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42 FOREWORD

This instruction manual is to be used with finite element computer

Program “V i SICE ,” wh ich was developed specif ical ly  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 manua l , 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 loading, 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

Fl for the C130 aircraft . The data for the ice-thickness-versus-

equipment-weight curve , which represents elas tic 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 Fl) are derived by the ratio factor of or iginal weight to
a new weight for that equipment. Applying appropriate safety factors

also enters into calculating the curve data points (e.g., allowable

1-
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~~ 
ice temp .ratur.

loading time data (Figure Fl) ~

the body of the manual. 

~ E 1 55x10~

6~~

differs from that suggested in -

Characterizing the data by ,~
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with print-out for one ice 1 
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1

p late thickness and run on a
0 0 

p
C.D.C. CYBER 175 computer will 0

Aircr aft Gross Weight (lbs 103)
consume approximately 700

A -- Ice shest thickness (minimum) versus a,rcr •t t gross

sys tem seconds . The problem
9 — Parking t ime (approximate) versus aircraft ~rO55

is defined as: ( 1) ice plate ~~~~~~ until ~~fi.ct on equals 10% of ice thickness

FIGURE Fl. EXAMPLE OF LOAD CURVES FOR A
with top-t o-bottom temperature cARGO AIRCRAFT — THERMAL PERIOD 1

g r a d i e n t ; (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 conluent 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 v iscopl astic material when ve ry 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

therefore highly variable.

J. E. Dykins
General Engineer
Military Projects Division
Civil Engineering Laboratory
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•1
INT RODUCTION

Backj~~~und: Since 1970 CEL has developed two finite elemen t programs

tot predicting the structur al capacity of Sea—icc sheets subjected to

air craft and ground vehicle loadings.

The first program , called WILICE (1), provided an elastic represen— 
S

tation of the sea—ice , and the second program , called VISICE (2), pro-

vided a viscoelastic representation which inherently includes elastic

analysis as a spec ial case. Thus in theory , the VISICFS program completely

supp lants the WILICE program because it contains the same analytical

capabilities in addition to providing viscoelastic analysis.
p

The analy tical approach considers the sea—ice sheet as a large

axisvmmetric 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

st resses f ro m a spec i f i ed  pa ttern of disc pressures simu la t ing a i rcraf t

or other veh ic les .

The pr inc ip le drawback of the original VISICE program is defining

input. For example , bulk and shear relaxa tion functions to characterize

sea ice at various temperatures are difficult to determine even for

eng ineers highly knowled geable in the field of viscoelasticity . Another

area req uiring a degree of expertise is proper finite element modeling,

such as , mesh density and boundary conditions . Other input problems

inc lude tedious data preparation for superposition of wheel loads for

standard Navy aircraft.

These anu other inp ut problems are addressed in the f o l lowing

ob jective as well as improving computer output and evaluating results.

Objec tives: l~.’ objective of this work is to modi fy the original

VISICE program into a user—oriented program readily useable by design

and field engineers to rap idly determine structura l capacity of sea—

ice sheets f~ r either elastic or viscoelastic description of sea—ice.

~~~~~~~~~~~~~~
__  5 .L.... 5, ~ ‘i*~~~
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2

Scop t and A~j~~oach : 1. -i me et the above object  i vt , extensive modi I i —

ca t lons  and revis ions  to  the’ pre— and post—processing portions have been

made. S p e c t f i c a l ly :

( 1 ) G~’ornt ’ t~-~ Aut oma t  i a n :  A f i n i t e  element mesh genera t ion
scheme has been m~ ‘~ j i t  led and extended to ant tun a t I c a l l  v

p rovide (at the user ’s op t ion)  p l a t e  e x t e n t  to  repre—

sen t i n f i n i te pla te , boundary conditions , sea water

fo unda t ion , element density pattern , and arbi t ra ry
temperature profile through ice thickness. As a

m inimum , the user only needs to specify plate thick—

ness and temperature at top and bottom of ice sheet.

(2) Material P r op er t i e s :  Tahularized material properties

for sea— ice is  a function of temperature are “built

in” the program. The user need onl y specif y “elastic ’

or “v i scu t ’la s t i c ” and the appropr ia te prop er t ies ar e 
~~

— ;~
a u t o m a t  lea 11 v a s s igned  t o  each e l emen t .  A l t t r n a t i v e l v ,

the user nay spec i t y  his own temp o rat nrc dep endent  —
p r o p e r t i e s .  Appendix  D p rov ides  a p r ogram f o r  oh —

t i  in in g  v iscoc  las t  Ic r e l ax a t  Ion fu n ct  ions f rom creep

LI,I t t I .

(3) Loading .mJ St ~perpos I t  I on :  A 1 ihrarv subroutine for

common Navy a i r c raf t (C 12 i , C124 , (‘13 0, C 141 , and

CS) a l l o w s  the user to s i m p l y  t d t ’n t i f v  t h e  c r a f t

by name and p ercen t  of maximum weight. Superposition

of a l l  whee l loads a re  . u , t o r n t t  t e a l  lv p r o v i d e d .  A l —

ternat  lye  Iv , non— s tand ard  l oad p a t t e r n s  can be de f ined

w i t h  s imp le  inpu t  d a t ’ .  I -

The above f e a t u r e s  a re  d i scussed  in d e t a i l  in t h i s  r epor t  a l o n g

w i t h  assumptions  and l im i t a t i on s  of the  pr ogram . In the  las t  sect ion

a discuss ion on e ’v a lua t  Ion of sea— ice cap ic I ty  is p r e s e n t e d .  Through—

out t h i s  repor t  t he  d i s cus s  ton Is conc erne d  w i t h  ap p l i c a t ion s  and

e v a l u a t i on , no de ta i l ed  f ini t e element  f o r m u l a t i o n  Is presented  as t h i s

is gi ven in Reference ( 2 ) .

_ _ _ _ _ _  _________ 
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A p p e n d i x  A p roy ides in p u t  instruct ions a l o n g  with t’xamp 1 e problems

t o r  the  neW V I S 1 C E  p rog ram.  D et a i l e d  note s  ar ~ g i v e i t  w i t h  the  inpu t

i n s t r u c t  ions , however 
* 

tie user should read t he’ ma in body o I t h i s  report

4 
p r i o r  t o  e x e r c i s i ng  the pr o g r a m .

Appendix 8 g ives  discussion and i n p u t  i n s t r u c t  ions t ci ;‘ r ogra m

VI SF11’ to  convert creep d.t (a Into viscee li ~; t ic rO 1 .i ~a t ion  f u n c t  ions

w h i c h  in tu rn can bt• U Se d  I S  i n p ut  t o  V ISI (I- . N~ rm.i 1 l v  it is recommended

to use the ‘‘built in” sea— ice  pr oper t  ies contain ed in V ISICE .

Last ly , the p r o g r i~ VI  SI C E  may be used t o  n i t  I V ? c  g e n er a l  v i  S c t u —

el astic , axisvmmetrlc s t u l  U s .  Input Instruct ions for this mode of

o p er a t i o n  is given in R e t t r e , i c c  ( 2 ) .

‘4

i
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J
DISCUSSION OF V1S1CE P R X R A N

General  N a t u r e_ of P r o b l em :  The basic problem under consideration

may be viewed as a large pl ate—like structure supported on a fluid foun-

dation subjected to a set 01 surface loads as suggested in Fi gure 1.

Surface loads are composed s. f circular disks of arbitrary pressure

whose centroids may be arbitraril y 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 properti es through the plate thickness.

Specificall y , the physical interp retation of this problem is a vast 
—

sheet of sea ice floating on sea water with surface loads due to station— ) 
~ary a i r cra f t , parked vehicles , or o ther equi pment placed on the surface.

I t  is assumed t h e  sea—ice sheet behaves as an isotropic viscoelastic or —

el astic solid wherein the material proper ties may vary through the thick— - J ~ness due to temperature variations , and/or age effects of various strata.

The o b j e c t i v e  is to determine the adequacy of the sea—ice sheet ‘4

to suppor t  the  g i v e n  loads over a spec i f i ed  t ime i n t e r v a l .  This may

be assessed by cons ide r ing  the  maximum tens i le  bending stresses occuring

at the  bo t t om of the i cC sheet as we l l  as cons ide r ing  a l lowable  v e r t i c a l

d e f l e c t i o n .  These no t ions  w i l l  be d i scussed  in subsequent  sect ions .

Overview_of Ana )ysis Procedure: To an a l y z e  the class of problems

outlined above , the VISICE program employs an axisymm etric finite element

represen tation of the sea—ice plate supported on vertica l springs which

provide a vertical restoring forc e distribution proportiona l to the

weigh t of displaced fluid as the plate deforms . Initially, loading

is only considered for a sI~&~~ 
circular pressure disc at the axis of

revolu tion. If the sea—ice plate is assumed viscoelastic a sequence

of time step solutions arc obtained providing a history of deformations.

For the elastic case, only one solution step is required. In either

case , displ acements and stresses throughout the sea—ice plate are

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

solu t ion is comple te , the program shifts into the load—superposition

5-
u ~~~~ -~“ ~~ -
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I
mode to  c i  icu l a t e  combined st  r e u ; sL s  and d i s p l a c e m en t s  it spec I f  led p o i n t s

due to t specified load pattern. This  is achieved by re’s -ailing the alipro-

p rit te stresses and displacem ents f rom storage , sea l  I ng  t t i ~~ t o  spec i i  I t ’d

p r e s s u r e  • t ransforming t hem to a commo n th r ee d i m en s  I o n - ’ 1 ‘-~sird I nate- system ,

and a c c u m u l , t t  t n g  the  r e s u l t s  f o r  each t ime of lnt e ’r’-st

Ic  m i t  i a t e  t he  p r s s- .~r in , thr ee genera l are- o~ a t  input i n t sr T!l i t  I o n

a re riqul r ed ;  ( 1 )  ge s nie t rv of plate I ti c 1 ud I ng  t I n i t  e element me sh den sit y

and t e m p er a t u r e  p r o f i l e  t h r o u g h  plat e th1cknec~
;, ( 2 1  m a t e r i a l  p r o p e r t i e s

01 s e a- - i c e  as a t un (’t ion S I  t e m p e r i t  t i r e  ( e i t h e r  e l i s t  I c  or v i s s - s e ’ l a s t  I c ’ ) ,

and (3 )  m a g n i t u d e  and l o c a t i on  of surface l o a d s  r~- Lit  I v s  t o  p o i n t s  of

supe  r p t I ~ I t  ion .  Each of these a r e a s  - i r e  d i scussed  be low a long w i t h  t he

a u t o m a t e d  f e a t u r e s  of the  p ro gram that g r e a t ly  reduce the labor of

d e f i n i n g  I n p u t .

~~t ’i~ mt ’ t ry : l I l t -  I und am en  t i i  d im en s i o n s  s~~t he ’ p l a t e  is t i ckne s s

t~t o  he spec i f  led by 115cr ) an d r a d i u s .  Ii i  c t n e r a  I , one p er c e i v e s  the

se a— i c e  p l a t e  ( s u  be of i n f in i t e  r a d i us , h o w e v e r  liv t h e  n a t u r e  of t h e

finite element formulation , a f i n i te  r a d i u s  m u s t  he selected . The

g o i  1 is o select a radius sut tic’ lent ly large such tha t the hcuunda ry

cond i  t ions on lie plate periphery have i t o ’~ I i  l b  1 -  inf  luence on the

sing le load solution. At the same t ime , it is not prudent to select

a r a d i u s  excessively large because many additiona l elements would he

required and increase computation al costs. Numerical experimentation

has shown tha t a r a d i u s , RNAX , on the  order of 10 times the radius—of—

rel.iti ve—p late—stlf fness, ~~, is gene ra l l y  ad equa te , i.e.,

RMAX = 10. . ( I )

I ~(Eb / 1 2 ( l — v )k ) ’ (2 )

w h e r e  I- ’ = Is it m g ’s i n i t ia l  e l a s t i c  m o d u l u s , ii pl a t e  t h i c k n e s s, v

Po isson ’s ratIo , and k fl uid we i g ht density. In the VISICE program

RMAX is automaticall y computed as a default option. A simp le me thod

of checking the adequacy of RMAX is to change the boundary conditions

on the plate periphery. Ceue ’ r a l l v  I t  is  assumed d isplacemen ts on the

periphery are fixed.

- 

- 
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W i t h i n  the  p la te  c r o s s — s e c t i o n  a u n i t e  element mesh is a u t o m a t i—

c.illy established by specificat ion of three parameters (~ CMELZ , NELOAD ,

and NUMELR) as shown in F I g u r e  2. NUMELZ is the number of element rows

evenly spaced through t h e ’ plat e thickness. NELOAI) is the number of v i e ’-

ment columns evenly spacc-d dir ectly beneath the single load radius , in .l

Nt1MELR Is the total numii e- r of e- l cmc -nt  co lumns  in t ho radial direction.

Thus the total number of elements is the product XUMELZ t i m e s  N UM E L R.

The co lumn e l e m e n t s  be t we e n t he  load ing  r ad iu s  and  o u t e r  p l a t e  r a d i u s

(NLTMELR—NELOAD) are’ spaced in a geometricall y increasing fashion for

t he  purpose of m a i n t a i n f i i . ’ a h i g h  e l e m e n t  d en s i t y  in  t h e  c e n t r a l  p a r t

ot the p late where stress gradients are highest.

As with any finite e l e m e n t  model , the more elements used t h e  better

the ipproximation , b u t  a lso, the higher the computational costs. Typical

mesh parar’~e- ters are; NUM F.IJ. 8, NELOAD 5 , and N U NF I , R  = 25.  I t  i s

good p r a c t i c e  to test at least two mesh density patterns and ri fv the

solutions are acceptably close.

The temperature profi le through the p late thickness must ht- specified

in ac c o r d a n ce  w i t h  t h e  t e m p e r a t u re  d i s t r i b u t i o n  in the sea—ice sheet

under  i n v e s t i g a t i o n .  This  is a c c o m p l i s h e d  by  d e f i n i n g  a s e r i e s  of

ir b i  t r a r v  p o i n t s  h rough  the p l a t o  t h i c k n e s s  at w h i c h  the  t e m p e r a t u r e  is

s p e c i f i e d .  The sole pu rpose  of t h i s  t e m p e r a t u r e  p r o f i l e  is t o  p r o v i d e

- i da t - i  base fo r  t he  V I S I C E  p r o o r a m  to a u t o m a t i c a l l y  d e t e r m i n e  t empera tu res

at e l emen t  cen te rs  by l i n e a r  i n t e r p o l a t i o n .  T h e r e a f t e r , t e m p e r a t u r e s

at e lement  cen te r s  a r e  used to  ob ta in  t e m p e r a t u r e  dependent  m a t e r i a l  pro-

p e r t i e s  ( e l a s t i c  or v i s c o el a s t i c )  f rom m a t e r i a l  data tables discussed

n e x t .

Material_P r o p e r t i e s :  I t  is wel l  known tha t n a t u r a l  sea ice is a

c r y s t al i n e  s t r u c t u r e  w i t h  o r t h o t r o p ic  p r o p e r t i e s , i . e . ,  i t s  s t i f f n e s s  )
in the v e r t i ca l  d i r e c t i o n  is g rea te r  than  the  r a d i a l  d i rec t ion .  How—

ever fo r  the  type of boundary  va lue  prob lem be ing  cons idered , an iso—

t rop ic  assumpt ion  is reasonable  p r o v i d i n g  the  s t i f f n e s s  and /o r  creep

prop er t ies  in the  r a d i a l  d i r e c t i o n  are  used.  This Is beca use the

primary mode of deformation Is plate bending so that strain energy



is predominately due to radial and tangential strains , not ver tical

s t ra ins .

W i t h  the above unders tanding,  the VI SICE program o f f e r s  two is—

trop ic 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 inp ut for

elastic properties are given separately from viscoelastic properties.

In either case, the material properties are input in tabular data form

as a func tion 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 -‘i

to temperatures at element centers as determined from the temperature

profile .

For user supplied elastic properties (LEVEL = 1), the user specifies;

tempera ture , 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
K( t) = K + 1Z1 K1e

t f X] . (3)

NG
G(t) = G + .Z C e t#’$i (4 )

0 i=l i

where K0, K1, . . . KNB are bulk modulus coefficients with the units of

stress and c~~, ct2, . . nN B are bulk relaxation times associated with

a particular temperature . Similarly , G0, G1, . . . are shear modulus

coefficients with untis of stress, and 
~~ 82, 8NB are shear re—

laxation times.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~ 5-~~~~~ ’ ‘~~~‘• ‘~~~~ ‘~~ ‘~~‘~ - -
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Determination of these parameters from creep experiments is not a
t rivial task. Appendix B provides a discussion along wi th a special

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

tions .

Fortunate ly , t he automat ic  viscoelastic input opt ion (LEVEL = 0)
provides an expedient al ternative to defining relaxation func t ion  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 K~ and C0 (modulus values at time = co) 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 axisyminetric solution Is linearly dependent on load, allowing the

data base to be appropriately scaled prior to superposition . For

viscoelastic solutions, it Is assumed that each independent pressure

magnitude occurs instantaneously at time = 0.0 and remains constant

throughout the loading duration.

Superposition occurs at a point implicitly defined the surface

coordinate locations of pressure disc centroids and explicitly defined

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

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

J

_ _ _  
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TABLE 1. ELASTIC PROPERTIES OF SEA-ICE (REF. (3))

Temperature Young ’s Modulus Poisson ’s Ratio

psi x 10~

— 2 7 . 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. K1 * K2 ~2 
C1 C2 82

°C 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 3.51 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.

1.23 4.10 0.056 2400. 0.57 4.10 0.026 2400.

* All modulus coefficients of bulk and shear are times 10~. Note:

K = C  - 0.0.
0 0

- ~~~
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su r face  as suggested In  Figure 3. The point of superposi t ion is at the

location (0 , 0 , Zp) where Zp is general ly selected at the p l a t e  bot tom

( i . e . , Zp — — h )  because t e n s i l e  stresses are gene ra l l y  h ighes t  there .

The r e l a t i ve’ l oca t i ons  of the pressure discs are d e f i n e d  by the su r f ace

distances Xi , Yi away from the point of superposition.

VISICE permits repeating load supe rposition input data as many times

as desired to consider different points of superposition , or to consider

completely different load patterns and/or magnitudes. I f  i t  is desired

to get superimposed results at several locations for a constant load

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

to each new superposition pointS Usually, one is interested in specif ying

superposition points where tensile stresses and/or vertical displacements

are maximum (not necessarily the same point). As a general guide l ine ,

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

t h e  most likel y candidate . Maximum vertical displacement often occurs

-i t 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 distribut ions. For example rectangular load patterns

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

discs ~is suggested in Figure 4. In eases like this, the total weight

of the vehicle should be maintained by the pressure discs even if 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 autom~utically 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

- ~~Z..~
____.
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receive a larger percentage of the load tha n t i res  on the  nose gear as

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

Figure 5 shows the re la t ive  t i re  p r in t  locations for  each of the five

aircraft (4). Two points  of superposition are automat ica l ly  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 . ‘

5-

- -- ~~~~~

- 
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Co p_u t er  O u tp u t :  Al I input data whether spec i t  it ’d i’v the U SOR or

automat ically const~ u&’t ccl bY the  program is p r i n t e d  out  w i t h  a p p r o p r i a t e ’

t i t l e s  and should not cause  any confusion. ‘l’emperaturs,’ prof i le’ , mat e’-ria 1

properties 1 loading parameters , and f undamenta l geome ’trtc parameters ,ert”

a I ways printed out to r each p rob l em.  floweve r , t h e  ( ( Si ’ r has t h e  .a ; .t  ion

of deleting the printout ot  the t m i  te element mesh t - .pol ogv ( e . g .  , nodal

coordinates , element c o n n e c t i v i ty , etc.).

The results of the  axisymme tric solution t .’r a s i c i ~~1e p res su re  d i s c  U

(pr io r  to  s up e rp os i  t ion) m c  lude displacements at each node p o i n t  and

stresses and strains at each element center. For vise ’oelastic solutions ,

t h i s  d a t a  is given for each t ime step . Again , the user has the option to

delete printing of t he  single disc solution if he’ is only interested In

superimposed results.

Results from load superposition inc lude the nt ’t v e r t i c a l  d i sp l acemen t ,

the complete’ state of 3—dimensional stress (X, V . Z system), and the prin—

c-E pic stresses at the superposition p o i n t .  For viscoelastic solutions this 
p

dat a  is repeated for each t i m e  step, p r o v I d i n g  a time ’ history oF d isplace—

ment  and s t ress .  I ’ae ’h s u p e r p o s i t io n  p o i n t  is processed i n d i v i d u a l l y  one

at a time and the results are  pre’e’&’ded by printed output showing the

re’ lat Eve locat ion and load magnitude of each pressure disc. For the’

automated aircraft superposition o p t i o n , the pressur e’ dis c numbers cor-

respond to the  numbers  in I” 1~~u rc ’ ~~.

~~t prim a ry interest is the maximum v e r t i c a l  d i s p l a ’ e m e n t  and the
max imum tens i le p r i n c i ple st re’ss . These quan t i t  ie’s ar t ’ u s e f u l  to e v a l u a t e

the  adequacy  of the sea— ice she ’ t to  s u s t a i n  t h e  g i veci l oad ing  as di  s—

cussed next.

_ _  _ __ _  

‘
~~~~~-
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St~~tAR AND FVALU AT ION

Evaluat Ion C r i t e r i a :  A l t h o u g h  the  VISICE progran  is a power fu l  a na ly s i s

tool , the .sn al yt ical re sults are only useful if there ex i s t s  some f a i l u r e

c r i t e r ia  w i t h  which to  compare. U n f o r t u n a t e l y ,  the  stat c — o f —  t h e — a r t  for

sea—ice f a i l u re cr i t e r i a  is quite primitive and w a r r a n t s  i n t e n s i v e  re-

search. A measure o f st ress alone does no t appear adeq ua te to def ine  a

failure criterion because laboratory specimens under constant stress states

have been observed to fail as function of loading duration , i.e. , af ter

a long per iod of creeping (3) .  Perhaps s t r a in  energy dens i ty  may o t f e r

a proper basis f or de f i n ing a f a i l u r e  c r i t e r ion .

However until a viab le  f a i l u r e  c r i t e r ion  can be established , the on l y

alternative is to employ me thods that seem to have worked well in the past.

Two cri terions presented by Vaudrv (3) are; (1) maximum allowable tensile

stress , and (2) maximum allowable displacement. These criterion may he

wri tten as:

o (T) ( s t r e s s)r A l l .

W 0.1 h (displacement)

Here ~~~ is maxI mum pr in cipl e tens i le st ress i n t h e  i c e ’ sheet  (pre-

dic ted from VISICE), and 
~A l1 (1) is the maximum allowable tensile stress

dependent on sea—ice surface temperature as shown in ‘l’ahle 4. These

all owable stresses we’re obtained from flexural strengths of sea—ice ’

beams assuming a safety factor of 1.2 (Vaudrv suggests satetv factors

between LiS and 1.20).

For the displacement criterion , W Is the maximum vert it ’.s l  d i s p l a c e ’—

men t in the ice sheet (predicted from VISICE ) and h is the p l a t e — t h i c k n e s s .

Thus , the cr i terion sta tes tha t maximum a l l ow~sble tlisp lae’emen t is lO~-

of pla te thickness. One rational for this criterion Is that deflections

exceeding lO% h imply the ice surface has deflected below the free hoard

water line allowing surface flooding through cracks and disrupting

activities .

~
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Applicat ions:  When applying these criterions to a specif ic problem

involving a viscoelastic sea—ice representation , one observes maximum

st ress usually occurs immediately at time — 0.0 and then s l igh t ly  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

recoimnended 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 impiy 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

U i  ~

_ _  
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p .irke’d en the’ m inimum th nt ’sh.’ald thickness. Fc~r- Ia r y e ’i th ickm’ss (’S , oit l v

the  di  sp lace ’men t c r i t e r i o n  will t ’ont no I a l l o w i ng I .i t t ~~
-. ci I .e~*.I i ng durations

‘t ~~ i n d i c a t e d  the ’ cu r v e d  pt~r t  ion of the graphs in Fj .’ i i i e  t.

In c~ises who ne’ t h e ’ v I ‘ - .‘~~‘ la st I c  mode l i s  t l i i i .1 — I i i ~t - ( c - . . . as ~ —

v ided by t h e  V IS  I 1 pr o~’, , I eve  I — 1 , t ti e’ 5, -a I t ’ e eve i t  i t , l  I I  l ’ ’ ~ ins

t o c re’t’p at a n~ a r const  ant  n.e  t e  ,cs m d  j c , t t  t’d in F i ~- t t r  ~‘ R— I . Accord i flt~ lv  ,

i t i s  not Iit ’ct - S s , I l V  to run t i l e ’  VLSI CF ‘~ c. . ! ir t I I F , ’ lie bout t h~’ cut  ir e ’ load—

i ng hi S i t ’  rv . Rat tic ’r • it 15 i .  ‘ F e ’ cc 011011 1.,, 1 t e t e r in., t e’ t i i ’  ;‘r .i~~ r ,i m at  t en

t he ’ cotist ,int c r eep 1 . i t  t ’ h i s  u t - l i  .‘l ’se ’r v e ’d by h o t  in g  d ~sp lace ’nie’nt increments

,(rc ne’ar constant .11t h ~ t ne ’ss,-s has’ ’ neat -he’d a l i mit Inc ~-a lue . (ener,i l Iv

his 0.- c u r s  with in  20 ~~c i i  ‘~ 1 o t  mode Is prey ide’d 1w the program . I ’ i i t ’r c ’,, t ten ,

d Isp I :Ice’mt’nt S ‘l ay  be’ hand .-a I cci l . i t  ed by linear ext rape I at ion of the d is—

p1 ,e’t’ment I f l e  re ’nlen t eve  r t ‘ e ~
- e’ma in I ng t inc of tnt. - re ’s t wit lie st resses

r ’ma (~~t .‘onst tnt ,

As ,, 111 , 11 cenmte ’nt • I t  i~; not ‘d that .i1 1 responses (strosse’s. s t r a i n s .

and Jispl .ict ’mt’nt s ) ir e ’ dire -c t 1~’ p r op or t  ton~i 1 to the tot a l load m a g n i t u d e

d 1st r i but i’d t . ’a a 1 1 .i is . 5.  I liti s , t i i t ’ responses t or di F F erent tot at load

~‘ i t i t  i t  tide ’s may he s.- a 1 e’d direct Iv from any sol cit 11)11 wh ie’h only d it ! ers

in 1 o,,d ~i~~i~~’ ni t tide ’,

N
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Figure 4. Disc Patterns to Approxima te $‘ eometrical Loadin g Shapes
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APPENDIX

USER INPUT INSTRUCTIONS FOR VISICE AND EXAMPLES

This Appendix input provides instructions for data preparation to

( 
run the V1SICE program . Following the input instructions are three ex—

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

familiar with terminology, concepts, and assumptions.

Input data cards are grouped in six categories denoted by letters A

4 through F shown below. For each problem begin with Card Al and continue

through to Card Set F.

4.
Card Set A: Heading and Control

4 
Card Set B: Vertical Plate Parameters and Temperature Profile

Card Set C: Material Properties and Time Parameters

Card Set D: Single Pressure—Disc Parameters

Car d Set E : Radia l Plate Pa ramet er s , and Outp ut Control

Card Set F: Superposition of Loads

4- *** UNITS **~~ All units must be consistent. To be compatible with

4 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—

4 sequent notes.

~ 

~~~~~~~
--
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PART 1. INPUT INSTRUCTIONS

A. Problem Initiation, Heading, and Control Card

Card Al (18A4)

Columns Variable Entry Description Note

01—04 HED(l) Control Word (1)
= ME SH, call mesh generator
STOP, program stops execution

1” STOP, or MESH, etc.

05—72 HED(l) 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 axisynunetric 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 s ta r t ing  with the let ters 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. 

_ _ _ _ _  ~~~L4
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B. Character of Ice—Sheet thro~~~ Th icknes~~ and Temperature Pr o f i l e

Card Bi (F I O . O , 2 15)

Columns Variable Entry Description Note

01—10 PTHICK Thickness of the Ice Plate (1)

11— 15 NTEMP Number of temperature points to (2)
define plate temperature through-
out  thickness

Default 1
Max. NTEMP = 12

16—20 NLTME L Z Number of evenly spaced FInite (3)
Elements rows through thickness

Default 8
Max. NUMELZ = 12

Card B2 (2FlO.O) (Repeat card B2, NTE~’fl’ t imes)

Columns Variable Entry Description

01—10 DEPTH(I) Depth below surface where temperature (4)
is specified

11—20 T EMP( I) Temperatu re  in degrees centigrades P

— C o to Card S e t C —

Notes:

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

(2) For uniform temperatures set NT EMP = 1. For linear varying tempera-
tures set NTF21P = 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 NTENP times. If NT~ ’fl’ 1 any Depth may be used to specify
uniform temperature. If NTEMP is greater than 1 the first tempet~ature(~, - must be given at pla te surface (Depth 0) and the last temperature
at plate bottom . Intervening temperature points must be given in
order of increasing depth ._ 1c
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)
C . Mate n a  I Pr~pe rçi ys (Tcmperature J ~~~~~~~~~~~~~ Tint Parameters

Card C l (A4 , IX , 115 . F lO . O)

Co lumns V a r i a b l e  Entry~ pesc ri p tion Not

0 1—04 TYPE Word de sc r ib ing  m at e r i a l  tYpe : (1)
EIJtS, E las t is,’ S o l u t i o n

= VI SC , Viscoelas tic -o lut ion

~ E LAS or VISC, Error

06— 10 LEVEL Cods,’ lor m a t e r i a l  prop~- r t  I t ’S i’s~ ut : (2)
0, Use canned properti es of p r o g r am

= 1 , User lnputed prop ertli’s - -1

1 1 — 1 5  NUMT Number of t e m p e r a t u r e s  fo r  which ma— (~~) -~ -
t e r ial  p roper t i es  w i l l  he g iven :

Only f o r  LEVEL = I
Default = 4

t6—20 NSTEP Total number s,-~f t i m e  s teps ( 4 )
fo r  TYPE = VISC on l y

21— 30 DELI Time s tep  i n c r e men t  (5)
for TYPE VISC only

‘4

If LEVEL = 0 , go to card set P , otherwise
go to card C2 fo r  e l a s t ic  inpu t  or card (‘
for viscoelastic input.

Not es :

(i’~ This controls whether the sea—Ice will he characterized as elas t i c
or vis~’oclastic.

( 2 )  For LEVEL = 0, the  program a u t o m a t i ca l l y  co n s t r u c t s  (and p r i n t s  out)
temperature dependent elastic properties f rom Table 1, or visco—
elastic properties from Table 2. For LEVEl, 1 the program will
use temperature dependent properties I ron user input.

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

(4 , 5) These ent rys  are onl y required for  viscoelastit’ solution (1EVfl 0
and 1). Total loading  du ra t ion  NSTEP * PELT . Gene ra l ly , choose
the t ime s tep increment  as 10 to 2O~. of shortest relaxation time .
For LEVEL • 0, time steps in the range 0.5 to 1.0 hours are usua l ly
adequate. However , it is always wise to test  accuracy hv choosing
smaller time steps and comparing resul ts .

t-,~ ~ :t1’~

- - ~~~ -. - -—
~~~~~~~- .-— - -. M.. . - - _ _ ,  — - 

-
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(Ca rd Set C continued)

E last ic  temperature properties data input .  Input only if TYPE = ELAS
and LEVEL = 1.

Card C2 (3F10.0) Repeat this card N1JMT times.

Columns Variable Entry Description

01—10 XTEMP(N) Temperature

11—20 XE (N) Young ’s Modulus

21—30 XNIJ (N) Poisson’s Ratio

— Go to Card Set D —

Notes:

User defines tabular elastic properties (Young’s modulus and Poisson ’s
ratio) for the sea—ice at a set of discrete temperatures. Tempera-
tures must be input in assending order (e.g., 

_ 270, _200, _100, 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
properties from the tabular end points , i.e., data is not extrapo-
lated.

— ~~~~~ ~~~~~~~~
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(~~ , i , d  -
~~‘t  C k-out t

V is~-o~ I .is t i c  t em p er a t  t i r e  p r o p e r t y  dat a  i n p u t  . Input on ly  i i  TY~’~
V I  St ’ and 1EV Fl. = 1.

( ‘,t r d ~~ i21 S )

C ’ I s i n u s  V i r i a h  le l-1n t  ty  1)escri,ptlen

0 — NI b Number of hulk exponent i a I t t’rnis - -

~~ 10 N I C  Number of shear ex p o n e n t i a l  t e r m s - —

Card C-4 (, 3F10. 0)

R epe at  cards  C- s • ( ‘ ‘ , i u~~ Ct ~ as .i group Nl’N l’ t I mes (N 1 • Nt’N 11

C~’ 1 ti ~’ins V,,ri it s I c  Ent5y Dt’scr~j~t iot ~

0 1 — 10  X M~’~~N )  l empe ratute

11 — 2 0 x~
;
~~- ~~ ‘I Hulk modti lus .it i n C  In i tv

2 1 —  30 XCKt ~ i N  ‘~ Shea ,  modu I us at inf m i  Cv

Car~I & ‘ ( ‘~- I0 . 
(l~ R~ ’ s ’ , i t  N1t ~ t iTi l i ’s (,1 = I • N I  ~)

t o  l umns Var I .ih Ic En t iv I ) ’~ ~- r i pt ion

01— 10 X1~K (N . 2*,1_ 1)  H u l k  modulus ot ‘ ‘ exponent lal

1 1 — 0 X B K ( N , 2 ’- . I )  B u l k  r e l , t x ~it  ion ~ t ‘,T ’ t ’ \ s’f lt ’f l t  j , ~1

Card Cts ,‘F lO.  0) Repeat  N I  b t imt ’s (.1 1 . N I C

i ’~’1 umus V.ir j a b  le l” nt rv Pes,-t - ftt ion

0 1— 1 0  X GK (N , 2*.I_ I )  Shear moth, Ins o C ‘.1 ‘ exponent i .i I

1 1— 2 0  X CK (N , 2*~~) Shear r e1a~~at  Ion o f  ‘0’ exponent i,i l

— ~~ to (‘,tt’d Set 1) —

-
~~

Notes :

1~~ t’t~ defines tabular viscee last Ic propert ics b r  sea— ice at a set of
d i s c ret e  t empi’ rat tires in the same manner as discussed on pr e~’ b u s  page
Con s u l t  App end i x B for met h o d s  of ~t c t e ’rmin ing  re I axa t ion f unc t I on
parameters.

_________  — ~~~~~~~~~~~~~~~~~~~~~~ ~~~~ - • -~~~-~~~ — n’
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U. Loadin& and Sin~ 1e Pressure—Disc Parameters

Card DI (A4 , IX , 1110.0)

Columns Variabl e En F rv Desc r±pt ion Notes

01— 04 CRA FT Cont ro l word fo r  lo.td i n p u t :  (1)
U S E R , User  suppl ies  load dat ,i

— C 12 1 . C12 4 , (‘130 , C131 . or
automated input for Navy aircraft.

06—15 RLOAD Radius of s ing le  pressure disc. (2)
(only required if CRAF’I~~US FR )

16—25 PSI t t n i f o nn l v  app l ied  pre ssure  on J i se .  ( 3 )
(only r equ i red i f CR,AFT—USER)

2fr-35 P RAT I O R at i o  of PSI a p p l i ed
Default 1.0 

-

‘

— Co t~~ Card Set I- —

Notes :

(1) If (‘RAFT • U SER the’ user Jet fm’s his own bo ,id cli,i ract erist i~ s
(and  ‘u t ~ e’rpOS i t  ion parame t ers on Card 1-2). For N,i ~ ’~ ’ a I r e  r .i f t
s imp Iv set CRAFT — name o t des I red .11 rc ra C t to be’ an, i lv ‘ ed • j nd
- i ll p,Irame’ t v rs .ire automat I ‘a 1 ly 0~’ f t  ne ’s,I as ~ I yen Iii  I , i b  I t ’ 1

~2, t) This Inp ut is O T ) I V  required it CRAF1’ USC-’R. For N.ivv  t ir c r ,i tt
RI ~A1’ and PSI I r e ’ autoiitii t lea l i v  t~st.iIs Ii sh ~’d t ron Tahi e 3 . No te ,
PS I is set at max [mum pressure’ of main ge’ar tires to be ’ I T S e ’d in
S tug Ic wheel an.i lvs is.

(4) PRAI LO . t I  lows scaling the PS I on N a vy  aitciat t as desired. 1-’,~r
e ’ X .1f lh I~ le ’ . it the total tua 1 weight o C ., C 121 is ~0 . . of maximum
(lal’le 1) , set PR A TT O = 0. 90.

~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

- -45
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L. Radla 1 1’ late Paramet ers and Bounda~~~c~~~~ç~ ons

(s r 5 I I  (.‘I • .‘F I . 0, 31

Columns V. ,riat-Ie I-n tr v [)escri~~~ion Not ~-s

0l—0~ IN Con trol for printed output of F’12’1
mesh.
• 0 , Do not p r i n t

~ 0 , p r i n t  ou t pu t of FI-’~M mesh

06— 10 lOUT Cont ro l  for  p r i n t e d  ou tpu t of FF~1 (2)
resul ts for single wheel load.
= 0 , Do not p r i n t
~ 0. Print resul ts

11-20 RMAX P l a t e  Radius 3 / 5  ( 3 )
D e f a u l t  347 . 0 *(PTH I CK ) ~ (Inches)

21-30 GA~”NA F l u i d  wei ght  dens i ty
Default = 0.037 (lb/in )

3l— 3~ NELOAI) Radial elements tinder load (4)
Default = 5

36—40 NIJMELR Total radial elements (5)
Defaul t = 25

41— 45 KI3OUND Boundar y code on p l a t e  p e r i p h e r y : (~~)
1 , H o r i z o n t a l l y  r e s t r a i n e d

• 2 , V e r t i c a l ly  r e s t r a i n e d
• 3, C o m p l et e l y  f i x e d  ( D e f a u l t )

— Go to Ca r d Set F —

Ne’ te s

( 1 , 2 )  F i n i t e  e l emen t  mesh da ta , and f i n i t e  e lement  s o l u t i on  fo r  sin) ~le wheel
load may he printed out at user ’s option.

(3) The d e f a u l t  p l a t e  r a d i u s  is  based  on 10 t imes  the  r a d l u s — o t — r e l a t i v e
stit fness for m i t  lal ice St iffness at —2 7°C. Cencr,s liv thi s is
ad e q ua t e ’  to simulate i n f i n i te  p l a t e .

(4,5) These p a r am et er s  c o n t r o l  radial mesh dens ity , see Figure 2. Cenerallv
the defaul t opt Eons are adequate.

(6) Generall y use the default op t ion , KB OUN D = 3 . i n p l v i n g  f ixed boundaries.
Boundary cond i t i ons  should not a p p r e c i a b l y  i n f l u e n c e  t h e  solution for
large plate rad~’ 

- .

=~ -~~~~—‘5e- _*~__ _ j ___=. _~~~~~_ _ 
— -- -- — 5- ‘

~~~~~~- —--- 
- 
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_

•_

; 

-



13

4.

F. Superposition and l o i d  I’ at tern I).it ,i

Card F l ( 1 5 )

- - columns riable Entr1 Description Notes

01—05 INTSUP Time interval of s u p e r p o s i t i o n :  ( 1 )
= 0 , no superposition

1, supe rimpose at each t ime s tep
= N, superimpose at each nth time step

Card F2 (15 , 2F 10 .O) For CRAF T = USER only

Column s V a r i a b l e  Ent~~~ Des cflp~~~n Notes

01—05 NLOAD S Number of pressure discs to he (2)
he superimposed

06— 15 PTOTAL Total weight of all pressure (3)
discs (force)

16—25 ZPLAN E V e r t i c a l  dep th  of desired superposi— (4)
t io n po in t  (nega t ive  d i s t ance  below
s u r f a c e )  ‘ -

Card F2 (3F 10.0) For CRAFT = USER o n ly .  Repeat  NLOAI) t imes .

Columns Va r i ab l e  E~~~y_ I)escription t

01—10 X L O C( I )  X l oca t ion  of p ressure  d i sc  I (5)
ce n t e r w i t h  respect  to super-
p o s i t i on poi n t

11—20 Y L O C ( I )  Y l oca t ion  ~ f di sc I as above (6)

2 1—30 P L D ( I )  F r a c t i o n  of PTOTAL assigned to ( 7 )
d i s c  I

If CRAFT = USER cards F2 and F3 may he
repeated as many times as desired. To
te r m i n a t e  set NLOADS = 0 , and r e t u rn  to
card A f o r  new problem or to t e r m i n a t e
p rog ran .

‘

‘4

~

, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

_ -T’~’ - --—-- -

1- i
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- - t s -

( 1)  Su p e r p o s i t i o n  is a c t i v a t e d  on ly  if INTSUP # 0. For superposition of 
- 

-

elas tic solutions always use5 INTSUP 1. F o r  s u p er p o s i t i o n  of v is o—
ela stic solutions one can use INTSUP = 1 (generally recormuended) or
INTS IJ P • ~; where in  r e s u l t s  w i l l  be p r i n t e d  fo r  every u t h  t i m e  s t e p .

(2. 3 ,4) If CRAF1’ = USER , the user must supp ly  the requested loadinn information.
If CRAFT — (Navy aircraft) the user skips cards F2 and F3 and problem
inp u t is comp lete. Here the program automatically establishes load
d a t a  f rom Table  13 where  t he  t o t a l  a i r c r a f t  weight  is scaled by PRA T 1O
(Ca rd D l ) .  S u p e r p o s i t 1 v ~ occu rs at po in t s  A and B as shown in F igu re

(5 ,6,7) I t CRAFT = USER , the surface coordinates of the p r essure  d i sc  ce n t e rs
are d e f i n e d  r e l a t iv e  to the  desired point  of s u p e r p os i t i o n .  Cards
F2 and F3 may be r epe a ted as desired to change point of superposition
or to define new load distributions. r

~~~~~~~~~~~~~~~~~

- 

o f
_ _ _ _ _ _ _ _ _ _ _ _ _  

-
~~~~~~~~~~ ~~~

— 
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C 
___ ___________PART II. EXAMPLE INPUT /O UTPUT

8~~~
Three example problems are shown with input card images and selected

ou tpu t  to serve as benchmarks.  Descriptions of the example problems fol-

( low :

1. Elastic solution for C141 aircraft on 66 inches of ice
with linear temperature distribution —20°C on surface
to —4°C on bottom . Superposition foroccur to 100¼ of
maximum weight. ~

, 
-~

2. Viscoelastic solution for C130 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 (‘enter. The r e c t a n g le  is
approximated with five pressure discs as shown In
Figure Al.

¼ -

L

‘a

5- -~~ — 5- ~—
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I 

•

- 

/ ~~~ 

— 

~~ \ / / / 
~~/ \ / \/  - 

(

)
3 X ) 4 (  5 

1
TOTAL WEIGHT OF REC TANGULAR LOAD 20,000 lb.

-

- 

PRESSURE ON EACH DISC = 
~i 12,73 PSI

Fi gure Al. Rectangular Load Pattern Approximation.

I4~ ~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~ ,, L - ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CAkI ’ I UI UT IN~wI:~; FO ~ ~ F~J W L UI 1

COL. PUJ . 0 5 10 i~.i 20 :~ 30 35 40 45 ~0 55

~ AkD N O .  -

A l .  M~ SI1 LXAM ~ LC 1 .  C 14 1 AIRCRAFT , ELAS1IC SOLuTIoN.
66.0  2

142 . 0 .0  --20.0
B2. 66 .0  — 4 . 0
C l .  ELAS 0
D l .  C 14 1 1 .0
El. 1 1
Fl. 1
A l .  STOP

The above inpu t data is the complete set of car ds required for pr obl~~n 1.
On the following page is selected outpu t  from superposit ion at two points ;C 14 1 center line axis , and under wheel Closest to main ax is .

.

I
’

t ’1,,’-

~

,. ~~~~~~~~~~~~~ — -- -
~~ 
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CAkL I INPUT IHAGES FUR ~ROLL [t1 ~~,

COL . NO. 0 5 10 15 20 25 30 35 40 45 50 55
CAI~t; NO.

ME SH ExAt ~f- ’t ,E 2. C130 A I R C I m F T ,  V IScO[:LAS rIc SOLU1 ] ON.
B2. 0,0
142. 66.0 —3.0
Cl . vx sc o i ’m 1 0
D l .  C 130 

.

El. 1 1 
0.9

Fl. 1
Al. STOP

Comp lete data input for problem 2 is shown above. Superimposed output
is shown on the following page at the two points  of superposition.
Because t he solut ion is viscoelastic disp lacements and st resses are
given as a function of time.

— — — 
, 

—



- -  - - - -
~~~~~~~~~~~~~~~

5- - -- - - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

40

~~~ 
L~~ ~~~ ~~~~~~~~~~~~~~~~~

0 0 0 0 0
I ( ’  ) 0 ’ )  ‘ 3 0  O f l  O C l  ( 4 00 0  5 , . ,  ( - ‘3 3 C ’  . 4 0  C” “ 1 3. 3 1 C’) ‘1

C.—. * • S 4 4 4 4 4 4 4 • 4 4 t?” * 4 8 * 4 4 4 * 4
LI ’S ’) _ ) O C )  - ‘ ) O o O r i  3 0 0 0  u,-., ‘ 3 0 ( a 0 0 0 0  ‘S -~ 0 3,,,

~~~~~ . .11 .0 . 0 5 - P . .  5- 5 - P.  ~~ ( 4 (4 ( 4  (4.-. P. P.. (4 ~~‘ 03 Ct CO ,n to 14 (1) .3. 0’
1~~C’ - .3 ‘ ‘P .3 .3 ‘P -. ‘3 .3 .3 ‘P .4 CI-. P (4 p. r ’ P’ V (4 •‘. •‘ (‘ P.1
.14 . • , S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
,‘ o o o o  o o o o c i 0 0 0  ~ 0 3  C _ I c  0 0 0 0 0  3 ( 1 0 0

I— I I I I I S S S I S I I 5 I’— I 5 5 I I • S I I I I I I
ci

— ( N (‘I ~~ r~ N (‘i N N  P.-’ —4~~~~~~~~ 4 — (‘I N (“4 (‘4 P.’ (‘I ( ‘ I N N  N N (‘4
‘3 C’) 0 0 C) (1 0 0 ‘) 0 0 0 0 .,jN 3 (1 0 0 -, 0 0 (1 0 0 0 (3 0 - -

.f 4 4- 4 4 4- 4 4 4 4- 4 4 4 4 I _ . _ _. * 4 4 4 4- 4 8 4 4 4 4 +

~~~~ ~~~~3 0 Q  O O C )  3 c3 0 C ) 0 0  1).0 0 C ~ 0 0 0 0f ) C) 0 3~~~~~~0 0
—• — ‘ 4 -• - . 0 . 4~~~~) 3 3 ’  ( 4 5-  U) ( 4 3 3 3 3 5- P . .  5 - P - N P. 7’- -0
OVI — — .4 -4 -.. .4 _1 -.4 -I * 0’ 0’ ¼) M) — — _4 ‘.4 — — - .. — .4 .-4 —I --I

• . • 14
- 0 0 0 0 0 0 0 0 - 3 0 00 0  (4 — 0 0 0 0 0 0 00 0 3 0 0( 3
.c - - .4’ -
0. 0.

(‘4 N N (‘4 N (‘1 “.1 (‘4 (‘4 N N (44 N .p4 C (‘1 (‘4 (‘.4 (‘4 (‘4 “4 N (4 (‘I (‘1 (‘4 (‘4 (‘4
5 ‘ 3 0 0 0 0 00 0 0 0 00 0  (4 1 . 4 0 3 0 0 3 0 3 30 0 0 0 0

4 4- 4- 4 4 4 + 4 + 4 4 4 4 5 8 4- 4 4 4 + 4 4- 4- 4 4 4 4
I ’ ,  ‘ _ I 0 0’ 3 0 0 0 0 0 0 0 0 0  ~ I e ) 0 0 0  0 0 0 ( 3 0 3 0 0 0 0
5 ... 4 (4 .1 ‘41 .4 ‘P 4 ‘P ‘t ‘P .3 m (4 5 .-. ~,‘- 0’ C’ 0’ 0’ ~J’ 0 Ci 14 0 Ci (4 CO

~~ -: -: -: -: -: -: -: -: -: -: -: -: 14 ~~ -. — ~
I -~ -4 .,: — ‘-4 — .4 -‘ “-- --

,3~~~~~ 3 0 0 00 0 0 0 3 0 0  
14 

0 0 0 03 0 0 0 0 0 0 3 0

U) —
5 “-1 - s (‘4 (‘1 114 (‘.4 (“-4 “4 N ‘4 ~i (‘I N (‘4 a_i ‘-.4 N ‘N “4 “ 1 N (‘4 -4 ‘ ‘~ —. 4 ‘4

1 -0 0 00 0 0 00 0 0 0 0 0  U) 3.- 0 0 0 0 03 0 0 0 3 0 0 0
U) I S S S I S I I I I S I I 5 0 — s 5 S I I I

‘p4 5 00 0 0 00 0 0 00 0 0 0 0  p.4 0 0 00 0  0 0 ( 10 00 0 0 0

~ 
I— 7’-- C’ ‘ 0 0 ) 0 ’  ItS C) tI’S 0’ ( 4 5 -0  ~~~~0 — - - ~~~C’ “ - 0  — N N  ~~~~~~ —P

44 (4 I VI N — — N (4 (4 .3 (I’S ItS LI”, .0 0 5- VI ..~4 ‘0 5- (4 (4 0’ -.1 —. -.4 —I — —~
S . . . . . . . . . . . I  . S •

0 S 0 0 30  o O o o 0 0 0 0  0 3 0 00 03 00 0 00 0
-$4 p 5 5 I 5 I I S S I I I I I 5 I S I I I I $ I I S I

(4 5 . 4  14 (4 5- 7’- (4 (4 (4 (4 (4 01 14 (4 (4 .~~ .4 -. -‘ 4 .4 - -4 .-• -. .4 -4 ‘4 
- - -

0 0 i ,< - . 4 - . . 4~~~~~~~~~~ l . . 4  1 . 4’4 .4 i( 0 0 00 3 0 0 ’~ 0 3 0 0 0
5 —.. 5 I I S I I S S I I I I — S I S I I I S I I I I I S

~0 I I ’J 0 0 0 0 0 0 0 0 0 3 0 0 0  I lo 0 0 0 0 00 0  0 0 3 0 0
0_S S — N ( 4  ~d ( 4 5 - 5 - 5 - 5 - 5 - N 5 - 5 - 5  5 - 0 ) 1 4 0 ’  0’ 0 0 0 —. .’4 . N N
-1.4 I V I  0’ ~~ —. — 14 14 0) C) Ii) (4 (4 (4 14 4.4 r”i (‘4 (‘ N (‘1 (‘4 (‘4 I ~~

‘

CI 5 5 I S • S S • • 5 5 5 5 5 I I S

4) Ii 0 0 0 0 0 0 0 0 0 00 0 0  Cl 0 00 0 0 0 0 0 0 0 0 0 0
p.4 CU tU $ S I I I I C I I S I $ I
I.-’ ‘4’~~ •11—

Cl) cii- ‘ 0 4 . 0 .0 .0 .0 ‘0 ’0 ’0 ’0 .0 4 .0 Ui). 0 30 00 0 0 ( 1 ( 3 3 00 0
44>1 .4 .4 ..4 .4 ‘4 .4 ‘4 ‘4 .4 .4 .4 .4 (1 ‘3 0 (1 3 C~ C’) C) CI CI (3 0 0

0..— I S I I I S I S I S I S I ~~~—. 4- 4- 4- ‘~ + 4 + 4 4 + +
5 - 00 0 00 0 0 0 0 0 30 0 0  5--5 O C ) 0 0  . 4 0 3 0 30 0 0 0
VI— .) ’? ‘ P - P .) .? - 1 4 ’ P  .3 ‘ P . )  .4 V) - -8 ’ 0 5 - r ’- P.- .1 .0 .0 .3 ’.) ‘ 0 0 ( 4

(‘.4 1,1) — .4 ‘4 * ‘4 ~‘ —I ~~ ~~ “~ ~~ ~~ 
(4 0) (11 0) (4 (0 (4 0)

z . • . I S • • S S 5 • I Z I • I I • . S S I 5 • I

‘1 0 0 0 0 0 0 0 0 0 0 0 0 0  < 0 3 ( 1 0 00 0 ’)  0 0 0 0 0
a_S — — S I I I S S I I I S S I

(-.4 ci .~ (/1-. - -
Uj..4 ’ ) 0 0 0  0 0 0 0 0 00 0 0  W p , 1 3 0 0 C)  0 00 0 0 00 00

0 VIp.. I—.,i 0 0 0 03 0 0 0 0 3  . 30 0  .411.-. 5-N 3 0 0 3 00 0 ’)  0 0 3 0 0
4J.~ ‘_,‘ 4 4 4 4 4 4 4 4 4 4 4 4 4 U.4 a.-. 4 4 4- 4 4 4 4 4 1. * 5. 4 4

0. < 1 30 0 0 0 0 0 0  Cl o o a o  U, ~~~ 0 0 ( ’ 3 0 0 0  -o 0 ( 1 , 1 ( 1 0
V)~~~ . U... ‘ ? U i  ‘ 0 . 0 5 - 5 - 5- 5 - 5 -0 )  o) O) (4 ~~~~~~ 0 ( ‘ - s  CO ’C 0 ) 0 ) 0( 4 ( 4 ( 4 . 3’>
u.~~ U Vi ‘-P .3 ‘P 4 ‘-P ‘P .3 4 .4 -4 .3 -3 ‘P ((34111 I d )  “S ~

-) (“ S (4 0) (-5 C i  (4 (4 r’, ‘~ (“S VI
LC ,.j fl • S • • S S • I . S I I ‘(.jVI 5 5 4
5-0< 0 0 0 0 0 0 0 0 0 C) 0 0 0 5 3 3 C C C Cl 0 0 0 ‘3 0 0 0
VICOl.) S I I I 5 $ I I I I S I I ./ 0i.,i I I I I I I I I S S I S I I

.0Z~) 3.. (‘I (‘1 (“1 (‘4 (‘4 (‘4 N I’) N N (‘4 (‘1 0:e,J I>. ‘-I (“1 N (‘4 (‘4 (‘4 (‘-4 N (‘.4 P.i (‘4 N N
~~~‘~‘ 3 0 0 3 0 0 0 0 C)  (.1 ‘ 00 0  ~~~,i— t >  o 3 . 3 0 0 ( 3 3 3  Cl “ 1 0 00

— 4  4 4 4 4 +  4- 4 4 4 4 +  4 53>5- 5 .... 4 4  4 + 4 C + + 4 *  4 4 4

~~~ 0 0 0 3, T )  0 0 0 0 ( 1 0 3 0 0  —. -d) Li 0 0 ( 3 0 Cl . 4 0 0 0 0  3 0 C )
- . 4 ( 4 4 1 4’  LI’S ‘C -P -P .~ . 3 . ,? - 3 ( 0 ( 4  .‘i )’It —. C ‘1’ 0 (4’ > C’ 0) 3 0 0 . 4 0

S. .2 VI * — ‘.5 — .4 “4 _4 ..4 .—4 —.4 ~~ ,,j 3) — I .—4 4 ‘—4 —. •‘4 —4 .‘.l —4 .~~ ‘4 .4
I . I S • • 4 • S • • S • • • . • * s S S S • 5 5 5

U1~ 0 0 0 0 0 00 0 0 0 , 3 0 0  0~~~~~~ 0 0 0f 3 0 ’ 30 0 ” 30 0

W t 3  — L J 3  —
(31114. ‘C N N N N (‘I (‘I N (“3 (%J N —4 —4 — LI /1-3 1< N (‘4 114 f~i (‘3 N (‘4 ‘J (‘I (‘I (‘4 “4 N

. 4 0 3 0 0  ( I C )’ )  ‘ 3 0 0 0 0  4 ’  >1 .J . 4 0  LI “ i 0 0 3  3 ’)  ‘1 0 1.)
.J~~i3. 4 4 4 4 4 4- 4 4 + 4 + 4 + ‘4 4 _ I  — . 4 4- 4 4- -~ 4 7’ * 4- ‘ 4-

0 0 0 0 0 3’ . )  ‘ 1 ( 1 0 O L i r )  -0 ~~~~~~ - j  3 0 . 1 0 1) 1) 3~~~~ 0 4  : 1 -O C )  - -

— 0 “S (3 ‘3 Ci i-. ~~,.-. , .. o ‘~~ co 1.4 0) P.- ~~ C— P.’. 7’. (“. P..
— 2” .11 .4 ‘4 ..4 -I ‘—4 .4 -4 .~ .4 ,4 0’ 0’ ‘7’ — 3 ‘5 ,4 —‘ —. — —• ‘ ‘4 “. “4
C) S • 5 I S • I S • S ) . I S I I I S S

—~~~ 0 0 0 0 00 0 0 0 00 0 0  ~~ UJ 0 3 0 00 0 0 00 0 0 0 0
0.L 4 .4 

~~
,.,

4 L 1 ’  3 .f
‘1 ‘1 ‘3 C’) ‘3 ‘~~ )  3 3 0 ‘3 -* -. -‘S -(-~ ‘.. ‘3 ‘3 ‘1 ‘1 ‘3 ‘3 ‘3 0 0 ‘3 “1 — ‘4

“ S_i — . 0( 3 3 0 0 0 0 3 0 - 3 00 0  ~~~) . . . .‘ 3 I ) 0 3  C )  0 ( 1 0 0 3  I) .4 (.1

~~~~~ ~ . 4 4 4 4 4 4 4 4 4 4 4 4 4 C,cll 5—0. 4- 4 4 4- ~ 4 4 4 4 4. 4- 4-
14 .,cci  Ci ‘ 3 0 03 0 0 0 0 00 0 0  ~~_ - ( 4  CC ’II ‘3 ( 1 0 0  C) ‘ 3 ( 1 1’S ‘ 3 0 ’)  (1 C)

‘ 0.’ L’ -. 5- 0) C’ 511 (‘1 .0 - 4 1 1 3  .~~~~0 ) 0 . 4  s.. ’35.. ,:.
~ 

1 ,11 0’ I’~ ( ‘ 1 1 0  if S ( ‘ ( 4 5- 0 . 4
Zr -i .4 >0 4 II’S (11 ~~ 1’- 5- (4 -~ 0’ 3’ 1,4’ ‘.4 —4 ,.. . z ci >o -r u” ‘f ’S -0 5- 5- °‘~ ‘. Ci ‘.4’ 0’ .
Ui.J • • I S I I S S S . • l.I’_) I S • I I
0.4W II (3 Cl C) 0 (3 C) (1 0 0 C) (“5 0 (1. ,J U 0 1) 0 C’) (I C) C’ ) o C) C) 0 0 Cl
—I X I 5 5 5 5 5 5 5 I 5 5 5 5 ‘ o z  I I I I I 1 5 I I I I I
VI.).-. Vi l”
.25- .45-

-.4< ( 1 00 0 00  ‘ 10 00 0 0  .4< 0 0) 0 ’ ) ” ) o~~~~~~0 1 ) 0 ’)
.7 (4 0 0 0 00  C) 0 0 ( 1 0 0 0  .1 

~ C.j (1 0 ’ )  U 0  0 C ) C )’ )  0 ( 1 0
~ ( ‘ C ) ’ )  0 3 0 0 ’) ” ) e.: 0 0 0  7~~i’i) ‘: 4 3 0 ’ )  ‘.1 0 0’ )  0 ( 3 ) ’ )  O f)

I I S I S * S S S S S S 5 . .’  — S I S I -—
.LII. U4 5- 0 -I (4 ‘P ‘11 .0 5- (4 -7’ ‘1 —. “1 t~~’L ’ii

’ s— ‘3 — (“I -i -3 -“  -~~ 5- (4 I’- ~~ .-~ (“ I

__________ ________________ ________ .4’— ~~~~~~~~~~ ,..5111dUIUIIIUIIIIIIUIIU1IUI1IIIII



-‘—S - r ’ .~~”~~~ ‘ ‘~~~~~ ‘.‘-‘~~~ -- ‘~?•~

“'.
4 41

C.~~ J ’ ; i: ; u c IIi I’IGf:~ roi~ i’1~W .ltt1 ~ $

CaL . tIC I . 0 10 1~ 20 2~,; 
~0 .~J 40 45 50 55

C(~1dI ~~! US

• hES:-1 E>:~~-w’[ !: ~ • REc’rnNGuI.r~r~ Lop~rI p(1TTL:ja~, V3.~;cOL ..’~~1 IC
r~1. ~i0.0 1
B2. 0.0 --10.0
Cl. VISC 0 12 1.0 - -
Dl. USE F~ 10.0 12.73

C’ (‘.4 4,  -I._ ,& . A

- 5-- 1
F2, 5 20000.0 .-50.0
F3. — 4 0 . 0  0 .0  0 ,2
F3. — 20,0 0 .0 0.2
FJ, 0.0 0 ,0  0 .2
F3. 20 .0 0.0 0 .2

40 ,0  0.0 0.2

1~1. STOP 
-

Complete input for problem 3 is shown above. Superimposed output  at
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

comp ute  pa rameters of viscoelast ic  f un ctions to con fo rm to experi menta l

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

the nature of the problem and Part 2 contains the user instructions and

example problems for VISFIT.

Pa rt 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).  At ten t ion  is restr icted to i den t i f i c a t i on  of

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

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

sulting in creep strain data as a funct ion of t ime .

As a side comment , it is noted that the VISFIT program permi t s  identi—

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

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

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 (c i, t1) where

q is the measured s t ra in  at time tj, from a unit  of applied constant stress.

(If applied stress is not uni ty  the data can be scaled to uni ty , VISFIT

does this automat ica l ly) .
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Cu rve F i t t i n g :  l’he genera l  form of the creep function to represent

any set of creep da ta is:

Y ( t )  a A + Bt + C 1 ( 1 - e,, x 1 t ) + C
2 

(1 - e~~~2
t ) + (1 - e

_X
3
t
) (B—i)

where Y(t) Creep Function .

A I n i t i a l  F i a s t i c  Response ( C o n s t a n t ) .

B = Linear Creep Rate at Long Times.

Ci a Coefficient of Exponential Tern i.

= Exponent of Exponential Term i (inverse of retardation

t ime).

In all cases the paraneter 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—i. One should strive to use,’ as few exponential terms as possible hut

still maintain an accurate representation of the data. In practice , more

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

to use I or 2 terms.

Note,’ the form of Equation B—i 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 X1 (1 1 to 3 maxim um) so

tha t the creep function \‘(t) “bes t” matches the experimental data points.

This is accomplished 1w a least—square—error technique developed in detail

In R e f er en c ’ .’ (5) .  E l r I e f l v , the  technique minimizes net error arising

from squared differenc’.’ of the creep I unction minus interpolated data

function integrated ov,’r the entire time domain. As a result , a set of

“N ” coupled a lgebra ic  equa t i ons  art’ produced which  are solved fo r  the
(*

N
II unknown parameters. These equations are nonlinear in X1 and are

solved iteratively by a Newton—Raphson procedure (5).

VISFIT permits pre—specif ying any subset of the parameters to “known ”

va lu es so t ha t  the  ~N *i un known values may be less than the actual number

_ _ _ _  
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of parameters  In the se lec ted  creep f u n c t i o n . This capability of the

program ha~ many useful app! icat ions. For examp i’.’, tIle Initial elastic

response A may be predetined . Also , the parameter B may he set to zero

If .c solid—like response is desired or set to Sons’ long term creep r,ete

tor fluid—like response.

Perhaps the most u s e f u l  app l i ca t ion  of p r o—spec i f y ing p a r a m e t e r s  is

with regard to the  exponents  X1. In this case , the mot ivat ion  is not

beca use X 1 is ap r i o r i  known t rom observing expe r imen ta l  da ta  ( indeed t h i s

is d i t i l c u l t )  bu t  r a t h e r , the mot ivat ion  is to me rel y ob ta in  a converged

s o l u t i o n.  To app rec i a t e  th i s  prob lem , it mus t be understood that rice N

coupled equations are highly nonlinear whenever there are unkn owi~ X~ terms .

According ly, whe the r  or not  the Newton—Raphson iteration procedure will

con verge to a solut ion is dependent on the i n i t i a l  guesses for 2ach

term and the consistency of the  creef ’ d a t a  i n p u t .

En view of the above , tu e user m,iv have to i n t e r ac t  w i t h  V I S F I T

pr ogram to ob t a in  a s o l u t i o n .  Tvp i c i c l l ~’ , the f i r s t  a t temp t would  be to

assume each X~ Is unknown along  w i t h  each C~ and perhaps A and B as well.

I f  V I S F I T  i!oes n ot  m d i  ( ‘ate a conve rged  s o l u t i o n , e s t i m a t e  sonic s p e c i f i e d

val i i i -  for one of t i , ’.  N and t r y  , lg , l in .  I f  convergence  is still not oh—

t a m ed ( a s suming  mar , - than .n -  exponential term) estimate values for all

X~ . When this is ~lo -~’.- t he iI : . ’ebr a ic  equations are linear and a converged

s o l u t i o n is , i R ’ i~ ’s ~btai ned . At this point , t he user examines the r e l a t i ve

error of  th ’ . -  .-i - i-~-p unction representation of the data  p o i n t s  (d i sp l ayed

i n  the  V I S F T T  output). Ii the fit is not acceptably close , new es t imates

of th e X~ should he ,isei ,nied and t h e  process r epea t ed .  When two or more

e x p o n e n t i a l  t e r m s  arc s p e c i f ie d  i t  is good p r ac t i ce  to s p e c i fy  N 2 = lOX 1,
and X 3 lOON 1.

VISF1T output for curve fitting gives the parameters A , B , C . and

X 1 fo r Equat ion  Bl .  In add i t ion  I t  gi ves the parameters A , B, C 1 and

X1 for the sane function in a slightly different form :

4
—-~~ - -
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-ft
Y ( t )  A + u t  + 

~ i e
_X

l t + e 2  + C3 e~
> 3~ ( B — 2 )

where : A A + + C
2 
+ C

3 
(B — 3)

-( -
-1 1

h e r , - t h e  constant t - r i n  A is the long t e rm elastic strain and C . are riego tive

co,- t fic j & ’n t~ of expo n e n t i a l  terms . Parameters B and X1 
are the same va lue s

in both f o r m s . The f o r m  giver! by Eq u a t i o n  3—2 is more  c o n v e n i e n t  f o r

inv ers i on and co r responds  to the des i red fo r m of the rel axa t ion f un ctio n

for VISICE.

Inve r s ion :  To obtain the relaxati on function corresponding to ,Ie

creep f u n c t i o n , Equa t ion  3—2 , the  f o l l o w i n g  convo lu t ion  f I C f l t i t V  mus t be

satisfied :

E ( t )  Y (O) + E ( t  — -r) -~‘1dt = 1 ( 8 — 4 )

* t — x * t — \  * t (3—5)with: E( t ) = A* + C
1 * e 

- 1 ‘ + C2 * e 2 ‘ + C
3
* e - 3 ‘

w h e r e :  E ( t )  Relaxation function (Young ’s modulus)

A* = Modulus  a t  i n f i n i t e  t ime

C 1* = Modulus  c o e f f i c i e n t s  of e x p o n e n t i a l  t e rm  i

X 1 * = Exponent of exponent ia l  term I

( inverse  of r e l axa t ion  t ime )

S a t i s f a c t i o n  of Equat ion  B—4 provides  a set of non l inear  a lgebra ic

equa t ions  th a t  r e l a t e  r e l a x a t i o n  p ar a m e t e r s  A* , ~~~~ and ~~ • * to the creep

parame ters A , B, C ,, and X . . These equations have been solved exactly

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

Because of th e exact so lu t ion  procedure no convergence problems are en-

coun tered.

If the creep function is fluid—like (B ~ 0) ,  the corresponding solid—

like relaxation function is of the form , A* 0 and an addi tiona l exponential

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

(8 0), the corresponding solid—like relaxation is of the form , A* ~ 0

J
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and both func t ions have the same number of e x p o n e n t i a l  t en u s .  VISFIT

automatically outpu ts the proper parameters for the inverse function.
I’S’

Transi2,~~ ,,~,~
: The relaxat ion function given by K q i i a t  Ion B—S r epr e ’—

(,, 

sents  a Young ’s modulus function which must be converted to bulk and

shea r r e l a x a t i o n  func t  Ions denoted by :

K(t) - K + K1e 
~~~~~ I + k2 e~~~~2 + K 3 e

_ t / 0 ! (B-6)

k 
G ( t )  - C + C 1 e~~~~~l + (

~~ ~~~~~~ + 
— t / b . ~ (3- 7)

where K (t) and (‘
~(t) are the’ hulk and shear relaxation functions used as

input to the VISICE program an previous ly descr ibed by Equations I and 4

i n the main report .

11 Poisson ’s ratio , v, is observed (or assumed) constant (I.e., axial

and I.itera I St rains c re’ep in proportion), the hti 1k ~~~~ she.t r i’OflVel’ S i on is

e sac’ t lv I ike :111 elastIc soil ‘.1. For bulk We’ have:

K ( t ) — i~(v)  E (t)

where : +(v) - 1 / I  ( 1 - 2v)

Thus ; K0 qi ( v) A*

— ~~v) C 1*

0
~ 

=

An,] [or shear we have’:

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

where : 0(v)  = 1 /2  ( 1  -4 “)

Thus ; 0(v )  A*

0(v)

Note tile cc 1:1 sat ion t I me’s I or hulk and shea r (n and i ) -ire I dent i ca I

and g i ven  by t i le ’  I uv,’rse’ X 1 . Both X 1 and .1 t s  Invers e  al - c’ print ed out liv

V lsi—IT.

~~~~~ ‘
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I f  Poisson ’ s ratio is  not constant , dual curve fitting procedures 
~

must be used as described in Reference (5) .  liowe~’er , for many materials

i nc ludi ng sea ice , a constan t Poisson ’s ratio is adequate. 
-

C ) f

)

)
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I’AWI’ II. INPUT INSTRUCTIONS_FOR VISFI’I’

V I S F I T  provides  the ca p ab i l i t y  of curve f i t t i n g  creep data  (or

re laxat iou dat a) to a . reep t unc t ion (or relaxation func t ion) and I nve ’r t —

1mg the c l e’t - p I une- t ion to a r e ’lax a t  ion fun et  ion (or v i s a — v e r s a ) .  A

( 
niax iniun; of three exponen t Ia I terms may be used to re-p rosen t t ht’ c reep/

relaxation function and each pa rameter of the function may he specified

(Uxed) or unknown .

Input dat.; cards are’ g rouped as follows :

A. Exe’cut ive contro l e-ard .

B. I d e n t i f i c a t i o n  ot v i sc oela st i e  parameters  t o r  c u r ve  f i t .

(‘S . Inpu t dat a  f rom exper imenta l  creep or r e l a xa t i o n  t e s t .

U. Parameter inpu t for  inversion only .

Ca r d group I) is only required when In v e r t i n g  sonic known f une t I on t h at

was not produc ed by the curve fit t ing procedure  (Cards A , B • and C) .

-‘S t

(‘S

(
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~
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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 f i t  only
= 2, Invert only 3
= — 1 , Program stop

05—72 1-IED(17) Descriptive title of problem (2)

— Go to Ca rd 31 —
(Unless MODE = 2 then go to Card Dl) ) -

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.

- )

)

U
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B. I d e n t I f i c a t i o n  of Viscoelastic Function Parameters

Ca rd Bl ( 2 15, FlO .O) Master control for curve f it t i n g .

( 

Columns Variable Entry Description Notes

01—05 NUMEXP Number of exponential terms desi red , ( 1)
Range: 0 to 3.

06—10 LIMIT Number of Nevton—Raph son I tera t ions , ( 2)
Default — 20.

11—20 TOLER Tolerance of relative convergence, (3)
Default — 0.01 (lZ error) .

(

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 s u f f i c i e n t .

(2) Experience has shown that if convergence doesn ’ t occur in 20 i t e ra t ions ,
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 i tera t ions. I t  is

( not a measure of how close the viscoelastic function matches the
input data.

(

(U=~

--C
- - . . - 
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t

Card 82 (2(15 , FlO.0)) Constant and Linear Viscoelastic Parameters

~~~~~1

Columns Variab le Entry Description Notes

01—05 NA Control for constant parameter A; (1)
— 0 , implIes A is specified

1, implies A is unknown

06—15 A Value of constant parameter A; (2) 3— specified value if NA — 0
= 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 a 1 -

Notes: —---

(1, 2 ) The parameter A Is the initial elast ic response. Usually it is —

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

(3,4) 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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Card B3 (2(15 , F10.Q)) Exponential Viscoelast ic Parameters , Repeat
this card NUMEXP times

- 

i -‘ - - Columns Variable Entry Description Notes

01—05 NC(I) Control for exponential coefficient , (1)
C( I ) ;

- 

~~ 

-( - — 0 , implies C(I) is specified
— 1, implies C(I )  is unknown

06—15 C(I) Value of exponential coefficient , (2)
C(I) ;— specified value if NC(I) — 0

— initial guess if NC(I) — 1

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(I) Value of exponent X(I); (4)
— specified value if NX(I) = 0
a initial guess if NX(I) = 1

Notes:

(1,2) Usually, the coefficients CU) 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
specif ying 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.

k.

-I

i_ __i
-

~
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~
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j
C. ln~ut Data from Experimental Creep/Relaxation Tests

Card Cl (15, Fl0.O) Master Control of Input Data

Columns Variable Entry Description No tes

01—OS NDATA Number of data points input
(25 maximum)

- 

- 

06—15 YSCAL E Scale factor  to be mult ipl ied (1)
by creep/relaxation data

Card C2 (2FlO.0) Time and Creep/Relaxation Data 
‘S 

-

Repeat this card NDATA times )

Columns Variable Entry Description Notes

01—10 T(r) Time of data point I (2) 
- -

11—20 Y(I) Data value of creep/relaxation test (3) ( )
at time T(I)  ~

— Data Input is Complete fo r MODE = 0 or 1 —

Notes:

(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 .

(2 ,3) The f i r s t  data point (T( l ) ,  Y(l)) is assumed to be T(1) — 0.0
and Y(l) Initial elastic response from step loading. If
1(1) ~ 0.0 all time data is shifted so that T(l)  0.0. Time . -

data should be ascending order , but there is no restriction
for equal time increments.

- 

0
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(‘S

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

Card Dl (2c’lO.O) Constant and Linear Viscoelastic Parameters

Columns Variable Entry Description Notes

01—10 A Value of constan t parameter repre— (1)
- senting viscoelastic function value

at t ime~~~~~~

11—20 B Value of linear parameter for fluid— (2)
( like creep function

Card D2 (6F10.O) Exponential Viscoelastic Parameters (3—term maximum)

Columns Variable Entry Description —
01—10 C(l)  Coefficient of first exponential (3)

term

( 11—20 X(l)  Exponent of f irst  exponential term (4)

21— 30 ~(2) Coefficient of second exponential
term

31—40 X(2) Exponent of second exponential term
(

41—50 C(3) Coefficient of third exponential term

51—60 X (3) Exponent of third exponential term

( — Dat a Input is Complete for  Inversion , MODE = 2 —

See Notes on Next Page

(

- - r. . -——— 
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Notes for Card Set D:

General: Inversion is performed f rom 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 :

Y ( t )  = A + Bt + c
1 e

_
~
( I t 

+ 
~2 

C 2  + C3 e~~ 3t

The resulting inverted funct ion is of the same general form , but  some
parameters may be zero or added (see below). 

-

(1,2) Specification of input parameters A and B (i.e., zero or nonzero)
dictate the nature of the input function and the form of the — 

)

resulting inverse function as shown in Table Al.

(3 ,4) Each nonzero entry of the coefficients C(I )  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( l) ,  X ( l ) ,  C( 2) and -x (2) ( C ( 3) — X ( 3) — 0.0) .

t’S

TABLE Al. Function Forms

la,ut P.irnmeters ~~~~~ Function Output Function Output Parsmeters Output: No. - 
-

— 
of exponential

A B B Terms

o 0 fluid—like fluid—like pr’ less one
relaxation creep tens

0 0 Fluid—like fluid—like 0 0 p lus one
creep rclaxHtiofI term

0 solid—like solid—like / 0 no change )
either re— either
laxat ion or creep or
creep. rel-ucation.

o ~~~~~ Not Valid Form ***

[ ~~~~~~~~~
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(
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 + C1
(1_ e~~l

t)

Since this form is solid—like , the linea r parameter B is specified as zero
( in the VISIFT input (NB 0). Parameters A , C 1, and are taken as un-

knowns, and all the default options of VISFIT are employed .

TABLE B2. Creep Data (Hypothetical)

Time Creep Strain Time Creep Strain

0.00 0.500 0.13 0.553

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 $

0.09 0.539 0.40 0.616

0.10 0.543 0.50 0 .629

( 0.11 0.546 0.70 0.646

C

.

(

C-

( 
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Problem Solution: Using MODE — 0, VISFIT gives the creep the func— 
‘St ion as:

t Y ( t ) — 0.4996 + 0.1658 (1.0 — e 2 ’S 99 6 t ) 
-

or In the alternative form: I

—2 996t
Y ( t )  = 0.6654 — O.1658e

The corres ponding relaxation function ( i. e. ,  Inverse funct ion)  is:

y*(t) = 1.5028 + 0.4986e 3
~
99Ot

For input into the VISICE program , the relaxation function is converted -
into bulk and shear relaxation functions as described in previous sections.

J
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