% WAPD-TM-1383
|7 DOE RESEARCH AND
DEVELOPMENT REPORT

ACCEPT: A THREE-DIMENSIONAL FINITE
ELEMENT PROGRAM FOR LARGE DEFORMATION
ELASTIC-PLASTIC-CREEP ANALYSIS OF
PRESSURIZED TUBES

(LWBR/AWBA Development Program)

D. N. Hutula (Analyst), B. E. Wiancko (Programmer)
-

MARCH 1980

CONTRACT DE-AC11-76PNOOO14

BETTIS ATOMIC POWER LABORATORY
WEST MIFFLIN, PENNSYLVANIA

Operated for the U. S. Départment of Energy by

WESTINGHOUSE ELECTRIC CORPORATION




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



WAPD-TM- 1383

ACCEPT: A THREE-DIMENSIONAL FINITE ELEMENT PROGRAM
FOR LARGE DEFCRMATION ELASTIC-PLASTIC-CREEP ANALYSIS
OF PRESSURIZED TUBES

(LWBR/AWBA Deve lopment Program)

v. N, Hotula (analyst), B. E. Wiancko (programmer)

March 1980
CONTRACT DE-AC11-76PN000O14

DISCLAIMER

This book was prepared as an account of work spansored by an agency of the United States Government,
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibitity for the accuracy,
completeness, o usefulness of any information, apparatus, product, or process disciosed, or
represents that its use wauld not infringe privately owned rights. Reference herein to any specitic
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does

not necessarily conslitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof, The views and opinions of authors expressed herein do not
aecessarily state or reflect those of the United States Government or any agency thereof.

Printed in the United States of America
Available from the
National Technical Information Service
U. S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 221351

NOTE

This document is an interim memorandum prepared primarily for internal reference
and does not represent a final expression of the opinion of Westinghouse. When
this memorandum is distributed extermally, it is with the express understanding
that Westinghouse makes no representation as to completeness, accuracy, or
usability of information contained therein.

BETTIS ATOMIC POWER LABORATORY WEST MIFFLIN, PENNSYLVANIA

Operated for the
U, S. Department of Energy
by
Westinghonse Electric Corporation &'%7
' @

g G
DISTRIBUTION OF 1HIS QOCUMENT 15 UNLIER e



NOTICE

I'his report was prepared as an account of work
sponsorcd by the United States Government.
Neither the Unitcd States, nor the United Statcs
Departuent o6f Efiéergy nor any ot their employees,
nor any of their contractors or subcontractors,
assumes any legal liability or responsibility for
the accuracy, complcteness or usefulness of any
information, apparatus, product or process
disclosed, or represents that its use would not
infringe privately owned rights.

Copies of this program may be
obtained v domestic users from:

Hational Encorgy Softwore Centor
Attn: Mrs. IMzrgaret Butler
Argonne National Laboratory
9700 South Cass Avenue

Argonne, l!llinois 6U440

WAPD-TM- 1383



WAPD-TM-1383

FOREWORD

: The Shippingport Atomic Power Station located in Shippingport,
Pennsylvania was the first large-scale, central-station nuclear power
plant in the United States and the first plant of such size 1in the

world operated solely to produce electrical power. This program was
started in 19383 to confirm the practical application of nuclear power
for large~scale electric power generation. It has provided much of

the technology being used for design and operation of the commercial,
central-station nuclear power plants now in use.

Subsequent to development 2and successful operation of the
Pressurized Water Reactor in the Atomic Energy Commission (now
Department of Energy, DOE) owned reactor plant at the Shippingport
Atomic Power Station, the Atomic Energy Commission in 1265 nundertook a
research and development program to design and build a Light VWater
Breeder Reactor core for operation in the Shippingport Station.

The objective of the Light Water Breeder Reactor program has been
to develop a technology that would significantly improve the
utilization of the nation’s nuclear fuel resources employing the
well-established water reactor technology. To achieve this objective,
work has been directed toward analysis, design, component tests, and
fabrication of a water-cooled, thorium oxide fuel cycle breeder
reactor for installation and operation at the Shippingport Station.
The LWBR core started operation in the Shippingport Station in the
Fall of 1977 and is expected to be operated for about ¢4 to § vears.
At the end of this period, the core will be removed and the spemnt fuel
shipped to the Naval Reactors Ezpended Core Facility for a detailed
examination to verify core performance including an evaluation of
breeding characteristics.

In 1976, with fabrication of the Shippingport LWBR core nearing
completion, the Energy Research and Development Administration, now
DOE, established the Advanced Water Breeder Applications (AWBA)
program to develop and disseminate technical informntion which would

assist U.S. industry in evaluating the LWBR concept for
commercial-scale applications. The program is exploring some of the
probllems that would be faced by industry in adapting technology
conf'irmed in the LWER program. Information being developed includes

concepts for coummercial-scale prebreeder cores which would produce
uraninm-233 for 1light water breeder cores while producing electric
power, improvements for breeder cores based on the techno logy
developed to fabricate and operate tke Shippingport LWBR core, and
other information and technology to aid in evaluating commercial-scale
application of the LWBR concept.

All :three development programs (Pressurized Water Reactor, Light
Water Breeder Reactor, and Advanced Water Breeder Applications) are
under the technical direction of the Division of Naval Reactors of
DOE. They have the goal of developing practical improvements in the
utilization of nuclear fuel resources for generation of electrical
cnergy using water—cooled nuclear rzactors.

Technical information developed under the Shippingport, LWBR, and
AWVBA programs has been and will continne to be published in technical
memoranda, one of wliich is this present report.
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ABSTRACT

ACCEPT is a three - dimensional finite
element computer program for analysis of large -
deformation elastic — plastic -~ creep response of
Zircaloy tubes subjected to temperature, surface
pressures, and axial force. A twenty - node, tri
- quadratic, isoparametric element is used along
with a Zircaloy materials model. A linear time -
incremental procedure with residual force
correction is used to solve for the time -
dependent response. The program features an
algorithm which automatically chooses the time
step sizes to control the accuracy and numerical
stability of the solution. A contact - separation
capability allows modeling of interaction of
reactor fuel rod cladding with fuel pellets or
external supports. .

ACCEPT:. A Three - Dimensional Finite Element Program for Large Deformation
Elastic - Plastic - Creep Analysis of Pressurized Tubes

D.N. HUTULA (ANALYST) B.E.WIANCKO (PROGRAMMER)

SR RN R KR KKK KKK
1. INTRODUCTION
RATRR KRR KRR KRR

Structural evaluation of nuclear reactor fuel rod cladding is a demanding
task, involving the assurance that structural integrity of the cladding will be
maintained over long periods of time wunder severe loading and environmental
conditions. Among the deformational processes which must be evaluated for their
possible effects on structural integrity are: deformation of cladding into
unsupported axial gaps between fuel pellets or in the plenum region near the end
of a rod; development of circumferential ridges and grocoves in c¢ladding near
the chamfered ends of fuel pellets; and development of axial wrinkles in the
cladding as it creeps down and partially contacts the fuel pellets.

Analytical simulaton of such deformational processes requires accurate
modeling of the material behavior, accurate modeling of the geometry (including
the effects of finite changes in geometry due to deformation), and an effective
numerical procedure for solving the mathematical equations of the model. The
ACCEPT program was designed to provide such an analysis capability.

This document describes the capabilities, use, and a summary of the theory
of the ACCEPT program. Mathematical details of the theory can be found in
Reference 1 and in Appendix B of this report, which documents the Zircaloy
material behavior model,.

The material behavior model, as described in this document, does mot
include the effects of irradiation on material behavior, so the program should
be used for applications im which irradiation effects are unimportant.
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2. PROGRAM DESCRIPTION
kR KRR R KKK KKK KK KK

SRR AR R KA AR R KRR K KRR RKK K
2.1 SUMMARY OF CAPABILITIES
AR KRR IR Y IRANR KRR RK KK KKK KKK

ACCEPT solves .for the elastic-plastic-creep deformation of 3~-dimensional
Zircaloy tubes subjected to temperature, surface pressures, and axial force.
Large deformation theory is used to accurately account for the effects of finite
changes in geometry. A Zircaloy materials model 1is used to predict the
anisotropic elastic ﬁ plastic -~ creep material behavior. This model includes

elastic, thermal expansion, and thermal creep behavior.

A 20-node, tri-quadratic, isoparametric, 3-dimensional finite element is
used in the program. The curved surfaces of this element allow. accurate
modeliing of the geometry of the tube, including such geometrical imperfections
as circumferential thickness wvariations and initial ovality .or out - of -
roundness. ' )

Options are provided to model the tube such that the cross - section of the
middle surface 1is in the form of an ellipse, an equilateral polygon, or an
irregular polygon. In all cases, the finite element mesh is automatically
generated from a small number of geometry parameters provided by the .user.

A capability is provided for frictionless contact - separation interaction
of the inner or outer wall of the tube with one or more rigid surfaces.. This
capability allows modeling of interaction of reactor fuel rocd cladding with fuel
pellets or external supports.

A unique feature of the program is an automatic time step control algorithm
which chooses the time step sizes to control the accuracy and numerical
stability of the solution. This feature makes the solution of large deformation
elagstic-plastic-creep problems almost routine and allows the user to concentrate
on the physical aspects of a problem without being overburdened by the
intricacies of the numerical analysis.

. A program restart capability allows a problem to be restarted from any of
the time steps for which data was stored on the output file. This capability
allows long - running problems to be solved in a series of runs, each sgtarting
where the previous run terminated. It also allows changing the loading
conditions in subsequent runs to permit such things as elastic wunloading from
selected points in time.

The method of solution of the sets of linear equations formed at ‘each
time-step is a direct method known as a "wavefront" method. The MATUS program
(Reference 2) also uses a wavefront method, however the implementation of this
me thod in ACCEPT is approximately five times faster than that in MATUS.

A companion program, ACCUSE (ACCEPT USER -~ SELECTED END - RESULTS) (Section
4), is used to selectively print or plot the results generated by ACCEPT. It is
also used to calculate additional output such as nodal point plastic strains,
total strains, or stresses. A third program, EDFILE (APPENDIX A), is used to
manipulate the data files produced by ACCEPT.
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2.2 SUMMARY OF THEORY
skssRRAR KRR KR KRR R KKK

The essential concepts of the ACCEPT theory, necessary for a basic
understanding of the program, are highlighted in the sections which follow. The
mathematical details of the theory are mnot given here but can be found in
Reference 1 and in Appendix B of this document.

SRR KNSR AR R R AR AR AN KKK
2.2.1 FINITE ELEMENT
KRR AR RN KKK A KKK

The finite element used in ACCEPT 1is a three-dimensioual, twenty-node,
tri-quadratic, isoparametric element, This element, an example of which is
shown in Figure 2.1, has a node at each of the eight corners and a node at the
midpoint of each of the twelve edges. Each node has three degrees of freedom
which are the displacements in the coordimate directions of a Cartesian (X, Y,
Z2)  coordinate system. The displacement fierld within an element ie a
tri~quadratic function of the curvilinear isoparametric coordinates.*

The isoparametric formulation assures compatibhility at interelement
boundaries, both before and after deformation. Details of the element
formulation can be found in many finite element books, such as Reference 3.

The numerical integration necessary to compute the finite element stiffness
matrix is performed in ACCEPT using an eight-point (2X2X2) Gauss rule.%%

The curved surfaces and edges of this element permit accurate geometric
modeling of tube geometries. The element was developed a number of years ago
and has been used extensively in several other three-dimensional finite element
programs. There appears to be agreement among the finite element community that
this element is, in the current state—-of-the—art, the best general purpose
three—dimensional element.

*The faces of an element correspond to coordinate surfaces and the edges
correspond to coordipate lines of the curvilinear isoparametric coordinate
system local to the element. One of the three isoparametric coordinates |is
equal to plus or minus one on a face.

*%The eight integration or Gauss points are the points where each of the
isoparametric coordinates is equal to plus or minus SQRT(3)/3.
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FIGURE 2.1 TWENTY NODE, TRI-QUADRATIC
ISOPARAMETRIC FINITE ELEMENT
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2.2.2 MATERIAL BEHAVIOR
sRReRNR KR AR KKK K KKK KKK K

The materials model used in ACCEPT was developed over the course of the
last several years to model the time dependent elastic-plastic-creep deformation
response of Zircaloy subjected to stress, and temperature. Although the model
was developed specifically for Zircaloy, it is quite general and possibly would
be applicable to other materials, provided, of course, that the material
constants involved in the model are given appropriate values based on
experimental data for the material.

A brief description of the features of the model 1is given below. More
detail can be found in Appendix B.

The model accounts for the anisotropic nature of the material. The
anisotropy is sufficiently significant in Zircaloy to require modeling of its
effects to achieve an accurate representation of the deformation behavior.

The stresses and strain rates of the model are referred to an orthogonal
set of axes which align with preferred directions of the anisotropic material.
In tubing material, these directions, numbered 1, 2, and 3, are the thickness,
circumferential, and .axial directions, respectively. More will be said later in
Section 2.2.8 regarding the definition of the stresses and strain rates and
regarding rotation of the orthogonal set of axes.

The total strain rate tensor is assumed to be composed of the sum of an
elastic rate, a thermal expansion or growth rate, and a thermal plastic creep
rate. These strain rates are discussed below:

1. The elastic strain rate is linearly dependent on the stress rate thrdugh a
compliance tensor which is temperature dependent. Thus, hypoelastic
behavior is assumed.

2. The thermal expansion rate is dependent on temperature and temperature rate.

3. Thée thérimal plastic creep rate is dependent on temperature, stress, and a
strain hardening parameter. Both transient and steady-state creep are

included in the model.
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2.2.3 STRESS, STRAIN AND THEIR TIME RATES OF CHANGE
HERKKREKK KK KKK KK KR RRR KRR KRN R KR KRR KRR KRR KRR KKK

The anisotropic material behavior model discussed in the previous section
uses an orthogonal set of axes to which the components of the stress and strain
rate tensors are referred. These axes, referred to herein as the characteristic
axes, align with preferred directions of the anisotropic material.

In a large displacement, large deformation formulation, such as used in
ACCEPT, it i9 necessary to account for the effects of rotation of the
characteristic axes ass the deformation progresses.. In the theory used in
ACCEPT, it 1is postulated that the characteristic axes, at each material point,
rotate with an angular velocity corresponding to the spin at the material
point.* This postulate allows the development of the equations governing the
motion of the characteristic axes. These equations are solved, as part of the
ACCEPT solution process, to keep track of the orientation of the characteristic
axes throughout the deformation history.

The stress tensor used in the material behavior model is the Cauchy stress
tensor, with components referred to the rotating characteristic axes. These
stress components are the so-called true stresses which are interpreted as force
per unit of current area. The ordinary time derivatives of these stress
components form the stress rate tensor used in the material model. %%

The strain rate tensor used in the material behavior model 1is the
deformation rate tensor, with components referred to the rotating characteristic
axes. These strain rate components correspond to the so-called true strain
rates which, in any particular direction, are interpreted as the rate of change
of length per unit current length of a material 1line segment instantaneously
parallel to the particular direction. The strain components, which are reported
in the program output but are not used directly in the analysis, are the time
integrals of the corresponding strain rate components.

*Spin is a field quantity derived from velocity gradients. The spin at a
material point can be interpreted as the local angular velocity of the material
at that point.

*%This stress rate tensor corresponds to the Jaumann stress rate tensor with
components referred to the rotating characteristic axes (Reference 4).
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2.2.4 INCREMENTAL SOLUTION PROCEDURE
SRASKAORA R KRR KRR K KRR R KRR KKK KRR KK

The large deformation formulation and the nonlinear, history-dependent
nature of the material behavior representation necessitate the use of a

time—-incremental procedure to solve for the deformation history. A linear
incremental procedure with residual force correction is used in ACCEPT. This
procedure, with appropriate control of the time step sizes, can generate

numer ically stable and accurate approximations to the true solution.

The finite element equilibrium equations, expressed in terms of nodal
displacement and force increments, are developed using the principle of wvirtual
work. In a nonlinear formulation, the principle of virtual work, when expressed
in terms of displacement gradient increments, involves these increments in a
nonlinear fashion. The nonlinear terms are linearized about the known solution
state at the beginning of a time-step in order to obtain a tractable set of
equations that can be solved for the nodal displacement and force increments for
the time step.

The solution increment thus obtained is not, strictly speaking, the correct
increment since it involves an error due to linearization of the governing
equations. The error introduced during a time step can be. made small by
assuring that the neglected nonlinear terms in the governing equations are small
compared to the retained linear terms. This is accomplished in the program by a
time step control algorithm which is discussed in the next section.

The errors introduced during a series of time gteps, if allowed to
accumnlate and multiply, could seriously degrade the accuracy of the solution.
In order to reduce the accumulation of error, a technique known as residual
force correction is - used. This technique makes use of the stress solution at
the beginning of a time step which, due to errors made in previous time steps,
is mnot necessarily in equilibrium with the applied loads. The body forces and
surface tractions which would be required to equilibrate the stress solution are
termed “"residual forces". In the technique, these residual forces calculated at
the beginning of a time step are treated as additional forces which are applied
during the step. This tends to keep the numerical solution on the right track
and reduces the tendency to drift awavy from the correct solntion.
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2.2.5 TIME STEP CONTROL
KRR RKKIK LR LA R R KRR AR KRR

Time intervals are selected by the user. These intervals are then
subdivided into time steps. The time step sizes are automatically controlled by
the program, in accordance with a number of parameters specified by the user, as
described in Section 3.1.4. The intent of the time step control algorithm is to
providie a means by which the accuracy of the solution can be kept within a
reasonable level by choosing time step sizes that are small enough to do this,
but not so small as to result in excessive running time. This is accomplished
by monitoring the progress of the solution and automatically choosing time step
sizes to limit the size of the increments in certain variables. Thus, a
detailed knowledge of the solution to a particular problem is not required on
the part of the user.

The program calcunlates several "candidate" time step sizes, based on
various criteria. The smallest of these candidates is the one actually used.
These candidates are printed in the program output in the order described below:

CANDIDATE 1: This candidate is intended to control the accuracy of the
integration of the stress-strain rate equations of the material behavior model.
The candidate is based on the estimated stress error that was introduced during
the previous time step. The stress error, in this context, is defined as the
difference between the first and second iterates of a Newton—-Raphson iterative
solution of the incremental stress—strain relations. This is explained further
as follows:

At the beginning of a time step, a linearized relationship between strain
increments and stress increments for the time step 1is established. This
relationship is based on a linear Taylor Series expansion about the known stress
state at the beginning of the time step. After completion of the time step, the
strain increments are calculated from the displacement increments. Using these
strain increments, the linearized stress—-strain relationship is solved for the
stress increments. These stress increments constitute the first iterate of the
Newton-Raphson process and permit the calculation of an estimate of the stress
state at the middle of the time step. Now, a second linearized relatiomship is
established, based on an expansion about the estimated stress state at the
middle of the time step. Using the same strain increments as before, the second
linearized relationship is solved for the stress increments which correspond to
the second iterate of the Newton—-Raphson process. The difference between the
first and second iterates is defined as the stress error. The maximum stress
error is defined as the maximum absolute value of all compoments at all
integration points.

The candidate time step size for a particular time step is the current best
estimate of the time step size that will result in a maximum stress error equal
to a user-prescribed desired stress error. The candidate is calculated as the
previous time step size multiplied by the square root of the ratio of the
desired stress error to the previous maximum stress error.

If, for any time step, the maximum stress error exceeds a user-prescribed
maxXimum allowable stress error, the time step will be repeated using a new
(smaller) time step size which is the smallest of all the candidates. ’

CANDIDATE 2: This candidate is intended to control the magnitude of the
maximum displacement gradient increment. In the linearization of the governing
equations (see Section 2.1.4), the higher order terms involving the displacement
gradient increments are neglected. In order for this to result in a reasonably
small error, the displacement gradient increments must be small compared to
unity.

The candidate time step size for a particular time step is the current best
estimate of the time step size that will result in a maximum displacement
gradient increment equal to a user-prescribed desired displacement gradient
increment. The candidate 1is calculated as the previous time step size
multiplied by the ratio of the desired displacement incrememt t6 thé préevisns
mogimum displacement gradient increment. o

' If, for any time step, the maximum displacement gradient increment exceeds
a user-prescribed maximum allowable displacement gradient increment, the time
step will be repeated nsing a new (smaller) time step size which is the smanllest
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of all the candidates.

CANDIDATE 3: This candidate is intended to control the magnitude of the
maximum strain increment. The description is similar to that of CANDIDATE 2.

CANDIDATE 4: This candidate is intended to control the magnitude of the

maximum plastic strain increment. The description is similar to that of
CANDIDATE 2.

CANDIDATE §5: This candidate is equal to a user-prescribed maximom
allowable time step size. This allows the user to place an upper bound on the
time step sizes.

CANDIDATE 6: This candidate is equal to the previous time step size

multiplied by a user-prescribed maximum allowable ratio of successive time step
sizes.

CANDIDATE 7: This candidate is equal to the time step size required to
reach the end of the current time interval. The time intervals are defined by
the user. ’'lhis candidate prevents the program from stepping over the houndaries
between time intervals and insures that the endpoint of every time interval will
coincide with the endpoint of a time step.

CANDIDATE 8: The intent of this candidate is to limit the magnitude of the
plastic creep compliance matrix in comparison to the elastic compliance matrix.
The plastic creep compliance matrix is a singular matrix which relates the
stress increments to the plastic strain increments. The entries in this matrix
increase in magnitude as the time step size incremses. The elastic compliance
matrix is a positive-definite matrix which relates the stress increments to the
elastic strain increments. The sum of the elastic and plastic matrices forms
the total compliance matrix which relates the stress increments to the elastic
plus plastic strain increments. The total compliance matrix can be
ill-conditioned (mnearly singular) if the plastic part is large compared to the
elastic part. This can lead to numerical difficulties 1in solving the finite
elem2nt stiffness equations, so it is necessary to limit the time step size to
avoid an ill-conditioned total compliance matrix at all integration points of
the structure.

The elastic compliance is characterized by the reciprocal of the elastic
modulus. The plastic creep compliance is characterized by the derivative of the
generalized plastic strain increment with respect to the generalized strees.
The compliance ratio is defined to be the ratio of plastic compliance to elastic
compliance:

The candidate time step size for a particular time step is the current best
estimate of the time step size that will result in equality between a
user-prescribed ratio and the maximum compliance ratio.

CANDIDATE 9: This candidate is intended to limit the temperature increment
that occurs during the time step. The candidate is calculated to be the largest
time step size for which the maximum temperature increment does not exceed a
user—-prescribed allowable value.

It is necessary to limit the temperature increment for two reasoms. First,
in the material behavior model, a number of calculations, particularly those
involving plastic strain increments, are performed assuming a cons tant
temperature equal to the average temperature over .the time step. This constant
temperature approximation cam result in insufficient accuracy if the temperature
varies significantly during the time step. Second, if the thermal strain
increments are sufficliently large, the structural stiffness matrix for the time
increment will mnot be positive—-definite, causing the program to have to repeat
the time step using a smaller time step size.
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2.3 GEOMETRY il
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2.3.1 INTRODUCTION
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ACCEPT is presently programmed to handle omly a structure which, in |its
initial or undeformed state, is in the form of a tube with a cross—section that
is constant in the axial direction. The mid-surface, which is the surface lying
nidway between the, inner and outer surfaces of the tube, can have =a
cross—section that is either an ellipse, an equilateral polygon, or an irregular
polygon. Circumferential variations in wall thickness are allowed.

The finite element mesh canmn be set up to model either the entire
circumference of the tube or Just a. part of the circumference. Whenever
symme try conditions permit modeling Just a part .of the circumference, it 1is
advisable to do so since this reduces the size of the problem. The finite
elewent mesh is automatically set up by the program from a small number of input
parame ters which characterize the mesh, as described in Sectioms 2.3.4 and
3.1.8

RApRRRR R KRR KRR KRR KRR KKK
2.3.2 COORDINATE SYSTEMS
KACRARP R RARRK KRR KR LR KR KK

Two coordinate systems are used to describe the geometry. One 1is a
right-handed, orthogonal Cartesian coordinate system (X, Y, Z), as shown in
Figure 2.2. The other is a cylindrical coordinate system (R, THETA, 2Z). The
(X, Y) coordinates are related to the (R, THETA) coordinates by:

X R*COS(THETA)
Y RxSIN(THETA)

The units of X, Y, Z, and R are inches and the unit of THETA is degrees.

SRR KRR AR RN KRR KRR KRR KRR KRR R KRR
2.3.3 NODE AND ELEMENT NUMBERING
seseskoRekofok kek skl HOR KRR KRR KRR RR R R KRR

The nodes in a finite element mesh are numbered as follows: The nodes on
the Z=0 plane are numbered first, followed by those on the next Z-plane, and so
forth. On each Z-plame, the nodes on the THETA=0 1line are numbered first,
followed by those on the next THETA-line, and so forth. On each THETA-line, the
node on the inside of the tube is numbered first, followed by the next node on
éh; line, and so forth. This node numbering scheme is illustrated in Figure

The elements are numbered in a similar fashion, as shown in Figure 2.2.
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FIGURE 2.2 EXAMPLES OF FINITE ELEMENT MESHES FOR A
90° SECTION OF A TUBE, SHOWING NODE AND ELEMENT NUMBERS
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2.3.4 ELLIPTICAL CROSS-SECTION
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Figure 2.3 shows examples of cross-sections of tubes with elliptical
mid-surfaces. See Appendix C for other types of cross—sections. The geometry
of a cross-section is defined by the following parameters:

THETAM = maximum éircumferentlal coordinate. (Equal to 180 degrees in Figure

2.3.) ’
THETAR = reference circumferential coordinate used to specify thickness
variations. (Equal to 90 degrees in Figure 2.3a and 180 degrees in

Figure 2.3b.)

RO = radius from origin of coordinate system to outside of tube at THETA:=0
degrees.

R90 = radius from origin of coordinate system to outside of tube at THETA =
90 degrees.

(%) deérees.v

THETAR.

TO = thickness of tumbe at THETA

TREF thickness of tube at THETA

"
n

The thickness T, measured in the direction normal to the mid-surface, 1is
given by

T = 0.5%(T9 + TREF) + 0.5%(T9 - TREF) *COS(180*THETA/THETAR)
The elliptical mid-surface has principal diameters DO and D90 given by
Do 2*RO0 - TO

D90 = 2%R90 - TI90O
where T90 is the thickness at THETA = 90 degrees.

The finite element mesh 1is constructed such that the circumferential
boundaries between elements are planes which intersect the mid-surface at right
angles. The element spacing in the thickness direction is uniform while the
element spacings in the circumferential and axial directions can be specified
arbitrarily,
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A
R9£— R9O
TREF/2 ' ‘
L | L =X T0O .
L—RO-TO/ZA -t RO-TO/Z—J
RO St RO
a. THETAM =180° THETAR=90°
T / - - - T = at N
~ Y R
R9O - -/ i RSO
(TREF+TO)/4
/ THETA
- [ “=— TREF X TO
L— RO-TO/2 il — RO-TO/Z—J
RO+ — RO
(TREF-T0)/2 ,

b. THETAM =180% THETAR=180°

FIGURE 2.3 EXAMPLES OF 180° CROSS-SECTIONS
OF TUBES WITH ELLIPTICAL MID-SURFACES
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2.4 BOUNDARY, LOADING, AND ENRVIRONMENTAL CONDITIONS
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2.4.1 NODAL DISPLACEMENT AND FORCE BOUNDARY CONDITIONS
REEFRERRRERK KR EERRRBERERERRERREFRRRRE R REERRER R R R KK

Certain default.boundary conditions are built into the program to handle
the most common types of problems. These default boundary conditions are:

(1.) The nodes on the Z=0 plane are fizxed in the Z-direction.

(2.) The nodes on the Z=7ZMAX plane are constrained to move as & plane in the
Z-direction. The total axial force acting on this plane is prescribed as a
piecewise linear function of time. This axial force is prescribed as the

force that acts on a complete tube, whether or mnot the complete
circumference is modelled. See Section 3.1.10.

(8.) If only a part of the circumference of the tube is modeled, the mnodes on
the two THETA = constant planes are fixed in the THETA-direction.

Any or all of the default boundary conditions can be overridden. Also, any
node can be fizxed in the R, THETA, or Z-directioms. See also Section 3.1.11.

R RRRRR KRR KRR KRR KKK

2.4.2 PRESSURE LOADS
KKK KRKRRIORR KKK KKK K

Any number of pressure loads can be prescribed as plecewise 1linear
functions of time. Any such pressure load can be applied to ome or more element
surfaces which are on the inside or outside of the tube. The program .accounts
for finite changes in geometry, so these loads are interpreted as true pressure

loads; i.e., force per unit of actual area, always acting normal to the
surface. See also Section 3.1.9.

e
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2.4.3 TEMPERATURE
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ACCEPT 1is primarily intended for problems where the temperature is
essentially uniform over the entire model. The program is, therefore, not
antomatically linked with a heat conduction program. The temperature is assumed
to be uniform within any given element, but may be different for different
elements.

Any number of temperature histories can be prescribed as plecewise 1linear
functions of time. Any such history can be applied to one or more elements.
See also Section 3.1.7, .

RARRAK KRR KRR KRR ERRRRRKKRR KR KRR KRR KR
2.4.4 INTERACTION WITH RIGID SURFACES
SRR BKATAR KRR KRR KK KA E KRR KRR KRR AR KRR

ACCEPT has a capability which allows frictionless contact-separation
interaction of the inner or outer wnll of the tube with one or more rigid
surfaces. This capability is intended to allow modeling of interaction of
reactor fuel rod cladding with fuel pellets or external supports.

Each rigid surface is a circular cylinder centered on the Z-axis. The
Z-coordinate of each end and the radius of a surface can change as prescribed
piecewise linear functiomns of time.

See also Section 3.1.12,
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3. PROGRAM OPERATION
KRR AR RN AR AL R KKK KK

The following describes the methods that must be used to access and use the
ACCEPT program at Bettis using standard programming procedures described in
Reference 3.

The first part describes the input for ACCEPT, and this is correlated to
previous descriptions of program capabilities.

The second part describes the limitations of the program in terms of the
‘size of problems that may be run. In terms of speed, the procedure for solution
of the sets of . lincdr equations that are generated at each time-step is
approximately 5 times faster than the procedure used in the MATUS program
(Reference 2).

The third part describes the methods used to save and retrieve data
generated by ACCEPT. The files generated by ACCEPT may be read by ACCEPT or by
ACCUSE (Section 4) or by EDFILE (Appendix A). Files generated by ACCEPT are
organized such that all data of every type may be stored on one file. In the
most general case, ACCEPT, ACCUSE, or EDFILE will then automatically select and
access the appropriate data needed at any particular point in a computer run.

The method of obtaining ACCEPT, ACCUSE, and EDFILE for execution on a
Bettis computer is by putting any or all of the following in the control card
stream, depending on which programs are desired.

PROGM( ACCEPT)
PROGM( ACCUSE)
PROGM(EDFILE)

Actual execution of the programs then takes place when any or all of the
following cards are placed in the control card stream.

ACCEPT.
ACCUSE.
EDFILE.

Some of the terms which will be used in subsequent sections are as follows.
SCM is the Small Core Memory of the computer. LCM is the Large Core Memory of
the computer. FTB is the name of the scratch 1/0 package of subroutines used in
ACCEPT, and it is described in Reference 5. AFM is the Advanced File Manager.
It is the set of subroutines which handle permanent storage and retrieval of the
data produced by ACCEPT. This is also described in Reference 5.
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8.1 INPUT DESCRIPTION
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This section describes the input to the ACCEPT program.

Section 3.1.1 gives a few rules concerning the Bettis Input Package
(Reference 5), which is used to read and process all ACCEPT input data.

In each succeeding section, a group of cards is described. In each case,
the cards have similar identification numbers and are used to input related
data. Within the section, each card is described along with cross-references to

descriptions of the related program capabilities.

Section 8.1.183 describes "condensed format" integer input, which is a
me thod of inputting a large amount of integer data in an abbreviated manner.
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3.1.1 THE BETTIS INPUT PACKAGE
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The following are a few rules concerning the format of the 1input for the
ACCEPT and ACCUSE programs.

(1.) Free~field input is allowed, where data items are separated
by commas.

(2.) Each card begins with an identification number.
Therefore, the cards may be input in any order.

(8.) More than omne card with the same id number may be input.
The last such card is the one that is effective,

(4.) The input is printed on each run.

(5.) Any data field may be repeated as follows, .
, Zinteger repeat count/ field,

(6.) Any card may be contlnued by using a + as the first non-blank
character of a continuatlon card.

(7.) A title card is allowed, which is printed at the top of each
page. This is identified by = as the first non-blank character.

(8.) Any number of comment cards are allowed in the input.
These are identified by ¥ as the first non-blank character.

(9.) Comments may be added to any input card after a $ on the card.
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3.1.2 RESTARTING
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1000, NOSTEP, NOSECT (OPTIORAL)

This card is used to invoke the ACCEPT restart option. This option allows
the user to restart a problem after any time—-step for which the results have
been calculated and stored. Before reading this Section, the user should
acquire a thorough knowledge of Section 3.3 on FILING.

NOSTEP = access number of data to be used to restart the problem. This number
is incremented and printed at the end of time-steps when data is
stored. This number is also printed as part of the final summary edit
of ovalities and diamelers.

NOSECT = number of the sections of type TSTEPS and BCONDS (Section 3.3.4) to

be used in the restart problem. For instance. NOSECT = 8 means that
sections TSTEPS03 and BCONDSO3 will be used. [If this variaghle is set
to O or omitted, the last sections of these types written to the file
will be nused. If sections other than those last written to the file
are to be used, then NOSECT can be determined from the printout for the
run in which the data was stored. NOSECT is always found in the last
two characters of the section name.

There are at least two major cases where restarts will be used. The steps
to be taken in these cases are given below.

CASE 1 A problem has previously encountered a time limit. All that is
desired is to pick up where the previous problem left off.

(1.) Add the control card:
FETCH( I= "name" ,V=i,T=363,D=4)

to obtain the file of results stored at the end of the previous run. An exzample
of this card is:

FETCH( I=TUBE 1,V=3,T=303,D=4)
(2.) Change the STORE card to read:
STORE(I= "name" ,V=(1+1)-(i+10),T=303)
An example of this card is:
STORE(I=TUBE 1,V=4-13,T=303)
(3.) Determine NOSTEP and add the input card:
1000, NOSTEP , NOSECT
to the input deck.

o

(4.) (Refer to card 2lccc.) Unless otherwise specified, the initial time~step in
the restart problem will be taken to be:

0.001 £ (time at enid of current interval - restart time)

This may be overridden by specifying the second parameter on the 2lccc card for
the time—interval in which the problem is restarted. A problem is defined to. be
restarted in the first time-interval whose end-time is greater than the
restart—time.
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The 21ccc cards may be left as they were in the original run: If zeroes
are used on any such card, ACCEPT will pick up the proper parameter values from

" earlier cards.

(5.) A file which results from a restart problem will contain all data that was
on the input file, plus all data generated in the current jJob. This means that
files may grow to be quite large, particularly if a sequence of restart problems
is to be run. This can cause difficulties, primarily in storing and retrieving
files from tape. -

The EDFILE program (Appendix A) may be used to limit the size of a file.

CASE 2. It is desired to restart a problem at several points Iin time. One
example of this is a problem in which it is desired to simulate
unloading at several polnts in time.

(1.) This is the same as (1.) for CASE 1.
(2.) Change the STORE card to read:
STORE( I= "new name® ,V=1-10,T=303)

where "new name® is a different I parameter than is on the FETCH card. An
example of this card is:

STORE( I=TUBE 1-TEST STUDY 1,V=1-10,T=303)
(3.) This is the same as (3.) for CASE 1.
(4.) This is the same as (4.) for CASE 1.

(5.) The use of EDFILE to purge data from files is not generally recommended 1in
this case. The reason for this is that it is less likely that a restart will be
done more than once or twice for any particular case. Thus, files will not grow
as large as they would in CASE 1. Also, it is important to retain related data
on the same file for later use in ACCUSE. It is also important to mse the file
output from the original run as input for each case.

(6.) This is the same as (6.) for CASE 1.
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3.1.3 GEOMETRY DATA
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The purpose of the following input cards is to allow the description of the
geometry of a tube to ACCEPT. See also Section 2.3 and Appendix C.

10006, INDGEM, NTHICK, NCIRCM, NAXIAL (REQUIRED)

(1.) INDGEM = geometry option indicator (integer).
(Set = 1 for elliptical cross—section.
For other options, see Appendix C,)

(2.) RTHICK number of elements through the thickness (integer).

(3.) NCIRCM

number of elements around the circumference of the tube.
(integer)

(4.) NAXIAL = number of elements along the axis of the tube.
(integer)
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11000, ZMAX, THETAM, THETAR; RO, R90, T0, TREF (REQUIRED)

(1.) ZMAX

maximum axial coordinate (real).
length of tube in inches.

uHan

(2.) THETAM = maximum circumferential coordinate in degrees (real).

(3.) THETAR

reference circumferential coordinate (degrees)
used to specify thickness wvariations (real).
(See below.) .

(4.) RO = outside radius of tube at THETA = 0. (real).

inches.
(3.) R90 = outside radius of tnﬁe at THETA = 90. (real).
= inches.
(6.) TO = thickness of tunbe at THETA = 0 (real).
= inches.
thickness of tube at THETA = THETAR (real).

(7.) TREF

inches.

The thickness variations in a cross—section of a tube are determined by =a
cosine wave, as described. in Section 2.3.4. The maximum and minimum thicknesses
occur at THETA = 0. and THETA = THETAR, respectively, or vice versa. The period
of the cosine wave is 2 % THETAR. :
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11001, N1, Z1, N2, Z2, ..., NLAST, ZLAST (REQUIRED)

(1.) Ni = axial element layer number (integer).

(2.) Zi = axial coordinate at end of layer Ni (real).

Ni and Zi must be input such that,
NAXIAL, and

1 s Nt < N2 < ,.. < NLAST

® < Z1 < Z2 < ... < ZLAST = ZMAX.
Essamn les,
(A.) The card 11001, 3, 10 will generate a mesh

element boundaries at Z = 0., 2., 4...6., 8., 10.

(B.) The card 11601, 2, 2., 35, 14, will generate a
with the element boundaries at Z = 0., 1., 2., 6., 10., 14,

119002, N1, THETA1l, N2, THETA2, ..., NLAST, THETALAST (REQUIRED)

{1.) Ni = circumferential element iayer numer (iﬁteger).

(2.) THETAi = circumferential coordinate at end of
layer i1 (real) in degrees.

These pairs are input in a manner similar to those on card 11001.

with

mesh



WAPD-TM- 1383 ' Page 27

skaksksdeRkRACR Rk Rk R R KKk kR K
3.1.4 TIME INTERVAL DATA
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20000, TSTART (REQUIRED)

TSTART = time at start of problem in hours (real).
This is ignored in restart problems.

2lccc, TENDI, SIZINI, PARAM(1), ..., PARAM(12) (REQUIRED)

where ccec = 001 to nnn, nnn < 9299, and nnn = number of time intervals in the
problem. There must be one such card for every time interval, and the cards
wmust be numbered consecutively from 21001 to 21lnnn.

(1.) TENDI = time at the end of the interval in hours (real).

(2.) SIZINI = initial time-step size for the interval (real).
This must be input for the first interwval. If set equal to 0.0
for subsequent intervals, this will be calculated by the program.

(3.) PARAM = vector of 12 user—-specified parameters for the interval
used in controlling the time-step size (real). If any entry is set
to 0.0, the value for the previous interval is used. See also
Section 2.2.3.

entry 1 = maximum allowable stress error im psi.

entry 2 = maximum allowable displacement gradient increment.

entry 3 = maximum allowable strain increment.

entry 4 = maximum allowable plastic strain increment.

entry 3 = desired stress error in psi.

entry 6 = desired displacement gradient increment.

entry 7 = desired strain increment.

entry 8 = desired plastic strain increment.

entry 9 = maximum allowable time~step size in hours.

entry 10 = maximaum allowable ratio of next time-step size to
previous time-step mlize.

entry 11 = maximum allowable ratio of derivative of plastic strain

rate with respect to generalized stress to derivative of
elastic strain rate with respect to generalized stress.

entry 12 = maximum allowed temperature increment in a time-step in degrees F.
(default = 100 degrees if this parameter is not supplied).

It is required that, .
2 % PARAM( 1 + 4 ) < PARAM( 1)
where 1 = 1, 2, 3, 4.

Recommended Values:

PARAM( 1 ) = 0.01 to 0.05 times estimated maximum stress.
PARAM( 2 ) = 0.005 to 0.05.

PARAM( 3 ) = 0.005 to 0.05.

PARAM( 4 ) = 0.005 to 0.03.

PARAMC 83 ) = 0.2 % PARAM(U 1 ).

PARAM( 6 ) = 0.2 *x PARAM( 2 ).

PARAMC 7 ) = 0.2 x PARAMC 3 ).

PARAM( 8 ) = 0.2 *x PARAM( 4 ).

PARAM( 10 ) = 2 to 10,

PARAM( 11 ) = 10 to 20.
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22ccc, TIMLIM, OVALIM (OPTIONAL)

where ccc = 001 to nnn, nnn < 999, and nnn = number of time—intervals in the
problem.

(1.) TIMLIM
(2.) OVALIM

lower 1imit of size of time-steps (hours) in this

interval (real).

upper limit of ovality (inches) that may occur in this
interval (real). This is compared to the difference
between the maximum and minimum outer diameters at Z = 0.0
at each tiwe-step.

u

The parameters on this card will apply to time—interval ccc. This card |is
OPTIONAL. Only the card for a time-interval for which the time-step size or the
ovality is to be limited need be input into the program.

If either limit is set to 0.0, the c;rrespondlng variable will be taken to
be essentially unlimited. If this card is not supplied for an interval, both of
the corresponding variables for that interval will be taken to be essentially
unlimited.

If either limit is reached, ACCEPT will,
(1.) print and store the results for the last step, and
(2.) terminate.

22009, TIMALL, OVALAL (OPTIONAL)

(1.) TIMALL

lower limit of size of time~steps (hours) in the

overall problem (real).

upper limit of ovality (inches) that may occur in the
overall problem (real). This is compared to the
differcnce between the maximum and minimum outer diameters
at each time-step.

(2.) OVALAL

The parameters on this card will apply to any time-interval for which =
card 22c¢cc has not been supplied. If a card 22ccc is supplied for any interwval
ccc, then the parameters om card 22ccc will override those on card 22000, but
only for interval ccc. If mneither card is supplied, then TIMALL and OVALAL will
be set such that both quantities are essentially unlimited in the program.

If either limit is reached, ACCEPT will,
(1.) print and store the results for the last step, and
(2.) terminate. c
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The program will automatically restart any time-step in which any of a
number of conditions, such as excessively high strain increments, is encountered
during the step. :

If such a condition is encountered, the program will halve the time-step
size and try the step again. It will do this up to a maximum of 5§ times for any
step. If the limit is reached, the program will store the last good results and
exit gracefully.

The limit of 5 retries may be altered by using the following input card:
20001, MAXRES (OPTIONAL)

If thismcard is used, then MAXRES (integer) becomes the new upper liﬁlt on the
number of internal restarts that will be attempted by the program.

The limitation on the number of internal restarts may be associated with
the size of the step by the use of card 20001 and either card 22000 or card
22cce. By setting MAXRES to a large integer and defining a lower limit on the
size of steps on either card 22000 or card 22ccc, the program will try to
restart until the time-step size reaches the limit .imposed on card 22000 or card
22ccc.
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3.1.5 STORAGE CONTROL
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Data is normally written by ACCEPT to the type 303 output file at the end
of each user-specified time—interval and at the end of a computer run. An
exception to this is, if onme of the first four entries in the PARAM array on
card 2lcce (Section 3.1.4) is exceeded during a time step, then data is not
stored at the end of the time step. Optional input cards provide a number of
user controls over this process, such that additional data may be stored when
desired.

In what follows, the word "store" is nused to refer to the process of
writing data onto the output file. Actual storage of the file on a hardware
device, however, does mnot take place until the AFM (Reference 5) wrap—up at the
end of a computer run.

23009, ISTORE, OSTORE, TSTORE (OPTIONAL)

This card is used to govern storage throughout a computer run. The
parameters on this card can be used to cause ACCEPT to store data at steps other
than where data would normally be stored.

ISTORE = parameter which controls storage according to the number of the time-
step (integer).
> ® implies data will be stored at the eﬁd of steps 1, 1+ISTORE,
1+2% ISTORE, and so forth.
= ¥ implies this parameter does not apply (default).
= = 1 implies all storage i3 suppressed, except =al the end of a
computer run. This takes precedence over all other storage options.
OSTORE = parameter which controls storage according to the outer-surface ovality

treal). 'I'his ovality is defined as the difference between the maximum
and minimum diameters at Z 2 0.0 at the end of a time-step. If the
outer-surface ovality exceeds OSTORE, data is stored at the end of the
step. The default is 1.E100. If this is input as 0.0, ACCEPT will set
OSTORE to 1.E100.

TSTORE = parameter which governs storage according to the size of the time-step
Just completed (real). If the time-step is less than TSTORE in length,
data is stored at the end of the time-step. The default is 0.0
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23ccc, ISTORE, OSTORE, TSTORE (OPTIONAL)

where ccc = 001 to nnn, nnn S 999, and nnn = number of time~intervals in the
problem.

The parameters on this card have the same meaning as those on card 23000,
except that these parameters apply strictly to time—interval ccc. Also, ISTORE

- = = 1 has no meaning here, since this is the same as the default case.

The global values of ISTORE, OSTORE, and TSTORE are defined as the default
valunes ©, 1.E100, and 0.0, respectively. If card 23000 is input, the global
values are reset to the entries onm card 23000. The global wvalues of ISTORE, .
OSTORE, and TSTORE apply to time—interval ccc, unless card 23ccc is input. For
instance, if card 23003 is input, the values of ISTORE, OSTORE, and TSTORE are
those on 23003 in interval 3, and they are @, 1.E100, and 0.0, respectively, in
intervals 2 and 4, unless card 23002 or 23004 is input.

24001, TIMEL, TIME2, ... (OPTIONAL)

If this card is input, data is stored at fhe end of the first time-step
whose ending time exceeds TIMEi, for each entry TIMEi. For instance, if

24901, 1.5, 25.0
is input, data is stored at the end of the first time-step whose ending time
exceeds 1.5 hours, and at the end of the first step whose end exceeds 25.0
hours.

Entries on this card do not have to be in increasing sequence.
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3.1.6 MATERIAL PROPERTY DATA
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30009, MTABL1, MTABL2, ... (REQUIRED)

MTABLi = indicator of type of properties that will be used in material
property table i Cinteger), 1 = 1 to 9.
where
MI'ABLi = 1 medns that material properties for 7Y per-cent cold-worked stress
. relief annealed Zircaloy will be used.
MTABLi = 2 means that material properties for recrystalization annealed

Zircaloy will be nsed.

The above card is a method of selecting a set of material properties from
tables &kept internally in ACCEPT. The values in the tables may be modified by
using the optional cards 30jcc, where J = i — 1 = 0 to 8. The tables may be
assigned to specific elements by using the optional card 33001, where i1 = 1 to 9
= numwber of a2 material property table.
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30jcc, ENTRY1, ENTRY2, ..., ENTRYLAST (OPTIONAL)
where J = 0 to 8, cc = 01 to 16.

ENTRYi = an entry in material property table Jg+1.

These‘optional cards ﬁay be used to change parts of the material property table.
Each card corresponds to a keyword in the table and contains a list of words as

follows. (See Appendix B for a description of these wvariables.)

CARD - KEYWORD - CONTENTS

30401 - TMPIUN - priml( 1), ..., primlC 13 )

30J03 - TMP2UN - prim3( 1), ..., prim3(C 15 )

30305 - TMPSUN - primS5C 1), ..., prim3C 15 )

30,07 - RPTEN - rth, rzl, rz2, pth, pzl, pz2

30308 - RPCOM - rcth, reczl, rcz2, pcth, pczl, pcz2

. 30309 - YRATIO - yratio, yratzl, yratz2

30316 - BDFL - bzl, etrnsc, dfzl, pfact, qfazl, efz2, bcezl, bnz2, egmin

30312 - TEXTR - fC 1), fC 2), fC 3)

30314 - ENU - cmod,. ctmod, cnu, ctnu

30y15 - CZERO - czero( 1,1 ), czero( 1,2), ..., czero( 1,6 ),
czero( 2,1), ..., czerof 6,6 )

30316 - CCOEF - ccoef( 1,1 ), ccoef( 1,2), ..., ccoef( 1,6 ),
ccoef( 2,1 ), ..., ccoef( 6,6 )

Inclusion of any of the above cards will result in the replacement of the table
entries which immediately follow the keyword. Replacement begins with the first
table entry following the keyword. The number of entries replaced is the same
as the number of entries on the card.

The wvariables rzl, rz2, pzl, pz2, rczl, rcz2, pczl, pcz2, yratzl, yratz2, bzl,
dfz1, gfazl, bcezl, and bnz2 are not used in the current version of ACCEPT.
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31000, RZZZZ1, EBE1l, RZZZZ, EZZ(1), EZZ(2), EZZ(3), FZZZZZ (OPTIORAL)

EHE!l = initial value of strain hardening strain (real).

EHEI defaults to 1.E-6 if this card is not provided. EHEI must be at least
as great as EGMIN, the minimum allowed value of the thermal strain rate. The
latter is the last entry in--the BDFL portion of the material property table

(card 30310). If it.is not, EHEI will be reset to EGMIN, and warning messages
will be printed.

The variables RZZZZ1, RZZZZ, EZZ, and FZZZZ are not used in the current
version of ACCEDT.
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32000, IXTHST, I1XZZST, IXPLST, TEMLIM (OPTIONAL)

The parameters on this card are indicators which allow the user to turn off

the calculation of selected strainms. "Tarning off" the corresponding strain
means setting it to zero.
(1.) IXTHST = turn off the calculation of thermal strains if this

indicator is set to 1.

(2.) IXPLST = turn off the calculation of plastic strains if this
indicator is set to 1. .
(3.) TEMLIM = tewmperature below which plastic strain increments are set

to 0, That is, only elastic behavior occurs below this
temperature. The current default value is 300.0 degrees.
This is an optional parameter which may or may not be
added to this card.

The variable IXZZST is not used in the current version of ACCEPT.

.3300i, NELEM1, NELEM2, ..., NELEMLAST (OPTIONAL)
where 1 = 1 to 9 = number of a material property table.

NELEMi = number of an element to which material property table i is
assigned C(integer). '

The entries on this card may be written in Ycondensed format", as described in
Section 3.1.13. If this card 1s omitted, material property table 1 is assigned
to all elements. If an element is assigned more than one material property
table, the last such assignment is the ome that will apply.
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35cce, ath,azl,az2, bth,bzl1,bz2, cth,czl,cz2 ( OPTIONAL)

where ccc = 001 to nnn, nnn<999, and nnn = number of material property tables in
the problem.

The entries on this card (real) permit user control over the dependence of
anisotropic creep on the state of shear stress. The entries are the shear

stress coefficients used to define the generalized stresses for' thermal (th)
creep. See Appendix B.

This card is optional. If it is not input, the values are set according to
the following equations: :

ath

(1 / yratio )¥%2 * ( 6 % rcth ) / ( rcth + 1)
bth

(1 / yratio )u*2 % 6 / ( prcth + 1)

cth = ( 1 7/ yratio )*%2 % ( 6 * rcth ) ~ ( pcth % ( rcth + 1 ) )
See Appendix B for the definitions of the variables used in these equations.

The wvariables azl, az2, bzl, 522, czl, and c¢z2 are not used in the current
version of ACCEPT.
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3.1.7 TEMPERATURE DATA
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40ccc, TIME1l, TEMP1, TIME2, TEMP2, ..., TIMELAST, TEMPLAST .(REQUIRED)

where ccc = 001 to nnn, nnn S 999, and nnn = number of temperature history tables
in the problem. There must be one such .card for every temperature history table

in the problem, and the cards must be numbered comsecutively from 40001. to

49nnn. See also Section 2.4.3.

(1.) TIMEi time (in hours) at which an element is at the correspoﬁdlng

temperature (real). ' )
(2.) TEMPi = temperature (in degrees Fahrenheit) corresponding to TIMEi (real).
where i = 1 to LAST.

The tewmperatures are obtained by linear interpolation using these tables.
If the current time £ TIMEl, the current temperature is TEMP1. .If TIMELAST S the
current time, the current temperature is TEMPLAST. The table entries must be
arranged such that, )
TIME1 < TIME2 < ... .

For a time step, the assumed: temperature in the material property representation
is the average of the interpolated temperature at the beginning of the time step
and the interpolated temperature at the end of the time step.

41ccec, IELEM1, IELEM2, ..., IELEMLAST (REQUIRED)

where ccc = 001 to nnn, nnn S 999, and nnn = number of temperature history tables
in the problem. There must be one such card for every temperature history table

in the problem, and the cards must be numbered consecutively from 41001 to

41nnn. If an element is assigned more than one temperature history table, the

last such assignment is the one that will apply.

IELEMi = number of an element to which temperature history table ccc
is assigned.

This card may be written in "condensed format”, as desceribed in Section
3.1.18.
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3.1.9 PRESSURE LOAD DATA
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60ccc, TIME1, PRESS1, TIME2, PRESS2, ..., TIMELAST, PRESSLAST (REQUIRED)
6lccc, IELEM1, IELEM2, ..., IELEMLAST (REQUIRED)
62ccc, IELEMI1, IELEM2, ..., IELEMLAST (REQUIRED)

These cards are the same as 40ccc and 4lccc, except that they describe the
pressure load history tables. The units for pressures are pounds per square
inch. The last two cards list the elements to which the corresponding pressure
toad .table applies on the inside of the tube (6lccc) and on the outside of the
tube (62ccc). ’ ’

See also Sectionm 2.4.2.
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3.1.10 AXIAL LOAD DATA
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76000, TIME1, LOAD1, TIME2, LOAD2, ..., TIMELAST, LOADLAST (REQUIRED)

This card describes the axial load history table. The units for axial
loads are pounds. At any point in the problem, the axial load is obtained by
linear interpolation from this table. If time < TIMEIL, load = LOAD1. If
TIMELAST < time, load = LOADLAST.

The load values should be input to correspond to the axial load acting on a
complete 360-degree tube, whether or not the complete circumference is mndelled

in the problem. - The loads obtained from the table will be. multiplied by
360./THETAM before being applied to the finite element model.

See also Sectiom 2.4.1.
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8.1.11 FIXED DISPLACEMENT DATA
HRERRREAR KRR KRR R ER KRR R KR F

8000c, NODE1, NODEZ2, ...,‘NODELAST (NORMALLY OPTIONAL. REQUIRED IF
: ’ THETAM = 180. OR 360.)

NODEi = node whose displacemént is fixed in directione¢ =1, 2, 3 (integer).
The directions in this case correspond to R, THETA, and Z.
See also Section 2.4.1.

The list of nodes may be writtem in "condensed format"; as defimed in
Section 3.1.13.

The axial displacement on the Z = 0.0 plane is normally fizxed (0.0). The
displacements mnormal to the THETA = 0.0 and THETA = THETAM planes will also
normally be fixed (0.0).

Except for two cases, rigid body motions are eliminated by the default
boundary conditions. These two cases are given below, along with one suggested
solution for this problem. If THETAM = 180., one solution 1is to fix the
displacement of at least one node on the Y-axis in the THETA-directiom. If
THETAM = 360., the same is true, but also the displacements. of at least two
nodes on the X-axis should be fixed in the THETA-direction. In the last case,
the two nodes on the X-axis should be 180 degrees apart.
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80010, INDZO, INDZMX, INDTO, INDTMX (OPTIONAL)

The normal state of the structure (see Section 2.4.1) in ACCEPT is that,

(a.) the nodes on the Z = 0.0 plane are constrained such that they do not move
in the Z-direction,

(b.) the nodes on the Z = ZMAX plane are required to displace together as =a
plane in the Z-direction, and, .

except for a 360-degree tube,

(c.) the nodes on the THETA = 0.0 plane are constrained such that they do not
move in the circumferential direction, and

(d.) the nodes on the THETA = THETAMAX plane are constrained such that they
do not move in the circumferential direction.

This card may be used to relax any or all of these conditions.

INDZO = indicator if the condition on the Z = 0.0 plane is to be relaxed,.
0.2 no (defamlt). - . i
1 = yes.. .
INDZMX = indicator if the condition on the Z = ZMAX plane is to be relaxed.
® = no (default). . ) ..
. 1 2 yes. .
INDTO = indicator if the condition on .the THETA = Q plane is to be relaxed. .
'® = no (default). .
1 = vyes.
INDTMX = indicator if the condition on the THETA = THETAMAX plane is to be
re laxed.
(] no (default).
ves.

1

The axial loads specified on card 70000 will be lgnored if the condition on
the Z = ZMAX plane is relaxed (INDZMX = 1).
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3.1.12 CONTACT DATA
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900ss, TIME1l, ZLOW1, TIME2, ZLOW2, ..., TIMELAST, ZLOWLAST (OPTIORAL)
901ss, TIMEl, ZHIGHi, TIME2, ZHIGH2, ..., TIMELAST, ZHIGHLAST (OPTIONAL)
902ss, TIME1, RADIUSI, TIME2, RADIUS2, ..., TIMELAST, RADIUSLAST (OPTIONAL)
903ss, ELINEl1, ELINE2, ..., ELINELAST (OPTIONAL)

904ss, NLINE1, NLINE2, ..., NLINELAST (OPTIONAL)

905ss, NAXIAL1, NAXIAL2, ..., NAXIALLAST (OPTIONAL)

where 88 = 01 to ns, ns < 99, and ns = number of contact surfaces that may
interact with the tube. See also Section 2.4.4. )

The parameters on the above cards are:

(1.) ZLOWi = lower bound of contact surface ss at TIMEi. (real)
(2.) ZHIGHi = upper bound of contact surface ss at TIMEi. (real)
(3.) RADIUS1 = radius of contact surface ss at TIMEi. (real)

(4.) ELINEi = number of a line of elements around the circumference

all of which may potentially interact with contact
surface ss. (integer)
(3.) NLINEi = number of a line of nodes around the clrcumference
all of which may potentially interact with contact
surface ss. (integer)
(6.) NAXIALi = number of a line of nodes down the Z-axis that lies within
the contact area for surface ss (integer).

The first 3 cards express the location of contact surface ss as a piecewise
linear function of time. Each contact surface is assumed to have a cylindrical
shape. The entries on the first 3 cards have units in hours (time) and 1inches
(length). These 3 cards are OPTIONAL. However, if omne card is supplied for
contact surface sg, them all 3 cards must be supplied. In addition, either card
903ss or card 904ss (but not both) must be supplied.

The fourth, fifth, and sixth cards define which nodes of the mesh may
possibly touch contact surface ss. )

Each entry on card 903ss is the number of a line of elements around the
circumference of the tube. The line of elements around the circumference at Z =
0.0 is given the number 1. The next line of elements around the circumference
as one moves down the Z-axis in the positive direction is line number 2, and so
forth. Any element on any line of elements designated by this card may
potentially come into contact with contact surface ss. Thus, all nodes on the
inside of any line of elements designated by this card will be designated as
potential contact nodes, except a5 moedified by card 903sw.

Each entry on card 904ss is the number of a line of nodes around the
circumference of the tube. The line of nodes around the circumference at Z =
0.9 is given the number 1. The next line of nodes around the circumference as
one moves down the Z-axis in the positive direction is line number 2, and so
forth. Any node on any line of nodes designated by this card may potentially
come into contact with contact surface ss, except as modified by card 905ss.

Each entry on card 903ss is the nomber of a line of nodes down the Z-axis
of the tubes The 1line of nodes down the Z-axis at THETA = 0.0 is given the
number 1. As THETA increases, the next line of nodes is give the number 2, and
so forth. It is normally assumed that a surface can potentially come into
contact with all nodes around the circumference at a given axial location. Card
905ss may be mnsed to relaxz this condition and restrict possible contact to a
subset of the mnodes at a given axial location. This permits the solution of
contact problems in which a contact surface extends over only a part of the
circumference.
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Entries on cards 903ss, 904ss, and 905ss may be writtem 1in ‘"condensed
format", as described in Section 3.1.13.

A consideration in setting up contact problems is as follows.
There are three nodes on each edge of an element, two on the ends and one in the
middle. If the omne in the middle of any edge is designated as a possible

contact node, then all nodes on that edge must be designated as possible contact
nodes.

The ©program permits the specification of a contact surface with a
time-varying elliptical cross-section. The major axis of the ellipse may be
specified to 1lie on either the x-axis (THETA = 0.9) or the y-axis

(THETA = 90.0). .

Figure 3.1 shows the case in which the major axis of the ellipse 1lies on
the x—-axis. '

The program permité the input of an ovality and average radius, where it is
assumed that:

lovality) N W=2% (Rtx) - R(y)) ' 1
(average radlius) R > (R(x) + RUY)Is2 - (2)
and R(x), R(y).= radil of major, minor axes;. respectively, From the above
definitions, it follows that: -
v R(x) = R + W4 (3)
R(y) = R - W4 , (4

The input required for the elliptical obtion consists of the following
cards: -

902SS, TIME1l, RADIUS1, TIME2, RADIUSZ2, ..., TIMELAST, RADIUSLAST (REQUIRED)
906SS, TIME1l, OMEGAl, TIME2, OMEGA2, ..., TIMELAST, OMEGALAST (OPTIONAL)

The entries on card 902ss then comprigse a table of average radii for contact
surface ss. The entries on card 906ss comprise a table of ovalities for contact
surface ss.

Card 902ss is always required whenever the ACCEPT contact option is
invoked. Card 906ss may then also be supplied, but it is optional. If 906ss is
not supplied, then contact surface ss will be assumed to be circular in shape.
The same is true whenever the ovality is input as 06.0. The input of a negative
ovality will cause the major axis of the ellipse to lie on the y-axis.
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FIGURE 3.1 QUARTER OF ELLIPTICAL CROSS SECTION
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91001, INDOUT (OPTIONAL)

This card may be used to change the definition of a contact problem to one
in which contact will occur with the nodes on the outside surface.:
INDOUT = indicator whether this is an inside or an outside contact
problem (integer).
O = an inside contact problem (default).
1 = an outside contact problem.
throungh

If INDOUT = 1, all definitions of the parameters on cards 900ss
995ss now apply to a contact surface impinging on a tube from the outside.
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3.1.13 CONDENSED FORMAT INPUT
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_ Various cards nsed to input integer data may be writtem in ‘“condensed
format". In this format, the integers are imput in "sets”. Each set may take
the form: ‘

ni,-n2,-n3

Theimeaning of the above is: "input all integers from nl to n2, but not
necessarily including n2, in increments of n3°. For instance, the set:

4,-17,-8
will be taken as a shorthand way of inputting the integers 4, 7, 10, 13, and 16.
The entries —n2 and -n3 are optional in each set. "If -n3 is omitted, the
increment is taken as omne. If -n2 is omitted, the input set includes exactly

‘one integer.

Sets do not have to be input in the order of increasing magnitude. Any
number of sets can be input on a card.
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3.2 SIZE LIMITATIONS
EES 323 3 233 23S 3 3259

The following limitations apply to the size of the problems that can be run
on the ACCEPT program. The number of nodes is essentially unlimited. The
number of elements is limited to 8176, based on the availability of a disk that
has a useable space of 39 million 60-bit words. Most practical problems will be
run with far fewer elements. The maximum wavefront is limited to 789 if a Large
Core Memory (iLCM) is available with at least 262,144 60-bit words. The maximum
wavefront is limited to 1100 if an additional 635,336 60-bit words are available
in LaM.

The above limitations apply to a CDC-7600. In the CDC-6600 version of
ACCEPT, all FTB files that are on disk in the CDC-7600 version are placed in
LCM. In this case, problems should not be run with more than 30 elements, and

no contact problems should be run.
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3.3 FILING
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. ACCEPT, ACCUSE, and related programs write and read a single, sectioned,
interface format file (Reference §). Within this file, all the different kinds
of data are written as individual sections of the file. Thua, one section will
contain the boundary conditions, another will contain the time-step data, and so
for th. In this way, all the data for a single problem can be contained in a
single file.

In addition, new'data can be added to the file on succeeding runs, and more
than one section of the same kind of data can exist in the file. Each such
section will be tagged with a distinct name. This means, for example, that
problems can be run with different sets of boundary conditions, and all results
can be contained in the same file.

Finally, any combination of programs can be run, =and all required input
data can be supplied by fetching one file.
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3.38.1 THE STORE CARD
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. The following Advanced File Manager (AFM) card is required to run any
program in which data is written:
STORE(I=______,V=1-10,T=303)

The I parameter is a user-selected file identification of up to 20 characters.
The T parameter specifies that the data type of the output file will be 303.

The "V=1-10" parameter specifies that the version number of the output file
will be in the range 1 to 10. There will be only one file output from a Job.

The version number is railised by 1 as each section is added to_the file. Thus ,
if the file is at wversiom 1, it contains only 1 section; at version 2 it
contains 2 sections; and so forth.

When the jJob finishes, whether normally or by an abort, the above card will
cause the file to be stored. The final vcrsion number is then the number of
sections written to the file. The only exception to this is that, if a Job
aborts at the exact moment a section is being added to the file. the file wiltl
not be stored at the end of the Jjob.

If it is not desired to store the output file at the end of the Job, the
above card must be replaced by:

STOPE( % e ,V=1-10,T=303,D=2)

The D=2 means the file will not be sent to global store at Job termimation. All
other parameters have the same meaning as before.

SRR R R R R Rk R SR sk kR
3.3.2 THE FETCH CARD
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The following AFM control card is required to read data froma file which
has been stored in a previous Job:

FETCH( I® e . V2p,T=363)

The I and T parameters are as described in the sectiom on the STORE card. The
"Y=p" paratmeter means that the file whose version number is p, and which was
stored by a previous Job, will be read by this Job.

A FETCH card should be used without a STORE card only if no data will be
writtecn in the Job. In general, this will occur only if ACCUSE is used by
itself. Otherwise, the procedures of Section 3.3.3 must be employed.

kKRR R AR AR R KRR AR AR KRR KRR KA KKk kR K
3.3.3 COMBINED USE OF FETCH AND STORE CARDS
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One FETCH and one STORE card for a file of type 303 may be included in the
same Job. In this case, the FETCH - STORE pair will cause the data written in a
previous Job to be used as input and the data writtem in the mnew Job to be
stored.

All information in the fetched file will be written to the stored file.
Thus, the final file resulting from such a jJob will contain (1) all data in the
fetched file and (2) all data written during the job.
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There are two cases of this kind of jJob which must be considered.

kkkKXCASE 1.:k%xx%kk A single Job is to be submitted which uses data
previously written and stores new data.

In this case, the recommended sequence of AFM control c¢ards for file
handling is as follows:

FETCH( I1=a, V=p,T=303,D=4%)
STORE( I=a,V="p+1"-"p+10",T=3603)

In the above, the I parameters set the np-to-20 character file identification of
the stored file the same as that of the input file. The V parameters mean
version p of the file will be fetched, and the stored file will have a version
number somewhere in'“the range p+l1 tao p+10. The T parameter is the data type of
this type of file. Finally, the D=4 parameter is an AFM requirement allowing
special processing of the fetched file.

For example, the cards

FETCH( I=TEST FILE,V=4,T=303,D=4)
STORE( [=TEST FILE,V=5-14,T=303)

mean that versiom ¢ of TEST FILE will be fetched, and the version number of the
stored file will be in the range 5 to 14.

keRRRCASE 2, ki#xkk Several Jobs are to be submitted at the same time, all of
which fetch the same file, and all of which generate data. This case is
complicated by the AFM requirement that mo two Jobs which will store the same
file should be submitted at the same time. OTHERWISE, DATA WILL BE LOST. (The
same applies to two Jobs which would store any data on the same tape.)

To insure that data will not be lost, the following procedure should be
used. One Jod should be run Just as in CASE 1, but the recommended sequence of
AFM control cards for any other Jobs is as follows:

FETCH( Iza,V=p,T=303,D=4)
STORE( I=b,V=1-10,T=303)

In the above, the I parameter of the stored file must be different from that of
the fetched file. Also, all ! parameters of all stored files must be distinct
from each other. The version number of the output file will be in the range 1
to 10.

For example, suppose two Jobs are to be submitted at the same time, both of
which have the AFM control_card:

FETCH( I=TEST FILE A,V=4,T=303,D=4)
Then, two different STORE cards, ore in each of the two Jobs, might be:

STORE( I=TEST FILE A,V=5-14,T=303),. and
STORE( I=TEST FILE B,V=1-10,T=303).

As noted before, all data in the fetched file will be writtem to each
stored file resulting here in a duplication of sections. To prevent retaining
unnecessary data, the PURGE option of the EDFILE program (Appendix A) should be
used at the end of jJobs to purge duplicate copies of sections. Then, the ADD
option may bhe used in a later Job ito recombine all data into a single file.
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3.3.4. SECTION NAMES
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Each section in a file is assigned a name. This name consists of a 6 -
character identification field, followed by a 2 - digit sequence number.

The identification fields currently assigned are:

(1.) BCONDS = boundary conditions.
{2.) OVADIA = ovalities and diamectcrs.
(8.) TSTEPS = time-step information about the elements.

‘'he sequence number is automatically assigned, as each section is written
to the file. TIor instance, the first section of boundary conditions written to
the file would be called "BCONDSQI", the second "RCONDSA2', and so forth. Tho
norma! result of a rum is the stovage nf ane sectinn nf sach type with ths
sequence number of cach section being raised by | over that of the section of
the same type last stored in the file.

Each file is divided into sections, and each section is divided 1into
reczords. A single record is written at the start of each section of a file.
This record containz identification labels, which are printed each time the
section is written or read. These labels are:

(1) Job Card Id
(2) User Name
(3) Date
(4) Time
(3) Laboratory
(6) Machine
The subsequent records of each section contain the actual data, collected

toge ther in various ways.
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4. THE ACCUSE PROGRAM
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The ACCUSE program (ACCEPT USER-SELECTED END-RESULTS) provides the primary
output capability for ACCEPT. It provides a number of options to selectively
print or plot the data produced by ACCEPT.

The recommended mode of operation of ACCUSE is:
(1.) a file of results should de stored at the end of an ACCEPT run, and
(2.) the file of results should then be retrieved in a separate computer run and
ACCUSE used to print or plot the results.

This has the followinz advantages:
(1.) a variety of prints or plots can be obtained at any time without the
necessity of redoing the ACCEPT calculations, and
(2.) as new options are made available in ACCUSE, these can be used with the
results of previous ACCEPT runs.

A limited amount of time is available at the end of each ACCEPT run, such
that ACCEPT and ACCUSLE can be used in the same computer run. However, such a
run can reach the time iimit of the Job, and there are possible consequent
problems, such as the loss of data.
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4,2 INPUT DESCRIPTION
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LEMENT INFORMATION
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192, NOSECT

Inclusion of the above card in an input deck will result in section NOSEQCT
of type TSTEPS heing used as input for this option. This card is optiomal. If
it iz not included, the section in the file of type TSTEPS that was last written
to the file will be used as input for this option.

161, 1.0

Inclusion of the above card will result in the following being printed for
the edge elements:

displacements,

s tresses,

strains,

plastic strains,

material property tables, and
transformation matrices.

o~ e -~
DGR
;;wvuv

The edge elements are the two elements adjacent to the outer surface and to the
planes at Z = 0.9, at THETA = 0.0, and at THETA = THETAM (Section 3.1.3).

The displacements are calculated and printed at the nodal points of the
elements. 'The remainxng quantities are caliculated and printed at the points
within the element used for 8-point (2x2x2) Gauss-Legendre quadrature.

The ordering of the Gauss points is as follows (see Figure 4.1). The Gauss
points can be visualized as the cormner nodes of an element whose sides are

parallel to the radial, circumferential, and axial directions. This "Gauss
element" is contained within the original element. The first point is the one
with the ieast radial, circumferential, and axial coordinates. Point two is on
the edge with point one that extends in the radial direction. Point three is on
the edge with point one that extends in the circumferential direction. Point
four is on the edge with point three that extends in the radial direction.
Points five, six , seven, and eight are on the edges with points one, two,

three, and four, respectively, that extend in the axial direction.
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FIGURE 4.1 "GAUSS ELEMENT"
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4.2.2 CIRCUMFERENTIAL INFORMATION
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1100, NOSECT

inclusion of the above card In an input deck will result in section NOSECT
of type TSTEPS being used as input for this option. This cerd is optional. If
it is not included, the section in the file of type TSTEPS that was last written
to the file will be used as input for this option.

1161, 1.0

Inclusion of the above card in the input will result in the printing bf the

coordinates and displacements of the nndes an the ocutor eircumfercecnce at & =
v.9.
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2100, NOSECT

Inc lusion of the above card im an input deck will result in section NOSECT
of - type TSTEPS being used as input for this option. This card is optional. If
it is not included, the section of the file of type TSTEPS that was last written
to the file will be used as input for this option.

2101, 1.0

Incilusion of the above card in the input will result in the printing of the
coordinates and displacements of the nodes along the outer edges in the axial
direction. Those on the THETA 0.9 plane (Section 3.1.3) are printed first,
followed by these on the THETA THETAM plane.
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4.2.4 THICKNESSES
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3100, NOSECT

Inclusion of the above card inm an input deck will result in section NOSECT
of type TSTEPS being used as input for this optiom. This card is optional. If
it is not included, the section in the file of type TSTEPS that was last written
to the file will be used as input for this option.

3101, 1.9

. Inclusion of the above card in the input will result in the printing of the
tube thicknesses at Z = 9.9. ThéSe -thicknessés arée calculated along each radial
line of nodes at Z.= 0.0. Each thickness is defined as the linear distance of
the node on the inner surface to the corresponding mode on the outer surface. .

For instance, the thickness of the tube along the radial line of nodes at
THETA = ©.0 (Section 3.1.3) and Z = 0.0 is the linear distance from node 1 to
the node on the outer surface of the tube at THETA = 0.0 and Z = 0.0.
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4.2.5 SUMMARY EDIT OF OVALITIES AND DIAMETERS
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4100, NOSECT

[f this card is nsed, section NOSECT (integer) of type TSTEPS will be used
as input for this option. For instance, if NOSECT=4, the input section for this
. option will be TSTEPS®4. If this card is omitted, or NOSECT=0, the Ilatest
section of type TSTEPS will bé used. For instance, if the input file contains
sections TSTEPSO2 and TSTEPS04, then TSTEPS04 will be used.

4191, NLINE1, NLINE2, ..., NLINELAST

Each entry (integer) on the above card is the number of a 1line of nodes

along element edges around the circumference of the structure. The line of
nodes at 2=0.9 is given the number 1. As Z increases, the next line of nodes is
given th: number 2, ard so forth. "Condensed format" may be used for the
entries on this card. For instance, the card

4101, t, 3, -8, ¢, -11, -2

requests summary edits to be printed for node lines 1, 3, 4, 5, 7, 9, and 11.
This option should not be used if geometry optioms 11 or 21 are being used..

For the purposes of this edit, all nodes on each node line are essumed to be in

the same Z-plane.

Inclusion of the above card in the input will result in the printing of the
final summary edit which includes:

(1.) time,

(2.) mid-surface ovality,

(3.) outer-surface ovality,

(4.) average diameter,

(3.) average diamctcr change,

P6.) average wall thickness, and
(7.) average wall thickness change.

In the case of a 180 degree tube, "outer-surface ovality" 'is obtained by
first finding the circle of least radius that circumscribes all points on the
outer zurface of the tube. Then, the circle of greatest radius that inscribes
all points on the outer surface of the tube, and which has the same center as
the first circle, is found. The "outer—-surface ovality" is then defined the
difference between the diameters of the two circles. In all other cases,

"outer~surface ovality" is defined as two times the difference between the
maximum and minimum radii from the origin of the coordinate system to points on
the outer surface of the tube.

In all cases, "mid-surface ovality" is defined as two times the difference
between the maximnm and minimum radii from the origin of the coordinate system
to points on the mid-surface of the tube. The points on the mid-surface of the

tube are those which lie physically halfway between corresponding mesh points on
the inner and outer surface of the tube.

The "average diameter" is obtained by adding the maximum and minimum radii,
where the maximum and minimum radii are defined zs above.

H
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4.2.6 SUMMARY EDIT OF BOUNDARY CONDITIONS

5160, NOSECT

Inclusion of the above card in an input deck will result in section NOSECT
of type BCONDS being used as input for this option. If this card is not
included in the input deck, the section of type BCONDS last written to the file
will be used as input for this option.

5t01, 1.0

Inclusian of the abowve card in the input will result in the prlnting"of the
finol summary cdit which includes:

axial loads,

temparatures, and
pressure loads.,

[

1.
2.
3.

~ o~ o~

The above quantities are printed for each table and for each time-step at
which data was stored in the ACCEPT run. :
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4.2.7 AXIAL LINES
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' 6160, HWOSECT

. Inclusion of tihe above card im an input deck will result in section NOSECT
of type TSTEPS being used as input for this option. This card is optional. If
it is not included, the section in the file of type TSTEPS that was last written
to the file will be usecd as input for this option.

6101, 1.9

Inclnsion of the above card im the input will result in the printing of the-
coordinates and displacements of all nodes on the outer surface along nodal
lines in the Z-direction.
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4.2.8 OVALITY, DIAMETER, AND THICKNESS PLOTS
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8106, NOSECT

Inclusion of the above card in an input deck will result in section NOSECT
of type TSTEPS beinz used as input for this option. If this card is not input,
the section of type TSTEPS last written to the file will be wused for this
option. - :

8lcc, IPTYPE, IPAXES, TITLE
where cc = 01 to 99.

Inclusion of this card in an input deck wll result in the creation of plots
of mid-surface ovality. outer—-snrface owality, changc in average diameter,
andZor change in average wall thickness versus time.

IPTYPE = indicator of plot type (integer).

(1 = mid-surface ovality.

2 = outer-surface ovality.

3 = chappge in average diameter.

4 = change in average wall thickness.)

IPAXES indicator of type of X,Y axes to be used (integer).

(1 = linear, linear.

2 = logarithmic, logarithnmic.
3 = linear, logarithmic.

4 = logarithmic, linear.)

TITLE = up to 30-character plot title (hollerith).
The title should be enclosed in parentheses on the input card.

Data is converted to its absolute value wherever a logarithmic axis 1o

used. Alse, any data point for which the abscissa or ordinate is zero is
omitted. ’

In order to use this option, the following AFM control card must be
included:

MERGE( I=GRAIL)

Also, the following card nust be placed in the control cards immediately
following the ACCUSE. card:

REWIND(GRAFIC)
In order to obtain plots on wvarious devices, the above card must then be
immediately followed by one of the cards below.
(1.) GRAVER. ... to get Versatec plots. (10 plot limit)
(2.,) GRACOM. ... to get microfiche plots. (no plot limit)
(3.) GRACAL. ... to get Calcomp plots. (no plot 1limit)
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9109, NOSECT

Inclusion of the above card in an input deck will result in the wuse of
section NOSECT of type TSTEPS as input for this option. [If this card is not
input, the section of type TSTEPS last written to the file will be used for this
option. . ;

9101, INDPSS

Inclusion of this card in an input deck will result in the calculation and
printing of nodhl point plastic strains, total strains, and/or stresses. This
will be done for all time-steps for which data was stored in the ACCEPT run.

INDPSS = indicator of types of edits requested.
: " (1 = plastic strains.
2 = strains.
3 = stresses.
4 = plastic strains, strains.
3 = plastic strains, stresses.
6 = strains, stresses.
7 = plastic strains, strains, stresses.)

The nodal wvalues of each quantity are obtained by first linearly
interpolating from the Gauss points (Section 4.2.1) to the modes of each

element. For some elements, the Gauss point values of the quantities can be
printed by using the option labelled ELEMENT INFORMATION (Section 4.2.1). One
noda! point value is thus obtained for each element containing a node. These

values from the elements containing the node are then summed and averaged to
obtain the final nodal value of the quantity.
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Plots of axial or radial deformation profiles are available with ACCUSE.
In each case, the original structure 1is plotted in dashed lines, while the
deformed structure is plotted inm solid lines.

In order to use either plot option, the following control cards must be
inc luded:

MERGE( I=GRAIL)

ACCUSE.

Then, one of the following cards must be included immediately following the
above:

(1) GRAVER. ...to get Vorsatec plots (10 plot limit).
(2) GRACOM. ...to get microfiche plots (no plot limit).

A. 'Axial Plots’

Plots of axial deformation profiles are available by including the
foliowing cards in the ACCUSE tinput deck.

10100, NOSECT

If this card is used, section NOSECT (integer) of type TSTEPS will be used
as innut for this option. For instance, if NOSECT=2, the input section for this
option will be TSTEPS®2. If this card is omitted, or NOSECT=6, the latest
section of type TSTEPS will be used. For instance, if the input file contains
sections TSTEPS91, TSTEPS02, and TSTEPS03, then TSTEPS03 will be used.

The following cards allow the selection of plots by groups. For each group

of plots, a magnification factor may be specified for deformations in the plane
of the plot.

161cc, NLINE1, NLINEZ2, ,,.. NLINELAST

where cc=01 to ng, 1599, and ng=number of requested groups of axzial deformation
plots.

Each entry (integer) on card 191lcc is the number of a line of nodes along
elemeut edges doewn the Z-axis of the structure. The line of nodes at THETA=0.0

is given the number 1. As THETA increases, the next line of nodes is given the
nunbar 2, and so forth. "Condensed format" may be used for the entries on this
card. For instance, the card

ie101, 1, -3, 5

specifies that plots of axial deformation profiles are to be obtained for node
lines 1, 2, 8, and 3. One plot is then obtained for each specified line of
necdes and for-.each »nroblem time at which data was saved.
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The following card is used to assign magnification factors to the groups of
plots.

102cc, DMAGCC

where cc=€1 to ng, ng399, and ng=number of requested groups of axial deformation
ploty. .

DMAGCC (real) is the magnification factor to be applied to a2l]ll deformations
in the plane of all plots of group cc. DMAGCC defaults to 1.0 if this card is
omitied.

If a magnification factor is specified for 2a2ny zroup of plots, then =a
factor must be spacified for each group of plots, even if it is 1.0. If
present, there must be e:izactiy one entry on each card 182cc. For instance, the
card
10201, 2.1

specifies that all deformations for the plots of group 1 are to be magnified by
a factor of 2.1.
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B. .Radial Plots

Plots of radial deformation profiles are available by including the
following cards in the ACCUSE input deck.

11100, NOSECT

if this card is used, section NOSECT (integer) of type TSTEPS will be nused as
input for this option. For instance, if NOSECT=3, the input sectiocn for this
option will be TSTEPS03. If this card is omitted, or NOSECT=0, the latest
section of tvbe TSTEPS will be used. For instance, if the input file contains
sections TSTEPSO! and TSTEPS@4, then TSTEPS04 will be used.

Tﬁe folloﬁing cards allow the selection of plots by groups. For each group
of plots, a magnification factor may be specified for all radial deformatians.

illce, NLINEi1, NLINE2, ..., NLINELAST

where c¢¢-01 06 bg, ngiY9, and ng=number of requested groups of radial
deformation plots.

Each entry (integer) on card llicc is the number of a line of nodes along

element edges around the circumference of the structure. The line of nodes at
Z=0.% is given :the nmumber 1. As Z increases, the next line of nodes is given
the number 2, and so forth. "Condensed format" may be used for the entries on
this card. For instance, the card

11101, 2, 5, -2, -2

specifies that plots of radial deformations are to be obtained for node lines 2,
53, 7. and 9. One plot is then obtained for each specified line of nodes and for
each problem time at which data was saved.

The following card is used to assign magnification factors to the group of
plots.

112¢cc, DMAGCC

where ¢c=01 to ng, ngsY9, and ng=nuwber of requested groups of radial
deformation plots.

DMAGCC (real) is ths magnification factor to be applied to all radial
deformations im all plots of group cc. DMAGCC defaults to 1.6, if this card is
omitted.

If a magnification factor ig specified for any group of pleta; théen u
tactor mmst be specified for each group of plots, even if it is 1.0. If
present, there must be exactly one entry on each card 112cc. For instance, the

cord
11201, 3.35

specifies that all radial deformations for the plots of group 1 are to be
magnified by a factor of 3.33.
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LE PROBLEMS
5.1 Internally-Pressurized Thin-Walled Tube

This problem is a long, thinewalled circular tube, subjected to
internal pressure. The initial dimensions are inner radius = 0.995 inches
and outer radius = 1.005 inches. The time-pressure history is P = 500t psi
where 0.0 < t £ 1.0 and P = 500 psi where t > 1.0, and t is the time in hours.

The material is 70 percent cold=worked Zircaloy, the temperature is
held constant at 700 degrees F, and the tube is open~ended; that is, the
stresses in the z-direction are zero.

In order to provide a benchmark against which the ACCEPT solution
could be compared, an '"exact' large-strain elasticeplastic solution was
obtained by first assuming the stresses to be constant across the wall of
the tube. This is a good assumption because the wall thickness is small
compared to the radius. A set of governing equations was then obtained.

The material property routines (Appendix B) were used to calculate the
plastic-strain rates, and the governing equations were numerically integrated
using a Runge=Kutta method.

The equations governing the 'exact' solution are as follows: . The
stresses in the radial and circumferential directions are assumed to be
constant across the wall of the tube and equal to their respective average
values obtained by integrating the stresses of the elastic Lame solution to
the problem. These stresses are given in terms of the instantaneous pressure
P, thickness T, and mid-surface radius R as follows:

L I,

o -—P(1 =

r 7R (?.1.1)

=pR.L
0g =P (3 -3 (5.1.2)

The radial and circumferential strain rates, also assumed constant
across the wall of the tube, are given by

€ = {; (5.1.3)
€ = %- (5.1.4)
The stress-straiﬁ rate relations are:
¢ =C, 0, +C,0p+el (5.1.5)
€ = Cp O, +Cpy Oy + 65 (5.1.6)
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where C;; are the elastic compliance coefficients and ég are the plastic'
strain rates.

Equations (5.1.1) through (5.1.4) can be used to eliminate the
stresses and strain’rates from Equations (5.1.5) and (5.1.6). The result
is a set of two nonlinear first order ordinary differential equations which
govern the variables R and T. These equations were integrated numerically
using a fourth order Runge=Kutta routine to solve for the time history of
R and T.

The ACCEPT program was then used to solve the same problem,
A comparison of the results is given in Figure 5.1 where the change in
radius is plotted against time. The solid line shows the 'exact" solution
and the circles show the ACCEPT solution,

The excellent agreement between the two solutions shows that ACCEPT
has correctly solved this large-strain, elastic-plastic problem. Also, it
should be noticed that the automatic selection of time=steps by ACCEPT is
working quite well, choosing small timee-steps during periods when the strain
rates are greatest and larger steps when the strains are changing less
rapidly.

542 Externally Pressurized Hexagonal Shell

This problem is an infinitely long cylindrical -shell with a
hexagonal cross section, as shown in Figure 5.2. The shell is subjected to
an external pressure load and the problem is to find the elastic response
to the load.

An approximate elastic solution to the problem can be obtained using
thin plate theory. First, the notation that will be ysed in the plate theory
solution is described below. ‘

Mid=-surface width of the plates which form the hexagonal

a =
shell. See Figures 5.2 and 5.3 (5.7600 inches).

b = QOuter diameter of shell, measured across the flats.
See Figures 5.2 and 5.3 (10.1696 inches),

8 = Defined By Equation (5).

c = Defined by Equation (3).
D = Plate bending stiffness, Et3/12(1-v2) (7732.8 in-1b).
E = Elastic modulus (11.4735 x 106 psi at 530°F).

v = Poisson's ratio (0.33333).
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N = Membrane force = -Pb/2,

P = Pressure applied to outer surface.

t = Thickness (0.193 inches).

w = Deflection of mid=-surface,

X,y = Cartesian coordinates. See Figures 5.2 and 5.3.

The solution to the problem is independent of the axial coordinate;
i.e., all cross sections behave in the same fashion. Therefore, the equation
governing the deflection is (Reference 6):

d4w N d2w _P
P &2
dy dy
The boundary conditions are:
a
w=Caty=4t3 (2a)
dw a
— =+—
dy Oaty=+ > (2b)

where C is the deflection due to shortening of the plate caused by the
(compressive) membrane force and is equal to

Na Pb(b-t)

C=-7FEen®° " 4tE )
The solution to Equation (1) which satisfies the boundary conditions
is:
4
P - 1
w = 33 [cos(ZSZ{lg) COSEJ Pa’ [1 - (2y/a)2j + —2—(:—1 %)
16 B° D ° g 32 B D :
where
'\/ ) 2 “.{‘ 2 b
B = ¥aNa“/ap = fPba“/8D . (3)

The deflection at y = 0 is

[(1 - cosB)/sinB = s/z + —bﬁb—‘t-l . (6)
16 82 D

£
I
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Equation (6) is plotted in Figure 5.4 along with the ACCEPT results
for a 5- and a 10=-element mesh. (The S-element mesh is shown in Figure 5.3.)
It should be noted that the plate theory equilibrium equation (Equation (1))
is based on the initial geometry; i.e., small displacements and rotations
are assumed. Therefore, the plate theory solution will become more and more
inaccurate as the displacements and rotations increase. The theory used in
ACCEPT, on the other hand, accounts for finite changes in geometry. Therefore,
it is expected that the plate theory and ACCEPT solutions will begin to
deviate as the effects of finite changes in geometry become important. This
behavior is evident at the high end of Figure 5.4.

2343 Elastic Collapse of an Imperfect, Pressurized Tube

This problem is an infinitely long, cylindrical tube which is
initially slightly out=of-round and is subjected to a pressure load. The
initial dimensions are: maximum outside diameter, 2.002 inches; minimum
outside diameter, 1.998 inches; thickness, 0.05 inches. The elastic modulus
and Poisson's ratio are 107 and 0.3, respectively.

The problem was modelled in ACCEPT by using 10 finite elements,
evenly spaced over 90 degrees of the circumference. The pressure load P
was applied such that P/2 acted on the outside of the tube and -P/2 acted
on the inside. This results in an effective pressure P measured per unit
area of the mid=-surface.

According to the solution given in Reference (7), the ovality, w,
(maximum diameter minus minimum diameter) is given by

S . ‘
W/wo - l-P/Pc (1)

where w, is the initial ovality and P, is the critical or collapse pressure
which is given by |

. 3
Pc = E§£[§%;' (2)
4(lay .

where E is the elastic modulus, Vv is Poisson's ratio, t is the thickness, and
R is the (nominal) mid-surface radius, equal to 0.975 inches. -

' Equation (1) is plotted in Figure 5.5, along with the ACCEPT solution.
The two solutions are in close agreement.
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FIGURE 5.4. PRESSURE LOAD VS DEFLECTION AT y=0,
ELASTIC HEXAGONAL SHELL
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554 Axial Wrinkling of Fuel Rod Cladding
This problem is designed to simulate the development of an axial
wrinkle in the cladding of an externally pressurized reactor fuel rod, as
the cladding creeps down and partially contacts the fuel pellets. An
axial wrinkle, as illustrated in Figure 5.6, can develop if the initial
.radial gap between the fuel pellet and the inside of the cladding is

sufficiently large such that the cladding cannot completely wrap around the
pellet.

A 90-degree circumferential section of the tube was modelled in
ACCEPT, It should be noted that the use of a 90~-degree model assumes that
there are two perpendicular planes of symmetry. This implies the (perhaps
unlikely) situation where there are two diametricallv-opposed axial wrinkles.
The use of a 180-degree model would probably result in the (more likely)
situation where only one axial wrinkle becomes fully developed.

The initial dimensions of the cladding were: outside radius at the
O=degree circumferential location, 0.28355 inches; outside radius at the
90-degree location, 0.28345 inches; thickness, 0.027 inches. The radius of
the fuel pellet was fixed at 0.2505 inches. This results in an initial

radial gap between the fuel pellet and the cladding which varies from 5.95
to 6.05 mils.

The material was recrystallization annealed Zircaloy. The temperature
was held constant at 650 degrees F, The pressure was increased from 0 to
2000 psi in a short time span (0.1 hours) and was held constant at 2000 psi
thereafter.

The variation of the outside radius along the circumference of the
rod is shown in Figure 5.7 for various times during the history of the
formation of the axial wrinkle. As time progresses, the axial wrinkle becomes
more localized near the O-degree position. '
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FIGURE 5.6. AXIAL WRINKLE IN FUEL ROD CLADDING
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EXAMPLE PROBLEM i. THIN-WALLED TUBE WITH INTERNAL PRESSURE.

*
* GEOHETRY CARDS.
*
0201 16002. 1, 1, 9, 1
2052 11696, .01, 90., 90., 1.005, 1.005, .01, .01
0093 11601. 1, .01
0004 11062. 9, 90.

* TIME CONTROL CARDS.
k

V005 26000, 0. .
©00o 210601, .5,.25, 1000., .05, .05, .05,200.,.01,.01,.01,10.,10.,.1
0007 21002,1.,0.90, 10600.,.05, .05, .05,200.,.01,.01,.01,10.,10.,1.

0008 21003,5.,0.0, 1000.,.05, .05, .05,200.,.01,.01,.01,10.,10.,10.
3
% MATERIAL PROPERTY CARDS. ‘ '
K

2009 30090, i
. *
* TEMPERATURE CARDS.
* .
0010 40001, 0., 700.
0011 41001, 1, -9

* .
* PRESSURE LOAD CARDS.
®

0012 606001, 6., 0., 1., 500.
0013 60002, 0., 0. )
6014 61001, 1, -9
2015 61002, O
%016 62001, ©
0017 62002, 1, -9

*

* AXIAL LOAD CARDS:

*

'¢918 70000, 0., 0. -

£8ET-HIL-adVM
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GEOMETRY OPTION INDICATOR. =
NUMBER OF ELEMERTS THROUGH TBE THICKNESS =

NUMBER OF ELEMERTS. IN CIRCUMFERENTIAL DIRECTION =

NUMBER OF ELEMENTS ALONG AXIAL DIRECTION =

MAXIMUM AXIAL COORDINATE =

MAXINUM CIRCUMFERENTIAL QOORDINATE =
REFERENCE CIRCUMFERENTIAL COORDINATE =
OUTSIDE RADIUS AT THETA 0. =

OUTSIDE RADIUS AT. THETA 90. =

THICKNESS AT THETA = 0. =

THICKNESS AT THETA = THETA REF. =
NUMBER OF ELEMERTS = 9

NUMBER OF NODES = 116

TIME AT START OT PROBLEM = 000000100
MATERIAL PROPERTY TABLE NUMBER = 1

100020-01
900090+0Z
90000+0Z
1005230+01
100520+01
100020-01
1000230-01

— D ek ek

€8C1~HL-AdVM
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TABLE ASSIGNMENTS

THE LATER TABLE ASSIGNRMENTS OVERLAY EARLIER ASSIGNMENTS.

TABLE 1 OF INSIDE PRESS. LOADS IS ASSICGNED TO THE FOLLOWING ELEMENTS.
-2 3 4 : 6 7 8 9

1 5

TABLE 2 OF OUTSIDE PRESS. LOADS IS ASSIGNED TO THE FOLLOWING ELEMENTS.
1 2 3 4 5 6 7 8 9

TABLE 1 OF TEMPERATURES IS ASSIGNED TO THE FOLLOWING ELEMENTS.
1 2 3 4 5 6 7 8 9

€8ET-HI-AdVM
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X,Y-COORDINATES OF NODES ON CROSS-SECTION AT Z=0

NODE X Y NODE X

1 995000+00 000000+00 2 100000+01
5 100118+01 87?5915-01 6 979884+00
9 961096+00 257525+00 10 970755+00
13 944391+00 3437306+00 14 901776+00
17 866025+00 500000+60 18 8709356+00
21 762214+00 639574+00 22 766044100
25 710642+00 710642+00 26 639574+00
29 570709+00 815056+00 30 576444+00
33 502500+00 876356+00 34 420505+00
37 342020+00 939693+00 38 343730+00
41 172780+00 979884+00 42 173648+00
435 875915-01 100118+01 46 -170655-14

DISK BUFFER SIZE LOWERED TO 1924D WORDS.

MAXIMUM WAVEFRONT = 74
MAXIMUM RUMBER OF DOF PER GROUP = 249

FIRST WAVEFRONT FILE PLACED IN LCM.
SECOND WAVEFRONT FILE PLACED IR LCHM.

Y
000000+00
172780+00
260113+00
420505+00
502500+00

642788+00..

762214+00
823248+00
901776+00
94439 1+00
984808+00
995000+00

NODE

3
(4
11
15
19
23
27
31
35
39
43
47

X
100500-01
984808+00
934994+00
910839+00
815056+00
769875+00
642788+00
497500+00
424731+900
257525-00
174516-00

-171512-14

Y
060000%00
173648+00
3403 10+00
424731+00
570709+00
646002+00
766034+00
861695+00

9:8839+00

961096+00
989732400
16000001

NODE

12

20
24
28
32
36
40
44
48

X
991214+00
989732+00
939693+00
861695+00
823248+00
703571+00
646002+00
500000+00
340310+00
260113+00
867200-01

-172370~- 14

Y
867200-01
174516+00
342020+00
497500+00
576444+00
703571+00
769875+00
866025+60
934994+00
979755+00
991214+00
100500+01

€8ET-WL~-QdVM
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FIRST TIME-STEP = 250000+00.
CURRENT CHARGE TIME = 3.160 SEC.
KRR KRAEKK R R RRRR KR RERKRRKKEE KR RKK KRR R RKKREKK ***************************************************************************

TIME = . 250000+00, END PASS 1, OLD TIME-STEP SIZE WAS OK.

NEXT TIME-STEP = 250000+00 CANDIDATES = 140863+01 212581+01 212317+01 315940+04 372014+04 250000+01 250000+00 205197+01
CURRENT CHARGE TIME = , 6.823 SEC.

Skefeck R R ASK KKK KK R R AR IR ORI KOR KRR KRR KR KR KRR KRR KK KKK R AR K KKK R SRR KRR KR MK KR R R SRR KRR AR K K KSR RO SRARAK MK KRR R R KR KK KRR R R

TIME = 500000+09, END PASS 2, OLD TIME-STEP SIZE WAS OK.

NEXT TIME-STEP = 250000+00 CANDIDATES 403929+00 208578+01 268322+01 969031+02 116290+03 250600+01 500000+00 260109+01
CURRENT CHAEGE TIM=Z = 19.098 SEC.

DATA STORED AT END OF PASS 2.

THE ACCESS NUMBER TOR THIS DATA IS NOSTEP = 1.

koo ks sk sk ok gk sk skl sk ek ik ek SRR R KK KRR R KRR KRR R KK R KKK KRR KRR AR KK KKK KRR KR RN K KRR R AR KKK RO R KKK K RACK KRR KRR R KRR R RN KKK R

TIME = 750000+¢3, END PASS 3, OLD TIME-STEP SI1ZE WAS OK.

NEXT TIME~-STEP = 1250006+@0 CANDIDATES = 194523+00 187388+01 187171+01 137363+02 183473+02 250000+01 250000+00 650118+00
CURRENT CHARGE TIME = 14.883 SEC.

SRR R IR AR KR KRN SRR R AOR AR R KRR R R R KRR KRR ******‘K***********************1’>l’***********«R**********Y*****Y SRR KKK KKK KKK K

TIME = 875000+00, END PASS 4, OLD TIME-STEP SIZE WAS OK.

NEXT TIME-STEP = 625000-¢1 CANDIDATES = 1227991+00 131647+01 131469+01 368370+01 350244+01 125000+01 125000+00 252249+30
CURRENT CHARGE TIME = 18.309 SEC. ) :

***********X***x*:b&****************************************************************************************************

TIME = 937500+60, END PASS ‘53, OLD TIME-STEP SIZE WAS OK.

NEXT TIME-STEP = 625000-01 CANDIDATES = 962005-01 106466+01 106303+01 229092+01 134693+01 625000+00 625000-01 141260+00
CURRENT CHARGE TIME = 22.921 SEC.

KRR KR KRR KK &***aﬁk***‘K**********‘k**'k****2’Xx********************************************2’**‘K***************«k****‘i’***‘kaﬁ*

TIME = 100000+d1, END PASS 6, OLD TIME-STEP SIZE WAS OK.

NEXT TIME-STEP = 239591-01 CANDIDATES = 939391-01 975055+00 973596+60 182017+01 116846+01 625000+00 400000+01 114807+01
CURRENT CHARGE TIFE = 26.421 SEC.

DATA STORED AT ENL' OF PASS 6.

THE ACCLESS NUMBER FOR THIS DATA IS NOSTEP = 2.

HAERRKR KKK TR FR A KRR k“'**********-&*****‘k“’********************************************************* ERRERKRARAE AR KKK K

TIME = 199396+6¢1, END PASS 7, OLD TIME-STEP SIZE WAS OK.

£8ET-HIL-AdVM
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NEXT TIME-STEP = 939591400 CANDIDATES = 231642+01 225996+01 225636+01 233135+01 970822+90 939591+00 390604+01 194615+01
CURRENT CHARGE TIME = 30.771 SEC.

SRR AR KKK R R ACKAKR KR K KRR KKK HAKRK KRR KRR KR RK KRR KRKK KRR K AERRKKK KK LRRKKNK KKK RKKKKRKKORAR LKA K RIRCK KKK AR KRR K KKK KR KKK KK KRN KK

TIME = 203355+01, END PASS 8, OLD TIME-STEP SIZE WAS OK.
NEXT TIME-STEP = 296645+01 CANDIDATES = 546434+02 764877+01 763969+01 766623+01 942855+91 939591+01 296645+01 972871+01
CURRENT CHARGE TIME = 34.093 SEC.

el KRR KK KRR KRR AR R ORI ARAR KRR KRR R AR K KRR KKK R KR KR KRR IR RN A RN R AR AR R NOR K KRR KR KK KK KRR KKK KKK

CURRENT CHARGE TIME = 37.326 SEC.
DATA STORED AT END OF RUN.
THE ACCESS NUMBER FOR THIS DATA IS ROSTEP = 3.

**Y*******X*****?*****4*#**Kx*********************************************************x*************************’******

78 23eq
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TIME

000009+00
250009+00
560009+00
750009+00
875009+00
937509+00
100009+01
109395+01
203355+01
500003+01

MID-SURFACE

OVALITY

142109-13

239601-07

522797-07

824903-07
103014-06
117117-06
131220-06
141165-06
160398-06
181849-06

SUMMARY EDIT

OUTER SURFACE

OVALITY

284217-13
830948-08
206795-07
333415-07
416632-07
484710-07
546000-07
595351-07
631359-07
683491-07

AVERAGE
DIAMETER
201000+01
201234+01
201473+01
201740+01
201930+01
202047401
202176401
202259+01
202505+01
202763401

CHARGE IN AVER.

DIAMETER

000000+00
234332-02
473445-02
739922-02
229836-02
104737-01
117577-01
125912-01
150548-01
176256-01

AVERAGE

100000-01
9992603-02
999199-02
998753-02
998440-02
998248-02
998039-02
997907-02
997520-02
997116-02

CHANGE IN AVER.
WALL THICKNESS VWALL THICKNESS

000000+00
-396833-05
-800556-05
-124719~-04
-156033-04
-173236-04
-196124-064
-209258-04
-248019-04
-288366-04

£8e1-HL-advM

€8 93ed



TIME

250000+00
250000+00
250000+ 00
250000+00

500000+00
500000+00
500000+00
500000+00

750000400
750000+00
750000+00
750000+ 00

875000+00
875000+00
875000+00
875000+00

937500+00
937500+00
937500+00
937500+00

100000+01
100000+01
106000+01
100000+01

109396+01
109396+01
109396+01
109396+01

203355+01
203355+01
203355+01
203355+01

500000+01
500000+01
500000+01
500000+01

TYPE

TEMP.
PRESSURE
PRESSURE
AXIAL LOAD

TEMP.
PRESSURE
PRESSURE
AXIAL LOAD

TEMP.
PRESSURE
PRESSURE
AXIAL LOAD

TEMP.
PRESSURE
PRESSURE
AXIAL LOAD

TEMP.
PRESSURE
PRESSURE

- AXTAL LOAD

TEMP.

-PRESSURE

PRESSURE
AXIAL LOAD

TEMP.

- PRESSURE

PRESSURE
AXIAL LOAD

TEMP.
PRESSURE
PRESSURE
AXIAL LOAD

TEMP.
PRESSURE
PRESSURE
AXITAL LOAD

KKKRAE KKK R KRR RKRRK ERRKARKK

SECTION OVADIAO1 OF FILE TESTFILE

EDIT OF TIME-STEP VALUES

VALUE

700000+03
125000+03
000000+00
000000+00

700000+03
250000+03
000000+00
000000+00

700000+03
375000+03
000000+00
000000+00

700000+03
437500+03
000000+00
000000+00

700000+03
468750+03
000000+00
000000+00

700000+03
500000+03
000000+00
000000+00

700000+03
500000+03
000000+00
000000+00

700000+03
500000+03
000000+00
000000+00

700000+03
500000+03
000000+00
000000+00

VERSIOR

TAELE

(N T I - R & O e - N O - e N )

D

L,

IS VRITTEN WITH THE FOLLOWING LABELS.

€8CT~HI-AdvM
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Jo3 CARD ID = ]1EBWDOC, USER NAME = WIANC,

PIILT TS PP IFEFITEE DT ETL 52 3

kKRR KRR R KRR KR KRR kKK
SECTION BCONDSO:_ OF FILE TESTFILE
JOB CARD ID = IEBWDOC, USER NAME = WIANC,

AT THE START OF PROCESSING,
THE FOLLOWING SECTIORS ARE IN THE FILE.

kxkkk OVADIAOL kKRR

**m*********m**x*********

HRRRK KR LG RR KRR B KK KRR KR KRR
SECTION TSTEPS®1 OF FILE TESTFILE
JOB CARD 1D = IEBWDOC, USER NAME = WIANC,

AT THE START OF PROCESSING,
THE FOLLOWING SECTIONS ARE IN THE FILE.

ki OVADIAOEL kkkx:x BCONDSO1 EE 3 353

L AERRRR KRR KKK L RN KRKKREKKREKK

DATE =

78705711,

»  VEFRSION

DATE =

78/05/11,

» VERSION

DATE =

78/05/11,

TIME =

09.13.07, LABORATORY = BAPL,

MACHINE

2, IS WRITTER WITH THE FOLLOWING LABELS.

TIME =

09.13.08, LABORATORY = BAPL,

MACHINE

3, IS WRITTEN WITH THE FOLLOWING LABELS.

TIME =

09.13.11, LABORATORY = BAPL,

MACHINE

C

€8ET-HWL-ad VM
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= EXAMPLE PROBLEM 2. HEXAGONAL SHELL TEST PROBLEM.

*
% INFINITE LENGTH
% THICKNESS = .193 INCHES
* EXTERNAL DIAMETER ACROSS FLATS = 2%5.0848 INCHES
* TEMPERATURE = 3530 F
* MATERIAL = ANNEALED ZIRCALOY
* ELASTIC SOLUTION
*
* GEOMETRY CARDS.
%*
0001 10000, 11, 1, 10, 1
0002 11000, .2, 30., 30., 5.0848, 3., .193, .193
0003 11001, 1, .2 ’
0004 11002, 10, 30.
L3
* TIME CONTROL CARDS.
*
0005 20000, 0.
0006 21001,2090.,50.,200.,.05,/2/ .02,50.,.01,/2/ .005, 50.,1., 10.
0007 23000, 1, 0., 0.

b3

* MATERIAL PROPERTY CARDS.
*

0008 30000, 2
0009 32000, 1, 1, 1
*
* TEMPERATURE CARDS.
b3
0010 40001, 0., 530.
0011 41001, 1, -10
*K
* PRESSURE LOAD CARDS.
b 3
0012 60001, 0., 0., 2000., 2000.
0013 60002, 0., 0.
0014 61001, 0
0015 61002, 1, -10
0016 62001, 1, -10
0017 62002, 0

*
* AXIAL LOAD CARD.

*
0018 706000, 0., 0.

€8€T-KI-QdVM
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6001
0002
20093
00904

0045
0006

0007
0008
0009

0010
0011

0012
0013
0014
0015
0016
0017

0018

XK K XXXN

EXAMPLE PROBLEM 3. ELASTIC BUCKLING.

PRESSURIZED LONG TUBE
SMALL INITIAL OVALITY

GEOMETRY CARDS.

10060, 1, 1, 10, 1

11000, .005, 90., 90., 1.001, .999, .05, .05
11001, 1, .05

11002, 10, 90.

« .

* TIME CONTROZ. CARDS.

*

20000, 0.

21001, 1., .02, 250., 73/ .002, 50., /3/ .0005,
¥

% MATERIAL PROPERTY CARDS.

*

300006, 1

30014, 1.+7, 2., .3, O.

32000, 1, 1, 1

*

* TEMPERATURE CARDS.

%

40001, 0., 70.

41001, 1, -10

X

* PRESSURE LOAD CARDS.

b3

60001, 0., 0., 1., -500.
60002, 0., 0., 1., 500.
61091, 1, -10
62002, 1, -10
61092, 0

62001, 0

*®

* AXIAL LOAD CARD.
b 3

70000, 0., 0.

10.,

t.,

10.

£8ET-HL-adVM
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EXAMPLE PROBLEM 4. AXIAL WRINKLING PROBLEM.

*
* ANNEALED ZIRCALOY
¥ PRESSURE = 2000 PSI
* TEMPERATURE = 650 F
* NOMINAL MIDSURFACE RADIUS = 0.27 IN
* "THICKNESS = 0.027
* INITIAL OVALITY = 0.2 MIL
* RADIAL GAP = 6 MILS
*
* GEOMETRY CARDS.
£ 3
0001 16000, 1, 1, 12, 1
002 11069, .03, 9%96., 90., .28355, .28345, .027, .8027
0003 11001, 1, .03
0004 11002, 7, 3jo., 10, 66., 12, 20.
X
* TIME CONTROL CARDS.
*x
0005 20000, 0.
0006 21001, .1, .65, 250., ~3- .01, 50., 73/ .002, 1000., 2., 10.
0007 21002, 50000., 712/ 0.
0008 22000, 0., .1
0009 23000, 1, 0., 0.
) x - .
% MATERIAL PROPERTY CARD.
. ®
0010 30000, 2
*
* TEMPERATURE CARDS.
k3
0011 40001, 0., 650,
0012 41001, 1, -12
*
* PRESSURE LOAD CARDS.
* .
0013 60001, 0., O.
0014 60002, 0., 0., .1, 20¢0.
0015 61001, 1, -12
0016 62002, 1, -12
0017 61002, 0
0018 62001, O
% . .
* AXIAL LOAD CARD.
*
0019 7e¢0c0, 0., 0., .1, -504.99
E S
* CONTACT CARDS.
E 4
0022 90001, 0., -1.
0023 %0101, O©., 1.
0024 90201, ©6., .23505
0025 90301, 1

£8ET-WL-Ad VM
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ksekskRkRRRRk KRR KK
6. ERROR MESSAGES
sk RNOR KK AR KKK A K

KRR KRR K KKK KKK

6.1. INTRODUCTION
Rk KRR KKK AR R

ACCEPT does intermnal checking of input data, input files, and also monitors
the progress of thg solution. The following is a list of some of the error
nessages that may be encountered by users together with an explanation of each,
the probable cause, and the probable remedy.

The error messages are given below in alphabetic order.
Other error messages are printed by the Bettis Input Package (Reference 35),
the FTB data handling package, and various system subroutines.

SRR AR ALK KL KK
6.2. EXPLANATIONS
KA KR ROR R R AR IR XK

1. sk ABORT kRKRK ——mw— ———ee ARE ASSIGNED TO ELEMENT -----
WHICH IS NOT A LEGAL ELEMENT NUMBER.
sekdeckckckkRkRkkkkk TABLE = ——=-- , ELEMENTS ASSIGNED =
AR KKK KKK AKKEEEKE —mmmm e

SITUATION: This error may occur during input, when boundary or other
conditions are deing assigned to the elements.

CAUSE: Inside pressure loads, outside pressure loads, or temperatures
have been assigned to an element which does not exist. The message
prints the number of the table of loads, or temperatures, and the
elements to which the table is already assigned. This error will cause
an immediate abort.

REMEDY: Check and correct either the mesh description cards and/or the
table assignment cards.

s

2. #xxx¥ ABORT xxxix% DUE TO INPUT ERRORS.

SITUATION: This error message may be printed Just after all input
cards have been read.

CAUSE: One or more errors have been found in the input -cards. Af ter
checking all cards, ACCEPT then aborts.

REMEDY: Find and correct all errors.

3. xxark ABORT x¥¥¥x FIRST RECORD OF RESTART SECTION DOES NOT MATCH
PROBLEM BEING SOLVED.
xxxxk ABORT **xx* IN RECORD, NUMBER OF ELEMENTS = —---- , NUMBER OF
NODES = ----- .

SITUATION: This error may occur when a restart problem is being
attempted.

CAUSE: The probable cause is that the wrong data file has been
requested.

REMEDY: If the number of elements and the number of nodes on the file
match those in the curreant runm, then it 1is likely that the tube
geome try parameters input on card 11600 differ from those on the data
file. Use the LARELS and PRINT options of the EDFILE program to find
the. correct file.
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4.

dokdkk ABORT *kxkxx*k LAYER = ----- SPECIFIED ON CARD SERIES 90300 IS OUT
OF RANGE.

SITUATION: This error may occur when a contact problem is being
solved, and the contact nodes are specified by element layers in the
axial direction.

CAUSE: An element layer number used to specify contact nodes is either
negative or larger than the number of elements in the axial direction.
This will cause an immediate abort.

REMEDY: Check and correct the 903cc cards.

sxkkk ABORT skkkxx LAYER = ----- SPECIFIED ON CARD SERIES 90400 IS OUT
OF RANGE.

SITUATION: This error may occur when a contact problem is being solved
and the contact nodes are specified by element layers in the axial
direction.

CAUSE: A nodal layer number used to specify contact nodes 1is either
negative or larger than the number of nodes. This will couse an
immeldliate abort.

REMEDY: Check and correct the 904cc cards.

sk ABORT ckdkckoksk RECORD ~-—--- OF SECTION OF TYPE TSTEPS (or BCONDS)
iS OF IMPROPER SIZE = ----- .

SITUATION: This error may occur when a restart is being done and the
file of restart data is being read.

CAUSE: Lither the wrong data file has been requested, or the end of
the data file has been reached.

REMEDY: Check to imsure thc correct file is being used, and that the
value of NOSTEPS on card 1089 is correct. .
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2.

10.

11.

wyorkk ERROR kxkikkk AT LEAST ONE. SURFACE HAS NOT BEEN COMPLETELY
DESCRIBED.

SITUATION: This error may occur when a contact problem is to be run.

CAUSE: At least ome card in series 96ccc, 9lccc, or 92ccc has been

supplied. Also, at least one of these series is missing, or there is
not the same number of cards in each series.

REMEDY: Supply missing cards.

kxxkk ERROR kxkkxk AT LEAST ONE PRESSURE LOAD TABLE IS MISSING.

SITUATION: This error may occur during input when -pressure loads are
being defined.

CAUSE: There is at least one card in series 6lccc or 62ccc for which
no pressure load table (card in card series 6Occc) has been supplied.

REMEDY: Supply missing table.

sekkdek ERROR kkickx CARD 11002 IS MISSING.

SITUATION: This error may occur during input, when the mesh
description cards are being read. .

CAUSE: Self-explanatory. This error will cause an immediate abort.

REMEDY: Supply card 11002.

axkiok ERROR *kxxkx CARDS IN --—-—- SERIES MISSING. .
SITUATION: This error may occur during the reading of the input.

CAUSE: The message is printed if a required card series hés not been
supplied.

REMEDY: Supply missing series.

®¥3kk ERROR kstkkk CONTACT NODES MAY NOT BE SPECIFIED BY BOTH ELEMENT
AND NODAL LAYERS.

SITUATION: This error may occur while the input is being read for a
contact problem. .

CAUSE: Card series 93ccc and 94ccc may not both be used in the same
run.

REMEDPY: Check cards and specify contact nodes by using strictly
either card series 93ccc or series 94ccc by themselves, and never at
the same time.
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12.

13.

i4.

13.

sokkyek ERROR *x%kk*k COULD NOT FACTOR TOTAL COMPLIANCE MATRIX.
*#kckk ERROR *k¥xkx% MATRIX IS SINGULAR. '

xxxkxk ERROR *x:xksik LOSS OF SIGNIFICANCE IN FACTORIZATION.
kkxxx A RESTART WITH A SMALLER TIME-STEP WILL BE ATTEMPTED.

SITUATION: This error may occur during the back-substitution portion
of a time-step.

CAUSE: A solutiom could not be obtained for the current step because
the total compliance matrix relating stress increments to strain
increments could not be factored. Either the second or the third part
of the message 1is printed, depending on the reason why the
factorization could not be done.

REMEDY: If the restart does not work, check the material properties
and the geometry for possible problems.

ek ERROR ITEM ——-——- ON CARD --~-- = ----- IS NEGATIVE, AND THE
PREVIOUS ITEM = --=-- IS ALSO NEGATIVE. '

SITUATION: This error may occur during the reading of an input card
that is writtenm in condensed format.

CAUSE: There are three or more consecutive negative items on a
condensed format input card.

REMEDY: Check card and correct entries.

*xkkkx ERROR ITEM ~---—- ON CARD ----- = mm——- IS OUT OF RANCE.

SITUATION: This error may occur during the reading of an input card
that is written in condensed format.

CAUSE: There is an item on a condensed format input card whose

. absolute value is greater than 50000.
. REMEDY: Check card and correct item.

sk ERROR *kkxx% NEED ----- T.CM LOCATIONS TN RIIN I'NODLEM.

SITUATION: This error may occur after the input has been read and
before ACCEPT enters the main part of an execution.

CAUSE: The program lacks sufficient LCM to run.
REMEDY: Raise the LCM field length on the Jjob card by the stated

(decimal) number of locations. If this is not possible, reduce the
size of the problem.
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16.

17.

18.

19.

xkx%x% ERROR #%*xxx NOT ENOUGH CENTRAL MEMORY TO OUTPUT PRIMITIVE
MATRIX. - ) '
diekkx NEED ----- (DECIMAL) LOCATIONS.

SITUATION: This error may occur while ACCEPT is performing a contact
problem. ’

CAUSE: The program lacks sufficient SCM to run.
REMEDY: Raise the SCM field length on the Job card by the stated

(decimal) number of locations. If this is not possible, reduce the
number of contact nodes or the size of the total problem.

*kxk ERROR *¥%x%% NUMBER OF ITEMS ON CARD ------ SHOULD BE EVEN.
SITUATION: This error message may be printed during the input check.

CAUSE: A table, consisting of time—-boundary condition pairs, has been
input that does not contain an even number of items. ’

REMEDY: Correct table.

sk ERROR ®¥¥%¥ NUMBER OF SECTION = ----- OF TYPE TSTEPS TO BE USED
TO RESTART THE PROBLEM IS OUT OF THE RANGE 0 TO 999.

SITUATION: This error may occur while the input for a restart problem
is being checked. .

CAUSE: The NOSECT parameter on the 1000 card is out of range.

‘REMEDY: Correct NOSECT, which is the second parameter on the 1000

card.

xkckk ERROR %%k NUMBEZR OF TIME-STEP = -——-—- FROM WHICH INFORMATION
IS TO BE USED IN THE RESTARTED PROBLEM IS OUT OF RANGE.

SITUATION: This error may occur while the input for a restart problem
is being checked.

CAUSE: The NOSTEP parameter on the 1000 card is either negative or
too large. In other words, a set of data that does not exist has been
requasted from the data file.

REMEDY: Check the NOSTEP parameter printed in the original run in the
prints at the end of the time-steps or in the final summary edit of
ovalities and diameters. If this is not available, put the data file
through option 5 of the ACCUSE program. " Correct the NOSTEP parameter.
Also, insure the correct file has been obtained.
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20.

21.

22.

23.
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®xkx ERROR *xxkxx PARAMETERS THREE TO SIX ON 21600 CARD FOR TIME-
INTERVAL ~=~-- MUST BE AT LEAST TWICE PARAMETERS SEVEN TO TEN.

SITUATION: This error may occur when a time—-interval is being entered
for the first time. If this occurs, an attempt will be mande to
terminate the program normally and store the data calculated up to
this time.

CAUSE: There are 11 entfies bn the cards in the 2lccc series.
Entries 3, 4, 35, and 6 must be at least twice entries 7, 8, 9, and 10,
respectively. .

REMEDY: Select and enter appropriate parameters on this card.

wkkrk ERROR ksorskok PRESSURE LOADS MUST BE ASSIGNED ON BOTH THE INSIDE
AND THE OUTSIDE OF THE TUBE.

SITUATION: . This crror muy occur during input when pressure loads are
being defined.

CAUSE: Either card series 6lccc or card series 62ccc or both are
missing.

REMEDY: Supply missing cards.

gk EPROR sxxxx PROBLEM IS POSSIBLY ILL-CONDITIONED. .
sk GROUP = ————- GROUP SIZE = -----— DEGREES-OF FREEDOM WITH
PRESCRIBED FORCE = —=---—

xkeik A RESTART WITH A SMALLER TIME-STEP WILL BE ATTEMPTED.

SITUATION: This error is encountered during the .forward elimination
portion of the solution procedure.

CAUSE: The stiffness matrix is singular or nearly singular. This is
possibly due to not specifying displacement boundary c¢onditions
sufficient to eliminate the rigid body modes. It cam alse be due to

conditions arising when time-steps are taken that are too large, or
when a solution has been obtained that is at or mear a buckling load.

REMEDY: If the restart does not work, check for the existence of rigid
Lbody modes.

*s#xxx ERROR *xxxx THERE IS NO RECORD IN SECTION ----- OF TYPE BCONDS
FOR TIME ----- .

SITUATION: This error may occur while the input file for a restart
problem is being checked. . .

CAUSE: There is no record in the boundary condition portion of the
restart file for the problem restart time.

REMEDY: Try a resubmittal. If that does not work, check the NOSECT
parameter on the 1000 card. If the problcm pcrsists, the input file
for the restart problem has probably been damaged. As a last resort,
use the PRINT option of the EDFILE program to print the contents of
the section of type BCONDS.
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24,

25.

*% ERROR *% TIME AT WHICH RESTART IS REQUESTED IS AT OR BEYOND THE
END OF THE LAST TIME-INTERVAL.

SITUATION: This error may occur Just after the data has been read
from the input file for a restart problem. .

CAUSE: The problem time at which the data was stored in the restart
file is equal to, or greater than, the time specified on the last card
in the 2lccc series.

REMEDY: Alter the cards in the 21lccc series, or lower the wvalue of
NOSTEP on the 1000 card.

#ckkk WARNING ki THIS INPUT SET WAS EMPTY.

SITUATION: This warning may occur while an input card is being read
that is supposed to contain integers in condensed format.

CAUSE: A card has been input, for which condensed format is normally
used, but which contains no items.

REMEDY: The condensed format input cards should be checked to insure
ho rzal problem has occurred. This will not result in an abort.
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7. VERIFICATION

At the time ACCEPT was originally written, several small test problems with
predictable solutions were run. Sowme of these are documented in Section 5. The
results were verified by comparison with independent calculations and plots of
the "true" solutions.

Since that time, as new features have been added to the program, each has
been carefully verified. Also, as problems were solved that simulated pieces of
actuai tubing, wverification has included comparison with test data, and
comparison with the results of other computer programs.
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8. COMPUTER PROGRAM ABSTRACT
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Program Name (and Title):

ACCEPT, A Three-dimensional Finite Element Program for Large Deformation
Elastic-Plastic-Creep Analysis of Pressurized Tubes

Computer and Language(s):
CDC-6600, CDC-7600, FORTRAN IV, COMPASS
Problem Solved:

The ACCEPT program 1is designed to perform a large deformation

- elastic-plastic analysis of the three-dimensional time-dependent creep

behavior of anisotropic Zircaloy tubes subjected to external pressure
(References 1 and 2). In addition, a contact feature allows simulation of
such effects as frictionless contact-separation interaction between a fuel
rod and fuel pellets. In this case, a user may specify radial gaps, as
well as time-varying axial gaps. Also, simulation of the the interaction
between a rod and one or more external contact surfaces is permitted. The
program also features automatic time—-step computation to control the
accuracy and numerical stability of a solution. Very large problems can
be accomodated. Another feature permits restarting a problem from any
point in a previous computer run, together with the possible use of
different boundary conditions.

Method of Solution:

Large strain theory is used, together with the finite element method, to
develop a set of linear equations which are solvable at each time-step for
a get of displacement increments. Curved 20-node isoparametric finite
elements are used. The stiffness equations are solved by a direct method,
called a wavefront method, which takes advantage of the symmetry and
sparseness of the stiffness matrix.

Restrictions on the Complexity of the Problem:

The following limitations apply to the size of the problems that can be
run on the ACCEPT program. The number of nodes is essentially unlimited.
The number of elements is limited to 8176, based on the availability of a
disk that has a useable space of 30 million 60-bit words. Most practical
problems will be run with far fewer elements. The maximum wavefront Iis
limited to 789 if a CDC-6600/7600 Large Core Memory (LCM) is available
with at least 262,144 60-bit words. The maximum wavefront is limited to
1100 if an additional 63,336 60-bit words are available in LCM. The above
limitations apply to a CDC-7600. In the CDC-6600 version of ACCEPT, all
FTB files (Reference 3) that are on disk in the CDC-7600 version are
placed in LCM. In this case, problems should not be run with more than 30
elements, and no contact problems should be run.

Relationship to Other Programs:

Data is calculated and stored in a File Manager (Reference 3) interface

. format file. I't is then read from this file for restart problems or for

post-processing of results by the ACCUSE program.
Typleul Nuoolug Tlwe:

The following examples indicate the current running time of ACCEPT.

1. A problem with 20 elements (1 radial by 5 circumferential by 4
axial elements), 188 nodes, and 22 contact nodes required 7.7 seconds
per step. .

2. A problem with 23 elements (1 by 5 by 3), 222 nodes, and 79 contact
nndes required 11 seconds per step.
A problem with 35 elements (1 by 5 by 7), 308 nodes, and 96 contact
nodes required 18.1 scconds pcr step. .

4. A problem with 45 elements (1 by § by 9), 388 nodes, and 107 contact
nodes required 18.3 seconds per step.

.
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All the above runs were made om a CDC-7600 at 140K SCM and 1000K LCHM. To
obtain times for a CDC-6600, the above times should be multiplied by a
factor of 4.5.

References:

1. D.N. Hutula and B.E. Wiancko, "ACCEPT: A Three-Dimensional
Finite Element Program for Large Deformation Elastic-Plastic
Analysis of Creep Collapse of Externally Pressurized Tubes"”,
WAPD-TM-1383, March, 19890.

2. D.N. lutula, "Finite Deformation Analysis of Continuum Structures with
Time-Dependent Anisotropic Elastic - Plastic Material Behavior",
WAPD-TM-1384, March, 19890.

3. W.R. Cadwell, Editor, "Reference Manual - Bettis Programming
Environment", WAPD-TM-1181 (1974).

" Unusual Features of the Program:

ACCEPT has an sutomatic computation of the size of time-steps. A nnmher

‘of critical 1loops have becen programmed in the CDC assemhly language

COMPASS. A restart option allows the user te calculate and store data and
then restart the problem at any point at a later date.

Status:
In production use.
Machine Requirements:

The SCM size should be at least 63K and the LCM size should be at least
1060K. The program utilizes up to six disks transferring in parallel.

Operating System:

SCOPE 3.3 (CDC-6609) - SCOPE 2.0 (CDC-7600)

Other Programming, Restrictions, or Operating Information:

Thé réquired software environment 1is described in Reference 3. It
inc ludes routines for program loading, free-field input conversion and
processing, storage and retrieval of ‘"permanent" File Manager files,

scratch input/output, storage allocation, and plotting. All files used
for communication with other jobs are in File Manager format. Fortran IV

statements equivalent to the assembly language statements are included as

comments in all COMPASS subroutines.
Name and Establishment of Authors:
D.N. HUTULA  B.E.WIANCKO
Westinghouse Elcctric Corporation.
Bettis Atomic Power Laboratory

Post Office Box 79
West Mifflin, Pennsylvania 15122
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APPERDIX A
EDFILE, A FILE EDITING PROGRAM TO PROCESS
SECTIONED INTERFACE FORMAT FILES OF TYPE 303

Rk ERRKRERRR
A.1 INTRODUCTION
RKKHK I KK KL KKK KKK

The EDFILE program supplies file editing capabilities to the wuser of
sectioned interface format files of ‘type 363. See Referemce § for an
explanation of interface format files and of the Advanced File Manager C(AFM.
The capabilities are as follows: (1) print the labels of all sections of a file
(LABELS option), (2) print the contents of any section (PRINT option), (3) purge
any section (PURGE option), and (4) add any section from one file to amother
file (ADD option). :

skeskokolk ok Kok R R R R KR AOR
A.2 INPUT DESCRIPTION
kKN K AR AR AR HAR KRR KR

The input to EDFILE is divided into 4 parts, each of which corresponds to
one of the 4 capabilities. Each part, in general, consists of (1) an option
selection card, (2) card(s) identifying the file(s) to be processed, (3) a card
specifying the number of sections to be processed, and (4) card(s) naming the
sections to be processed.

The input is arranged by option groups so that any option, or combination
of options, may be used on any entry into EDFILE. The input is always ended by
an input card with STOP in the first 4 columms.
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INPUT CHECK LIST

Page A.2

TITLE OF CARD LIST OF VARIABLES FORMAT
LABELS CARD 1 IMOPT, INFILE 6,16
LABELS CARD 2 IMFILE, IMVERN A24,16
PRINT CARD 1 IMOPT, INFILE A6, 16
PRINT CARD 2 IMFILE, IMVERN A24, 16
PRINT CARD 3 NOSECT 16
PRINT CARD 4 NAME1, ..., NAMEG 6A10
PURGE CARD 1 IMOPT, INFILE 26,16
PURGE CARD 2 IMFILE, IMVERN A24;16
PURGE CARD 3 NOSECT 16
PURGE CARD 4 NAMEL1,...,NAME6 6A12
ADD CARD 1 IMOPT, INFILE A6, 16
ADD CARD 2 IMFIL1, IMVERI - A24,16
ADD CARD 3 IMFIL2, IMVER2 A24, 16
ADD CARD 4 NOSECT 16

ADD CARD 5 NAMELl,...,NAME6 6A12
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A.3 LABELS OPTION
KRKKKK KKK RRARKKEKR

This option is used to print the labels of all sections of a file. It
recquires the designation of an input file by input cards.

LABELS CARD 1. )
Format: A6, 16 '

VARIABLES COLUMNS DESCRIPTIONS

1. IMOPT 1-6 Put in the left-adjusted word LABELS. This selects
the option to print the labels of each section in the
file. ’

2. INFILE 7-12 Indicator: ’

® = the input file is the file of type 303 last
FETCHed, or written, in the current jJjob.

1 = the input file is the file of type 303 designated
on LABELS CARD 2.

If INFILE = 6 on LABELS CARD 1, the following card should not be included
in the input. If a single file has been FETCHed, and no file has previously
been written in the Job, INFILE = O may be used to print the Ilabels of the
FETCHed file. Also, INFILE = 0 may be used to print the labels of the last file
written in the Job, such as the output file of the PURGE or ADD option.

LABELS CARD 2.
* Format: A24,16

VARIABLES COLUMNS DESCRIPTIONS

1. IMFILE 1-24 "File id (left-adjusted) of the type 303 whose section
labels are to be printed.
(1 parameter on AFM card)

2. IMVERN 25-30 Version number of the above file.
(V parameter on AFM card)"
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A.4 PRINT OPTION
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The PRINT option is used to print the contents of any or all sections of an
interface format file of type 303. This option is intended only to permit a

“user to determine the contents of a section in case of bookkeeping problems. It
is not intended to replace edits available in the programs which create the
data. Descriptions of each section of a file are contained in Section 4.

Each word of each set of each section is printed twice - in integer and
real format (16,E10.3). To conserve paper, an abbreviated edit is also

available.

PRINT CARD 1.
Format: A6,16

VARIABLES COLUMNS DESCRIPTIONS

1. IMOPT 1-6 Put in the left-adjusted word PRINT. This selects
the option to print the contents of any section(s) of
the file.

2. INFILE’ 7-12 Indicator:

® = the input file is the file of type 3U3 last
FETCHed, or written, in the current Jjob.

1 = the input file is the file of type 303 designated
on PRINT CARD 2.

If INFILE = @ on PRINT CARD 1, the following card should mot be included in
the input. If a single file has been FETCHed, and no file has previously been
written in the Job, INFILE = 0 may be used to print the contents of sections of
the FEIUHed ftile. Also, INFILE = ©® may be used to print the sections from the
last file written in the jJob, such as the output file of the PURGE or ADD

option.

PRINT CARD 2.
Foarmall A2 IhH

VARIABLES COLUMNS DESCRIPTIONS

1. IMFILE 1-24 " File id (left-adjusted) of the file of type 303 whose
sections are to bhe printed.
(1 parameter on AFM card)

2. IMVERN 25-30 Version number of the above file.
(V parameter on AFM card)
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PRINT CARD 3.
Format: I6

VARIABLE COLUMNS DESCRIPTION

NOSECT 1-6 Indicator:
’ < © means do an abbreviated print of the (-NOSECT)
sections given on PRINT CARD 4.
= @ means do an abbreviated print of all sections.
> @ means do a full print of the NOSECT sections
given on PRINT CARD 4.

The following card should not be included in the input if NOSECT = O on
PRINT CARD 3. If NOSECT is not equal to O, the following card should be
included as many times as necessary to name all sections whose contents are to
be printed.

PRINT CARD 4.
Format: 6A12

VARIABLES COLUMNS DESCRIPTIONS

1. NAME1 1-12 These are the (left-adjusted) names of the sections
whose contents are to be printed.
(See Section 4.)

2. NAME2 13-24

6. NAME6  61-72

If a section to be printed does not exist in a file, the message
“kxkkkk WARNING kxx%kk SECTION ____ WAS NOT FOUND IN FILE ____, VERSION ____."

is printed, and the program continues.
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A.5 PURGE OPTION
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This option is used to purge sections from an interface format file of type
303. It requires the designation of 2 files, which are used in the manner:'

FILE2 = FILEl1 - (purged sections)

The sections to be retained are copied from the input file (FILE1) to the output

file (FILE2). The sections of FILEl which are to be retained keep their
original names in FILE2. For example, suppose FILEl contains sections
"BCONDSO1", "BCONDSO2", and "BCONDS03". If "BCONDS02" is to be purged,

FILE2 will contain sections "BCONDS®1" and "BCONDS03" with a gap in the
numbering of the mesh data sections. )

FILEl1 is designated by an AFM STORE card. This means the STORE card is
required for this option. The version numbher of FILE2 is incremented by 1 for
every use of the PURGE opntion.

If this option successfully writes FILE2, then FILEl is no longer available
in this Job. . .

PURGE CARD 1.
Format: A6,16

VARTABLES"™ COLUMNS DESCRIPTIONS

1. IMOPT 1-6 Put in the left-adjusted word PURGE, This selects
the option to purge any section(s) of a file.

2. INFILE 7-12 Indicator:
© = TFTILEl is the file of type 303 last FETCHed,
or written, in the current job. -
1 = FILE1l is the file of type 303 designated on
PURGE CARD 2.

If INFILE = 0 on PURCE CARD 1, the following card should not be included in
the input deck. If a single file has been FETCHed, and no file has been
previously written in the Job, INFILE = 0 may be used to purge sections from the
FETCHed file. Also, INFILE = O may be used to purge sections from the last file _
written in the job, such as the output file of the PURGE or ADD option.

PURCE CARD 2.
Format: A24,16

VARIABLES COLUMNS DESCRIPTIONS

1. IMFILE 1-24 File id (left-adjusted) of FILEIl.
(] parameter on AFM card)

2. IMVERN 25-30 Version number of FILEIL.
(V parameter on AFM card)
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It may sometimes be desired to store only the data most recently generated
in a Job. For example, suppose a production run is made in which it is desired.
to keep only the data generated by the last program executed in the Job. The
following card allows for this possibility, in that EDFILE may be used at the
end of a Job to purge all but the last few sections of a file. The following
card also allows for the normal case of purging sections from a file.

PURGE CARD 3.
Format: 16

VARIABLE COLUMNS DESCRIPTION

NOSECT 1-6 Indicator:
¢ O means purge all but the last (-NOSECT) sections
of the entire file.
= O means purge all but the last two sections of the
file.
> 0 means purge NOSECT sections from the file, the
names of which are to be designated on PURGE CARD 4.

The following card should not be included in the input deck unless NOSECT >
® on PURGE CARD 3. If NOSECT > 0, PURGE CARD 4 should be included as many times
as necessary to name all sections to be purged from FILEIL.

PURGE CARD 4.
Format: 6A12

VARIABLES COLUMNS DESCRIPTIONS

1. NAME1 1-12 These are the names (left-adjusted) of the sections
which are to be purged.
(See Section 4.)

2. NAME2 13-24

6. NAME6 61-72
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If a section to be purged does not exist in the input file, the message

txkkkk WARNING *xkxx SECTION ____. WAS NOT FOUND IN FILE ____, VERSION ___.."

is printed, and the program continues. If no sections were purged, the message

"kxkkkk WARNING *xx¥xx NO SECTIONS PURGED. OUTPUT FILE NOT WRITTEN. "

is printed, and the program continues. In this case, the output file is not
written since it would only be a duplicate of the input file.

it is regarded as an error situation if the result of all purges

However, :
would be an empty file." - In this case, the messages

"xxkxx ERROR *xx%x% PURGE WOULD EMPTY FILE _____ ’ VERSION ————

“SECTIONS IN FILE ARE AS FOLLOWS." "SECTIONS ‘BE PURGED ARE AS
FOLLOWS. "

are printed, along with the lists of the sections in the file and those to be

purged. The program then aborts, prior to any purges.
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KKK RKKK R KKK KK
A.6 ADD OPTION
HRKKKEKK KKK KK

This option is used to add any section from ome file of type 303 to another
file of type 303.

The ADD option requires the designation of 3 files, which are used 1in the
manner:

FILE3 = FILEl + FILE2.

- All sections of the first file (FILE1) will be written to the output file
(FILE3), and these sections will retain their original names in FILE3. Some or
all of the sections of the second file (FILE2) will be written to FILE3, and the
names of these sections will be adjusted with reference to the names of the
sections from FILEl. For instance, if FILEl hbas a section mnamed "BCONDSO1",
this section will also be called "BCONDSO1" in FILES3. If FILE2 has a section
also named “BCONDSO1", which is to be written to FILE3, the name of this section
will be adjusted to be "BCONDSO2" in FILE3. Whenever a name change occurs, an
informative message will be printed.

FILE1 and FILE2 are designated by input cards. FILE3 is always designated
by an AFM STORE card. This means the STORE card is required in order to use
.this option. The version number of the file to be stored is incremented by 1
for every use of the ADD option. .

FILEl is no longer available in this Job if FILE3 is successfully written.

ADD CARD 1.
Format: A6,16

" VARIABLES COLUMNS DESCRIPTIONS

1. IMOPT 1-6 Put in the left—-adjusted word ADD. This selects
the option to add sections from oune file to another
file.

2. INFILE 7-12 Indicator:

0 = FILE1l is the file of type 303 last FETCHed,
or written, in the current Jjob.
1 = FILEl is designated on ADD CARD 2.

If INFILE = © on ADD CARD 1, the following card should not be included in the
input.

ADD CARD 2.
Format: A24,16

VARTABLES COLUMNS DESCRIPTIONS

1. IMFIL1 1-24 File id (left-adjusted) of FILEL.
(I parameter on AFM card)

2. IMVER1 25-30 Version number of FILEL.
: (V parameter on AFM card)
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The following card must always be included in the input to the ADD option.
It designates FILE2, which must have been FETCHed.

ADD CARD 3.
Format: A24,16

VARIABLES COLUMNS DESCRIPTIONS

1. IMFIL2 . 1-24 File id (left-adjusted) of FILE2.
(1T parameter on AFM card)

2, IMVER2 23-30 Version number of FILEZ2.
(V paramotor on AFM ocard)

ADD CARD 4.

Format: 16
VARIABLE COLUMNS DESCRIPTION
NOSECT 1-6 Indicator:

< ® means add last (-NOSECT) sections from FILE2
to make FILES.

= 0 means add all sections from FILE2 to make
FILES3.

> 0 means add NOSECT sections from FILE2 to make
FIIF3. (The sectians to he added are designated an
ADD CARD 3.) .
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: The following card should not be included in the input unless NOSECT > O on
ADD CARD 4. If NOSECT > 0, ADD CARD 5 should be included as many times as
necessary in order to name all sections to be taken from the second input file.

ADD CARD 5.
Format: 6A12

VARIABLES COLUMNS DESCRIPTIONS
1. NAME1 1-12 These are the (left-adjusted) names of the sections to
be taken from FILE2 and written to FILE3. (See
¢ Section 4.) A name may change when the corresponding

section is written to FILES3.

2. NAME2 12-24

6. NAME6 61-72

If a section to be taken from FILE2 is not present in that file, the
message

"xxkkk WARNING *x*xx% SECTION ____ WAS NOT FOUND IN FILE ____, VERSION ____.*

is printed, and the program continues. If no section is taken from FILE2, the
message
"kkkxk WARNING xx¥kxx NO SECTION TAKEN FROM FILE —____. , VERSION ____._. OUTPUT

FILE NOT WRITTEN."

is printed; FILE3 is not written; and the program continues.
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WP 80-211/0229

Zircaloy Material Model

We J. Duffin
S. P. Fidelan

B. 1. INTRODUCTION

The strain increment computed for a point in a time interval At is

Aei:i= A€ (thermal expansion)

ij ij
+ A C.IJ (e1astiC)

+ 8 egj (thermal creep). (1)

Contributions to the strain increment are computed for the average value of
temperature during the time step or, in the case of thermal expansion, for tﬁe
temperature difference during the time step. Thermal expansion is independent
of stress. The last two strain contributions on the right in Equation (1)
depend -on the sfress and use the estimated average value in the time step.
These ‘strain contributions depend on fhe state of the Zircaloy as well.
Material states are described by tables of parameters internal to ACCEPT. At
present there are two tables for 70 percent cold worked and annealed
Zirca]oy-4. Changes of material state that occur during the course of a

problem are followed internally.
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B. 2. TEXTURE

In the following description the coordinate system used to describe
stress, strain, and other directional quantities is imbedded in the
material. Direction 1 is the radial, direction 2 is the circumferential, and
direction 3 the axial directions of the tube. Zirconium and its Zircaloys
have a close packed hexagonal crystal structure below about 1550°F. The metal
in the tube consists of aggregates of single crystal grains and any |
preferential alignment of these grains in a particular direction will cause an
anisotropy in the properties of the metal. If the axes of the crystal grains
were all parallel the metal would exhibit the anisotropy of a hexagonal single
crystal. If the individual grains are randomly oriented the metal would be
isotropic. Texture is the term used to denote the particular distribution of
individual crystal grain orientations within the metal. Quantitatively

texture is described by the texture factors fl, f2, and f3 where

f1=2v1C052 ¢.|; (2)
v ; is the volume fraction of crystal grains with C axis, the axis normal Lu
;he hexagonal symmetry plane, oriented at angle ¢; to the i axis in the
material. Texture factors have the property that

f1+f2+f3=1 (3)

Averages of these quantities are provided in the property tables or can be

supplied by the user. They are required to determine thermal expansion.
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B. 3. THERMAL EXPANSION

"~ The strain arising purely from temperature change can be estimated from

the response of a single crystal (1):

o
)
|

= 2.153 X 1076 (T-32) + 8.083 X 10-9 (7-32)2 - 3.287 x 10-13 (1-32)3
ey = 3.962 X 1076 (1-32) + 1.164 X 1079 (T-32)2 + 3.906 X 10713 (1-32)3 , (4)

where e p and ey are the thermal expansion in the hexagonal plane and normal
to it respectively at T degrees Fahrenheit. Thermal strain in the directions

of the imbedded coordinate i is

E

1= eP(l-fi)+ €N f'l (5)

where f; is the texture factor for the jth direction. The thermal expansion
strain increment is the difference for this quantity computed at the beginning

and end of the time step.

B. 4. ELASTIC STRAIN

Elastic strain increments are computed directly from the imposed stress
with the option of either isotropic or orthotropic elastic constants.

a. Isotropic constants depend linearly on temperature. Coefficients for
Young's modulus, Poisson's ratio, and the reference temperature are provided

in the tables for
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E=Ey+ Ef (T-TR) and (6a)

v =

\)o + \)T (T-TR) s (Gb)

where Eo is nonzero and TR = 0. The shear modulus and modulus of volume

expansion are computed from

[ep)
]

E/2(1 + v) , ' (7a)

=
"

E/3(1 -2 v) . (7b)

b. If Eo = 0 in Equation (6a), ‘ACCEPT uses . orthotropic elastic¢ con-

stants. The orthotropic constants Cij where

( W [ - r b
€11 Ci1 C2  Cy3 0 0 0 911
€22 Clz Gz Cp3 0 0 0 922
€33 - ]G3 Cp3  C3j3 0 0 0 o33
€ 23 = 0' 0 0 C44 O 0 g 23 (8)
€ 31 0 0 0 0 C55 0 o] 31
kclzj L 0 0 V) U 0 r66J ~0 12 J

also depend linearly on temperature

o ., cT

where Tp = 650°F. The matrices C?j and CIj are bfovided in ACCEPT or may

be input.



WAPD-TM-1383 APPENDIX B Page B.5

B. 5. CREEP STRAINM

The creep strain is given by

= e . (10)

€y is the thermal rate.
A. This rate is a generalized rate, a scalar independent of coordinates
or direction in the material. The creep equation is expressed in terms of

generalized stress and strain. The thermal rate is

T) (11)

where o . and ¢ . and ¢ . are the thermal generalized stress, strain, and
0 0 0

strain rate. T is the temperature. The generalized rates are related to the

strain rate components by requiring that ( &, o,) be the rate of creep work,

W= % o =7 (e.. 0,:). (12)
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The strain rate components are

where the 021 2 9 do/ d G are the thermal flow directors. The

generalized stress is related to the stress components by

The generalized stress is defined as

. 1 . ? ? 2
2T e g oty T RE Lemehr P lyrq)

*A g3+8B %3*‘: %211/2

Quantities R and P provide the measure of directional anisotropy in the

material. The value of P in compression is calculated from

P, = p; + (P: - P;) [1-exp (-k e,)]

(13)

(14)

(15)

(16)
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where P;, Pc’ k are constants. A set of A, B, C values is input to define the
shear stress dependencé of creep. In an isotropic material, R=P=1, A=B=C=3,

and K=1. ACCEPT provides K, R, and P (including P;, P:, k.) or K, R; and P

may be set by the user. The A, B, C values may be input by the user, or

ACCEPT will calculate default values as follows:

1 2 6 RC
' c c
1 2
B default = (K--) R +T (18)
(o (o
1 (L f F-_é;jgljj; (19)
C default =
rC C (o1 *

where R., P., and K. are the values of R, P, and K for the "compressive" state
(0 < 0yand o3 < oq). When K, R, and P differ in tension and
compression, their values in multiaxial stress systems are interpreted as

follows:

1. Tension o, > oy and o3 > o7 use tension values of R (Ry), P (Py), and

K (K=1).

2. Compression o, < vy and o3 < o7 use compression values of R (R.),

P (P.), and K (K.).

~

3. Mixed oy + 0, + o3>3 o4 interpolate with
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lq- ol lq-gl
K=]01-c21+Iq-%r+KCTozol+iO3oT | (20)

and

(RT or PT) Ial-cz| (RC or Pc) | °1'°3|

(R or P) = EECIEALECIN + T3 5T+ Tq-5 (21)
4. Mixed o1 + 0, + 03 < o3 interpolate with
| 4= o lg-ol
CTTETRTETgaT e T Ig gl !
and
R or ) - Ry or Pr) lg-gl (R or Pe) 19~ ol | )

Tq-ol + Iq-gl " Tq-ol + Tq-ql

B. Thermal Creep - Thermal creep is based on a constant stress creep
curve shown schematically in Figure 1. Initially there is a transient region
with a time dependence of strain of

g = Ath (24)

followed by a steady state region where strain rate is independent of strain.
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e (T = constant

Figure 1

Thermal Strain Versus Time at Constant Stress

Strain dependence of the transient creep rate at constant stress is
T (tr) =5 &9 (25)
where

§ =n Al/M (26a)

and

L0
H

1-1/n (26b)
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The overall thermal rate is

e (tr)

e, = Max {.e Z(SS) . (27)

Stress dependencies of the transient, at constant strain, and steady state

rates are

'eo(tr) = F sinh m o, (28)
and

e (ss) = a og . (29)

Temperature dependence of the thermal rate at constant stress and strain

1s
e 0 B exp (-Q/kT) (30)

where B is a constant, k Boltzmann's constant, T the absoulule lemperature, and
Q an activation energy. If, for given stress and strain, the thermal rate is
known at two temperatures, Ty and T,, the rate at an intervening or nearby

témperature T is
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1 1
Tl—- T 'eo(TZ)

A]n'.Eo(T) = 1n .EO(TI) + —1——-——1- Tn .—(—1:-—)—— . (31)
7T, !

Transient thermal creep is specified in the ACCEPT tabies bj giving the
values of S and q in Equation (25) at two stresses, o, and o, at each of
three temperatureé, Ty, Tp, and T3. These two transient étreés levels are set
_such that o, = 2 oq1. Steady state creep is specified by giving the steady

state rate at two stresses at these temperatures.
The thermal rate is computed by:

1. Converting the coefficients in Equations (25) and (29) in the tables to

values for the temperature of interest. If T lies between T, and T, then

a(T) = q(T)) + (- {9) La(T,)-q(T)] , (32a)
sr,) LT T)

$(T) = s(1y) ES'(TI_T] 3 (32b)
a(Tz)

1n a(T) = 1n a(Tl) + (T-' Ta) In —(-T-T- N (32C)

ath



WAPD-TM-1383 APPENDIX B Page B.12

2.

and b(T) = b(Ty) + (x-5) [b(T,))-b(T))], (32d)
T T, T

where T= 7 gT and a= Tl T2 .
271 271

lhis gives the S and q at stresses ¢ 1 and ¢ p = ? o 1 at the temperature T,

At strain e the transient rate is given by Equation (25) and

. @2 .
et(qz,e) _Sze sinh m 2 74

0 = <Thh m o 7 =2 coshm o 1 (33)

giving m and F at arbitrary strains, exact solutions are

1 172

m(e,T) = In (K + (2 - 1/2) uhere (34a)
S (a,-9)
X=3z ¢ 217 and
1

F(e ,T) = Sli € q}sinh [m(e,T) o 1] . (34b)



\\
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- In the present ACCEPT material tables % (o 2) » €(a 1) in the strain
range of interest and the exponential approximation to the sinh is used

(X > 1) giving

mie ,T) =—= 1n (= ¢ (35a)
9
257y (29;-9,)
F(e,T) = Tl e 1%, (35b)
2

3. Quantities S and gq can be determined at arbitrary stress by selecting two

strain levels ¢ 1 and e« 2+ Then

T and

F( T) sinh [m(e ,,T) 01 =5(0,T) eg( g,

™
t
—
[aS)
—
i

82,

F(e 1aT) sinh In(e;,T) 03 =S( o,1) <30 9TV (36)

n®
«t
—
p—
~—
1]

Solving Equations (36) for S and q gives
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Q(O ’T) = 1In [.e t(z) / C t(l)] / In [52/51] (37&)
and

In S(o ,T) = 1n % t(1) -q(o T) In g - (37b)

In this manner at the temperature of interest the strain rate at arbitrary

constant stress
e (o, ¢,T) =5(o,T) ¢lcT) (38)
and the rate at arbitrary constant strain
e t(o s €,T) = F(e ,T) sinh [m{ e ,T) o] (39)

can be determined.

4, Steady state creep is described by the power law
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€ =a o ' (40)

5. The final thermal rate is the maximum of the steady state or transient

rates.

6. The Creep Compliance Matrix. The increment of creep occurring in a time

step is
t+at trat
s el = J 'sc dt + ) J c (creep) dt 4 o (41)
ij = ¢ ” 7l ijk1 P k1 °

where the integrands are evaluated at the average temperature of the time step
and at the stress state of the beginning of the time step. The elements of

the creep compliance matrix are

e .. 3 0

» _ ij _ ) . 0 A
R e (42)

In terms of the flow directions, Equation (13),
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. aD?. 9 €
. ij 0 0 0
Ciskln % Tog Dy D5 55 - (43)

B. 7. INPUT

The property cards 30JCC provide the user aécess to the ACCEPT property
tables. J takes values O to 8 and refers to property table J+1. Cards 30J01
through 30J06 contain the input for thermal creep. The keyword following the
card number indicates the temperature and state of the material, e.g., TMP1UN

for Ty unirradiated material; the entries in the matrix prim(i) are
Prim(i)
i entry

1 Ty(°F)

2 o 1(psi) thermal generalized stress

3 Sl(hr"l)

_ :} coefficients of Equation (25) at o,
5 0
6 0

7 02=2 Ol(pSi)
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8 Sythrl)y |
?} coefficients of Equation (25) at o, =2 o,

10 O

11 0

12 o,(psi)

stress and steady state strain rates used to determine
13 e lo )(hr'l)} aand b in Equation (29)

14 cy(psi)
15 egglay) (hrd)

Cards 30J07 and 30J08 give the values of R and P in tension and.
compression to compute the generalized stresses with Equation (15). For
example, in tension; ' >

rth - thermal R for 0g »

pth - thermal P for Oq °
Card 35ccc may be used to input the values of A, B, ahd C which are used

in Equation (15).

Card 30J09 gives the value of K in Equation (15) for the generalized

stress o 0°
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Card 30J10 contains coefficients for the various creep terms

egmin = minimum strain at which transient thermal rate is computed in

Equation (25).
Card 30J12 contains the texture factors f;.
Card 30J14 contains the isotropic elastic constants of Equation (6).

Cards 30J15 and 30J16 contain the matrices C?j and ng of Equation (9),

respectively. These are the coefficients for the orthotropic elastic

constants.
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APPENDIX C
ALTERNATE MESH DEFINITIONS
22223 23T 3
C.1 INTRODUCTION
KRR AKKROR KRR R KRR K

In this appendix, mesh definition capabilities alternate to that defined in
Sections 2.3.4 and 3.1.3 are described.

The geometry of a cross~section is defined by the same parameters used in
Section 2.3.4, with the following interpretations:

THETAM = maximum circumferential coordinate. Equal to 180/N, where N =
3,4,5,... is the number of sides of the polygon.
THETAR = reference circumferential coordinate used to specify thickness

variations.

distance from orxgin of coordinate system to outside of tumbe at THETA =
0 degrees.

Ro

R90 = not applicable.

TO = thickness of tube at THETA = 0 degrees.
TREF = thickness of tube at THETA = THETAR.
The above parameters apply to the equilateral polygomn cross-section. If

the irregular polygon cross—section option is used, only THETAM is used in the
program.

KK KR A KR SK RN K AR AN N KR KKK SR AR R KR AR A KK RN KK KK KN R R R R ACK K KRR KRR KRR KRR KRR KKK

: If either of these options is used, the prints and plots of ovalities,
diameters, and thicknesses, and of the changes in these quantities, do not apply
and should not be used.

KKK KK K K AR K KK K R KK KR K KR KK KA KA KA KK R KR KKK 3k Sk oK KSR SR R N KR KKK R KRR KKK SR KRR R R R KKK KRR
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KRR AR NR KRR R AR RN KRR KRR KRR KK
C.2 EQUILATERAL POLYGON CROSS-SECTION
KHKKR KA R RRKAK KK KRR AK R KA AORK KKK KKK KK

Figure C.1 shows examples of cross-sections of tubes with mid-surfaces in
the form of equilateral polygons. When this geometry option is invoked, the
finite element mesh is constructed over only one-half of one of the sides, as
shown in the figure. Thus, it is assumed that the planes of geometric symmetry
are also planes of symmetry with rcspect to the loads, temperatures, etc. More
generality can be achieved by using the irregular polygon option described in
Section C.3.

The thickness, measured in the direction normal to the mid-surface, is
computed from the formula given in Section 2.3.4.

The finite element mesh is constructed such that the circumferential
boundaries between elements are THETA = constant planes. The element spacing in
the thickness direction is uniform, while the element spacings in the
circumferential and axial directions can be specified arbitrarily.

This option can be invoked by setting INDGEM = 11 on card 10000 (Section
3.1.3).
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o

| I

|
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- RO -
a. SQUARE CROSS-SECTION

/7 /

/ 30°
et RO — -
b. HEXAGONAL CROSS-SECTION

FIGURE C.I EXAMPLES OF CROSS - SECTIONS OF
TUBES WITH EQUILATERAL POLYGON
MID-SURFACES, SHOWING THE REGION OVER
WHICH THE MESH IS GENERATED
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KKK KRR R NORRNRERKRK KRR RRK R KRR KKK
C.3 IRREGULAR POLYGON CROSS-SECTION
kst kKK KKK KA KKK AR KK KRR KK KKK KKK

Figure C.2 shows an example of a cross—section of a tube with a mid-surface
in the form of amn irregular polygon. The cross-section is defined by the X, Y~
coordinates of the corner points where the sides intersect. Straight lines are
drawn between the cormer points to construct the inner and outer walls of the
tube. An arbitrary number of sides can be specified.

The element spacing is uniform in the thickuess and circumferential
directions for a given side, while the element spacing in the axial direction
can be specified arbitrarily. The uniform circumferential element spacing can
be overridden by dividing a side into a number of shorter sides.

This option is invoked by setting INDGEM = 21 on card 10000 (Section
83.1.3). The following cards nist also be used in Lhls vption.

12101, INCLOS (OPTIONAL)

This card may be used to indicate (INCLUS = 1) that the é&éross=section belng
defined is closed, i.e., it is a 360 degree cross—section. If this card is not
included, the default case (INCLOS = ©0) is assumed, which me ans the
cross—section is not closed.
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———‘// .

FIGURE C.2 EXAMPLE OF CROSS-SECTION
" OF TUBE WITH IRREGULAR
POLYGON MID - SURFACE



WAPD-TM- 1383 Page C,6

For the remaining cards, Figure C.3 should be consulted.

12111, X1, Y1, X2, Y2, ..., XLAST, YLAST (REQUIRED, IF INDGEM = 21)

The entries on this card (real) definme the X, Y - coordinates of the corner

points of the sides of the polygon. The corner points are specified in the
order indicated im Figure C.3. The sides of the polygon are thus specified in
the order indicated in Figure C.3.

12121, NKC1, NC2, ... (REQUIRED, IF INDGEM = 21)

The entries on this card (integer) define the number of circumferential

subdivisions to be made of each side of the polygon. In the case of Figure C.3,
this card would be:

131321, 2, 3, 1

wherz the dashad lines in Figure C.3 indicate the circumferential subdivisions

into elements. The parameters NC1, NC2, ... must add up to NCIRCM on card
10000 (Section 3.1.3). :

The circumferential subdivisions are obtained by conmecting the points
which divide the appropriate edges into equal parts. Thus, in Figure C.3, the
dashed line in side 1 of the polygon connects the point which divides edge 1-8
into two equal parts to the point which divides edge 2-4 into two equal parts.
In the case of side 2 of the polygon, the points which divide edge 3-5 into
three equal parts are connected to the corresponding points which divide edge
2-6 into three equal parts. In this 'way, side 1 of the polygon will be divided

into two elements, side 2 into three elements, and side 3 into one element in
the circumferential direction.

«U.S. GOVERNMENT PRINTING OFFICE: 1980/603-113/447
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FIGURE C.3 EXAMPLE OF THE DEFINITION
OF A CROSS-SECTION WHICH IS AN
IRREGULAR POLYGON





