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FOREWORD

This instruction manual is to be used with finite element computer
Program "VISICE," which was developed specifically for predicting the

elastic and linear viscoelastic response of a floating sea ice sheet to

a surface-applied load. By following the step-by-step instructions in
this manual, the design or field engineer with a reasonably good under-
standing of the structural behavior of sea ice can readily formulate the
necessary computer program inputs and interpolate the computed output
for a specific problem. The computer program provides three methods for
solving ice plate load-bearing problems: (1) using the Civil Engineer-
ing Laboratory (CEL) developed viscoelastic material model together with
the CEL definition of material properties, (2) using CEL linear elastic
material model with the user supplying definition of mechanical prop-
erties, or (3) the user defining the material model for viscoelastic
behavior and associated time-dependent sea ice creep properties. The
choice of method is left to the program user. The procedures for
methods (1) and (2) are described as Program VISICE in the main body of
the manual and for method (3) in Program "VISFIT," Appendix B.

The user of the VISICE program can limit the solution to elastic
behavior response to short-term 1loading, for which stress criteria
dictate the allowable load; or the program can include viscoelastic
behavior response, for which deflection criteria dictate allowable load-
ing time. Generally speaking, both types of information are useful to
the field operator. For aircraft operation, the results can be conveni-
ently plotted as a set of curves, an example of which is shown in Figure
F1 for the C130 aircraft. The data for the ice-thickness-versus-
equipment~weight curve, which represents elastic behavior, and for the
load-time-versus-equipment-weight curve, which represents linear visco-
elastic behavior, can be obtained by executing one set of computer runs
for which the ice plate thickness is varied while the equipment weight
is held constant. Since stress and deflection are linearly proportional
to the applied load, the remaining coordinate points to generate the
curves (Figure F1) are derived by the ratio factor of original weight to
a new weight for that equipment. Applying appropriate safety factors

also enters into calculating the curve data points (e.g., allowable
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1s defined as: (1) ice plate weight until deflection equsls 10% of ice thickness
FIGURE F1. EXAMPLE OF LOAD CURVES FOR A
with top-to-bottom temperature CARGO AIRCRAFT — THERMAL PERIOD 1

gradient; (2) superposition of

six load points; (3) duration of load, 15 time-steps. For elastic

solution only, computer time is reduced approximately 65%.

As a closing comment before using the information presented in the

manual, the user should judge the viscoelastic model, material property

values, and suggested safety criteria for adequacy in representing the
conditions of the problem under consideration. It is well-known that ?
sea ice can behave as a viscoplastic material when very long-term loads :
or loads of heavy weight are involved. It should also be kept in mind ¥
that the material properties of sea ice are environment dependent and

I
therefore highly variable. H
' |

J. E. Dykins {
General Engineer |
Military Projects Division '
Civil Engineering Laboratory
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INTRODUCTION

Background: Since 1970 CEL has developed two finite element programs
for predicting the structural capacity of sea-ice sheets subjected to

aircraft and ground vehicle loadings.

The first program, called WILICE (1), provided an elastic represen-
tation of the sea-ice, and the second program, called VISICE (2), pro-
vided a viscoelastic representation which inherently includes elastic
analysis as a special case. Thus in theory, the VISICE program completely
supplants the WILICE program because it contains the same analytical

capabilities in addition to providing viscoelastic analysis.

The analytical approach considers the sea~ice sheet as a large
axisymmetric solid (plate-like geometry) resting on a fluid foundation.
The sea-ice cross section is modelled with four node isoparametric
elements with viscoelastic properties. Initially, loading is considered
for a single pressure disc at the axis of revolution. Thereafter, the
single pressure disc solution is used as a data base for superimposing
stresses from a specified pattern of disc pressures simulating aircraft

or other vehicles.

The principle drawback of the original VISICE program is defining
input. For example, bulk and shear relaxation functions to characterize
sea ice at various temperatures are difficult to determine even for
engineers highly knowledgeable in the field of viscoelasticity. Another
area requiring a degree of expertise is proper finite element modeling,
such as, mesh density and boundary conditions. Other input problems
include tedious data preparation for superposition of wheel loads for

standard Navy aircraft.

These and other input problems are addressed in the following

objective as well as improving computer output and evaluating results.

Objectives: Tuie objective of this work is to modify the original
VISICE program into a user-oriented program readily useable by design
and field engineers to rapidly determine structural capacity of sea-

ice sheets for either elastic or viscoelastic description of sea-ice.

dadhdite




Scope and Approach: To meet the above objective, extensive modifi-

cations and revisions to the pre- and post-processing portions have been

made. Specifically:

(1) Geometry Automation: A finite element mesh generation

(3)

scheme has been modified and extended to automatically
provide (at the user's option) plate extent to repre-
sent infinite plate, boundary conditions, sea water
foundation, element density pattern, and arbitrary
temperature profile through ice thickness. As a
minimum, the user only needs to specify plate thick-

ness and temperature at top and bottom of ice sheet.

Material Properties: Tabularized material properties

for sea-ice as a function of temperature are "built

1““

the program. The user need only specify "elastic"
or "viscoelastic" and the appropriate properties are
automatically assigned to each element. Alternatively,
the user may specify his own temperature dependent
properties. Appendix D provides a program for ob-
taining viscoelastic relaxation functions from creep

data.

Loading and Superposition: A library subroutine for

common Navy aircraft (Cl12i, C124, C130, Cl4l, and

C5) allows the user to simply identify the craft

by name and percent of maximum weight. Superposition
of all wheel loads are automatically provided. Al-
ternatively, non-standard load patterns can be defined

with simple input data.

The above features are discussed in detail in this report along

with assumptions and limitations of the program. In the last section

a discussion on evaluation of seca-ice capacity is presented. Through-

out this report the discussion is concerned with applications and

evaluation, no detailed finite element formulation is presented as this

is given in Reference (2).




Appendix A provides input instructions along with example problems
L for the new VISICE program. Detailed notes are given with the input
instructions, however, the user should read the main body of this report

{ prior to exercising the program.

Appendix B gives discussion and input instructions for program

i

VISFIT to convert creep data into viscoelastic relaxation functions

which in turn can be used as input to VISICE. Normally it is recommended

to use the "built in" sea-ice properties contained in VISICE.

Lastly, the program VISICE may be used to analvze general visco-
elastic, axisymmetric solids. Input instructions for this mode of

operation is given in Reference (2).




DISCUSSION OF VISICE PROGRAM

General Nature of Problem: The basic problem under consideration

may be viewed as a large plate-like structure supported on a fluid foun-
dation subjected to a set of surface loaés as suggested in Figure 1.
Surface loads are composed of circular disks of arbitrary pressure
whose centroids may be arbitrarily located on the surface. However,

the radius of each disk is the same. The plate-like structure is con-
sidered isotropic elastic or viscoelastic with arbitrary variations of

material properties through the plate thickness.

Specifically, the physical interpretation of this problem is a vast
sheet of sea ice floating on sea water with surface loads due to station-
ary aircraft, parked vehicles, or other equipment placed on the surface.
It is assumed the sea-ice sheet behaves as an isotropic viscoelastic or
elastic solid wherein the material properties may vary through the thick-

ness due to temperature variations, and/or age effects of various strata.

The objective is to determine the adequacy of the s?a-ice sheet
to support the given loads over a specified time interval. This may
be assessed by considering the maximum tensile bending stresses occuring
at the bottom of the ice sheet as well as considering allowable vertical

deflection. These notions will be discussed in subsequent sections.

Overview of Analysis Procedure: To analyze the class of problems

outlined above, the VISICE program employs an axisymmetric finite element
representation of the sea-ice plate supported on vertical springs which
provide a vertical restoring force distribution proportional to the
weight of displaced fluid as the plate deforms. Initially, loading

is only considered for a single circular pressure disc at the axis of
revolution. If the sea-ice plate is assumed viscoelastic a sequence

of time step solutions are obtained providing a history of deformations.
For the elastic case, only one solution step is required. In either
case, displacements and stresses throughout the sea-ice plate are

saved on slow speed storage for each time step. After the single load

solution is complete, the program shifts into the load-superposition

Z==y
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mode to calculate combined stresses and displacements at specified points
due to a specified load pattern. This is achieved by recalling the appro-
priate stresses and displacements from storage, scaling them to specified
pressure,transforming them to a common three dimensional coordinate system,

and accumulating the results for each time of interest.

To initiate the program, three general areas of input information
are required; (1) geometry of plate including finite element mesh density
and temperature profile through plate thickness, (2) material properties
of sea-ice as a function of temperature (either elastic or viscoelastic),
and (3) magnitude and location of surface loads relative to points of
superposition. Each of these areas are discussed below along with the
automated features of the program that greatly reduce the labor of

defining input.

Geometry: The fundamental dimensions of the plate is thickness
(to be specified by user) and radius. In general, one perceives the
sea-ice plate to be of infinite radius, however by the nature of the
finite element formulation, a finite radius must be selected. The
goal is to select a radius sufficiently large such that the boundary
conditions on the plate periphery have neglicible inf luence on the
single load solution. At the same time, it is not prudent to select
a radius excessively large because many additional elements would be
required and increase computational costs. Numerical experimentation
has shown that a radius, RMAX, on the order of 10 times the radius-of-

relative-plate-stiffness, ¢, is generally adequate, i.e.,

RMAX = 10.¢ : (1)

¢ = (ER3/12(-vD)K) " (2)

where E = Young's initial elastic modulus, h = plate thickness, v =
Poisson's ratio, and k = fluid weight density. 1In the VISICE program
RMAX is automatically computed as a default option. A simple method
of checking the adequacy of RMAX is to change the boundary conditions
on the plate periphery. GCenerally it is assumed displacements on the

periphery are fixed.

o
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Within the plate cross-section a finite element mesh is automati-
cally established by specification of three parameters (NUMELZ, NELOAD,
and NUMELR) as shown in Figure 2. NUMELZ is the number of element rows
; evenly spaced through the plate thickness. NELOAD is the number of ele-
ment columns evenly spaced directly beneath the single load radius, and
NUMELR is the total number of element columns in the radial direction.
Thus the total number of elements is the product NUMELZ times NUMELR.
The column elements between the loading radius and outer plate radius
(NUMELR-NELOAD) are spaced in a geometrically increasing fashion for
the purpose of maintaining a high element density in the central part

of the plate where stress gradients are highest.

As with any finite element model, the more elements used the better
the approximation, but also, the higher the computational costs. Typical
mesh parameters are; NUMELZ = 8, NELOAD = 5, and NUMELR = 25, It is
good practice to test at least two mesh density patterns and verify the

solutions are acceptably close.

The temperature profile through the plate thickness must be specified
in accordance with the temperature distribution in the sea-ice sheet
under investigation. This is accomplished by defining a series of
arbitrary points through the plate thickness at which the temperature is
specified. The sole purpose of this temperature profile is to provide
a data base for the VISICE program to automatically determine temperatures
at element centers by linear interpolation. Thereafter, temperatures
at element centers are used to obtain temperature dependent material pro-
perties (elastic or viscoelastic) from material data tables discussed

next.

Material Properties: It is well known that natural sea ice is a

crystaline structure with orthotropic properties, i.e., its stiffness
4 in the vertical direction is greater than the radial direction. How-
E ever for the type of boundary value problem being considered, an iso-
tropic assumption is reasonable providing the stiffness and/or creep

properties in the radial direction are used. This is because the

primary mode of deformation is plate bending so that strain energy




is predominately due to radial and tangential strains, not vertical

strains.

With the above understanding, the VISICE program offers two is-
tropic characterizations of the sea-ice, elastic or viscoelastic. Actu-
ally, the elastic solution is a subset of the viscoelastic solution given
at time = 0. However for convenience and simplicity, the input for
elastic properties are given separately from viscoelastic properties.

In either case, the material properties are input in tabular data form
as a function of temperature, either as specified by the user (LEVEL =
1), or automatically provided the program as an alternative option
(LEVEL = 0). Using this tabular data and linear interpolation, the
program assigns material properties to each element row corresponding

to temperatures at element centers as determined from the temperature
profile.

For user supplied elastic properties (LEVEL = 1), the user specifies;
temperature, Young's modulus, and Poisson's ratio for as many temperatures
as desired. Alternatively for the automatic option (LEVEL = 0), the

program supplies the data shown in Table 1 which is taken from Reference

3).

For user supplied viscoelastic properties (LEVEL = 1), the user
must define parameters for bulk and shear relaxations functions for as

many temperatures as desired. These functions have form:

NB /
i -t/oi
K(t) Ko + igl Kie (3)
N,
) G -t/pi (4)
G(t) = Go + igl Gie

where K5, Ky, . . . Kyp are bulk modulus coefficients with the units of
stress and a], aj, . . . ayg are bulk relaxation times associated with
a particular temperature. Similarly, G, , Gj, . . . GNG are shear modulus

coefficients with untis of stress, and B1, 82, . . . BNB are shear re-
laxation times.




Determination of these parameters from creep experiments 1is not a
trivial task. Appendix B provides a discussion along with a special

purpose program called VISFIT to convert creep data into relaxation func-
tions.

Fortunately, the automatic viscoelastic input option (LEVEL = 0)
provides an expedient alternative to defining relaxation function para-

meters by making use of predetermined relaxation functions developed

from experimental work by Vaudry (3). Table 2 shows the tabular form

of these viscoelastic parameters for four temperatures and is automati-
cally supplied by the program if requested. Here it is assumed that
Poisson's ratio is constant, v = 0.3, so that bulk and shear relaxation
times are identical and the modulus coefficients are related through
Poisson's ratio in the same manner as an elastic solid. Note two ex-
ponential terms are defined for both bulk and shear but the constant

terms Ky and Go (modulus values at time = ~) are set to zero. This
implies the model is fluid-like and will continue to creep under sustained

loading. For further insight into the nature of viscoelastic behavior

see Appendix B.

Loading and Superposition: The radius of the pressure disc is the

primary loading parameter for the axisymmetric solution which in turn
provides the data base for subsequent superposition of specified patterns
of pressure discs. Thus, although the relative locations of the pressure
discs are arbitrary, they are inherently restricted to the same radius.
Pressure magnitudes on each disc may be specified independently because
the axisymmetric solution is linearly dependent on load, allowing the
data base to be appropriately scaled prior to superpositien. For
viscoelastic solutions, it is assumed that each independent pressure
magnitude occurs instantaneously at time =

throughout the loading duration.

0.0 and remains constant

Superposition occurs at a point implicitly defined the surface

coordinate locations of pressure disc centroids and explicitly defined

by a verticle coordinate, Z,. That is, a three dimensional Cartesian

Coordinate system (X, Y, Z) is inferred with its origin on the plate

- ! ol e b s il
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!
TABLE 1. ELASTIC PROPERTIES OF SEA-ICE (REF. (3))
l Temperature Young's Modulus Poisson's Ratio
U psi x 10°
;
-27.0 5.89 0.30
-20.0 3.94 0.30
-10.0 2.42 0.30
- 4.0 1.55 0.30
TABLE 2. VISCOELASTIC PROPERTIES OF SEA-ICE (REF. (3))
Temp. Ky * ay Ko ag Gy B1 Gy B2
oc psi hr. psi hr. psi hr. psi hr.
-27.0 4. 72 4.50 0.19 2010. 2.18 4.50 0.087 2010.
-20.0 3.16 sl 0.12 1350. 1.45 3.51 0.057 1350.
-10.0 1.93 3.58 0.089 2540. 0.89 3.58 0.041 2540.
- 4.0 1.23 4.10 0.056 2400. 0.57 4.10 0.026 2400.
* All modulus coefficients of bulk and shear are times 105. Note:

Ko = Go = 0.0.
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surface as suggested in Figure 3. The point of superposition is at the

location (0, 0, Zp) where Zp is generally selected at the plate bottom
(1.e., Zp = -h) because tensile stresses are generally highest there.
The relative locations of the pressure discs are defined by the surface

distances Xi, Yi away from the point of superposition.

VISICE permits repeating load superposition input data as many times
as desired to consider different points of superposition, or to consider

completely different load patterns and/or magnitudes. If it is desired

to get superimposed results at several locations for a constant load

pattern, one must redefine the pressure disc coordinates Xi, Yi relative

to each new superposition point. Usually, one is interested in specifying

superposition points where tensile stresses and/or vertical displacements

are maximum (not necessarily the same point). As a general guideline,

maximum tensile stresses usually occur at the plate bottom directly be-

neath a pressure disc. If all pressure discs have nearly the same pres-

sure, that pressure disc closest to the center of resultant loading is

the most likely candidate. Maximum vertical displacement often occurs

at the same surface location, or sometimes at the loading resultant
center.

Circular pressure disc patterns may be used to construct a variety

of load patterns and distributions. For example rectangular load patterns

or other geometric shapes may be approximated by a sequence of overlapping

discs as suggested in Figure 4. 1In cases like this, the total weight

of the vehicle should be maintained by the pressure discs even 1if the

pressure distribution is not exactly correct.

Since Navy aircraft parked on sea-ice sheets is the primary problem
of concern, an automatic superposition data generator has been incorporated

into the VISICE program in subroutine LDTYPE which may be used as an

alternative option. Here, the location and pressure of each individual

tire is automatically established for five different types of aircraft

given in Table 3. The user need only identify the aircraft by name and

the actual aircraft weight by specifying the fraction of the maximum

allowable aircraft weight to be considered. The program automatically

distributes the actual weight to each wheel. Tires on the main gear

-
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receive a larger percentage of the load than tires on the nose gear as

shown in Table 3. This data was taken from Reference (4).

Figure 5 shows the relative tire print locations for each of the five |

aircraft (4). Two points of superposition are automatically established
by the program denoted as points A and B if Figure 5. Point A is located
at the intersection of the centerline and first main gear axis. Point B
is shifted along the main gear axis to the center of the first tire. In
both cases the Z coordinate of the superposition point is at the plate
bottom. Generally Point B is the critical location for maximum tensile
stresses and vertical displacements. For stiff plates, maximum vertical

| displacements may occur at Point A.

If desired, the user may easily modify subroutine LDTYPE to consider
other points of superposition or extended the library to establish auto-
mated superposition for new aircraft and vehicles. Directions for

modifying LDTYPE are given by comment cards in the subroutine.




Computer Output: All input data whether specified by the user or

automatically constructed by the program is printed out with appropriate

titles and should not cause any confusion. Temperature profile, material
properties, loading parameters, and fundamental peometric parameters are
always printed out for each problem. However, the user has the option

of deleting the printout of the finite element mesh topology (e.g., nodal

coordinates, element connectivity, etc.).

The results of the axisymmetric solution for a single pressure disc
3 (prior to superposition) include displacements at each node point and
stresses and strains at each element center. For viscoelastic solutions,

this data is given for each time step. Again, the user has the option to

delete printing of the single disc solution if he is only interested in

superimposed results.

Results from load superposition include the net vertical displacement,
the complete state of 3-dimensional stress (X, Y, Z system), and the prin-
ciple stresses at the superposition point. For viscoelastic solutions this
data is repeated for each time step, providing a time history of displace-
ment and stress. Fach superposition point is processed individually one
at a time and the results are preceded by printed output showing the\
relative location and load magnitude of each pressure disc. For the

automated aircraft superposition option, the pressure disc numbers cor-

respond to the numbers in Figure 5.

Of primary interest is the maximum vertical displacement and the
maximum tensile principle stress. These quantities are useful to evaluate
the adequacy of the sea-ice sheet to sustain the given loading as dis-

cussed next.
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SUMMARY AND EVALUATION

Evaluation Criteria: Although the VISICE program is a powerful analysis
tool, the analytical results are only useful if there exists some failure
criteria with which to compare. Unfortunately, the state-of-the-art for
sea-ice failure criteria is quite primitive and warrants intensive re-
search. A measure of stress alone does not appear adequate to define a
fallure criterion because laboratory specimens under constant stress states
have been observed to fail as function of loading duration, i.e., after
a long period of creeping (3). Perhaps strain energy density may offer

a proper basis for defining a failure criterion.

However until a viable failure criterion can be established, the only
alternative is to employ methods that seem to have worked well in the past.
Two criterions presented by Vaudry (3) are; (1) maximum allowable tensile
stress, and (2) maximum allowable displacement. These criterion may be
written as:

T UAll.(l) (stress)

1% < 0.1h (displacement)

Here o, is maximum principle tensile stress in the ice sheet (pre-

T

dicted from VISICE), and o (T) is the maximum allowable tensile stress

All.
dependent on sea-ice surface temperature as shown in Table 4. These
allowable stresses were obtained from flexural strengths of sea-ice

beams assuming a safety factor of 1.2 (Vaudry suggests safety factors

between 1.15 and 1.20).

For the displacement criterion, W is the maximum vertical displace-
ment in the ice sheet (predicted from VISICE) and h is the plate-thickness.
Thus, the criterion states that maximum allowable displacement is 10X
of plate thickness. One rational for this criterion is that deflections
exceeding 10%Z h imply the ice surface has deflected below the free board
water line allowing surface flooding through cracks and disrupting

activities.
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TABLE 4. ALLOWABLE TENSILE STRESSES

© Thermal Period | Surface Temp. | Flexural Beam | Allowable Stress* |
(Season) i Strength psi 9a11. Pst
1 -20 to -10 70.0 58.3
; 2 -10 to =5 62.0 317
3 -5 to -2 58.0 48.3
4 -3 to =2 40.0 33.3
Rt e NP NEEP—

* Based on safety factor of 1.2.
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Applications: When applying these criterions to a specific problem
involving a viscoelastic sea-ice representation, one observes maximum
stress usually occurs immediately at time = 0.0 and then slightly de-
creases due to relaxation. Thus, one can immediately determine if the
sea-ice sheet has sufficient thickness and strength (temperature) to

initially carry the load.

If both stress and displacement criterions are initially safe
(t = 0.0), sooner or later continued sea-ice creep will give displacements
exceeding the allowable. The time at which this occurs tells how long
the vehicle can remain parked in one location. For this reason it is
recommended to always use the viscoelastic characterization rather than

time-independent elastic properties.

Rather than analyzing each specific problem, a more general approach
is to develop graphs or tables that specify the minimum allowable ice
thickness required for a particular vehicle as a function of load duration
for each thermal period. Figure 6 shows how such a graph might look.

The flat portion of the graphs imply minimum thicknesses are controlled
by initial stress and/or initial displacement and the curved portion
implies displacement controls at some later times. If the ice thickness
is known, the graphs may be used to determine how long the vehicle can

remain parked in one location (if at all).

To construct such graphs is simple. Merely obtain a set of solutions
over a range of ice thicknesses for each thermal period and apply the
stress and displacement criterion. That is, consider a particular
vehicle for a particular thermal period and solve the problem for
several thicknesses of sea-ice. If the thickness is too small, one ob-
serves the stress criterion is immediately (t = 0.0) violated and thus
it cannot support the vehicle for any length of time. As thicknesses
increases, a minimum threshold thickness will be found that satisfies

the stress criterion and the initial displacement criterion (i.e., the

thickness associated with the flat portion of the curve in Figure 6). ;
As loading duration continues for this threshold thickness, the dis-
placement criterion will eventually be violated. This terminates the

flat portion of the curve and indicates how long the vehicle may remain




17

parked on the minimum threshold thickness. For larger thicknesses, only
the displacement criterion will control allowing longer loading durations

as indicated the curved portion of the graphs in Figure 6.

In cases where the viscoelastic model is fluid-like (e.g., as pro-
vided by the VISICE program, Level = 1), the sea ice eventually begins
to creep at a near constant rate as indicated in Figure B-1. Accordingly,
it is not necessary to run the VISICE program throughout the entire load-
ing history. Rather, it {s more economical to terminate the program after
the constant creep rate has been observed by noting displacement increments
are near constant and stresses have reached a limiting value. Generally
this occurs within 20 hours for models provided by the program. Thereafter,
displacements may be hand calculated by linear extrapolation of the dis-
placement increment over the remaining time of interest while stresses

remain constant.

As a final comment, {t is noted that all responses (stresses, strains,
and displacements) are directly proportional to the total load magnitude
distributed to all discs. Thus, the responses for different total load
magnitudes may be scaled directly from any solution which only differs

in load magnitude.
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APPENDIX
USER INPUT INSTRUCTIONS FOR VISICE AND EXAMPLES

Y

¥

v

This Appendix input provides instructions for data preparation to

run the VISICE program. Following the input instructions are three ex-

Kl

T

ample problems showing input data cards and selected computer output.
It is assumed the user has read the main body of this report and is b

familiar with terminology, concepts, and assumptions.

Input data cards are grouped in six categories denoted by letters A
through F shown below. For each problem begin with Card Al and continue 4
through to Card Set F.

Card Set A: Heading and Control

Card Set B: Vertical Plate Parameters and Temperature Profile
Card Set C: Material Properties and Time Parameters

Card Set D: Single Pressure-Disc Parameters

Card Set E: Radial Plate Parameters, and Output Control

Card Set F: Superposition of Loads

*%% UNITS **% All units must be consistent. To be compatible with

default options use:

Force = pounds
Length = inches
Pressure = psi
Temperature = centrigrade
Time = hours

*%* DEFAULTS *** Default options automatically provide parameter input
values whenever a blank (zero) data entry is encountered.
Generally default options may be used, but it is prudent
to cross-check default options as indicated in the sub-
sequent notes.
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PART 1. INPUT INSTRUCTIONS
A. Problem Initiation, Heading, and Control Card f
!
Card Al (18A4) i
:
Columns Variable Entry Description Note
01-04 HED(1) Control Word (1)
= MESH, call mesh generator
= STOP, program stops execution
£ STOP, or MESH, etc. A
05-72 HED (1) Descriptive title of the problem (2)

- Go to Card Set B -

Notes:

(1) The control word MESH signals the automatic finite element mesh
construction for the axisymmetric floating ice sheet with single
pressure disc load. Problems may be run back to back as desired.
To terminate execution use the control word STOP. (To access the
more general finite element input option leave the control word
blank, see CEL report TR-803 for input or program listing).

(2) Descriptive title is printed out with problem for user reference.

FORTRAN Reminders:

(1) Variables starting with the letters I, J, K, L, M, or N are integers
(no decimal) and are right justified in allotted columns.

(2) Word variables (e.g. HED(1)) are left justified in allotted columns.

(3) Floating point variables may appear anywhere in allotted columns
with decimal point.




B.

Card Bl (F10.0,215) |

Columns Variable Entry Description Note
01-10 PTHICK Thickness of the Ice Plate (1)
11-15 NTEMP Number of temperature points to (2)

16-20 NUMELZ Number of evenly spaced Finite (3)

Card B2 (2F10.0) (Repeat card B2, NTEMP times)
Columns Variable Entry Description Note

01-10 DEPTH (1) Depth below surface where temperature (4)

11-20 TEMP (1) Temperature in degrees centigrades

Character of Ice-Sheet through Thickness, and Temperature Profile

define plate temperature through-
out thickness

Default = 1

Max. NTEMP = 12

Elements rows through thickness
Default = 8
Max. NUMELZ = 12

is specified

- Go to Card Set C -

e

Notes:

(1) TIce mesh thickness is always input as a positive dimension (usually ?
inches).

(2) For uniform temperatures set NTEMP = 1. For linear varying tempera-
tures set NTEMP = 2. For more complicated temperature profiles use
as many temperature points as required up to 12.

(3) Generally choose NUMELZ greater or equal to 6, see Figure 2.

(4) Depth is a positive number within the plate thickness. Repeat this

card NTEMP times. If NTEMP = 1 any Depth may be used to specify
uniform temperature. If NTEMP is greater than 1 the first temperature
must be given at plate surface (Depth = 0) and the last temperature

at plate bottom. Intervening temperature points must be given in
order of increasing depth.
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C. Material Properties (Temperature Dependent) and Time Parameters
Card Cl1 (A4, 1X, 315, F10.0)
Columns Variable Entry Description Notes

01-04 TYPE Word describing material type: (1)
= ELAS, Elastic Solution
= VISC, Viscoelastic Solution
# ELAS or VISC, Error

06-10 LEVEL Code for material properties input: (2)
= 0, Use canned properties of program
= 1, User inputed properties

11-15 NUMT Number of temperatures for which ma- £3)
terial properties will be given:
Only for LEVEL = 1
Default = 4

16-20 NSTEP Total number of time steps (&)
for TYPE = VISC only

21-30 DELT Time step increment (5)
for TYPE = VISC only

If LEVEL = 0, go to card set D, otherwise
go to card C2 for elastic input or card C3
for viscoelastic input.

Notes:

(1) This controls whether the sea-ice will be characterized as elastic
or viscoelastic.

(2) For LEVEL = 0, the program automaticallyv constructs (and prints out)
temperature dependent elastic properties from Table 1, or visco-
elastic properties from Table 2. For LEVEL = 1 the program will
use temperature dependent properties from user input.

(3) This entry is only required for LEVEL = 1. The number of different
temperatures at which elastic or viscoelastic properties will be
defined.

(4,5) These entrys are only required for viscoelastic solution (LEVEL = 0
and 1). Total loading duration = NSTEP* DELT. Generally, choose
the time step increment as 10 to 20% of shortest relaxation time.
For LEVEL = 0, time steps in the range 0.5 to 1.0 hours are usually
adequate. However, it is always wise to test accuracy by choosing ¢
smaller time steps and comparing results.
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(Card Set C continued)

Elastic temperature properties data input, Input only if TYPE = ELAS
and LEVEL = 1.

t Card C2 (3F10.0) Repeat this card NUMT times.

i Columns Variable Entry Description
l 01-10 XTEMP (N) Temperature

t 11-20 XE(N) Young's Modulus

' 21-30 XNU(N) Poisson's Ratio

~ Go to Card Set D -

ratio) for the sea-ice at a set of discrete temperatures. Tempera-
tures must be input in assending order (e.g., -27°, -20°, -10°, etc.).
The program linearly interpolates material properties to each element
based on the element's temperature at its center as determined from
the temperature profile. If the element temperature is outside the
range the tabular properties temperatures, the element is assigned s
properties from the tabular end points, i.e., data is not extrapo-

lated.

Notes:
' User defines tabular elastic properties (Young's modulus and Poisson's
.
|
E
F
L
:
3
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(Card Set € continued)
Viscoelastic temperature property data input. Input only if TYPL =
VISC and LEVEL = 1.
Card C3 (215)
Columns Variable Fntry Description
01-05 N1B Number of bulk exponential terms
06-10 NIG Number of shear exponential terms
Card C4 (3F10.0)
Repeat cards C4, C5, and Cb as a group NUMT times (N = 1, NUMT) ,
Columns Variable Entry Description §
01-10 XTEMP (N) Temperature o
11-20 XBRO(N) Bulk modulus at infinity :
21-30 XGKO(N) Shear modulus at infinity

Card C5 (2F10.0) Repeat NIB times (J = 1, NIR)

Columns Variable Entry Description
01-10 XBK(N,2*1-1) Bulk modulus of '!!' exponential
11-20 XBK (N, 2%.0) Bulk relaxation of 'I' exponential

Card C6 (2F10.0) Repeat NIB times (J = 1, NIG)

" Columns Variable Entry Description
01-10 XGK(N,2%J-1) Shear modulus of "J' exponential
11-20 NXGK (N, 2%1) Shear relaxation of 'J' exponential
5
r - Go to Card Set D -
Notes:

User defines tabular viscoelastic properties for sea-ice at a set of
discrete temperatures in the same manner as discussed on previous page.
Consult Appendix B for methods of determining relaxation function
parameters. (3
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D. Loading and Single Pressure-Disc Parameters

Card D1 (A4, 1X, 3F10.0)

Columns Variable Entry Description Notes
01-04 CRAFT Control word for load input: (1)

= USER, User supplies load data
= Cl21, Cl24, C130, C141, or CS,
automated input for Navy aircraft.

06-15 RLOAD Radius of single pressure disc. (2)
(only required if CRAFT=USER)

16-25 PSI Uniformly applied pressure on disc. (3)
(only required if CRAFT=USER)

26-35 PRATLO Ratio of PSI applied (4)
Default = 1.0

- Go to Card Set E -

Notes:

(1) If CRAFT = USER the user defines his own load characteristics
(and superposition parameters on Card F2). For Navy aircraft
simply set CRAFT = name of desired aircraft to be analyzed, and
all parameters are automatically defined as given in Table 3.

,3) This input is only required if CRAFT = USER. For Navy aircraft
RLOAD and PSI are automatically established from Table 3. Note,
PST is set at maximum pressure of main gear tires to be used in
single wheel analysis.

(4) PRATLO allows scaling the PSI on Navy aivcratt as desired. For
example, if the total actual weight of a Cl21 is 90% of maximum
(Table 3), set PRATIO = 0.90.
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E. Radial Plate Parameters and Boundary Conditions
Card E1 (215, 2F1.0, 315)
Columns Variable IEntry Description Notes
01-05 IN Control for printed output of FIM (1)
mesh.

= 0, Do not print
# 0, print output of FEM mesh

06-10 ouT Control for printed output of FEM (2)

results for single wheel load.
= 0, Do not print
# 0, Print results

11-20 RMAX Plate Radius 3/4 3y
Default = 347.0*%(PTHICK) (inches)

21-30 GAMMA Fluid weight density 3
Default = 0.037 (1b/in")

31-35 NELOAD Radial elements under load (4)
Default = 5

36-40 NUMELR Total radial elements (5)
Default = 25

41-45 KBOUND Boundary code on plate periphery: (6)

= 1, Horizontally restrained
= 2, Vertically restrained
= 3, Completely fixed (Default)

(3)

(4,5)

(6)

~ Go to Card Set F -

Finite element mesh data, and finite element solution for single wheel
load may be printed out at user's option.

The default plate radius is based on 10 times the radius-of-relative
stiffness for initial ice stiffness at ~27°C. Generally this is
adequate to simulate infinite plate.

)

These parameters control radial mesh density, see Figure 2. Generally
the default options are adequate.

Generally use the default option, KBOUND = 3, inplving fixed boundaries.
Boundary conditions should not appreciably influence the solution for
large plate radfus.
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b «
F.  Superposition and Load Pattern Data
é » Card F1 (15)
] - Columns Variable Entry Description Notes
-
01-05 INTSUP Time interval of superposition: (1)
= 0, no superposition
= 1, superimpose at each time step
b = N, superimpose at each nth time step
Card F2 (IS5, 2F10.0) For CRAFT = USER only
!
Columns Variable Entry Description
01-05 NLOADS Number of pressure discs to be
be superimposed
06-15 PTOTAL Total weight of all pressure
discs (force)
16-25 ZPLANE Vertical depth of desired superposi-
3 tion point (negative distance below
1 surface)
Card F2 (3F10.0) For CRAFT = USER only. Repeat NLOAD times.
Columns Variable Entry Description
: 01-10 XLOC(T) X location of pressure disc 1

i center with respect to super-
position point

11-20 YLOC(I) Y location of disc I as above
21-30 PLD(I) Fraction of PTOTAL assigned to
disc 1

If CRAFT = USER cards F2 and F3 may be
repeated as many times as desired. To
terminate set NLOADS = 0, and return to
card A for new problem or to terminate
program.

o . . A% s T i e L
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otes

(1) Superposition {s activated only if INTSUP # 0. For superposition of
elastic solutions always use INTSUP = 1. For superposition of visco-
elastic solutions one can use INTSUP = 1 (generally recommended) or
INTSUP = N wherein results will be printed for every nth time step.

(2,3,4) If CRAFT = USER, the user must supply the requested loading information.
If CRAFT (Navy aircraft) the user skips cards F2 and F3 and problem
input is complete. Here the program automatically establishes load
data from Table 3 where the total aircraft weight is scaled by PRATIO

(Card D1). Superposition occurs at points A and B as shown in Figure
5e

(5,6,7) If CRAFT = USER, the surface coordinates of the pressure disc centers

are defined relative to the desired point of superposition. Cards

F2 and F3 may be repeated as desired to change point of superposition
or to define new load distributions.

|
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PART I1. EXAMPLE INPUT/OUTPUT

Three example problems are shown with input card images and selected :

output to serve as benchmarks. Descriptions of the example problems fol-
3 low:

1. Elastic solution for Cl41 aircraft on 66 inches of ice
{ with linear temperature distribution -20°C on surface

to -4°C on bottom. Superposition foroccur to 100% of
y maximum weight.

2. Viscoelastic solution for Cl130 aircraft on 66 inches
of ice with linear temperature distribution of -27°C
to -3°C,superposition for 90% of maximum weight.

3. Viscoelastic solution for user defined rectangular
load pattern representative of a tracked vehicle or
rectangular storage platform. Ice is 50 inches thick :
with unfirom temperature of -10°C. Superposition to
be defined at rectangle center. The rectangle is

approximated with five pressure discs as shown in §
Figure Al. -
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CARD 1HI'UT IMAGES FOR PRODLEM 1.

‘.
&

coL. NO. O S 10 15 20 29 30 35 40 A5 50

CARD NO,
Al, MESH EXAMPLE 1. C141 AIRCRAFT» ELASTIC SOLUTION.
R1, 66.0 2
32. 000 “2000
1‘20 6600 "400
Ci. ELAS 0
D1, Cia1 1.0
El. 1 1
F1. 1
N, STOP

The above input data is the complete set of cards required for problem 1.
On the following page is selected output from superposition at two points;
Cl41 centerline axis, and under wheel closest to main axis.
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CARDN INFUT IMAGES FOR “RODLEM 2

a0

-~

)
a
o
o

35 410 45 50

41
L&)

SRR, = S A S -

CAKL N0,

i
4
| Ale  MESH  EXANPLE 2. X CRAF SCOL 3
’% i 66.6 é C130 AIRCRAFT» VISCOLLASTIC SOLUTION.
! k2, 0.0 -27.,0

B2, 66.0 3.0

Ci. vIsc 0 12 1.0

D1. C130 : B

El. 1 1 e

Fi1. 1

Al. STOF
ii Complete data input for problem 2 is shown above. Superimposed output

is shown on the following page at the two points of superposition.
Because the solution is viscoelastic displacements and stresses are

given as a function of time.
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Complete input for problem 3 is shown above.
the center of rectangular load pattern is shown on the following page.
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APPENDIX B

PROGRAM VISFIT

Discussed in this appendix is the program VISFIT whose purpose is to

i compute parameters of viscoelastic functions to conform to experimental
creep or relaxation data. The resulting parameters of the viscoelastic

function may be used as input for the VISICE program.

Part 1 of this appendix provides a general background discussion on
k the nature of the problem and Part 2 contains the user instructions and

i example problems for VISFIT.

Part 1. Nature of the Problem

General: The following background discussion will be focused on
general concepts with minimal analytical development (which can be obtained
from cited references). Attention is restricted to identification of

viscoelastic parameters from one dimensional creep tests, i.e., a constant

axial stress (tension or compression) applied to a material specimen re-

sulting in creep strain data as a function of time.

As a side comment, it is noted that the VISFIT program permits identi-

fication of either creep data or relaxation data for any simple experi-

'y

mental test with a prescribed stress state or strain state. However,

the uniaxial creep test described above is most common and offers a con-
venient format for discussion. More general applications of VISFIT will 4

be apparent from input instructions.

Objective: The problem statement is; given a set of creep data
what are the corresponding relaxation function parameters suitable for

input into the VISICE program.

By creep data it is meant a collection of data points (e;, tj) where
€{ is the measured strain at time t{ from a unit of applied constant stress.
(If applied stress is not unity the data can be scaled to unity, VISFIT
does this automatically).




To meet the above objective, three distinct operations are required:

(1) Curve Fit - Determine a creep function that best re-

presents the creep data.

the relaxation function. (Young's relaxation function).

(3) Transform - Obtain the bulk and shear relaxation func-
tion from Young's modulus relaxation function. (This

is a trivial operation if Poisson's ratio is constant).

Each of the above operations are discussed in turn in the context

of methods employed in the VISFIT program.

S

s o et o NSRRI (8 2




45

Curve Fitting: The general form of the creep function to represent

any set of creep data is:

Y(t) = A+ Bt+C (- e € 0 - P i WL Gy L = e 373  3-1)

where Y(t) = Creep Function.
A = Initial Flastic Response (Constant).
B = Linear Creep Rate at Long Times.

Cj = Coefficient of Exponential Term i.
Xy = Exponent of Exponential Term i (inverse of retardation

time).

In all cases the parameter A is nonzero, and B is zero if the creep
response is solid-like or nonzero if it is fluid-like as shown in Figure
B-1. One should strive to use as few exponential terms as possible but
still maintain an accurate representation of the data. In practice, more

than 3 exponential terms are seldom if ever required and it is most common

P 6 o R ST T W

to use 1 or 2 terms.

Note the form of Equation B-1 is such that the constant parameter
A is the initial elastic response (strain) rather than the long-term
(t = =) elastic response. This form is more convenient as it provides

the option to specify the parameter A from observed experimental data.

In general the objective of the curve fitting procedure in VISFIT

is to determine the parameters A, B, C., and Xi (i =1 to 3 maximum) so

i
that the creep function Y(t) "best" matches the experimental data points.

i
: This is accomplished by a least-square-error technique developed in detail 1
{ i
|

in Reference (5). Briefly, the technique minimizes net error arising

e

from squared difference of the creep function minus interpolated data

function integrated over the entire time domain. As a result, a set of

"N'" coupled algebraic equations are produced which are solved for the

Fa——

"N" unknown parameters. These equations are nonlinear in X; and are

solved iteratively by a Newton-Raphson procedure (5). {

!
VISFIT permits pre-specifying any subset of the parameters to '"known" h

values so that the "N" unknown values may be less than the actual number w
|
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Boundary conditions shouid not appreciably influence the solution for |
large plate radius.

===~ Fluid-like -
——— Solid-like

Y(t), Equation B-1

\\ > relaxation functions (B = 0)

-~
S —

>

Time

B - lincar parameter of Equation B-1

Figure B-1. General forms of Equation B-l.
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of parameters in the selected creep function. This capability of the
program has many useful applications. For example, the initial elastic
response A may be predefined. Also, the parameter B may be set to zero

if a solid-like response is desired or set to some long term creep rate

for fluid-like response.

Perhaps the most useful application of pre-specifying parameters is
with regard to the exponents Xi. In this case, the motivation is not
because X1 is apriori known from observing experimental data (indeed this
is difficult) but rather, the motivation is to merely obtain a converged
solution. To appreciate this problem, it mdst be understood that the N
coupled equations are highly nonlinear whenever there are unknown Xi terms
Accordingly, whether or not the Newton-Raphson iteration procedure will
converge to a solution is dependent on the initial guesses for each X

i
term and the consistency of the creep data input.

In view of the above, the user may have to interact with VISFIT
program to obtain a solution. Typically, the first attempt would be to
assume each Xi is unknown along with each Ci and perhaps A and B as well.
If VISFIT does not indicate a converged solution, estimate some specified
value for one of the Xi and try again. If convergence is still not ob-
tained (assuming more than one exponential term) estimate values for all
Xi. When this is done the algebraic equations are linear and a converged
solution is always obtained. At this point, the user examines the relative
error of the creep function representation of the data points (displayed
in the VISFIT output). If the fit is not acceptably close, new estimates
of the Xi should be assumed and the process repeated. When two or more

exponential terms are specified it is good practice to specify XZ = 10Xl,

and X3 = IOOXI.

VISFIT output for curve fitting gives the parameters A, B, Ci and
Xi for Equation Bl. In addition it gives the parameters K, B, Ei and
X1 for the same function in a slightly different form:

o

-

e g g T
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i
ﬁ

¥Y(t) =A+ Bt + T i k1 g, o Bk iy ¢, s *3* (B-2) |
where: A = A + Cl + C2 + C3 (B-3)
Yy - -C4

here the constant term A is the long term elastic strain and Ci are negative

coefficients of exponential terms. Parameters B and Xi are the same values

“a

in both forms. The form given by Equation B-2 is more convenient for

inversion and corresponds to the desired form of the relaxation function
for VISICE.

Inversion: To obtain the relaxation function corresponding to .he

creep function, Equation B-2, the following convolution identity must be

=

satisfied:

FEOK

(inverse of relaxation time)

|

|

E(®) Y0 + [L B - 1) Lar =1 (B-4) E

ok e % = ,

with:  E(t) = A% + C % e 1 R e C,* e Eatt 4 Cyk e '3 i S8=5) ‘,
g |

’

l

where: E(t) = Relaxation function (Young's modulus) [
A* = Modulus at infinite time i

Cl* = Modulus coefficients of exponential term i |

|

Xi* = Exponent of exponential term i |

|

l

Satisfaction of Equation B-4 provides a set of nonlinear algebraic

equations that relate relaxation parameters A%, Ci*, and X_,* to the creep

i
parameters A, B, Ci’ and Xi. These equations have been solved exactly

using the procedure in Reference (5) and is coded in the VISFIT program.

Because of the exact solution procedure no convergence problems are en-

countered.

1f the creep function is fluid-like (B # 0), the corresponding solid-
like relaxation function is of the form, A*= 0 and an additional exponential

term is applied. On the other hand, if the creep function is solid-like

(B = 0), the corresponding solid-like relaxation is of the form, A* # 0
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and both functions have the same number of exponential terms. VISFIT
automatically outputs the proper parameters for the inverse function.

Transforming: The relaxation function given by Equation B-5 repre-
{ sents a Young's modulus function which must be converted to bulk and
i shear relaxation functions denoted by:
g ! . . =t/a - -t/a ) -t/
| K(t) K, + Ke 1 + K, e 2 + Ky e 3 (B-6)
& -t/8 y B -t/B 4
G(t) G0 + Gl e 1 + 02 e 2 + 03 e 3 (B=7)
‘ where K(t) and G(t) are the bulk and shear relaxation functions used as

input to the VISICE program as previously described by Equations 3 and 4

p in the main report.

If Poisson's ratio, v, is observed (or assumed) constant (i.e., axial
and lateral strains creep in proportion), the bulk and shear conversion is

exactly like an elastic solid. For bulk we have:

K(t) = ¢(v) E(t)
where: ¢(v) = 1/3 (1 - 2v)
Thus; Ko = ¢(v) A*

l\( - Q)(V) Ci*

1

o -

i
And for shear we have:

G(t) = 0(v) E(t)

where: O(v) = 1/2 (1 + v)
Thus ; GO = @(v) A*
% = _
('i O(V) (‘l
1
i3 -
i Xi

Note the relaxatfon times for bulk and shear (a| and H;) are identical
and given by the inverse Xl. Both Xl and its inverse are printed out by

VISFIT.
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« b
If Poisson's ratio is not constant, dual curve fitting procedures
must be used as described in Reference (5). However, for many materials ;

including sea ice, a constant Poisson's ratio is adequate.

R

o

—

o
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PART 11. INPUT INSTRUCTIONS FOR VISFIT

VISFIT provides the capability of curve fitting creep data (or
relaxation data) to a creep function (or relaxation function) and invert-
ing the creep function to a relaxation function (or visa-versa). A
maximum of three exponential terms may be used to represent the creep/
relaxation function and each parameter of the function may be specified

(fixed) or unknown.
Input data cards are grouped as follows:
A. Executive control card.
B. ldentification of viscoelastic parameters for curve fit.
C. Input data from experimental creep or relaxation test.
D. Parameter tuput for inversion only.

Card group D is only required when inverting some known function that

was not produced by the curve fitting procedure (Cards A, B, and C).
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INPUT INSTRUCTIONS

A. Executive Control Card and Heading

Card Al (14, 17A4)

Columns Variable Entry Description Note

01-04 MODE Mode of program operation: (1)
= 0, Curve fit and invert

1, Curve fit only

2, Invert omnly

= -1, Program stop

05-72 HED(17) Descriptive title of problem (2)

- Go to Card Bl -
(Unless MODE = 2 then go to Card D1)

Notes:

(1) Mode of operation specified whether curve fitting, or inverting,
or both are to be considered by the program. For MODE = 0 or 1
only card sets A, B, C need be supplied. For MODE = 2 only card
set D is supplied. Problems may be run back-to-back, to terminate
set MODE = -1.

(2) User defined heading to printed with results.




B. Identification of Viscoelastic Function Parameters

‘( Card Bl (215, F10.0) Master control for curve fitting. #
( Columns Variable Entry Description Notes
01-05 NUMEXP Number of exponential terms desired, (1)

Range: 0 to 3.

06-10 LIMIT Number of Newton-Raphson iterations, (2)
Default = 20.

11-20 TOLER Tolerance of relative convergence, (3)
Default = 0.01 (1% error).

OV NN P R,

Notes:

(1) In general one should limit the number of exponential terms to few
as possible while still achieving a proper representation of the
( data (trial and error). Usually 1 or 2 terms are sufficient.

(2) Experience has shown that if convergence doesn't occur in 20 iterations,
( convergence will probably not occur at all.

(3) Tolerance of convergence is a measure of the absolute change in the
viscoelastic parameter values in two successive iterations. It is
( not a measure of how close the viscoelastic function matches the
input data.

Vi

p—
T

| —
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(3,4)
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5
;
Card B2 (2(15, F10.0)) Constant and Linear Viscoelastic Parameters
Columns Variable Entry Description Notes
01-05 NA Control for constant parameter A; (1)
= 0, implies A is specifted
= 1, implies A is unknown
06-15 A Value of constant parameter A; (2)
= gpecified value if NA = O
= initial guess if NA = 1 \
16-20 NB Control for linear parameter B; (3)
= 0, implies B is specified :
= 1, implies B is unknown }
21-30 B Value of linear parameter B; 4) )
= specified value if NB = 0 )
= initial guess if NB = 1 -
)
Notes: ;
(1,2) The parameter A is the initial elastic response. Usually it is

desirable to specify this as a fixed value (NA = 0) based on
the observed initial elastic response.

The parameter B is the steady creep rate at long times. As an
initial guess, the slope of creep curve at long times may be
used. If the model is to be solid-like B must be specified
zero. (For relaxation functions set B = 0.0).
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y

AR Card B3 (2(I5, F10.0)) Exponential Viscoelastic Parameters, Repeat
i this card NUMEXP times
-

PN

Columns Variable Entry Description Notes

. 01-05 NC(I) Control for exponential coefficient, (1)
C(I);
3 = 0, implies C(I) is specified
; = 1, implies C(I) is unknown

\ C(1);
= gpecified value if NC(I) = 0
= initial guess if NC(I) =1

“ ; 06-15 Cc(1) Value of exponential coefficient, (2)

16-20 NX(I) Control for exponent, X(I); (3)
= 0, implies X(I) is specified
= 1, implies X(I) is unknown

21-30 X(1) Value of exponent X(I1); (4)
= specified value if NX(I) = 0
= initial guess 1if NX(I) =1

Notes:

(1,2) VUsually, the coefficients C(I) are unknown and are determined by
program (NC(I) = 1). Initial guesses for C(I) are automatically
provided by the program if no initial guess is input by the user.

(3,4) Unknown exponents X(I) are the source of all convergence problems.
If a converged solution is not obtained with NX(I) = 1, try
specifying values of X(I) in a trial and error process. For
more than one exponential term, it is good practice to specify
each X(I) an order of magnitude greater than the previous.




C. 1lnput Data from Experimental Creep/Relaxation Tests

Card C1 (I5, F10.0) Master Control of Input Data
Columns Variable Entry Description
01-05 NDATA Number of data points input
(25 maximum)
06-15 YSCALE Scale factor to be multiplied
by creep/relaxation data
Card C2 (2F10.0) Time and Creep/Relaxation Data

Repeat this card NDATA times

5 Columns Variable Entry Description
i 01-10 T(I) Time of data point I
11-20 Y(I) Data value of creep/relaxation test

at time T(I)

T

56

Notes

(1)

Notes
(2)
3)

- Data Input is Complete for MODE = 0 or 1 -

YSCALE allows normalizing the input data Y(I) for unit loading,
e.g., if the creep data represents strains for 10 psi loading

pressure, set YSCALE = 0.1.

The first data point (T(1), Y(1)) is assumed to be T(1l) = 0.0

and Y(1) = initial elastic response from step loading.
T(1) # 0.0 all time data is shifted so that T(1) = 0.0.

If

Time

data should be ascending order, but there is no restriction

for equal time increments.
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D. Input Data for Inversion of a Viscoelastic Function (MODE = 2 only)

Card D1 (2¥10.0) Constant and Linear Viscoelastic Parameters

Value of constant parameter repre-
senting viscoelastic function value

( Columns Variable Entry Description
01-10 A
at time =
11-20 B

Value of linear parameter for fluid-
like creep function

Notes

(1)

(2)

Card D2 (6F10.0) Exponential Viscoelastic Parameters (3-term maximum)

Coefficient of first exponential

Exponent of first exponential term

Coefficient of second exponential

Exponent of second exponential term

Coefficient of third exponential term

Columns Variable Entry Description
01-10 [{¢))
term
11-20 X(1)
21-30 C(2)
term
31-40 X(2)
41-50 C(3)
51-60 X(3)

Exponent of third exponential term

Notes

(3)

(4)

- Data Input is Complete for Inversion, MODE = 2 -

See Notes on Next Page

;mm’ ok it

r
;
L
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Notes for Card Set D:

General:

Y(t) = A+ Bt + C

The resulting inverted function is of the same general form, but some

=X, t
'
; B

+ C

Inversion is performed from a specified creep function to
a relaxation function, or a specified relaxation function to a creep func-
tion. The function to be inverted is of the form:

20

parameters may be zero or added (see below).

(1,2) Specification of input parameters A and B (i.e., zero or nonzero)

58

(3,4)

dictate the nature of the input function and the form of the
resulting inverse function as shown in Table Al.

Each nonzero entry of the coefficients € (1) and exponent X(I)
identifies how many exponential terms are being considered in

the input function, 3 maximum. For example, two exponential
terms would require input values for C(1), X(1), C(2) and
X(2) (C(3) = X(3) = 0.0).

TABLE Al. Function Forms

T L e

_Xsput Parameters Input Function Output Function OQutput Parameters Qutput: No.
_ of exponential
A B Type Type A* B Terms |
0 0 fluid-1ike fluid-1ike j 4 y 4 less one
relaxation creep term
0 4] Fluid-1like fluid-1like 0 0 plus one
t crecp relaxation term
' s el s e
V' 4 0 solid-1like solid-like }f 0 no change )
either re- either
laxation or creep or
creep. relaxation.
0 V' 4 **%  Not Valid Form #*x




59

Example Problem for VISFIT

Problem Description: The set of creep data shown in Table B2 (25
points) is to be represented by a creep function of the form: ]

(=

Y(t) = A + Cl(l-e—xl)

Since this form is solid-1ike, the linear parameter B is specified as zero
in the VISIFT input (NB = 0). Parameters A, C,, and X, are taken as un-
knowns, and all the default options of VISFIT are employed.

P g Y i V g P ;e

TABLE B2. Creep Data (Hypothetical)

£TWE gy W

¢ g

Time Creep Strain Time Creep Strain
L, 0.00 0. 500 0.13 0.553 j
| 0.01 0. 504 0.14 0.557 &
( 0.02 0.509 0.15 0.560 ;
0.03 0.514 0.16 0.563 ]
( 0.04 0.518 0.17 0.566
; 0.05 0.523 0.18 0.569
(; 0.06 0.527 0.19 0.572 |
; 0.07 0.531 0.20 0.575
? 0.08 0.535 0.30 0.598 |
L‘ 0.09 0.539 0.40 0.616 g
} 0.10 0.543 0.50 0.629 §
[~ 0.11 0.546 0.70 0. 646 i
L |
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i 60

? :

i - 1

i

% Problem Solution: Using MODE = 0, VISFIT gives the creep the func-

H tion as:

b

% Y(E) = 0.4996 + 0.1658 (1.0 - e 2+ 996ty

)/ or in the alternative form:

b -

Y(t) = 0.6654 - 0.1658e 2+996t

¥

f The corresponding relaxation function (i.e., inverse function) is:

: 3 ;

YA(t) = 1.5028 + 0.4986e 3-990¢ )
For input into the VISICE program, the relaxation function is converted )

% into bulk and shear relaxation functions as described in previous sections. !

‘




