER LINE FOR ELEMENT -
1150C II1.2 20 NODED SOLID DEFINITION

1160C

1170C 1V LOAD CASE INFORMATION, INITIAL CONDITIONS h
1180¢C IV.1 LDOAD CASE CONTROL CARD . o
1190C IV.2 ACCELERATION SPECIFICATIONS !
1200C i
1210C V MATERIAL PHYSICAL PROPERTIES '
1220¢C V.1 MATERIAL PHMYSICAL PROPERTIES

1230C V.1.1 ISOTROPIC ELASTIC PROPERTIES ”T
1240C V.1.2 ORTHOTROPIC ELASTIC PROPERTIES f\
1250¢C V.2 ORTHOTROPIC AXES ORIENTATION TABLE A
1260C V.3 INELASTIC MATERIAL CHARACTERIZATION

1270C

1280C VI TIME AND TIME INCREMENTING CONTROL [
1290C |
1300C VII CONVERGENCE CRITERIA f{
1310C

1320C VIII INITIAL NODAL CONSTRAINED DISPLACEMENTS o
1330C .

1340C IX INITIAL NODAL APPLIED FORCES

1350C

1360C X INITIAL NODAL TEMPERATURES

1370C FW
1380C XI INITIAL ELEMENT PRESSURE LOADS | L
1380C \
1400C XII LOAD CASE INFORMATION, FINAL CONDITIONS

1410C XI1.1 LOAD CASE CONTROL CARD e
1420C XII.2 ACCELERATION SPECIFICATION 1
1430C P
1440C XIII FINAL NODAL CONSTRAINED DISPLACEMENTS

1450C

1460C XIV FINAL NODAL APPLIED FORCES -
1470C 1
1480C XV FINAL NODAL TEMPERATURES .
1480C

1500C XVI FINAL ELEMENT PRESSURE LOADS
1510C ' =
1520C i
1530C = === o e o o o e e e e e ccaccccomemas !
1540C 1 HEADING AND CONTROL INFORMATION

1550C

1560C I.9 TITLE CARD _1
1870C !
1S80C LINE ITITLE !
1580C

1600C ITITLE = ANY 1 TO 72 CHARACTER TITLE FOR THE ANALYSIS ﬁﬂ
161

122&C--....---.-..‘l-.-..----....---I--..-----..".-‘-------------.'l--- i
1630C 1.2 PROBLEM SIZING

1640C

1650C LINE NUMNP NM IT RTEM NLC ]
1660C f
-- /MHT3/INPUT -- PAGE= 1 )
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TITLE= INPUT FOR T3CYAN WITH W-A PLA DATE =10/16/85 TIME = 10.27
1670C  NUMNP : NUMBER OF STRUCTURAL NODES ( ENTER AS A NEGATIVE NUMBER FOR
1680C TIMING SUMMARY )

1690C NM : NUMBER OF DIFFERENT MATERIALS ( MAXIMUM=3 )

1700¢  IT : THERMAL STRESS OPTION

1710C = O INCLUDE THERMAL LOADS

1720C s 1 IGNORE THERMAL LOADS

1730C RTEM . REFERENCE TEMPERATURE ( DEGREES F )

1740C NLC  : NUMBER OF LOAD CASES

1750C
17€°c------...--.---.--I‘-.---..-'-I-‘-.--.----.-.I.--.---.--.--.---'.---
1770C 1.3 ANALYSIS AND RESTART OPTIONS

1780C

1780C LINE LAWCRP NOUT NRESTA INREST MASSCD

1800C

1810C  LAWCRP : TYPE OF INELASTIC ANALYSIS

1820C = 0 ELASTIC ANALYSIS

1830C = 1 HAISLER-ALLEN PLASTICITY

1840C = 2 SECONDARY CREEP MODEL

1850C =12 PLASTICITY AND CREEP COMBINED

1860C NOUT  : OUTPUT FILE CREATION OPTION

1870C = O DO NOT CREATE OUTPUT FILE

1880C = { CREATE OUTPUT FILE

1890C NRESTA : RESTART OPTION

1900C = 0 THIS IS NOT A RESTART RUN

1910¢ > 0 INPUT THE LOAD CASE FROM WHICH THE RESTART IS TO PROCEED
1920C  NOTE: (QUTPUT FROM THIS CASE MUST HAVE BEEN PREVIOUSLY PUT ON AN OUTPUT
1930C FILE. THE FIRST NEW LOAD CASE WILL BE LABELED AS NRESTA + 1.)
1940C

1950C  INREST : LDAD CASE NUMBER IN THE CURRENT INPUT FILE WHICH BECOMES
1960C THE FIRST NEW LOAD CASE TO BE SOLVED WHEN RESTARTING. WHERE
1970¢C ( 1.LE.INREST.LE.NLC ). IF O IS INPUT INREST = 1 IS ASSUMED
1980C

1980C  MASSCD : MASS MATRIX FLAG

2000C “ % 0 DO NOT CREATE MASS MATRIX

2010¢ = 1 CREATE LUMPED MASS MATRIX

2020C = 2 CREATE CONSISTENT MASS MATRIX

2030¢C
2°4oc--.----I---.---‘-.'--------.‘-----..II-----------.-.-I--.-.---.-‘-.-
2050¢ 1.4 EQUATION NUMBERING AND BANDING OPTIONS

2060C

2070C LINE N IBAND IPBAND

2080C

2090C N . KEY CODE

2100C = O NO NUMBERING OR BANDING

2110¢ = -1 ACTIVATE NUMBERING AND BANDING OPTION

2120C IBAND : BANDING OPTION

2130¢ = O USE DEFAULT OPTION

2140C = 1 ASSUME NODE NUMBER IS THE SAME AS MATRIX POSITION
2150C = 2 ASSUME INPUT NODE ORDER DEFINES MATRIX POSITION

2160C  IPBAND : PRINTOUT OPTION

2170C = O ND PRINTOUT OF EQUATION NUMBERS

2180C = 1 PRINT DUT THE EQUATION NUMBER FOR EACH DEGREE OF FREEDOM
2190¢

2200¢
2210C---===rmemeecncccmcecce e cceacc o ccceccccccccmccemecmeseseccecacccnan
2220C II NODE COORDINATES AND TRANSFORMATIONS

2230C
224°C..---I.‘--.n--.-.-.----..-I--.-.-l-----.-..--I-.--l..-‘-.-----.-..-‘
2250C I1.1 NODE CODRDINATES

2260C

2270¢ (ENTER THE FOLLOWING LINE FOR EACH NODE)

2280C

2290C LINE N X Y 2

2300C

2310C N : NDODE NUMBER

2320C X : NODE X COORDINATE

2330C Y : NODE Y COORDINATE

-~ /MHT3/INPUT -- PAGEs 2
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2340C Z : NODE 2 COORDINATE

2350C .

2360C (AFTER THE LAST NODE ENTER THE FOLLOWING LINE)

2370C

2380C LINE O NSKEW
2390C NSKEW : INDICATOR FOR LOCAL NODE COORDINATE SYSTEM TRANSFORMATION

2400C = O NONE WILL BE INPUT
2410C = 1 ONE OR MORE WILL BE INPUT
2420C

2430C-‘---a-l---------l---------tv--------t--t-----‘---‘----------u-t----

2440C I1.2 LOCAL NODE COORDINATE SYSTEM TRANSFORMATIONS

2450C

2460C IF(NSKEW.GT.0)

2470C ( ENTER ALL NODES WITH LOCAL COORDINATE SYSTEM TRANSFORMATIONS)
2480C

2490C LINE N NO NI N

2500C LINE ©

2510C

2520C N . NODE NUMBER HAVING A ROTATED LOCAL COORDINATE SYSTEM
2530C NO : NODE ON LOCAL X AXIS

2540C NI : NODE ON LOCAL X AXIS IN THE +X DIRECTION FROM NO

2550C NJ : NODE IN LOCAL XY PLANE SUCH THAT THE +Z AXIS IS IN THE

2560C OIRECTION OF THE VECTOR P3 = (NO=NI) X (NO=NJ). THE +Y AXIS IS

2570C IN THE DIRECTION OF THE VECTOR P2 = P3 X (NO-NI)
2580C
2580C
2600C

2620C Il ELEMENT DEFINITION

2630C
264oc-.--.----n--lt--.--u-------.t------.l‘--------n-n-‘-n---.------t---n
2650C ITI.1 HEADER LINE FOR ELEMENT DATA

2660C

2670C LINE IPRINT

2680C IPRINT : ELEMENT DATA EXTENDED PRINTOUT OPTION

2690C = O NONE

2700C = 1 DUMP VOLUMES AND DISTORTION PARAMETERS

2710C = 2 ALSO DUMP ELEMENT STIFFNESSES

2720C ® 3 ALSO DUMP ELEMENT EQUIVALENT NODAL FORCES AND MASSES
73
27482-.-.--------‘--.‘------.-.--.--.--.-.-----..-.-----..--.-.----.-----
2750C II1.2 20 NODED SOLID DEFINITION

2760C

2770C (ENTER THE FOLLOWING LINES FOR EACH ELEMENT)

2780C '

2790C LINE NEL N1 N2 N3 N4 N5 N6 N7 N8 N9 N1O N11 N12
2800C LINE N13 N14 N1S N16 N17 Ni18 N19 N20 IMAT IOR
2810C LINE NO NP NQ ( OPTIONAL LINE, ENTER ONLY IF IOR = 100)

2820C

2830C LINE ©

2840C

2850C NEL : ELEMENT NUMBER

2860C N1 ... N20 : NODES DEFINING THE ELEMENT ( SEE FIG IIl1.2 )

2870C IMAT : MATERIAL NUMBER
2880C IOR : ORTHOTROPIC MATERIAL AXIS SYSTEM INDICATOR

2890C = O ISOTROPIC MATERIAL
2900C (1.LE.IOR.LE.99) IOR 1S ORIENTATION IDENTIFIER OF SYSTEM
2910C GIVEN UNDER MATERIAL DATA SECTION V.2
2920C * 100 ORTHOTROPIC AXES DEFINED BY OPTIONAL LINE OF INPUT
2930¢C

2940C

2950C

L e T ---
2970C IV LOAD CASE INFORMATION, INITIAL CONDITIONS

2980C

299°c--..---.-..‘.l--.--.-'I-..--..-.-.l--.I'.‘..-‘----...'I.-.--..'I-".

3000C IV.1 LOAD CASE CONTROL CARD
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3010C

3020C LINE RPM IAXIS 1IACC NPCI NTI ITHST

3030C

3040C RPM © ROTATIONAL SPEED IN RPM

3050C IAXIS : GLOBAL AX1S ABOUT WHICH STRUCTURE IS ROTATING

3060C = 1 X AXIS

3070C = 2 Y AXIS

3080C = 3 2 AXIS

3090C IACC : INDICATOR FOR: INPUT OF ACCELERATON LOADS IN GROUP 1IV.2
3100C = O NO INPUT

3110C = 1 ACCELERATION LOADS ARE INPUT

3120C NPCI : INDICATOR FOR A CHANGE IN MATERIAL PROPERTIES

3130C = O NO CHANGE TO MATERIAL PROPERTIES

3140C = 1 CHANGE ELASTIC PROPERTIES ( GROUPS V.1 AND V.2)

3150C ® 2 CHANGE INELASTIC PROPERTIES ( GROUP V.3 )

3160C = 12 CHANGE ELASTIC AND INELASTIC PROPERTIES

3170C NOTE: IF THIS IS FIRST LOAD CASE, PROGRAM SETS NPCI=12

3180C i

3190C NTI . NUMBER OF NODAL TEMPERATURES WHICH ARE RESPECIFIED.

3200C = O NO RESPECIFIED TEMPERATURES, STIFFNESS IS RECOMPUTED
3210C ®= -1 NO RESPECIFIED TEMPERATURES., STIFFNESS IS NOT RECOMPUTED
3220€C > O NTI RESPECIFIED TEMPERATURES, STIFFNESS IS RECOMPUTED
3230C ITHST : TOTAL STRAIN PRINTOUT OPTION

3240C » O INCLUDE THERMAL STRAINS IN TOTAL STRAIN PRINTOUT
3250C # 1 DO NOT INCLUDE THERMAL STRAINS IN TOTAL STRAIN PRINTOUT
3260C
327°c-------.--0----l------l-.--tn------------‘---‘--l‘-..---l---t-ncl---
3280C IV.2 ACCELERATION SPECIFICATION FOR INERTIAL OR GRAVITY LOADS
3280C

3300C IF(IACC.GT.0)

3310C LINE ACCELX ACCELY ACCELZ

3320C

3330C ACCELX : ACCELERATION OF STRUCTURE ( IN/SEC**2 ) IN GLOBAL X
3340C ACCELY : ACCELERATION OF STRUCTURE ( IN/SEC**2 )} IN GLOBAL Y
3350C ACCELZ : ACCELERATION OF STRUCTURE ( IN/SEC*®*2 ) IN GLOBAL 2
3360C

3370C

3380 C -~ = e e e ccccmceeccceccccemeeceecce———-
3390C V MATERIAL PMYSICAL PROPERTIES

3400C
3410Cl‘-.ll--‘ll-ll--l‘..l..l.ll‘l-ll-l-.l‘l.-.--Il-.l....-l.l.--l‘--.ll.
3420C V.1 ELASTIC CONSTANTS

3430C

3440C IF(NPCI . EQ.1.0R.NPCI.EQ.12)

3450C (ENTER NM OF THME FOLLOWING LINES)

3460C \

3470C LINE MTN NMT DEN

3480C

3490C MTN : MATERIAL NUMBER ( MTN.GE.1.AND.MTN.LE.NM )

3500C (IF MATERIAL IS ISOTROPIC, INPUT MTN AS A NEGATIVE NUMBER
3510C TO SIMPLIFY INPUT)

3520C NMT : NUMBER OF TEMPERATURES AT WHICH ELASTIC PROPERTIES WILL BE
3530C GIVEN FOR THIS MATERIAL

3540C DEN : WEIGHT DENSITY OF THE MATERIAL ( POUNDS/IN**3 )

3550C
SSCOCHHNNNNNNNINGURNIORNARNNANNRNARTRROORRGRINIUNIN RN UN NN N OO
3570C V.1.1 ISOTROPIC MATERIAL

3580C

3590C IF(MTN.LT.O)

3600C ( ENTER NMT OF THESE LINES )

3610C

3620C LINE TEMP E PR AL

3630C

3640C TEMP : TEMPERATURE ( DEGREES F. )

3650C E : ELASTIC MODULUS ( 10**6 P.S.I. )

3660C PR : POISSON’S RATIO )

3670C AL : MEAN COEFFICIENT OF THERMAL EXPANSION ( 10**-6 IN/IN-DEG.
= /MHT3/INPUT -- PAGE=
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3680C
assocllﬂﬂ"ﬂ"ﬁ"#0'###0‘d'ﬂ#dﬂ'ﬂﬂ#dﬂ'#d‘##'###!d#l'#lﬂﬂdﬂ'ﬁ#l###ﬂﬁ"#"
3700C V.1.2 ORTHOTROPIC MATERIAL

3710C

3720C IF(MTN.GT.0)

3730C (ENTER NMT OF THE FOLLOWING LINES)

3740C (DIRECTIONS 1.2,3 CORRESPOND TO THE MATERIAL ORTHOTROPIC AXES X' ,Y',2')
3750C

3760C LINE TEMP E11 E22 E33 NU12 NU13 NU23 G12 G23 G31 ALt AL2 AL3
3770C

3780C TEMP : TEMPERATURE AT WHICH PROPERTIES ARE GIVEN ( DEG. F. )
3790C €11 : ELASTIC MODULUS IN THE 1 DIRECTION

3800C €22 : ELASTIC MODULUS IN THE 2 DIRECTION

3810C E33 : ELASTIC MODULUS IN TME 3 DIRECTION

3820C NU12 : POISSON’'S RATIO RELATING DIRECTIONS 1 AND 2

3830C NU13 : POISSON’S RATIO RELATING DIRECTIONS 1 AND 3

3840C NU23 : POISSON'S RATIO RELATING DIRECTIONS 2 AND 3

3850C G12 : SHEAR MODULUS IN THE 1-2 PLANE

3860C G23 : SHEAR MODULUS IN THE 2-3 PLANE

3870C G31 : SHEAR MODULUS IN THE 3-1 PLANE

3880C ALt . MEAN COEFFICIENT OF THERMAL EXPANSION IN THE 1 DIRECTION
3890C AL2 : MEAN COEFFICIENT OF THERMAL EXPANSION IN THE 2 DIRECTION
3900C AL3 : MEAN COEFFICIENT OF THERMAL EXPANSION IN THE 3 DIRECTION
3910C

aszoc-.---.I--I--‘I----.-l.-..‘--'.‘--I--.-...-..I.--I--.‘I'-.--.---‘I--.

3930C V.2 ORTHOTROPIC AXIS ORIENTATION TABLE

3940C

3950C LINE NOR

3960C -

3870C NOR : NUMBER OF ORIENTATION SPECIFICATIONS

3980C (O.LE.NOR.LE.10) 1.e. MAX OF 10 ORIENTATION SYSTEMS ALLOWED
3990C (NOTE: IF THE MATERIALS ARE ISOTROPIC OR THE ORTHOTROPIC AXES
4000C COINCIDE WITH THE GLOBAL AXES. ENTER 0)

4010C ENTER O. ( MAXIMUM OF 10 SPECIFICATIONS ALLOWED )

4020C

4030C IF(NOR.GT.0)
4040C ( ENTER NOR LINES OF THE FOLLOWING )

4080C

4060C LINE I NO NP NO

4070C

4080C I : ORIENTATION IDENTIFIER ( IOR IN ELEMENT INPUT )

4080C NO, NP, NQ : NODE NUMBERS IDENTIFYING ORTHOTROPIC AXES ( SEC. I1.2)
4100C

“11°C--.--..-.-------.--...--..-..-....'.---.--..----.--.--.--.--'..-.-..

4120C V.3 INELASTIC MATERIAL PROPERTIES

4130C
4140C (IF NPCI.EQ.2.0R.NPCI1.EQ.12 )

4180C (IF LAWCRP.EQ.1.0R.LAWCRP.EQ.12)

4160C (ENTER MTN OF THE NEXT FOUR LINE SETS - MTN,SSTEMP,PPV,AND BET)
4170C

41B0C LINE MTN NPTS NTM

4190C

4200C MTN : MATERIAL NUMBER .

4210C NPTS : NUMBER OF STRESS-STRAIN POINTS PER CURVE

4220¢C NTM  : NUMBER OF TEMPERATURES FOR WHICH STRESS~STRAIN CURVES ARE GIVEN
4230C

4240C

4250C LINE SSTEMP(1) SSTEMP(2) ..... SSTEMP(NTM)

4260C

4270C SSTEMP : ARRAY OF TEMPERATURES WHERE STRESS-STRAIN CURVES ARE GIVEN
4280C (IN INCREASING ORDER)

4280C

4300C LINE PPV(MTN,I,1,1) PPV(MTN.I.1.2)

4310C LINE PPV(MTN,I,2,1) PPV(MTIN,I,2,2)

4320C . )

4330¢C

4340C
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4350C LINE PPV(MTN,I.NPTS,1) PPV(MTN,I.NPTS,2)

4360C

4370C PPV(MTN,I,dJ,1) : STRESS VALUES IN INCREASING ORDER FROM uU=1 TO NPTS
4380C FOR TEMPERATURE I AND MATERIAL MTN

4390¢C PPV(MTN.I,J,2) : STRAIN VALUES IN INCREASING ORDER FROM U=t TO NPTS
4400¢ FOR TEMPERATURE I AND MATERIAL MTN

4410C

4420C LINE BET(1) BET(2) ..... BET(NTM)

4430C

4440C BET : ARRAY OF HARDENING COEFFICIENTS FOR SAME TEMPERATURES WHMERE
4450C STRESS-STRAIN CURVES GIVEN

4460C

4470C (IF LAWCRP .EQ.2.0R.LAWCRP . EQ.12)

4480C (ENTER MTN OF THE FOLLOWING TWO LINE SETS)

4490C

4500C LINE NCTP TCUT SNORM

4510C

4520¢C NCTP : NUMBER OF TEMPERATURES WHERE CREEP PROPERTIES SPECIFIED
4530C TCUT : CUTOFF TEMPERATURE BELOW WHICH NO CREEP OCCURS

4540C SNORM : NORMALIZING STRESS (IN PSI) FOR THE FOLLOWING CREEP PROPERTIES
4550C

4560C (ENTER NCTP OF THE FOLLOWING LINE)

4570C

4580C LINE TEMP Q R STRCUT

4590C

4600¢C TEMP : TEMPERATURE WHERE THESE CREEP PROPERTIES APPLY

4610C Q : CREEP PROPERTY

4620C R : CREEP PROPERTY (CREEP STRAIN = Q * STRESS *=* R)

4630C STRCUT : CUTOFF STRESS (IN PSI) BELOW WHICH NO CREEP OCCURS
4640C

4650C ==---cecrcmcctmccccncceccccereccccccee e cccccrcmea———-

4660¢C

4670C VI TIME AND TIME INCREMENTING CONTROL INPUT

4680C

4690C LINE N2M TCRP TINIT ECMAX SIGMAX ERMAX DELMIN DELMUL

4700C

4710C  N2Mm : NUMBER OF EQUAL TIME STEPS IN THIS LODAD CASE, IF N2M=0O
4720¢C DYNAMIC TIME INCREMENTING WILL BE USED

4730C TCRP : TOTAL TIME IN THIS LOAD CASE ( SECONDS ).

4740C TINIT : INITIAL TIME STEP. IF THIS IS NOT THE FIRST LOAD CASE AND
4750C 0.0 IS INPUT, .5 TIMES THE LAST CALCULATED TIME STEP OF TME
4780C PREVIOUS LOAD CASE IS USED. IF THIS IS THE FIRST LOAD CASE OR
4770C IF THIS IS THE FIRST LOAD CASE OF A RESTART AND 0.0 IS INPUT,
4780C DELMIN IS USED.

4790C ECMAX : MAXIMUM INELASTIC STRAIN INCREMENT DESIRED IN ANY TIME STEP.
4800C DEFAULT VALUE IS .000100.

4810C SIGMAX : MAXIMUM CHANGE IN STRESS DESIRED IN ANY TIME STEP.

4820¢C DEFAULT VALUE IS 1000 PSI.

4830C ERMAX : MAXIMUM ESTIMATED INTEGRATION ERROR ALLOWED IN ANY TIME STEP.
4840C DEFAULT 1S .01 ( 1% ). .

4850C DELMIN : MINIMUM ALLOWABLE TIME STEP. DEFAULT VALUE IS .001 TIMES
4860C TCRP.

4870C  DELMUL : MAXIMUM MULTIPLIER ALLOWED ON CURRENT TIME STEP IN

4880C CALCULATING THE NEXT TIME STEP. DEFAULT = 1.5

4890C

4900¢C
4910C-===ccccceccccaccrctccecctnncnccoccverae e e r e ceerare oo e oo a-
4920C VI1 CONVERGENCE CRITERIA

43830¢C

4940C LINE IDM ICON DELSIG DELEPS

4850¢C

4960C IDM : MATERIAL NUMBER

4970C ICON : CONVERGENCE CRITERIA CODE

4980C = 1 CHANGE IN EFFECTIVE STRESS FOR SUBSEQUENT ITERATIONS
4990C MUST BE LESS THAN DELSIG

$000C = 2 CHANGE IN EFFECTIVE INELASTIC STRAIN INCREMENT FOR
5010C SUBSEQUENT ITERATIONS MUST BE LESS THAN DELEPS DELEPS
-~ /MHT3/INPUT -- PAGEs 6
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5020C
5030C DELSIG
5040C
5050C DELEPS
5060C
5070C
5080C

5090C-=-==-==-====

= 3 BOTH CONDITIONS 1 AND 2 MUST BE SATISFIED. DEFAULT = 3
CONVERGENCE TOLERANCE ON EFFECTIVE STRESS.

DEFAULT = ,01*SIGMAX

CONVERGENCE TOLERANCE ON EFFECTIVE INELASTIC STRAIN INCREMENT.
DEFAULT = . O1*ECMAX

S100C VIII INITIAL CONSTRAINED DISPLACEMENTS

S110C

$120C LINE NDB

5130C

5140C NDOB = NUMBER OF CONSTRAINED DISPLACEMENT SPECIFICATIONS

5180C

5160C ( ENTER NDB OF THE FOLLOWING LINES )

5170C

5180C LINE N
$190C

5200¢C N
§210C IDIR
5220C

$230C

5240C

5250C VALUE
5260C NEND
5270C NINC
5280C

5290C

5300C

IDIR VALUE NEND NINC

NODE NUMBER

DIRECTION CONSTRAINED

1 X CONSTRAINED ( ANY COMBINATION OF CODES,
2 Y CONSTRAINED i.e. 12, t3, OR 123

= 3 Z CONSTRAINED MAY ALSO BE USED)

NUMERICAL VALUE OF CONSTRAINED DISPLACEMENT. DEFAULT IS 0.0

LAST NODE NUMBER HAVING THIS CONSTRAINT. IF OMITTED N IS ASSUMED
INCREMENT TO BE USED FOR CONSTRAINT GENERATION FROM N TO NEND
DEFAULT IS 1. ( OPTIONAL )

5320C IX INITIAL NODAL APPLIED FORCES

S340C LINE NFB

$360C NFB : NUMBER OF APPLIED NODAL FORCE SPECIFICATIONS

S380C ( ENTER NFB OF THE FOLLOWING LINES )

S400C LINE N

IDIR VALUE NEND NINC

5420C N NODE NUMBER )

5430C IDIR DIRECTION OF APPLIED FORCE
5440C = 1 X DIRECTION

5450C = 2 Y DIRECTION

5460C = 3 Z DIRECTION

5470C VALUE
S5480C NEND
$490C NINC

5530C---~==---=

NUMERICAL VALUE OF FORCE TO BE APPLIED ( LBS )

LAST NODE HAVING THIS APPLIED FORCE. IF OMITTED N IS ASSUMED
INCREMENT TO BE USED FOR FORCE GENERATION FROM N TO NEND.
DEFAULT IS 1. ( OPTIONAL )

5540C X INITIAL NODAL TEMPERATURES

S560C LINE NTEMPS

5580C NTEMPS

: NUMBER OF TEMPERATURE INPUT LINES

S600C ( ENTER NTEMPS OF THE FOLLOWING LINES )

56 10C

5620C LINE N
5630C

5640C N

5650C TEMP
5660C ITYPE

== /MHT3/INPUT

TEMP ITYPE NEND NINC

NODE NUMBER
TEMPERATURE ( DEGREES F. )
INDICATOR FOR TYPE OF TEMPERATURE REVISION

= O CHANGE NODAL TEMPERATURE TO TEMP
= 1 INCREMENT NODAL TEMPERATURE BY TEMP
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5680C NEND
5700C NINC
5710C
5720C
§730C

5740C---=======

S750C XI INITI
5760C
5770C LINE NPL
§780C

PAGE= 8

LAST NODE HAVING THE GIVEN TEMPERATURE. IF OMITTED N IS ASSUMED

INCREMENT TO BE USED ON TEMPERATURE GENERATION FROM N TO NEND.

IF OMITTED 1 IS ASSUMED

AL ELEMENT PRESSURE LOADS

5790C NPL : NUMBER OF PRESSURE INPUT LINES

5800C

5810C ( ENTER NPL OF THE FOLLOWING LINES )

5820C
5830C LINE NEL
5840C

5850C  NEL
5860C  IFACE
5870C P :
5880C P2, P3,
5890C

S900

5910C  NEND
5920¢C

$930C  NINC
5940C

5950C

5960C
5970C==========

5980C XII LOAD
5980C

IFACE P1 P2 P3I P4 PS P6E P7 PB NEND NINC

ELEMENT NUMBER

FACE NUMBER ( IFACE.GE.1.AND.IFACE.LE.6 )

PRESSURE AT NODE 1t ( PSI )

P4, PS, P6, P7, PB : PRESSURES AT NODES 2,....8 ON THE FACE.
IF OMITTED THEY ARE SET EQUAL TO P1,

(POSITIVE PRESSURES INDUCE COMPRESSION IN THE ELEMENT )

LAST ELEMENT HAVING THIS PRESSURE LOADING. IF OMITTED NEL IS

ASSUMED

INCREMENT TO BE USED FOR ELEMENT PRESSURE GENERATION FROM

NEL TO NEND. IF OMITTED NEL IS ASSUMED

CASE INFORMATION, FINAL CONDITIONS

[Helelelel ELEL R E L L E N L L E R R R e e e iU

6010C XI1.1 LOAD CASE CONTROL CARD

6020C
6030C LINE RPM
6040C
SOSOC"'""""

IAXIS IACC NTI

6060C XI1.2 ACCELERATION SPECIFICATIONS FOR INERTIA OR GRAVITY LDADS

6070C

6080C LINE ACCELX ACCELY ACCELZ

6080¢C
6100C
6110C-===~==~-c-

€120C XIII NODAL CONSTRAINED DISPLACEMENTS

6130C
6140C LINE NDB
6150C

6160C ( ENTER NDB OF THE FOLLOWING LINES )

6170C

©180C LINE N
6190C

6200C
6210C~~=wm=mo==
€220C X1V NODAL
€230C

6240C LINE NFB
6250C

€260C ( ENTER N
6270C

€280C LINE N
6290C

6300C
€310C-====w=m=-
8320C XV NODAL
€330C

IDIR VALUE NEND NINC

APPLIED FORCES

FB OF THE FOLLOWING LINES )
IDIR VALUE NEND NINC

- . - - > - - - R - - - - - - - - - - - -

TEMPERATURES

8340C LINE NTEMPS

8350C

== /MHT3/INPUT
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6360C ( ENTER NTEMPS OF THE FOLLOWING LINES )

6370C

6380C LINE N

6380C
6400C

64 10C - ===~ m e o e e e e e el

TEMP ITYPE NEND NINC

6420C XVI ELEMENT PRESSURE LOADS

6430C

6440C LINE NPL

6450C

6460C ( ENTER NPL OF THE FOLLOWING LINES )

6470C

6480C LINE NEL

== /MHT3/INPUT

IFACE P1 P2 P3 P4
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TITLE= INPUT FOR T3CYAN WITH SIMPLE

1000C
1010C
1020C
1030C
1040C
1050C
1060C
1070C
1080C
1090C
1100C
1110C
1120C
1130C
1140C
1150C
1160C
1170C
1180C
1190C
1200C
1210C
1220C
1230C
1240C
1280C
1260C
1270C
1280C
1290C
1300C
1310C
1320C
1330C
1340C
1350C
1360C
1370C
1380C
1380C
1400C
1410C
1420C
1430C
1440C
1450C
1460C
1470C
1480C
1480C
1500C
1510C
1520C

Bk et L T T T T,

1540C
1550C
1560C
1870C
1580C
1590C
1600C
1610C

162°c...-.ﬂ.--l--------‘.-.'----..'II.----------..‘-..-..-‘.----..-..-.-

ORGANIZATION OF INPUT
FOR T3CYAN WITH SIMPLE PLASTICITY AND SIMPLE CREEP

I HEADING AND CONTROL INFORMATION
I.1 TITLE CARD
1.2 PROBLEM SIZING
1.3 ANALYSIS AND RESTART OPTIONS
1.4 EQUATION NUMBERING AND BANDING OPTIONS
I1 NODE COORDINATES AND TRANSFORMATIONS
II.1 NODE COORDINATES
I1.2 LOCAL NODE COORDINATE SYSTEM TRANSFORMATIONS
I11 ELEMENT DEFINITION
II1.1 MEADER LINE FOR ELEMENT
IIT.2 20 NODED SOLID DEFINITION
IV LOAD CASE INFORMATION, INITIAL CONDITIONS
IV.1 LOAD CASE CONTROL CARD
IV.2 ACCELERATION SPECIFICATIONS
V MATERIAL PHYSICAL PROPERTIES
V.1 MATERIAL PHYSICAL PROPERTIES
V.1.1 ISOTROPIC ELASTIC PROPERTIES
V.1.2 ORTHOTROPIC ELASTIC PROPERTIES
V.2 ORTHOTROPIC AXES ORIENTATION TABLE
V.3 INELASTIC MATERIAL CHARACTERIZATION
VI TIME AND TIME INCREMENTING CONTROL
VII CONVERGENCE CRITERIA
VIII INITIAL NODAL CONSTRAINED DISPLACEMENTS
IX INITIAL NODAL APPLIED FORCES
X INITIAL NODAL TEMPERATURES
X1 INITIAL ELEMENT PRESSURE LOADS
XI1 LOAD CASE INFORMATION, FINAL CONDITIONS
XI1.1 LOAD CASE CONTROL CARD
X11.2 ACCELERATION SPECIFICATION
XIII FINAL NODAL CONSTRAINED DISPLACEMENTS
XIV FINAL NODAL APPLIED FORCES
XV FINAL NODAL TEMPERATURES

XV1 FINAL ELEMENT PRESSURE LOADS

I MEADING AND CONTROL INFORMATION
I.1 TITLE CARD

LINE ITITLE

ITITLE = ANY 1 TO 72 CHARACTER TITLE FOR THE ANALYSIS

1630C 1.2 PROBLEM SIZING

1640C

1650C LINE NUMNP NM IT RTEM NLC

1660C

-- GE/MHINEP -
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WHICH THE RESTART IS TO PROCEED

TITLEs INPUT FOR T3CYAN WITH SIMPLE DATE =10/16/85

1670C  NUMNP : NUMBER OF STRUCTURAL NODES ( ENTER AS A NEGATIVE NUMBER FOR
1680C TIMING SUMMARY ) R

1690C  NM NUMBER OF DIFFERENT MATERIALS ( MAXIMUM=3 )

1700C IT : THERMAL STRESS OPTION

1710C = O INCLUDE THERMAL LOADS

1720€ = 1 IGNORE THERMAL LOADS

1730C  RTEM REFERENCE TEMPERATURE ( DEGREES F )

1740C  NLC  : NUMBER OF LOAD CASES

1750C
17G°C.--.-------.-..-----.------‘..'-..--.-.--.----..-..-.--.---.---..---
1770C 1.3 ANALYSIS AND RESTART OPTIONS

1780C

1780C LINE LAWCRP NOUT NRESTA INREST MASSCO

1800C

1810C  LAWCRP : TYPE OF INELASTIC ANALYSIS

1820C = O ELASTIC ANALYSIS

1830C * 1 HAISLER-ALLEN PLASTICITY

1840C « 2 SECONDARY CREEP MODEL

1850C =12 PLASTICITY AND CREEP COMBINED

1860C  NOUT OUTPUT FILE CREATION OPTION

1870C = O DO NOT CREATE OUTPUT FILE

1880C = 1 CREATE OUTPUT FILE

1890C  NRESTA : RESTART OPTION

1800C * O THIS IS NOT A RESTART RUN

1910¢C > O INPUT THE LOAD CASE FROM

1920C  NOTE:(OUTPUT FROM THIS CASE MUST HAVE BEEN PREVIOUSLY PUT ON AN OUTPUT
1930¢C FILE. THE FIRST NEW LOAD CASE WILL BE LABELED AS NRESTA + 1.)
1940C

1950C  INREST : LOAD CASE NUMBER IN THE CURRENT INPUT FILE WHICH BECOMES
1960C THE FIRST NEW LOAD CASE TO BE SOLVED WHEN RESTARTING. WMERE
1970¢ ( 1.LE.INREST.LE.NLC ). IF O IS INPUT INREST = 1 IS ASSUMED
1980¢C

1990C  MASSCD : MASS MATRIX FLAG

2000¢ = O DO NOT CREATE MASS MATRIX

2010C = 1 CREATE LUMPED MASS MATRIX

2020¢ = 2 CREATE CONSISTENT MASS MATRIX

2030¢
2odoc-----I---.-l--.-.-I-----l--..‘.-----.-----I----..-..-I-‘l--lﬂ---.---
2050C 1.4 EQUATION NUMBERING AND BANDING OPTIONS

2060¢

2070C LINE N 1IBAND IPBAND

2080¢C

2090C N KEY CODE

2100C * O NO NUMBERING OR BANDING

2110¢ = -1 ACTIVATE NUMBERING AND BANDING OPTION
2120C  IBAND : BANDING OPTION
2130C = O USE DEFAULT OPTION
2140C = 1 ASSUME NODE NUMBER IS THE SAME AS MATRIX POSITION
2150C = 2 ASSUME INPUT NODE ORDER DEFINES MATRIX POSITION

2160C  IPBAND : PRINTOUT OPTION

2170C = O NO PRINTOUT OF EQUATION NUMBERS
2180C = 1 PRINT OUT THE EQUATION NUMBER FOR EACH DEGREE OF FREEDOM
2190C

2200¢

2210€ == == oo et e e ceccceiaccceeescesccccmcmmmammee——ae
2220C 11 NODE COORDINATES AND TRANSFORMATIONS

2230C

22‘°C'.--l--.-----.I-.-..---‘--.'..l.-‘ll.----..-..“....-...-----.....‘-

2280C II.1 NODE COORDINATES

2260C : ’

2270C (ENTER THE FOLLOWING LINE FCR EACH NODE)
2280C

2290C LINE N X Y 2

2300C

2310C N NODE NUMBER

2320C X NODE X COORDINATE

2330C Y NODE Y COORDINATE
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TITLE= INPUT FOR T3CYAN WITH SIMPLE DATE =10/16/8S TIME = 10.28
2340C Z : NODE Z COQRDINATE

2350C

2360C (AFTER THE LAST NODE ENTER THE FOLLOWING LINE)

2370C

2380C LINE O NSKEW
2390C NSKEW : INDICATOR FOR LOCAL NODE COORDINATE SYSTEM TRANSFORMATION

2400C = O NONE WILL BE INPUT
2410C = 1 ONE OR MORE WILL BE INPUT
2420C

PL3clelod Ll R L R R L L ey Sul
2440C II1.2 LOCAL NODE COORDINATE SYSTEM TRANSFORMATIONS

2450C

2460C IF(NSKEW.GT.0)

2470C ( ENTER ALL NODES WITH LOCAL COORDINATE SYSTEM TRANSFORMATIONS)
2480C

2490C LINE N NO NI N

2500C LINE ©

2510C

2520C N : NODE NUMBER HAVING A ROTATED LOCAL COORDINATE SYSTEM
2530C NO : NODE ON LOCAL X AXIS

2540C NI : NODE ON LOCAL X AXIS IN THE +X DIRECTION FROM NO

2550C NJ : NODE IN LOCAL XY PLANE SUCH THAT THE +2 AXIS IS IN THE

2560C DIRECTION OF THE VECTOR P3 = (NO-NI) X (NO-NJ). THE +Y AXIS IS

2570C IN THE DIRECTION OF THE VECTOR P2 = P3 X (NO-NI)

2580C

2590¢C

2600C

2610C ===~ e cecmmeeeeemccccmcoaa mmmmmeecmmcccccaaae
2620C Il ELEMENT DEFINITION

2630C
264oc-------..---n----‘-.----.--.-----.------.----.-..---..--‘--.-.--.‘-.
2650C II1.1 HEADER LINE FOR ELEMENT DATA

2660C

2670C LINE IPRINT

2680C  IPRINT : ELEMENT DATA EXTENDED PRINTOUT OPTION

2690C = O NONE

2700C *= 1 DUMP VOLUMES AND DISTORTION PARAMETERS

2710C = 2 ALSO DUMP ELEMENT STIFFNESSES

2720C * 3 ALSO DUMP ELEMENT EQUIVALENT NODAL FORCES AND MASSES
2730C

2740(:---l---t-----t--------------l‘l-n-tt--ll--l-.lt---—l---u-l-l-----l-t
2750C I1I.2 20 NODED SOLID DEFINITION

2760C

2770C (ENTER THE FOLLOWING LINES FOR EACH ELEMENT)

2780C '

2790C LINE NEL N1 N2 N3 N4 N5 N6 N7 N8 NS N1O N1t Ni2

2800C LINE N13 N14 N1S N6 N17 Ni18 N19 N20 IMAT IOR

2810C LINE NO NP NQ ( OPTIONAL LINE, ENTER ONLY IF IOR = 100)

2820C

2B30C LINE O

2840C
2850C NEL : ELEMENT NUMBER
2860C N1 ... N20 : NODES DEFINING THE ELEMENT ( SEE FIG II1l.2 )

2870C IMAT : MATERIAL NUMBER
2880C IOR : ORTHOTROPIC MATERIAL AXIS SYSTEM INDICATOR

2890C = O ISOTROPIC MATERIAL

2900C (1.LE.IOR.LE.99) IOR IS ORIENTATION IDENTIFIER OF SYSTEM
2910C GIVEN UNDER MATERIAL DATA SECTION V.2
2820C = 100 ORTHOTROPIC AXES DEFINED BY OPTIONAL LINE OF INPUT
2930C

2940C

2950C
2960C-====mescccecmececmnccmcaccncc o e o e c e r s e s e et~
2870C 1V LOAD CASE INFORMATION, INITIAL CONDITIONS

2980C

2990C.-----‘---..---..---'-.-.-l'l'..-..--.‘--'.---.---‘-l...---------.--

3000C IV.1 LOAD CASE CONTROL CARD
=~ GE/MHINEP -- PAGE= 3
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TITLE= INPUT FOR T3ICYAN WITH SIMPLE DATE =10/16/85 TIME = 10.28
3010C

3020C LINE RPM TAXIS IACC NPCI NTI ITHST

3030C

3040C RPM : ROTATIONAL SPEED IN RPM

3050C IAXIS : GLOBAL AXIS ABOUT WHICH STRUCTURE IS ROTATING
3060C = 1 X AXIS

3070C = 2 Y AXIS

3080C = 3 Z AXIS

3090C IACC : INDICATOR FOR INPUT OF ACCELERATON LOADS IN GROUP IV.2
3100C = O NO INPUT

3110C = 1 ACCELERATION LOADS ARE INPUT

3120C NPCI : INOICATOR FOR A CHANGE IN MATERIAL PROPERTIES

3130C = O NO CHANGE TO MATERIAL PROPERTIES

3140C = 1 CHANGE ELASTIC PROPERTIES ( GROUPS V.1 AND V.2)
3150C * 2 CHANGE INELASTIC PROPERTIES ( GROUP V.3 )

3160C * 12 CHANGE ELASTIC AND INELASTIC PROPERTIES

3170C NOTE: IF THIS IS FIRST LOAD CASE. PROGRAM SETS NPCI=1{2
3180C
3190C NTI . NUMBER OF NODAL TEMPERATURES WHICH ARE RESPECIFIED,

3200C = O NO RESPECIFIED TEMPERATURES, STIFFNESS 1S RECOMPUTED
3210C = =1 NO RESPECIFIED TEMPERATURES, STIFFNESS IS NOT RECOMPUTED
3220C > O NTI RESPECIFIED TEMPERATURES, STIFFNESS IS RECOMPUTED
3230C ITHST : TOTAL STRAIN PRINTOUT OPTION

3240C = O INCLUDE THERMAL STRAINS IN TOTAL STRAIN PRINTOUT

3280C = 1 DO NOT INCLUDE THERMAL STRAINS IN TOTAL STRAIN PRINTOUT
3260C
327ocn---------------t--------.-------.---l--.--n--------------.-.-------
3280C IV.2 ACCELERATION SPECIFICATION FOR INERTIAL OR GRAVITY LOADS

3290C

3300C IF(IACC.GT.0)

3310C LINE ACCELX ACCELY ACCEL2

3320C :

3330C ACCELX : ACCELERATION OF STRUCTURE ( IN/SEC®**2 ) IN GLOBAL X
3340C ACCELY : ACCELERATION OF STRUCTURE ( IN/SEC**2 ) IN GLOBAL Y
33s50C ACCELZ : ACCELERATION OF STRUCTURE ( IN/SEC*<*2 ) IN GLOBAL 2
3360C

3370C
33B0C-=-==----cccccccccnen e cmccccacccccceccemenececccccccceccce e ————e
3390C V MATERIAL PHYSICAL PROPERTIES

3400C
341oc---.--.---.‘----.--.--‘.---.-.--..‘--.-------------I-----.----.--.-.
3420C V.1 ELASTIC CONSTANTS

3430C .

3440C IF(NPCI .EQ.1.OR.NPCI.EQ. 12)

3450C (ENTER NM OF THE FOLLOWING LINES)

3460C

3470C LINE MTN NMT DEN

3480C

3490C MTN : MATERIAL NUMBER ( MTN.GE.1.AND.MTN.LE.NM )

3500C (IF MATERIAL IS ISOTROPIC, INPUT MTN AS A NEGATIVE NUMBER
3510C TO SIMPLIFY INPUT) .

3520C NMT : NUMBER OF TEMPERATURES AT WHICH ELASTIC PROPERTIES WILL BE
3530C GIVEN FOR THIS MATERIAL

3540C . DEN : WEIGHT DENSITY OF THE MATERIAL ( POUNDS/IN==3 )

3550C

koo A L L LA T F T R Y Y Y AT Y Y Y Y 2 T A2 T
3570C V.1.1 ISOTROPIC MATERIAL

3580C

3590C IF(MTN.LT.O)

3600C ( ENTER NMT OF THESE LINES )

3610C
3620C LINE TEMP E PR AL

3630C

3640C TEMP : TEMPERATURE ( DEGREES F. )

3650C E : ELASTIC MODULUS ( 10**6 P.S.1. )

3660C PR : POISSON’S RATIO

3670C AL : MEAN COEFFICIENT OF THERMAL EXPANSION ( 10**-6 IN/IN-DEG. F.
-- GE/MHINEP .- PAGE= 4
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TITLE= INPUT FOR T3CYAN WITH SIMPLE DATE =10/16/85 TIME = 10.28
3680C
SCOOCHNNNANNIRINUENNARANRA AR IR AN RN NN AR AN RANN RN BN

3700C V.1.2
3710C

3720C IF(MTN.
3730C (ENTER
3740C (DIREC
3780C

3760C LINE TEMP
3770C

3780C TEMP
3790C E11
3800C E22
3810C E33

3820C NU12
3830C NU13
3840C NU23

3850C G12
3860C G23
3870C G3+t
3880C ALY
3880C AL2
3900C AL3
3910C
3920C*swmansnns

3830C V.2 OR
3940C
3950C LINE NOR
3960C

ORTHOTROPIC MATERIAL

GT.0)
NMT OF THE FOLLOWING LINES)

TIONS 1,2,3 CORRESPOND TO THE MATERIAL ORTHOTROPIC AXES X' .v’/,Z')

E11 E22 E33 NU12 NU1T3 NU23 G12 G23 G31 AL1 AL2 AL3

TEMPERATURE AT WHICH PROPERTIES ARE GIVEN ( DEG. F. )
ELASTIC MODULUS IN THE 1 DIRECTION

ELASTIC MODULUS IN THE 2 DIRECTION

ELASTIC MODULUS IN THE 3 DIRECTION

POISSON’S RATIO RELATING DIRECTIONS 1 AND 2

POISSON’S RATIO RELATING DIRECTIONS 1 AND 3

POISSON’S RATIO RELATING DIRECTIONS 2 AND 3

SHEAR MODULUS IN THE 1-2 PLANE

SHEAR MODULUS IN THE 2-3 PLANE

SHEAR MODULUS IN THE 3-1 PLANE

MEAN COEFFICIENT OF THERMAL EXPANSION IN THE 1 DIRECTION
MEAN COEFFICIENT OF THERMAL EXPANSION IN THE 2 DIRECTION
MEAN COEFFICIENT OF THERMAL EXPANSION IN THE 3 DIRECTION

AR EE S A R R L R Y Y R I T I I I I YT Y T ™™

THOTROPIC AX1IS ORIENTATION TABLE

3870C NOR : NUMBER OF ORIENTATION SPECIFICATIONS

3980C (0
3990C (NOTE
4000C
4010C ENTER
4020C

4030C IF(NOR.

-LE.NOR.LE.10) i.e. MAX OF 10 ORIENTATION SYSTEMS ALLOWED

: IF THE MATERIALS ARE ISOTROPIC OR THE ORTHOTROPIC AXES
COINCIDE WITH THE GLOBAL AXES, ENTER 0)

O. ( MAXIMUM OF 10 SPECIFICATIONS ALLOWED )

GT.0)

4040C ( ENTER NOR LINES OF THE FOLLOWING )

40s0C
4060C LINE I
4070C

4080C I
4090C NO, NP,
4100C

4110Coeesnsnsanzan
4120C V.3 INEL
4130C

4140C (IF N
4150C (1F L
4160C (ENTE

4170C
4180C LINE MTN
4190C

4200C MTN
4210C NPTS
4220C NTM
4230C

4240C

4250C LINE SST
4260C

a270¢C SSTEM
4280C

4290C

4300C LINE PPV

NO NP NQ

ORIENTATION IDENTIFIER ( IOR IN ELEMENT INPUT )

NQ ; NODE NUMBERS IDENTIFYING ORTHOTROPIC AXES ( SEC. II.2 )

AR AR A A A S A A R R Y R R R P P P P PR R R s

ASTIC MATERIAL PROPERTIES

PC1.EQ.2.0R.NPCI .EQ. 12 )

AWCRP .EQ.1.0R.LAWCRP .EQ.12)

R MTN OF THE NEXT FOUR LINE SETS - MTN,SSTEMP,PPV)
NPTS NTM

MATERIAL NUMBER
NUMBER OF STRESS-STRAIN POINTS PER CURVE

NUMBER OF TEMPERATURES FOR WHICH STRESS-STRAIN CURVES ARE GIVEN

EMP(1) SSTEMP(2) ..... SSTEMP(NTM)

P : ARRAY OF TEMPERATURES WHERE STRESS-STRAIN CURVES ARE GIVEN

(IN INCREASING ORDER)

(MTN,I,1,1) PPV(MTN,I1,1,

2)
4310C LINE PPV(MTN,I1,2,1) PPV(MTIN,I,2.2)

4320C
4330C
4340C

-= GE/MHINEP
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TITLE= INPUT FOR T3CYAN WITH SIMPLE DATE =10/16/85 TIME = 10.28 PAGE= &
4350C LINE PPV(MTN.I NPTS,1) PPV(MTN,I ,NPTS,2)

4360C

4370C PPV(MTN,I,J.1) : STRESS VALUES IN INCREASING ORDER FROM uU=1 TO NPTS
4380C FOR TEMPERATURE 1 AND MATERIAL MTN

4390¢ PPV(MTN.1,J,2) : STRAIN VALUES IN INCREASING ORDER FROM U=t TO NPTS
4400C FOR TEMPERATURE 1 AND MATERIAL MTN

4410C

4420C (IF LAWCRP .EQ.2.0R.LAWCRP.EQ.12)

4430C (ENTER MTN OF THE FOLLOWING TWO LINE SETS)

4440C

44S0C LINE NCTP TCUT SNORM

4460C

4470C NCTP  : NUMBER OF TEMPERATURES WHERE CREEP PROPERTIES SPECIFIED
4480C TCUT : CUTOFF TEMPERATURE BELOW WHICH NO CREEP OCCURS

4490C SNORM : NORMALIZING STRESS (IN PSI) FOR THE FOLLOWING CREEP PROPERTIES
4500C

4510C (ENTER NCTP OF THE FOLLOWING LINE)

4520C

4S30C LINE TEMP Q R STRCUT

4540C

4550C TEMP : TEMPERATURE WHERE THESE CREEP PROPERTIES APPLY

4560C Q : CREEP PROPERTY

4570¢ R : CREEP PROPERTY (CREEP STRAIN = Q * STRESS == R)

4580C STRCUT : CUTOFF STRESS (IN PSI) BELOW WHICH NO CREEP OCCURS

4590C .

4600 === oo et m e et e mcccmcemec e

4610C

4620C VI TIME AND TIME INCREMENTING CONTROL INPUT

4630C

4640C LINE N2M TCRP TINIT ECMAX SIGMAX ERMAX DELMIN DELMUL

4650C

4680C N2M : NUMBER OF EQUAL TIME STEPS IN THIS LOAD CASE, IF N2M=0
4670C DYNAMIC TIME INCREMENTING WILL BE USED

4680C TCRP . TOTAL TIME IN THIS LOAD CASE ( SECONDS ).

4690C TINIT : INITIAL TIME STEP. IF THIS IS NOT THE FIRST LDAD CASE AND
4700¢C 0.0 IS INPUT, .5 TIMES THE LAST CALCULATED TIME STEP OF THE

4710C PREVIOUS LDAD CASE IS USED. IF THIS IS THE FIRST LOAD CASE OR
4720¢C IF THIS IS THE FIRST LOAD CASE OF A RESTART AND 0.0 IS INPUT,
4730C DELMIN IS USED.

4740C ECMAX : MAXIMUM INELASTIC STRAIN INCREMENT DESIRED IN ANY TIME STEP.
4750C DEFAULT VALUE IS .000100.

4760C SIGMAX : MAXIMUM CHANGE IN STRESS DESIRED IN ANY TIME STEP.

4770C DEFAULT VALUE IS 1000 PSI.

4780C ERMAX : MAXIMUM ESTIMATED INTEGRATION ERROR ALLOWED IN ANY TIME STEP.
4790C DEFAULT IS .01 ( 1% ).

4800C DELMIN : MINIMUM ALLOWABLE TIME STEP. DEFAULT VALUE IS .001 TIMES
4810C TCRP.

4820C DELMUL : MAXIMUM MULTIPLIER ALLOWED ON CURRENT TIME STEP IN

4830C CALCULATING THE NEXT TIME STEP. DEFAULT = 1.5

4840C

4850C

4860C-==~===- SR RSttt bbb LD L L DD DL LT L e .
4870C VII CONVERGENCE CRITERIA

4880C

4890C LINE 1IDM 1ICON DELSIG DELEPS

4900¢C :

4910C 10M : MATERIAL NUMBER

4920¢C ICON : CONVERGENCE CRITERIA CODE

4930¢C = 1 CHANGE IN EFFECTIVE STRESS FOR SUBSEQUENT ITERATIONS
4840C MUST BE LESS THAN DELSIG

4950C ®= 2 CHANGE IN EFFECTIVE INELASTIC STRAIN INCREMENT FOR
4860C SUBSEQUENT ITERATIONS MUST BE LESS THAN DELEPS DELEPS
4870C = 3 BOTH CONDITIONS 1 AND 2 MUST BE SATISFIED, DEFAULT = 3
4980C DELSIG : CONVERGENCE TOLERANCE ON EFFECTIVE STRESS.

4990C DEFAULT = .O1*SIGMAX

S000C DELEPS : CONVERGENCE TOLERANCE ON EFFECTIVE INELASTIC STRAIN INCREMENT.
5010C DEFAULT = .Q1*ECMAX

-~ GE/MHINEP -- PAGE= &
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TITLE= INPUT FOR T3CYAN WITH SIMPLE DATE =10/16/8% TIME = 10.28
5020C
5030C
5040C === - emcccccreeec e ceeacccccecccnne e c et cccccccmaccme——em——-
S0S0C VIII INITIAL CONSTRAINED DISPLACEMENTS
5060C
SO70C LINE ND8
5080C
5090¢C NDB = NUMBER OF CONSTRAINED DISPLACEMENT SPECIFICATIONS
5100C
5110C ( ENTER NDB OF THE FOLLOWING LINES )
$120C
5130C LINE N IDIR VALUE NEND NINC
5140C
5150C N : NODE NUMBER
5160C IDIR : DIRECTION CONSTRAINED
5170C = 1 X CONSTRAINED ( ANY COMBINATION OF CODES,
5180C = 2 Y CONSTRAINED {.e. 12, 13, OR 123
5190C = 3 Z CONSTRAINED MAY ALSO BE USED)
§200C VALUE : NUMERICAL VALUE OF CONSTRAINED DISPLACEMENT. DEFAULT IS 0.0
$210C NEND : LAST NODE NUMBER HAVING THIS CONSTRAINT. IF OMITTED N IS ASSUMED
$220C NINC : INCREMENT TO BE USED FOR CONSTRAINT GENERATION FROM N TO NEND
§230C DEFAULT IS 1. ( OPTIONAL )
§240C
5250C
5260C =~ cmcccm e tcc e cc et ccn e ccrcccmccccctcccccmcmacm e —— e
S270C IX INITIAL NODAL APPLIED FORCES
5280C
S290C LINE NFB
$300C
§310C NFB : NUMBER OF APPLIED NODAL FORCE SPECIFICATIONS
§320C
5330C ( ENTER NFB OF THE FOLLOWING LINES )
5340C
S350C LINE N IDIR VALUE NEND NINC
5360C
§370C N : NODE NUMBER
5380C IDIR : DIRECTION OF APPLIED FORCE
£390C = t X DIRECTION
5400C = 2 Y DIRECTION
5410C = 3 Z DIRECTION
5420C VALUE : NUMERICAL VALUE OF FORCE TO BE APPLIED ( LBS )
5430C NEND : LAST NODE HAVING THIS APPLIED FORCE. IF OMITTED N IS ASSUMED
$440C NINC : INCREMENT TO BE USED FOR FORCE GENERATION FROM N TO NEND.
5450C DEFAULT IS t. ( OPTIONAL )
5460C
5470C
- ol et D L e e Seececcccccnancnns
S490C X INITIAL NODAL TEMPERATURES
5500C
S510C LINE NTEMPS
§520C
§530C NTEMPS : NUMBER OF TEMPERATURE INPUT LINES
5540C
SS550C ( ENTER NTEMPS OF THE FOLLOWING LINES )
5560C
SS70C LINE N TEMP ITYPE NEND NINC
5580C
5590C N : NODE NUMBER
5600C TEMP : TEMPERATURE ( DEGREES F. )
5610C ITYPE : INDICATOR FOR TYPE OF TEMPERATURE REVISION
5620C = O CHANGE NODAL TEMPERATURE TO TEMP
5630C s 1 INCREMENT NODAL TEMPERATURE BY TEMP
§640C NEND : LAST NODE MAVING THE GIVEN TEMPERATURE. IF OMITTED N IS ASSUMED
5650C NINC : INCREMENT TO BE USED ON TEMPERATURE GENERATION FROM N TO NEND.
5660C IF OMITTED 1 IS ASSUMED
$670C
5680C
PAGE=s 7
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TITLE= INPUT FOR T3CYAN WITH SIMPLE DATE =10/16/85 TIME = 10.28
560 = = o e e o e e e e e e e e e
5700C XI INITIAL ELEMENT PRESSURE LOADS

5710C

5720C LINE NPL

5730C

5740C  NPL : NUMBER OF PRESSURE INPUT LINES

5750C

5760C ( ENTER NPL OF THE FOLLOWING LINES )

5770C

S780C LINE NEL IFACE P1 P2 P3 P4 PS PG P7 P8 NEND NINC

5800C NEL : ELEMENT NUMBER

5810C IFACE : FACE NUMBER ( IFACE.GE.Y.AND.IFACE.LE.6 )

5820C P1 : PRESSURE AT NODE 1 ( PSI )

5830C P2, P3, P4, PS, P6, P7, P8 : PRESSURES AT NODES 2,...,8 ON THE FACE.
5840C IF OMITTED THEY ARE SET EQUAL TO P1.
5850 (POSITIVE PRESSURES INDUCE COMPRESSION IN THE ELEMENT )
5860C NEND : LAST ELEMENT HAVING THIS PRESSURE LOADING. IF OMITTED NEL IS
5870C ASSUMED '

$880C NINC : INCREMENT TO BE USED FOR ELEMENT PRESSURE GENERATION FROM
5890C NEL TO NEND. IF OMITTED NEL IS ASSUMED

$900C

$910C

5920C = oo e e e e cccccccccceae e —acoe-
$830C XI1 LOAD CASE INFORMATION, FINAL CONDITIONS

§940C

SQSOCIUtl.------.--------'------.-.-----l----l--.---l---n.-----..lnttnn

$960C XIT.1 LOAD CASE CONTROL CARD

§970C

S980C LINE RPM IAXIS 1IACC NTI

5990C
GOOOCO-----.-------------------ﬁ--.-----nn-.--‘------‘----‘----nl.--l-‘
6010C X11.2 ACCELERATION SPECIFICATIONS FOR INERTIA OR GRAVITY LOADS
6020C

6030C LINE ACCELX ACCELY ACCEL2Z

6040C-

6050¢C

6060 - =~-m oot c et e dccccncccccceceeceme——ee -
6070C XIII NODAL CONSTRAINED DISPLACEMENTS

6080C

6090C LINE NDB

6100C ;

6110C ( ENTER NDB OF THE FOLLOWING LINES )

6120C

€130C LINE N IDIR VALUE NEND NINC

6140C

6150C .
6160C-----mcmocc e e e e ce e mmceccmecceccc e nae
6170C XIV NODAL APPLIED FORCES

6180C

6190C LINE NF8

©200C

6210C ( ENTER NFB OF THE FOLLOWING LINES )

6220C

6230C LINE N IDIR VALUE NEND NINC

6240C

6280C

e D L SeeSessces--
6270C XV NODAL TEMPERATURES

6280C

6290C LINE NTEMPS

6300C

6310C ( ENTER NTEMPS OF THE FOLLOWING LINES )

6320C

6330C LINE N TEMP ITYPE NEND NINC

6340C

6350C
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TITLE® INPUT FOR T3CYAN WITH SIMPLE DATE =10/16/88% TIME = 10.28 PAGE= 8
~ 6360C -~~~ r=--m~emmecc e e i iccccccccaccccccecceemem -
{ 6370C XVI ELEMENT PRESSURE LOADS
! €380C
6380C LINE NPL
6400C
f 6410C ( ENTER NPL OF THE FOLLOWING LINES )
; 6420C

6430C LINE NEL IFACE P1 P2 P3 P4 PS P& P7 P8 NEND NINC

-

-

sy

-~ GE/MHINEP - PAGEs 9 LAST

153




TITLE= INPUT FOR T3CYAN WITH BODNER

1000¢ ORGANIZATION OF INPUT

1010C

1020C I HEADING AND CONTROL INFORMATION

1030C 1.1 TITLE CARD

1040C 1.2 PROBLEM SIZING

1050¢ 1.3 ANALYSIS AND RESTART OPTIONS

1060C i.4 EQUATION NUMBERING AND BANDING OPTIONS
1070C

1080C Il NODE COORDINATES AND TRANSFORMATIONS
1090C II.1 NODE COORDINATES

1100C I1.2 LOCAL NODE COORDINATE SYSTEM TRANSFORMATIDNS
1110C

1120C II! ELEMENT DEFINITION )

1130C IT1.1 HEADER LINE FOR ELEMENT

1140C II1.2 20 NODED SOLID DEFINITION

1150C

1160C IV LOAD CASE INFORMATION, INITIAL CONDITIONS
1170C IV.1 LOAD CASE CONTROL CARD

1180C IV.2 ACCELERATION SPECIFICATIONS

1190¢C

1200C Vv MATERIAL PHYSICAL PROPERTIES

1210C V.1 MATERIAL PHYSICAL PROPERTIES

1220¢C V.1.1 ISOTROPIC ELASTIC PROPERTIES
1230C V.1.2 ORTHOTROPIC ELASTIC PROPERTIES
1240C V.2 ORTHOTROPIC AXES ORIENTATION TABLE
1250C V.3 INELASTIC MATERIAL CHARACTERIZATION
1260C

1270C VI TIME AND TIME INCREMENTING CONTROL

1280C

1280C VI CONVERGENCE CRITERIA

1300C

1310C  VII! INITIAL NODAL CONSTRAINED DISPLACEMENTS
1320C

1330C IX INITIAL NODAL APPLIED FORCES

1340C

1350C X INITIAL NODAL TEMPERATURES

1360C

1370C XI INITIAL ELEMENT PRESSURE LOADS

1380C

13890C  XI1 LOAD CASE INFORMATION, FINAL CONDITIONS
1400C XII.1 LOAD CASE CONTROL CARD

1410C XII1.2 ACCELERATION SPECIFICATION

1420C

1430C XIII FINAL NODAL CONSTRAINED DISPLACEMENTS
1440C

1450C XIV FINAL NODAL APPLIED FORCES

1460C

1470C XV FINAL NODAL TEMPERATURES

1480C

1490C XVI FINAL ELEMENT PRESSURE LOADS

1500C

1510C

1520 END

-- T30RG .=
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TITLE= INPUT FOR T3CYAN WITH BODNER DATE =10/16/85 TIME = 10.28
16S30C 1 HEADING AND CONTROL INFORMATION

1540C

1580C I.1 TITLE CARD

1560C

1870C LINE ITITLE

1580C ITITLE = ANY 1 TD 72 CHARACTER TITLE FOR THE ANALYSIS

1590C

1600C 1.2 PROBLEM SIZING

16 10C

1620C LINE NUMNP NM IT RTEM NLC

1630C NUMNP = NUMBER OF STRUCTURAL NODES ( ENTER AS A NEGATIVE NUMBER FOR
1640C TIMING SUMMARY )

1650C NM = NUMBER OF DIFFERENT MATERIALS ( MAXIMUM=3 )

1660C IT = THERMAL STRESS OPTION

1670C = O INCLUDE THERMAL LODADS

1680C = 1 IGNORE THERMAL LODADS

1690C RTEM = REFERENCE TEMPERATURE ( DEGREES F )

1700C

1710C 1.3 ANALYSIS AND RESTART OPTIONS

1720C

1730C LINE LAWCRP NOUT NRESTA INREST

1740C LAWCRP = TYPE OF INELASTIC ANALYSIS

1750C = O ELASTIC ANALYSIS

1760C = 1 ISOTHERMAL BODNER MODEL

1770C NOUT = OUTPUT FILE CREATION OPTION

1780C = O DO NOT CREATE OUTPUT FILE

1790C s 1 CREATE QOUTPUT FILE

180QC NRESTA = RESTART OPTION

18 10C = O THIS IS NOT A RESTART RUN

1820C > O INPUT THE LOAD CASE FROM WHICH THE RESTART IS TO PROCEED
1830C ( OUTPUT FROM THIS CASE MUST HAVE BEEN PREVIOUSLY PUT ON &N QUTPUT
1840C FILE ). THE FIRST NEW LOAD CASE WILL BF LABELED AS NRESTA + 1.
1850C INREST = LOAD CASE NUMBER IN THE CURRENT INPUT FILE WHICH BECOMES
1860C THE FIRST NEW LOAD CASE TO BE SOLVED WHEN RESTARTING, WHERE
1870C ( 1.LE.INREST.LE.NLC ). IF O IS INPUT INREST = 1 IS ASSUMED
1880C

1880C 1.4 EQUATION NUMBERING AND BANDING OPTIONS

1900C

1810C LINE N IBAND IPBAND

1920C N = KEY CODE, ENTER -1 TO ACTIVATE THIS OPTION

1830C IBAND = BANDING OPTION

1840C O = USE DEFAULT OPTION

18950C 1 = ASSUME NODE NUMBER IS THE SAME AS MATRIX POSITION

1860C 2 = ASSUME INPUT NODE ORDER DEFINES MATRIX POSITION

1970C IPBAND = PRINTOUT OPTION

1980C O = NO PRINTOUT DF EQUATION NUMBERS

1990C 1 = PRINT QUT THE EQUATION NUMBER FOR EACH DEGREE OF FREEDOM
2000C

2010¢C

2020 END

-~ T30RG - PAGE= 2
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TITLE= INPUT FOR T3CYAN WITH BODNER DATE =10/16/85 TIME = 10.28
2030C II NODE COORDINATES AND TRANSFORMATIONS
2040C
2050C I1.1 NODE COORDINATES
2060C
2070C LINE N X Y 2
2080C N = NODE NUMBER
20890C X = NODE X COORDINATE
2100C Y = NODE Y COORDINATE
2110C Z = NODE 2 COORDINATE
2120C
2130C AFTER THE LAST NODE ENTER THE FOLLOWING LINE
2140C
2150C LINE O NSKEW
2160C NSKEW = INDICATOR FOR LOCAL NODE COORDINATE SYSTEM TRANSFORMATION
2170C O = NONE WILL BE INPUT
2180C t = ONE OR MORE WILL BE INPUT
2190C
2200¢ I1.2 LOCAL NODE COORDINATE SYSTEM TRANSFORMATIONS
2210C
2220C ( IF NSKEW > O, ENTER ALL NODES WITH LOCAL COORDINATE SYSTEM
2230C TRANSFORMATIONS )
2240C
2250C LINE N NO NI NU
2260C N = NODE NUMBER MAVING A ROTATED LOCAL COORDINATE SYSTEM
2270C NO = NODE ON LOCAL X AXIS
2280¢C NI = NODE ON LOCAL X AXIS IN THE +X DIRECTION FROM NO
2290C NJ = NODE IN LOCAL XY PLANE SUCH THAT THE +Z AXIS IS IN THE
2300C DIRECTION OF THE VECTOR P3 = (NO-NI) X (NO-NJ). THE +Y AXIS IS
2310C IN THE DIRECTION OF THE VECTOR P2 = P3 X (NO=NI)
2320C
2330C ( AFTER THE LAST NODE HAVING A LOCAL COORDINATE SYSTEM ENTER A LINE
2340C WITH N = 0 ) I.E.
2350C
2360C LINE ©
2370C
2380C
2380 END
S
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TITLE= INPUT FOR T3CYAN WITH BODNER DATE =10/16/85 TIME = 10.28

2400C III ELEMENT DEFINITION

2410C

2420C I11.1 HEADER LINE FOR ELEMENT DATA

2430C

2440C LINE IPRINT(2)

2450C IPRINT(2) = ELEMENT DATA EXTENDED PRINTOUT OPTION
2460C O = NONE

2470C 1 = DUMP VOLUMES AND DISTORTION PARAMETERS

2480C 2 = ALSO DUMP ELEMENT STIFFNESSES

2490C 3 = ALSO DUMP ELEMENT EQUIVALENT NODAL FORCES AND MASSES
2500C

2510C II11.2 20 NODED SOLID DEFINITION

2520C

2530C LINE NEL N1 N2 N3 N4 N5 NE N7 N8 N9 N1O N1t Ni2
2540C LINE N13 N14 N15 N16 N17 N18 N19 N20 IMAT IOR
2550C LINE NO NP NQ ( OPTIONAL LINE, ENTER ONLY IF IOR = 100)
2560C NEL = ELEMENT NUMBER

2570C N1 ... N20 = NODES DEFINING THE ELEMENT ( SEE FIG 111.2 )
2580C IMAT = MATERIAL NUMBER

2580C IOR = ORTHOTROPIC MATERIAL AXIS SYSTEM INDICATOR

2600C IOR = O ISOTROPIC MATERIAL

2610C IOR.GE.1.AND.IOR.LE.99 ORTHOTROPIC AXES SPECIFIED BY THE TABLE
2620¢C GIVEN UNDER MATERIAL DATA SECTION V.2

2630C I0R=100 ORTHOTROPIC AXES DEFINED BY OPTIONAL LINE OF INPUT
2640C

2650C ( AFTER THE LAST ELEMENT, ENTER THE FOLLOWING LINE )
2660C

2670C LINE ©

2680C

2690C

2700 END

-~ T30RG -- PAGE= 4
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TITLE= INPUT FOR T3CYAN WITH BODNER DATE =10/16/85 TIME = 10.28

2710C IV LOAD CASE INFORMATION, INITIAL CONDITIONS
2720C
2730C IV. 1 LOAD CASE CONTROL CARD
2740C
2750C LINE RPM TAXIS 1ACC NPCI NTI ITHST
2760C RPM = ROTATIONAL SPEED IN RPM
2770C IAXIS = GLOBAL AXIS ABOUT WHICH STRUCTURE IS ROTATING
2780C t = X AXIS
2790C 2 = Y AXIS
2800C 3 = Z AXIS
2810C IACC = INDICATOR FOR INPUT OF ACCELERATON LDADS IN GROUP 1IV.2
2820C O = NO INPUT
283CC 1 = INPUT
2840C NPCI = INDICATOR FOR A CHANGE IN MATERIAL PROPERTIES
2850C O = NO CHANGE TO MATERIAL PROPERTIES
2860C ! = CHNAGE ELASTIC PROPERTIES ( GROUPS V.1 AND v.2)
2870C 2 = CHANGE INELASTIC PROPERTIES ( GROUP V.3 )
2880C 12 = CHANGE ELASTIC AND INELASTIC PROPERTIES
2880C NTI = NUMBER OF NODAL TEMPERATURES WHICH ARE RESPECIFIED,
2800C O = NO RESPECIFIED TEMPERATURES BUT STIFFNESS IS RECOMPUTED
2810C -1 = NO RESPECIFIED TEMPERATURES AND STIFFNESS 1S NOT RECOMPUTED
2820C ITHST = TOTAL STRAIN PRINTOUT OPTION
2930C O = INCLUDE THERMAL STRAINS IN TOTAL STRAIN PRINTOUT
2940C 1 = DO NOT INCLUDE THERMAL STRAINS IN TOTAL STRAIN PRINTOUT
2950C
2960C IV.2 ACCELERATION SPECIFICATION FOR INERTIAL OR GRAVITY LOADS
2970C
2880C ( ENTER ONLY IF IACC > O )
2990C
3000C LINE ACCELX ACCELY ACCEL2Z
3010C ACCELX = ACCELERATION OF STRUCTURE ( IN/SEC*®2 ) IN GLOBAL X
3020C ACCELY = ACCELERATION OF STRUCTURE ( IN/SEC*=2 ) IN GLOBAL Y
3030C ACCELZ = ACCELERATION OF STRUCTURE ( IN/SEC*»2 ) IN GLOBAL 2
3040C
3050C
3060 END
/
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TITLE= INPUT FOR T3CYAN WITH BOONER

3070C
3080C
3090C
3100C
3110C
3120C
3130C
3140C
3150C
3160C
3170C
3180C
3190C
3200C
3210C
3220C
3230C
3240C
3250C
3260C
3270¢C
3280C
3280¢C
3300C
3310C
3320C
3330¢C
3340C
3350C
3360C
3370¢C
3380C
3390C
3400C
3410¢C
3420C
3430C
3440C
3450C
3460C
3470C
3480C
3480C
3500C
3510C
3520C
3530¢C
3540¢C
3550C
3560C
3570C
3580C
3590C
3600C
3610C
3620C
3630C
3640C
3650C
3660C
3670C
3680C
3690C
3700C
3710C
3720C
3730C

DATE =10/16/85 TIME = 10.28

V MATERIAL PHYSICAL PROPERTIES

V.1 ELASTIC CONSTANTS ( ENTER NM GROUPS )

LINE

V.

MTN NMT DEN
MTN = MATERIAL NUMBER ( MTN.GE.1.AND .MTN.LE.NM )
{IF MATERIAL IS ISOTROPIC, INPUT MTN AS A NEGATIVE NUMBER TO
SIMPLIFY INPUT)
NMT = NUMBER OF TEMPERATURES AT WHICH ELASTIC PROPERTIES WILL BE
GIVEN FOR THIS MATERIAL
DEN = WEIGHT DENSITY OF THE MATERIAL ( POUNDS/IN==3 )

1.

1

ISOTROPIC MATERIAL

( IF MTN < O, ENTER NMT OF THESE LINES )

LINE

E = ELASTIC MODULUS (

TEMP E PR AL
TEMP = TEMPERATURE ( DEGREES F. )

PR = POISSON’S RATIO

AL = MEAN COEFFICIENT OF THERMAL EXPANSION ( 10*=-6 IN/IN-DEG. F.

10**6 P.S.I. )

V.1.2 ORTHOTROPIC MATERIAL

( IF MTN > O, ENTER NMT
CORRESPOND TO THE MATERIAL ORTHOTROPIC AXES X‘,v',2'. )

OF THESE LINES. THE DIRECTIONS 1,2.3

LINE TEMP E11 E22 E33 NU12 NUI3 NU23 G12 G23 G31 ALt AL2 AL3
TEMP = TEMPERATURE AT WHICH PROPERTIES ARE GIVEN ( DEG. F. )
E11 = ELASTIC MODULUS IN THE 1 DIRECTION
E£22 = ELASTIC MODULUS IN THE 2 ODIRECTION
E33 » ELASTIC MODULUS IN THE 3 OIRECTION
NU12 = POISSON’S RATIOD
NU13 = POISSON’S RATIO
NU23 = PDISSON’S RATIO
G12 = SHEAR MODULUS IN
G23 =

G31
ALY
AL2
AL3

SHEAR MODULUS IN
SHEAR MODULUS IN
MEAN COEFFICIENT
MEAN COEFFICIENT
MEAN COEFFICIENT

RELATING DIRECTIONS 1 AND 2

RELATING DIRECTIONS 1 AND 3

RELATING DIRECTIONS 2 AND 3

THE 1-2 PLANE

THE 2-3 PLANE

THE 3-1 PLANE

OF THERMAL EXPANSION IN THE 1 DIRECTION
OF THERMAL EXPANSION IN THE 2 DIRECTION
OF THERMAL EXPANSION IN THE 3 DIRECTION

V.2 ORTHOTROPIC AXIS ORIENTATION TABLE

LINE

ISOTROPIC OR THE ORTHOTROPIC AXES COINCIDE WITH THE GLOBAL AXES

NOR
NOR = NUMBER OF ORIENTATION SPECIFICATIONS, IF THE MATERIALS ARE

ENTER O. ( MAXIMUM OF 10 SPECIFICATIONS ALLOWED )

( ENTER NOR LINES OF THE FOLLOWING )

LINE

1

NO NP NQ

I = ORIENTATION IDENTIFIER ( IOR IN ELEMENT INPUT )

NO, NP, NQO = NODE NUMBERS IDENTIFYING ORTHOTROPIC AXES ( SEC. I1.2)

V.3 INELASTIC MATERIAL PROPERTIES

LINE

NCTEM = NUMBER OF TEMPERATURES AT WHICH INELASTIC MATERIAL PROPERTIES

MTN NCTEM
MTN = MATERIAL NUMBER

WILL BE GIVEN FOR THIS MATERIAL

( ENTER NCTEM OF THE FOLLOWING LINES )

LINE

-=- T30RG

TEMP D AN 20 2%
TEMP = TEMPERATURE IN DEGREES F.
D. AN, 20, 21, 22, AM, A, R = MATERIAL PARAMETERS REQUIRED FOR BODNER'S

22 AM A R

-- PAGEs
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TITLE= INPUT FOR T3CYAN WITH BOONER

3740C
3750C
3760C
3770

-~ T30RG

DATE =210/16/8S
INELASTIC CONSTITUTIVE MODEL AT THIS TEMPERATURE

END
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TITLE=

3780C
. 3780C
3800C L
3810C
3820C
3830C
3840C
3850C
3860C
3870C
3880C
3890C
3900C
3910¢C
3820¢C
3830C
3840C
3950C
3960C
. 3970C
| 3980C
| 3980C
' 4000C

4010

—— —y

ey

-

~=- T30RG

INPUT FOR T3CYAN WITH BODNER DATE =10/16/85 TIME = 10.28
VI TIME AND TIME INCREMENTING CONTROL INPUT

INE N2M TCRP TINIT ECMAX SIGMAX ERMAX DELMIN DELMUL

N2M = NUMBER OF EQUAL TIME STEPS IN THIS LOAD CASE, IF N2m=O
DYNAMIC TIME INCREMENTING WILL BE USED

TCRP = TOTAL TIME IN THIS LOAD CASE ( SECONDS ).

TINIT = INITIAL TIME STEP, IF THIS IS NOT THE FIRST LOAD CASE AND
0.0 IS INPUT, .S TIMES THE LAST CALCULATED TIME STEP OF THE
PREVIOUS LOAD CASE IS USED. IF THIS IS THE FIRST LOAD CASE OR
IF THIS IS THE FIRST LOAD CASE OF A RESTART AND 0.0 IS INPUT,
DELMIN IS USED.

ECMAX = MAXIMUM INELASTIC STRAIN INCREMENT DESIRED IN ANY TIME STEP.
DEFAULT VALUE IS .000100.

SIGMAX = MAXIMUM CHANGE IN STRESS DESIRED IN ANY TIME STEP.
DEFAULT VALUE IS 1000 PSI.

ERMAX = MAXIMUM ESTIMATED INTEGRATION ERROR ALLOWED IN ANY TIME STEP.

DEFAULT IS .0t ( 1% ).

DELMIN = MINIMUM ALLOWABLE TIME STEP. DEFAULT VALUE IS .001 TIMES
TCRP.

DELMUL = MAXIMUM MULTIPLIER ALLOWED ON CURRENT TIME STEP IN
CALCULATING THE NEXT TIME STEP. DEFAULT = 1.§

END

-- PAGE= 8
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TITLE=

4020C
4030C

INPUT FOR T3CYAN WITH BODNER DATE =10/16/85 TIME = 10.28 PAGE=
VI1 CONVERGENCE CRITERIA

4040C LINE IDM ICON DELSIG DELEPS

4050C
4060C
4070C
4080C
4090C
4100C
4110C
4120C
4130C
4140C
4150C
4160C
4170

-= T30RG

IDM = MATERIAL NUMBER
ICON = CONVERGENCE CRITERIA CODE

= 1 CHANGE IN EFFECTIVE SRESS FOR SUBSEQUENT ITERATIONS < DELSIG

= 2 CHANGE IN EFFECTIVE INELASTIC STRAIN INCREMENT FOR SUBSEQUENT
ITERATIONS < DELEPS

* 3 BOTH CONDITIONS t AND 2 MUST BE SATISFIED, DEFAULT = 3
DELSIG = CONVERGENCE TOLERANCE ON EFFECTIVE STRESS.
DEFAULT = ,01*SIGMAX

DELEPS = CONVERGENCE TOLERANCE ON EFFECTIVE INELASTIC STRAIN INCREMENT.
DEFAULT = . QO1=ECMAX

END

- PAGE= 9
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TITLE=

4180C
4190C

INPUT FOR T3CYAN WITH BODNER

VIII INITIAL CONSTRAINED DISPLACEMENTS

4200C LINE NDB
NOB = NUMBER OF CONSTRAINED DISPLACEMENT SPECIFICATIONS

4210C
4220C

4230C ( ENTER NDB OF TH FOLLOWING LINES )

4240C

4250C LINE N IDIR VALUE NEND NINC

4260C
4270C
4280C
4280C
4300C
4310C
4320C
4330C
4340C
4350C
4360C
4370

== T30RG

N = NODE NUMBER
IDIR = DIRECTION CONSTRAINED

1= X ( ANY COMBINATION OF CODES,
2 =y ALSO BE USED)
3 =2

DATE =10/16/85 TIME = 10.28 PAGE= 10

.e. 12, 13 OR 123 MaY

VALUE = NUMERICAL VALUE OF CONSTRAINED DISPLACEMENT. DEFAULT IS 0.0
NEND = LAST NODE NUMBER HAVING THIS CONSTRAINT. IF OMITTED N IS ASSUMED
NINC = INCREMENT TO BE USED FOR CONSTRAINT GENERATION FROM N TO NEND

DEFAULT IS 1. ( OPTIONAL )

END

163
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TITLEs INPUT FOR T3CYAN WITH BODNER

4380C
4390C

IX INITIAL NODAL APPLIED FORCES

4400C LINE NFB

4410C
4420C

NFB = NUMBER OF APPLIED NODAL FORCE SPECIFICATIONS

DATE =10/16/85

4430C ( ENTER NFB OF THE FOLLOWING LINES )

4440C

4450C LINE N IDIR VALUE
N = NODE NUMBER

4460C
4470C
4480C
4480C
4500C
4510C
4520C
4530C
4540C
4550C
4560C
4570C
4580

-- T30RG

NEND NINC

IDIR = DIRECTION OF APPLIED FORCE

WM -
L]
N < X

TIME = 10.28

VALUE = NUMERICAL VALUE OF FORCE TO BE APPLIED ( LBS )

NEND = LAST NODE HAVING THIS APPLIED FORCE. IF OMITTED N IS ASSUMED

NINC = INCREMENT TO BE USED FOR FORCE GENERATION FROM N TO NEND.

DEFAULT IS 1.

END

(

OPTIONAL )
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TITLE= INPUT FOR T3CYAN WITH BODNER

4590C
4600C

X INITIAL NODAL TEMPERATURES

4610C LINE NTEMPS
NTEMPS = NUMBER OF TEMPERATURE INPUT LINES

4620C
4630C

DATE =10/16/85

4640C ( ENTER NTEMPS OF THE FOLLOWING LINES )

4650C

4660C LINE N TEMP

4670C
4680C
4690C
4700C
4710C
4720C
4730C
4740C
4750C
4760C
4770

== T30RG

ITYPE
N = NODE NUMBER

NEND NINC

TEMP » TEMPERATURE ( DEGREES F.
ITYPE = INDICATOR FOR TYPE OF TEMPERATURE REVISION
O = CHANGE NODAL TEMPERATURE TO TEMP
1 = INCREMENT NODAL TEMPERATURE BY TEMP
NEND = LAST NODE HAVING THE GIVEN TEMPERATURE .
NINC = INCREMENT TO BE USED ON TEMPERATURE GENE

IF OMITTED

END

1

IS ASSUMED

165

)

TIME = 10.28 PAGE=12

IF OMITTED N IS ASSUMED
RATION FROM N TO NEND.
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TITLE=

4780¢C
4790C

INPUT FOR T3CYAN WITH BOONER DATE =10/16/85% TIME = 10.28 PAGE=13
XI INITIAL ELEMENT PRESSURE LOADS

4800C LINE NPL

48 10C
4820C
4830C (
4840C

NPL = NUMBER OF PRESSURE INPUT LINES

ENTER NPL OF THE FOLLOWING LINES )

4850C LINE NEL 1IFACE P1 P2 P3 pPa PS P& P7 P8 NEND NINC

4860C
4870C
4880C
4890C
4800C
4910C
4820C
4830C
4940C
4950C
4960C
4870C
4980

~=- T30RG

NEL = ELEMENT NUMBER

IFACE = FACE NUMBER ( IFACE.GE. 1 .AND.IFACE.LE.6 )

P1 = PRESSURE AT NODE 1 ( PSI )

P2, P3, P4, PS, P6, P7, P8 = PRESSURES AT NODES 2,...,8 ON THE FACE.
IF OMITTED THEY ARE SET EQUAL TO P1. ( POSITIVE PRESSURES INDUCE
COMPRESSION IN THE ELEMENT )

NEND = LAST ELEMENT HAVING THIS PRESSURE LOADING. IF OMITTED NEL IS
ASSUMED

NINC = INCREMENT TO BE USED FOR ELEMENT PRESSURE GENERATION FROM
NEL TO NEND. IF OMITTED NEL 1S ASSUMED

END

-- PAGE= 13
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TITLE= INPUT FOR T3CYAN WITH BODNER

DATE =10/16/85

4990C XII LOAD CASE INFORMATION, FINAL CONDITIONS

5000C

S010C XII.1

5020C
S030C LINE
5040C

RPM IAX1S

IACC NTI

LOAD CASE CONTROL CARD

TIME = 10.28

5050C XI1.2 ACCELERATION SPECIFICATIONS FOR INERTIA OR GRAVITY LOADS

5060C
SO70C LINE
5080C
5080C
5100

-~ T30RG

ACCELX

END

ACCELY

ACCELZ
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TITLE= INPUT FOR T3CYAN WITH BODNER DATE =10/16/85

S110C XIII NODAL CONSTRAINED DISPLACEMENTS
5120C

5130C LINE NOB

5140C

S150C ( ENTER NDB OF THE FOLLOWING LINES )
5160C

5170C LINE N IDIR VALUE NEND NINC
5180C

5190C

5200 END

-=- T30RG
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TITLE= INPUT FOR T3CYAN WITH BODNER DATE =10/16/85 TIME = 10.28 PAGE=16

5210C XIV NODAL APPLIED FORCES

§220C

5230C LINE NFB

§240C

5250C ( ENTER NFB OF THE FOLLOWING LINES )
§260C

$270C LINE N IDIR VALUE NEND NINC
5280C

5290C

5300 END

— - ey

)
!
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TITLE= INPUT FOR T3CYAN WITH BODNER

5310C XV NODAL TEMPERATURES

5320¢C

S330C LINE NTEMPS

5340C

DATE =10/16/85

S350C ( ENTER NTEMPS OF THE FOLLOWING LINES )

5360C
S370C LINE
$380C
5390C
5400

== T30RG

N

END

TEMP

ITYPE

NEND NINC
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Unclassified Unclassified 176

NASA FORM 1626 OCT 86




PREPARATION OF THE REPORT DOCUMENTATION PAGE

The last page of a report.facing the third cover is the Report Documentation Page, RDP. Information presented on this
page is used in announcing and cataloging reports as well as preparing the cover and title page. Thus it is important
that the information be correct. instructions for filling in each block of the form are as follows:

Block 1. Report No. NASA report series number, if
preassigned.

Block 2. Government Accession No. Leave blank.

Block 3. Recipient’s Catalog No. Reserved for use by each
report recipient,

Block 4. Title and Subtitle. Typed in caps and lower case
with dash or period separating subtitie from title.

Block 5. Report Date. Approximate month and year the
report will be published.

Block 6. Performing Organization Code. Leave blank.

Block 7. Author(s). Provide full names exactly as they are
to appear on the title page. If applicable, the word editor
should follow a name.

Block 8. Performing Organization Report No. NASA in-
stallation report control number and, if desired, the non-
NASA performing organization report control number.

Block 9. Performing Organization Name and Address. Pro-
vide affiliation (NASA program office, NASA installation,
or contractor name) of authors.

Block 10. Work Unit No. Provide Research and
Technology Objectives and Plans (RTOP) number.

Block 11. Contract or Grant No. Provide when applicable.

Block 12. Sponsoring Agency Name and Address.
National Aeronautics and Space Administration, Washing-
ton, D.C. 20546-0001. If contractor report, add NASA in-
stallation or HQ program office.

Block 13. Type of Report and Period Covered. NASA for-
mal report series; for Contractor Report also list type (in-
terim, final) and period covered when applicable.

Block 14. Sponsoring Agency Code. Leave blank.

Block 15. Supplementary Notes. Information not included
elsewhere: affiliation of authors if additional space is re-

quired for block 9, notice of work sponsored by another
agency, monitor of contract, information about sup-
plements (film, data tapes, etc.), meeting site and date for
presented papers, journal to which an article has been sub-
mitted, note of a report made from a thesis, appendix by
author other than shown in block 7.

Block 16. Abstract. The abstract should be informative
rather than descriptive and should state the objectives of
the investigation, the methods employed (e.g., simulation,
experiment, or remote sensing), the results obtained, and
the conclusions reached.

Block 17. Key Words. Identifying words or phrases to be
used in cataloging the report.

Block 18. Distribution Statement. Indicate whether report
is available (o public or not. If not to be controlled, use
“Unclassified-Unlimited.” If controlied availability is re-
quired, list the category approved on the Document
Availability Authorization Form {see NHB 2200.2, Form
FF427). Also specify subject category (see ‘"Table of Con-
tents” in a current issue of STAR), in which report is to
be distributed.

Block 19. Security Classification (of this report).
Self-explanatory.

Block 20. Security Classification (of this page).
Self-explanatory.

Block 21. No. of Pages. Count front matter pages begin-
ning with iii, text pages including internal blank pages, and
the RDP, but not the title page or the back of the title page.

Block 22. Price Code. If biock 18 shows ‘‘Unclassified-
Unlimited,”” provide the NTIS price code (see “NTIS Price
Schedules’ in a current issue of STAR) and at the bot-
tom of the form add either “For sale by the National
Technical Information Service, Springfield, VA
22161-2171" or “‘For sale by the Superintendent of
Documents, U.S. Government Printing Office,
Washington, DC 20402-0001,"" whichever is appropriate.
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