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AMALYTICAL PREDICTIVE REQUIREMENTS FOR
PHYSICAL PERFORMANCE OF MOBILITY

by

]
Raymond N, Yong

INTRODUCT ION

The study of vehicle~goll interaction Erom the viewpoint of ground-
baaring and forward motion capability has tradicicnally followed along the
lines of pressure—sinkags ralationships for static or quasi~-statical conditions,
Ic is bot gurprising therefore to arrive at relationships for resistance to
forvard moticn of wheels in terms of bearing capacity parameters not unlike
theps In geotechnical engineering stabilicy analyses. Similarly, conaldara-
tions iIn grouser studies yleld analytdcal expresslons with almost ldentically
corrasponding parameters.

Since the intent of vehicle-soil intersction studigs {e to provide a
basis for undarstanding and analysis of relevant parametric influences and
control, it becomes obvious that tha physical baes for formulation of working
relaticnships muat cloaely resembla the appropriate "field" gituation, It
is apparent that whilet static preasure-penctration testa [as performed
previously) aemesa besring stability, their ability to reveal like patterns
of mobility can be cricicelly questioned,

This paper exanines some of the fundamental physical interaction
characteristica esrablizshed betwesan vehicle contact units [e.g. wheel,
grouser, ate.] and soil - with a view to egcablishing the necessary components
for the analytical model. Compatibility and sioilarity between physical and
analytical wodeln are seen to be the requirementa for informad analyses and
auccessful pradicticns,

GENERAL ANALYTICAL REQUIREMENTS

In arriving at a method for analysis of & typical wheel-goil inter-
action problem, tha primaxy assumptions can include the fact that tire
deformability can ba suitably accounted for by associated charges in contact
atea and pressure., The interaction problem can thus be anslyzed by consider-
ing the stability of an element of the supporting material, The essential
requirepents reduce to:

1] Connervation of linear womentum - l.e. the rate of change
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of momentum of 3 body 18 equal to the force acring on the
body. The resultant formulationa provide the equationm
of motion, [differential equations of egquilibrium, etc.].

2] Conatitutive relationship - 1.e. Mohr-Coulomb or alternate
appropriate failure critericn,

3l Boundary conditions.
4] Centinuity.

Some or all! of the essentlal requirements may be used to seek a
solution to the interaztion problem - dependent on the requirementa for
sophistication, flexibility and accuracy consistent with the demands of the
problem. The complexity of the interaction problem is due in part to the
nuaber of factors and paraneters involved, and also in part to the inter-
dependent telationships established between many of the factors, e.g. -

1] Physical conditions - Wheel load, wheel surface, wheel
surfarce, wheel dilameter, rire shape
and stiffness, treads, etc,

2]  Soil paramcters = Strength, density, type, constitubive
behaviour, melsture content, etc.

3] Interackion parameters - Translational velecity, slip, dynamic
sinkage, driving characteristics, etc.

Dependent &n assumptlons made, analyses can be simple or rigorous.
by neglecting sGil deformation and inertia terms, and considering only rigid
body forces, classical theories of soil mechanics may be used. Resultant
formulations Are thus obtained by studying the zstatic equilibeium of some
agsumed gaometrical configuration which satiafies the Mohr-Coulemb condition.
Eitension of the ptatlc analysis into bearing stabiliey comsiderations
provides for a higher order of accuracy - albeit still not necesgarily
precise or rigorous.

With assumptions of plastic behavieur of seoil, limiv equilibrium
and bounded analyses may be used, By and large, all of the easential
requirements lisced previcusly in terms of fleld mechanics and conatitutive
relationships are needed in arriving ar a tractable solution. The
specification of boundary and imirial conditions becomes the crucial element
in the solution of the problem, The various constraints attendant te the
stated constitutive performance of the scil cannot be overlooked in the
choice of rhis wechod of analysis.

Departure from rigild requirements in classical plasticity solutions
begin with specification of non-linear work hardening theoriss for the
constitubive performance cf soill. This approach to reality 1s particularly
desirable if numerical technlques [finite element or finite difference] are
to be used in seaking a solution to the intsvaction problem. Thae rvequirement
for limit equilibrium is thus obviated with a known and specifiable constitutive
relationship.
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1t 1s obvious that regardless of mechod of analysais chosen, 1.9, -
1] Static equilibrium - relying on simple conservation of energy.

2] Quaai-static analyses.

1] iLimit equilibrium - with solution methods in terms of upper
and lower bounds.

4] Exact methods - characterigtic soluticn.

5] General field mechanics formylatien = with solutions sought
in terus of approximate numerical tech-

niquex [finite difference], or through

variational theorems and solutiona
obtained with finite element technigques.

accuracy of analyais and prediction zan be obtained Lhrough
compatibility and conalgtency of fileld performance with analytical wmodel.

COMPATIBILITY AND CONSISTENCY

Wheel-S5cil Energy Losses

Conslder the wheel-s01il interacticn phenomeson shown in Pigure 1,

energy loss due :::::?f’
element A mainly to slip—~/ _
element B E} -
% :/ energy loss due
v to distortion
s of soil
j FIGURE 1 - ENERGY DISSIPATION IN SUBSTRATE

QUE TO INTERACTION
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It im evident from Figure 1 that above the self propelled point,
total energy lose becomes sensitive to alip considerations. The two
alements A and B in Figure 1 ghow that two separate mechinisas of shear
discortion are operative - in the casa of slip performance. For element A,
high shear distortion exists 1f sldip between wheel and sell occurs, Limic
shear depends either on goil/vheel adhepion ar on soil~soil shear - whichever
is leagser. The end result is analogous to & viscoue shear reslgtance.

Elemane B on the orther hand {a subject co phear distortion arising
from applied deviarorie streases. The governlng eriterion 1s either a limitc
shear coopdicion or an operative shear below the failure value. A work
hardening coostitutive model aAppears to be most applicable.

in casea whara plip 1e not particularly large, the performance of
alesent A 1s not yolike thae of B. The transition of elemental performances
distinguishing A from B is neither abrupt nor distinct. Slip energy loas
dias very rapidly at diatancea not far removed from the wheel surface.

In speculacing on the kind of analytical model that might be used
to describe the interaccion shown in Figure 1, it would be lnstructive to
recall some direct parformance characterics. Confirmation of the physical
nodel shown in Figure 1 im demonstrated in Figure 2,

,,"7— s1ip enargy loss

Lo
o

]

energy —e

deformation energy loss

normal s1ip rate —a

FIGURE 2 - COMPONENTS OF PARASITIC ENERGY
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Yong and Webb [1969] have showm frowm controlled soll bin tests on
soft ¢lay that parasitic¢ energy components as shown in Figure 2 can be
evaluatiéd directly from meapurements of subatrata deformstion and diatortion.
Thia zonfitwa both the mechanistic formulations showm in the schematic disgram
of Figura 1, and the fact that direct interdependence relarionshipe between
aboveground and in-ground parameters do exist to contral final output perform-
anceé. The relevance and importeance of interaction and interdependenclies are
best demonatrared in terms of: [a] contact pressure, [B] dynamic siokage
[tebound], and [c] substrate performance.

Thesl-8ail Interface Performance

In physical measurements of contact pressures and stresses, two
aystema are used.

1] Pregsure gauges cmbedded in the soil,
2] Presaure gauges Eixed to the wheel contact surface.

S5ince the first system ie not reliable in view of the physical dis-
placement of the embedded gauges, the second mechod is more commonly useed.
By and large, the préssure gauges will only sense pressures acting directly
on them [i,e. direct normal compressive pressures]. Figure 3 shows a compari-
scn between measured and theoretically computed normal pressure at the inter-
face - using measurements of subscil performance [Yong and Windisch, 1970].

/ Sy
passﬁv pressurg

“
==:EEE;;;J;;essure from -

sail due te rebound action
from unload action of wheel

e i . am ™

calculated results
measured results

FIGURE 3 - MEASURED AND CALCULATED INTERFACE PRESSURES
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Except for @ ¢lesr and distioct separation of sotl froau tha foncace
surface in regicn A as shown in Figure 3, the pressurss on the vhesl surface
should efther be positive [compressive] or negative [tension], However,
since the presaurs gauges can only sense compresaive performance, due either
o -

[a] compressive wheel action into soil — soil 1s in paseive state,

[b] active soll action on to contact surface in rebound action as
wvheal begine to unload in ite forward motion,

it 13 evident that tansion values are mot tecorded. The tengion values can
gccur due to adharence of soil to vheal surface becavse of and in addition to
the $low rebound charscteriotice of s0il = 1.e. wheel unload 1a faster thao
rebound behaviour.

From neagurements of instentaneous soil deformation [compression
and rebound] in soil bin tests, it has keen shown [Yong and Windiach, 1970]
that computed interface pressures compare well with applied pressurea. The
particular soluticon technique chosen ralied on evaluation of limit equilibrium
conditions with & Tresca type failure tondition. Tension valuea are thum
vot excludaed in regien A - 4f such values are indeed ropresentative of the
behavicur of the eubacil during wheal unlcading. Ie {8 clear therefore that
the 1ikelihood of such kinds of pesrforeance, not necessarily sensed by
PYREsure messuredents, msst be built into the analytical model devised to
provide an analyails of the interaction problem.

Grouger-50il Performance

Dalineation of parasitic energy components and interfacisl behavioral
aspects in grouser-soil interaction is not easily sccomplished. Heaulrs

- shear
distorticn

dead zone C ‘\\h-
. s1ip loss here
[compression] [if any]

FIGURE 4 - GROUSER-SOIL INTERACTION
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reported by Yopg and Sylvestre-Willisma (1969) indicate that compresaion of
scdl occurs in the 'Yead zone prior to aheer distortional failura [Figurae 4].

Unlike tha wvhasl=g0oil Intersction problem, thare appears to be
vary litele alip energy lows vis-a-vis grouser-acll interfacisl parformance.
[511p loss 4n the track system however still exista]. The leading {verticall]
edge of the grouser servea to provide the lateral thrust in the ascll, thus
obviating slip loss dirvectly in the grouser-acil zone. Whatever winimal
alip energy loss exists, will in all probability occur in the slip surface
gsonie under high ratea of grouser traverse,

Thus, 4in terdms of analytic medelling, the prime requirement 1s in
tegard to & proper description of the performance of the "dead" zone. For
sigplicity assunptions of zeroa energy loss in tha "dead" zone are wads and
linit theorenms applied to seek a tractable goluticon. Thus, rone ABCD ia
conelderad to be rigid and zone CDE constitutes the region of analycic interest.
In actual practice, three immediaste problems exist -

1} Location of point € [in Figure 4].
2] Compression behaviour of soil in zone ABCD.

1] Deterwination and specification of the physical boundary
condition - at the grouaer soll Interface and at DC,

By and large, becavae of the relative egimplistic block behavioral
poattern shown in Figure & For grouser-so01] interaction, the attractiveness
for gtatic aquilibrium analysis using rigid body analogies 1s obvicua.
Resulte show however that underprediction of thrust cccurs becausa energy
loss in distortion of soil in zones ABCD agd CDE, and shear energy loss at
interface CD are not accounted for,

In simulating tranaverge mocion of the grouger, it iz common
practice in laboratory exparimentation to control -

[a) depth of grouser traval - i.e. variable vertical force
resulting therefrom,

[b] applied vertical force - i.e. varlable depth of grouser metion.

The resultant thrust developed for situatien [a] 18 obviously different from
that of [b] - dua to the different boundary conditiona developed. Yong
and Sylvestre-Willtiams (1969} show from axperimentation and theory that
situation [a] produces & greater thrust - so long as both grousers (l.e. for
[2] and [b1l) =ztart off at the same aquilibrium alevarion. Tr is however,
not difficult to produce higher thrusta for altuvation {b] as compared to [a)
if dnieial conditdons are succesefully manipulated.

The actual field problem however involves -
1] Multiple grouasers on a link or belt system,
2] Nelcher situation [a] nor situatiom {b] as total excluaion

performance characteristics - L.e, neither vertical loads
nor elevations are controlled.




Thus prediction of mobility fer track systems based on single
grouser analysis must suitably account for multiplicity of grouser action
together with inadequacies of track morphelogy. Track snalysis howgver
constitutes a separate problem and is not covered within the acope of thie
study.

Wheel-Soil and Grouser-Soil
Predictive Requiremente

It is apparent that For analyticel end predictivs purpossa, tha
basic requirements for the properties of the snalytical model relste to -

[a] a realistic specification of the load and unleoad conatitutive
performance of soll - not necessarily confined to yleld ot
limitr equilibrivm,

[t] a proper appreciation of the physical boundary conditions -
i.e., interface characteristics and interaccion,

{¢] an informed knowledge of the physically active and passive
constraints,

ANALYSTS AND PREDICTION

The distincticn between analytical and predictive regquirements can
at times be very subtle. However, in general, rigorous analyses are demanded
if successful predictions [based on the analvtical wodel] are to be wmade, In
the Interaction study, it Iz assumed {and reasoned] that the forcing funmction
[1.a. vheal or grouser lcad pattern] and the response function [1i.s. soil
rasponsa behaviour) ara suitably related and modified through some correlating
funcedon, Thus, 1f one can describe or svaleate the response funetion
charactarietics, and 1f cha corvelatdon functions are known, 1t becowes obvious
that tha surficial load pavemsters will be Adentifiad and accounted for.

losded Plate Analogy

The aimple analogy of a loaded plate [for simulation of wheel loading]
of 1ika contact ares produces pressure-sinkage relationships not unlike those
used in conventional bearing atabllity analyses, TPigure 5 shows the required
reaponsa frowm the application of the plate medel. This 1a cowmpared to direct
cbeervacions [Yong and Windiech, 1970] on actual subsoll perxformance for towed
vhealns.

The ona clear rejuirement in the plate model 13 that compression
behaviour occurs throughout. The resyltsnt forwulation 1o terms of a gemi-
empirical plasticity solutlon yields the pressure relationahip -




10aded plate
3011 surface ,,;:

s¥1p lines
o ™ -
e B

soll 15 in compression

L LOADED PLATE ANALOGY '—T

WHEEL LOAD PROBLEM
- B

soil in

tension 501l in compression

FIGURE 5 - LOADED PLATE ANALOGY AND WHEEL LOAD
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1,3C Hc + 0.6¥0b N* +YD “q {1)

whars

= pressura oo place

ccheaion

acil density

o breadth of loaded plate

depth of loading plane = O for surface loading

2 e - 00
L

Hc, N, and N_ = bearing capacity coefficients dependent directly
¥ on Internal friction ¢ of soil.
For a surface locaded plate, aince D = 0O,

q=1.3C N +0.6YB K T3

The analogous analyais for ctha wheel gives [Reece, 1965]

x,.0
p = [KC+Rpyb] ()

whers
P = pressure
z = sinkage
Ké. Ké and n = g0il parometers

The similarity between I; and Ké Lo “T and Hc 1s obvious.

Baaring in wind that aolely sompression behaviour fs expected, the rebound
pecformance of the aoil during wheel unloading is thums mok considered as part
of tha prediction requirement. Deviaticn betwean pradictien and performance
can be due in part to this aspect, For good predictability of wheel
performance uaing the lgaded plate moadel, 1t ia egsantial chat -

1] Slip 1a kept to an insignificant quankigy,

2] Soil properties are such that rebound performance is
minimal or insignificant.

3] Wheel movement is slow,

4] Wheel surface and load distriburions are uniform.
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Frow the abowe, it can be deduced that if slip performance canm be
evilustedperhapa aome degree of euccess can be achieved in fortmlating a
combined wodel which would incerporate this less, In addition, it would
appear that both load apd unload performances woat also be lncluded in the
analysia. It is clear that the requirements of the plate wedel do not
render compatibilicy between phyaical and analytical models - except for a
very naryrow range of wheel performance. Both forcing and response functions
are 30 severely conatrained that generalization 1is not pesaible.

Limit Equilibrium Model-Grouser

By and large the analytical medela used for limit equilibrium
solutions generally assxme the adwissibility of the Mohr-Coulomb or Treaca
eritaria, Soll behawiour - i.&. response function characteriatic, is thus
defined and analyzed in vegard to the forcing function in the framework
defined by the boundary conditionas.

In the grouser-goil interaction problem [aa shown in Figure 41, the
ligie equilibrium apprcach has been successfully used by Yong and Sylvestre-
Williams - with assumptions of -

1] BRigidity of block ABCD.
2} Full fallure development in the entire mags defined in zone CDE.
3] Insignificant volume change in ABCED.

The analytical model by Yong and Sylvestre-Williams {1969) is showm
iz Figure 6.

dead zone

FIGURE & - ANALYTICAL MODEL FOR GROUSER-SOIL PROBLEM
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Defining S5{2) am the atress function in relation to che mean actress oi

o, + 0
o = —L&-—% = p grS(o} (3}

where
gubgcripta 1 and 3 = sajor and sinor componenta

v Jdensicy

[
g = gravitaticnal accelaration
¥ = radial distance

[

= as ghown in Figure 6

The equations of equilibrium, in pelar coocrdinate form [with origin at
point D] are wrictan as:

a
Tha oL teing¢ cos ¢
a
g
{4
- 1
TrB & sin ¢ ain 2

Combining Equation (4} with the Mohr Coulomb condition and regrouping,
one obtaing;

gﬁi_ - om0 - sin¢ cos (2 $! +8) - 5 cos?p 1
do 25 pin ¢ (cos 2 ! — aing)

%

a8 _ S.ein 2 ¢! - sin (2 o' +9)
ag cos 2 ¢ - sin

Solution of Equations (5) will allow for ecomputation of S(8) and
finally 9 . The boundary condtitions ascrilable to the Rankine Zone
at pelnt F  are:
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cogs 1)
8 1-ainy¢
{6)
Pt o= wp2 -9
and ar ¢ is
= 0 5 - & = arc sln Eig—éi !
c - sin ¢

whare

4 = friection angle between s0il and grouser wall

The value of 5 ak £ can only be obtained threugh an iterative
technique,

The theoratical alip line field can also be evaluated and compared
with actual alip surfaces Erom experimentarion. In applying the model shown
in Fljure 6, uvsing the method of characterdstics am the exact sclution tech-
rique, Integration of © [from 5(9)] over the length of CD will provide the
thrust on the grouser, Confimation between anslycical wmodel prediction
and physical performance of a single grouser can be cbtained by:

1] Matching ghysical failure surface in soll due to grouser
action with theoretically computed Failure characteriscie
[Yong and Sylvestre-Williams {1969)].

2] Match computed integrated value of o with physical values.

Thus for exampla, the results shown in Figure 7 shew individual
grouser teats in sand at controlled depth and vercical strase. Comparigon
batween limit equilibrium wodel prediccions [McGill] with predictions from
previcus clagsical extenston ¢f loaded plate snaloglea [Bekker (1960)] show
that the simulaced incliined bearing plate relatiouships do not adequately
predict actval performance, The standard relatiooships used are [Behker
{1960} ]



B
W
where 1
b
z
W
H
o
ncv nq'l nT
h

]
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b [ncldc + oy nng + TnTLzl sin o

(8)
b [nch + ¥ nqu +"fnYL2] cog ©

grouser lengech

grouser width

sinkage

vertical leoad

horizental thrust

cohesion

dimensionless soil paramerers dependent on goil
friction angle t, B and L/h

grouser depth

asimulated inclined footing angle dependent on sinkage.

horizonral thrust in pounds

50

-
o

D
-

Lat
(5, ]

L]
L]

[a]
Lo g]

(]
[ ]

-3 . ﬂf

McGill measured o ;’

McGill computed 2 /f"
B s

Bekker computed e f’

s

u ’/

risults for 3"s2" An_

grousor in sand el d constant elevation

[MeBil1]

_n“-- - &
-—;""""{‘1““— const._ vert, load
const vert. load [Bekker] [McGil]
A LY a3 — L 3
2 3 4 5 6 7
harizontal velocity, ins/sec

FIGURE 7 - PREDICTED AND MEASURED FORCES ON GROUSER
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The dimenaionless soil parameters shown in Equation (8) are in
essence aimilar in format and philosophy to those generated for foundacion
stability and pressure sinkage relationahips for wheels - as discussed
previously, It ia thue not surprising that the limic equilibrium analytical
modal should perform better since it has a cleasr appreciacien of the actual
ghysica of tha grouser-interaction preblem, Thia however does not deny the
uge of the inclined plate model [Equation (8)). ©On cthe contrary, Equation
(8) 1s useful insofar as simplicity and expedient usage are concerned.

Limic Equilibrium Model ~ Wheel

Much in common [in terms of philosophical formulation] with the
arouger-soll interacrcion problem, the limic equilibrium model analyricatl
apprpoach to the whesl-soil interacticn phenomenon treats the sBractus of the
bearing goil within the context defined by the beoundary condicicons. The
specific conatraints of this approach [Windisch and Yong (1969), Yong and
¥Windisch {1970)] using the method of characteristics as the solution technlique
relace directly to:

1] Total limit equilibrdiom.
2] Insignificant volume change,
1] Definabla boundary conditions.

The casting of analytieal ferwulactions 15 nor unlike those developed
for the grouser problem, -  uaing the stress chatacteristic approach,
assyming a direct relationship between stress and straln rate, By physically
meaguring subsoil deformaticn with time [a8 15 possible in controlled soil bin
teara) ic ia apparent that with appropriate constitutive relationships and
assoctated flow laws, the instantaneous stress field beneath a moving wheel
cen be mapped. The forcing function at the boundary - 1.,e, wheel-gofl inter-
face can thus be obtained. Flgutre 3 showe the calculated pressure distri=-
bution obesinad directly by atrain-rate measurements in the ssil [f.e,
responae function determination] and calculacing the impulse funcelon produc-
ing the sbsarved atrain-rates. The seemingly abrupt stress contour at the
two ende is a deficiency of the analytical model - which treats the stresa
Aituscion implicitly in terms of a discontinuity acrosa the Iimit failure
chargcteristic, A less abrupt contour appears to be a more realiafic
gppreciation of strass or pressure at the Interface.

Figura 3 demonstrates the possibiliey of tension valuas in geil
being developed fn view of unloading of the soil during passage of the wheel.
Aa pointed eout earlier, this phencoenon might not be directly detected by
pressure gauges embedded in the wheel. The limitations and conatraints of
the snalytical model are thus traceable dirvectly o the requirements of limit
equilibyium theory and the constraints assoclated with specification af the
conatitutive relationship for the subsolil.
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Energy Model

Energy models for analyals end prediction of vehicle-soll inter-
acktlon performance will rely on cne's ability to weasure [or determine]
response Funcelon perfommance. As dn the case of limit equilibrium models,
the energy method utilizes forcing and regponse functiens, In this
ingtamce, however, the two fumctions are Fitted [mulciplied] topgether to
praduce the work or energy function.

Inifke the limit equilibrium approach, the energy model does not
require that limit or yleld ba necessarily reached in the stressed subsoll.
This however demands that 2 proper and admigsible constitutive relationeghip
be definad, This regquirement can be most demanding. Uging a wield
function Eormulation, Yong and Webb (1959) have applied the energy approach
and have obtalned cypifcal results of parasitic energy as shown in Flgure 2.

Finlte Element Model

Ta vecognizing the artractiveness of more realistic analytical
modelling of the vehicle-soll iaceraction problem, tedious solutien
procedurea have heretefore restricted implementation of what s essentlally
a complex boundary value problem, With the development of machlne com-
putakional alds, growth in aumerical solution techmiques have allowed For
development of more realiscic modelling tools. In the finlte element
analyais of the wheel-goil problem for example, Yong et al. (1972) have
tceated the subsoll as a non=linear elastilc strain hacdening macerial
subject ta boundary conditions of an incremental return, thus permitting
calculations to be made [or description of the growth of stresses within che
loaded soil from initlal to final states - simulating precilsely the load and
vnlead characteristics of a moving wheel, Thus the transleat loading
préblem nf a wheel is now treated where machine computational technigques can
be used with great advantage. The resultant transient stress Fiald {n the
subgoil tg solved as a series of egquilibrium stress end displacement flelds
within the time span of interest,

It must be noted that whilat finite element analyses using the
simple loaded plate analysis may be used, [e.g. Perumpral &t al. (1971}] the
inhevent restrictive limitatlons assoclated with the plate analogy will pre-
vall, ‘Fransient loading with slip development 1s rtha proper and necessary
requirement, In applying the finite element solukien tachnique, use of tha
ptinciples of variacional calculus ensures that minimlzation of the lntegral
Eorm «f the governing principles would previde fer the closest avallable
salution to the problem at hand. The Lagrangian forwulatlon for forces
acting on the nodes of the described eriangular elements [Figure 8] to
ebtain the requirad displacement for nodal equilibrium would be given as!

(¢} = I o151 {q}dv +I

517(5) 38 aa -Lm (5} dv )
v A
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whersg

{ } = column vecter
[ 1= matrix form
superecript T = transposed matrix
p e denslty
v = voalune

A= area

superscript bar deformed state

{q}

[¢] = shape function defining displacement at any point

within elemgnt with cespect to digplacement at
nodal paints.

body forces

[e] = strain displacement relation

7 = sgtress

Hoeah 225 alements
1M nodas

rl Soll Surimce
StTeas
Boundary \;/

—;f13?£f§fgfih \\\

[T

Jihi%frﬁbjﬂ:'

—_—
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Eiwplace=eng
-_u\ \_Linrl.:cutnl.
{aplecemant = O

. N

k Vertical Displacement =

FIGURE 3 - FINITE-ELEMENT MESH FOR WHEEL-SOTL PROBLEM
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Obviously, one of the key elements in Equation (9} is the strain
displacement relation [e]. This ie integral to the evaluatiom of the
eonstitutive performance of the szil and its participatison in the vehicle-
s0il interaccion problem. Applying the appropriace varlarcional technique,
the finel relationship 1s thus given as:

LERN

[RT] ¢ {4} (10

where

tangential ptiffneaes
(Ix,] + K1+ [x])

(£, ]

subsceipts o, L and 0 = gmall displacement, large displacement
and strass level dependencies respectively.

& = diesplacesent

The boundary conditions applied to the system must realistically
acceunt for the entire load-unload sequence typified by the tranaient wheel
problem, Problema of typifying interfsce performance characteristics can
ba approached in view of 1deal charactarization ss solutlon techmiques. The
solution to the problem is pressntly being undertaken and will be veported
at & later stage.

CONCLUSLONS

The need for a close similarity between physical and analytical
mdels ia apparent, In applying analyticsl modelling techniques, it is
egaantial that proper appreciation of the constitutive performance of the
material and boundary conditions be obtained and subsequently applied. The
appropriate framework defined by usirg realistic similarities between physical
and mathematical boundary conditloms will ensure a higher order of predicta-
bilicy with the developed analycical moedel.
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