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In this thesis a Dynamic and a Static Track Deterioration Prediction Model are
developed to predict track deterioration due to dynamic vehicle loading and
nonlinear spatially varying track stiffness. The research also contributes to a better
understanding of the relationship between spatially varying track stiffness and

track deterioration.

Preceding the development of the Track Deterioration Prediction Models,
experimental work was done to simultaneously measure the dynamic behaviour of
a rail vehicle and the corresponding response of the track. On-track measurements
were made as a function of vehicle speed, axle load, track condition, and
accumulating traffic. In this process a new technique to measure the dynamic track

stiffness was developed.

Track Deterioration Prediction Models were developed systematically to gain a

better understanding of the relative influence of vehicle and track parameters. The



dynamic prediction model consists of two elements, an eleven degree-of-freedom
dynamic vehicle/track model and a modified track settlement equation, while the
static prediction model is based only on the modified settlement equation. The
modified settlement equation is based on measurable parameters of the track super-
structure, substructure layer properties, the spatial variation of the track stiffness,
and the prevailing wheel loading. Using the dynamic interaction between the
vehicle and the track, dynamic track loading and differential track settlement are
predicted. After validating the model against test results, two applications of the
model are given. In the first application void forming is predicted and in the second

application the length of a tamping cycle is predicted.

Research presented in this thesis shows that the spatial variation of the track
stiffness contributes significantly to track deterioration, both in terms of differential
track settlement and increased dynamic vehicle loading. It is thus recommended
that track maintenance procedures should be used to reduce the variation of the

spatial track stiffness.

Keywords: Track deterioration, track stiffness, track settlement, prediction model,

dynamic interaction.
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In hierdie proefskrif is 'n Dinamiese en 'nm Statiese Spoorbaanagteruitgang-
voorspellingsmodel ontwikkel om spoorbaanagteruitgang te voorspel as gevolg van
dinamiese voertuigbeladings en nie-liniére afstandgebaseerde variasies in
spoorbaanstyfheid. Die navorsing dra ook by tot 'm beter begrip van die
verwandskap tussen afstandgebaseerde variasies in spoorbaanstyfhede en

spoorbaanagteruitgang.

Voordat met die ontwikkeling van die spoorbaanagteruitgangvoorspellingsmodelle
begin 1s, is eksperimentele werk gedoen om gelyktydig die dinamiese gedrag van die
spoorvoertuig en die gepaardgaande reaksie van die spoorbaan te meet. Hierdie
meetings is gedoen as 'n funksie van voertuigspoed, asbelasting, spoorbaantoestand,
en toenemende verkeer. In dié proses is m nuwe tegniek ontwikkel om die

dinamiese spoorbaanstyfheid te meet.
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Na voltooiing van die toetse is die spoorbaanagteruitgangvoorspellingsmodelle
ontwikkel. Die ontwikkeling is stapsgewys gedoen om 'nm beter begrip van die
relatiewe invloed van voertuig- en spoorbaanparameters te ondersoek. Die
dinamiese voorspellingsmodel bestaan uit twee komponente, 'n elf vryheidsgraad
dinamiese voertuig/spoorbaanmodel en 'n gemodifiseerde vergelyking vir
spoorbaanversakking, terwyl die statiese model slegs van die gemodifiseerde
vergelyking vir spoorbaanversakking gebruik maak. Die gemodifiseerde vergelyking
vir spoorbaanversakking is gebaseer op meetbare parameters van die
spoorbaanstruktuur, die eienskappe van die substruktuur, die afstandsgebaseerde
variasie van die spoorbaanstyfheid, en die heersende wielbelasting. Deur gebruik
te maak van die interaksie tussen die voertuig en die spoorbaan, word die
dinamiese wielbelasting en die variérende spoorbaanversakking voorspel. Nadat die
modelle geverifeer is teen toetsresultate, is twee toepassings van die model gegee.
In die eerste toepassing word die vorming van 'n slapte in the spoorbaan voorspel

en in die tweede toepassing word die lengte van 'n onderstopsiklus voorspel.

Die navorsing wat gedoen is toon aan dat die afstandgebaseerde variasie in die
styfheid van die spoorbaan beslis bydra tot spoorbaanagteruitgang in terme van
variérende spoorbaanversakking en toenemende dinamiese wielbelasting. Meer
effektiewe spoorbaanonderhoud behoort dus die afstandsgebaseerde variasie van

die spoorbaanstyfheid te verminder.

Sleutelwoorde: Spoorbaanagteruitgang, spoorbaanstyfheid, spoorbaanversakking,

voorspellingsmodel, dinamiese interaksie.
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In this thesis a Dynamic and a Static Track Deterioration Prediction Model are
developed to predict track deterioration due to dynamic vehicle loading and
nonlinear spatially varying track stiffness. The dynamic prediction model consists
of an eleven degree-of-freedom dynamic vehicle/track model and a modified track
settlement equation, while the static prediction model consists only of the modified

track settlement equation.

Preceding the development of the Track Deterioration Prediction Models,
experimental work was done to simultaneously measure the dynamic behaviour of
a rail vehicle and the corresponding response of the track. On-track measurements
were made as a function of vehicle speed, axle load, track condition, and

accumulating traffic.

Research presented in this thesis shows that the spatial variation of the track
stiffness contributes significantly to track deterioration, both in terms of differential
track settlement and increased dynamic vehicle loading. It is thus recommended
that track maintenance procedures should be used to reduce the variation of the

spatial track stiffness.
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