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In this thesis a Dyna mic and a Static Track Deterioration Prediction Model a re 

developed to predict tr ack deterioration due to dynamic vehicle loading a nd 

nonlinear spatially varying track stiffness. The research a lso cont ributes to a better 

understa nding of the relationship between spat ially varying track stiffness and 

t rack deteriora tion. 

Preceding the development of the Track Deteriora tion Prediction Models, 

experimental work was done to simultaneously measure the dyna mic behaviour of 

a rail vehicle a nd the corresponding response of the track . On-track measurements 

were made as a function of vehicle speed, axle load, track condition , a nd 

accumulating traffic. In this process a new technique to measure t he dynamic t rack 

stiffness was developed. 

Track Deterior ation Prediction Models were developed system atically to gain a 

better understanding of the relative influence of vehicle and track para meters . 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 para meters 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 a nd 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 t rack 

stiffness contributes significantly to track deterioration, both in terms of differential 

track settlement and increased dynamic vehicle loading. It is t hus 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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SAMEVATTING VAN PROEFSKRIF 

DETERIORATION OF RAILWAY TRACK 

DUE TO DYNAMIC VEHICLE LOADING AND 

SPATIALLY VARYING TRACK STIFFNESS 

Robert Desmond FROHLING 

Professor W Ebersohn 

Doctor H Scheffel 

Siviele Ingenieurswese 

Universiteit van Pretoria 

Philosophiae Doctor (Ingenieurswese) 

In hierdie proefskrif is 'n Dinamiese en 'n Statiese Spoorbaanagteruitgang

voorspellingsmodel ontwikkel om spoorbaanagteruitgang te voorspel as gevolg van 

dinamiese voertuigbeladings en nie-liniere afstandgebaseerde variasies in 

spoOl'baanstyfheid. Die navorsing dra ook by tot 'n betel' begrip van die 

verwandskap tussen afstandgebaseerde 

spoorbaanagteruitgang. 

. . 
vanaSl€S In spoorbaanstyfhede en 

Voordat met die ontwikkeling van die spoorbaanagteruitgangvoorspellingsmodelle 

begin is, 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 die proses is 'n nuwe tegniek ontwikkel om die 

dinamiese spoorbaanstyfheid te meet. 

 
 
 



N a voltooiing van die toetse is die spool'baanagtel'uitgangvoorspellingsmodelle 

ontwikkel. Die ontwikkeling is stapsgewys gedoen om 'n betel' begrip van die 

relatiewe invloed van voertuig- en spoorbaanpa rameters te ondersoek. Die 

dinamiese voorspellingsmodel bestaan uit twee komponente, 'n elf vryheidsgr aad 

dinamiese voertuig/spoorbaanmodel en 'n gemodifiseerde ver gelyking vir 

spoorbaanversakking, tel'wyl die statiese model slegs van die gemodifiseel'de 

vel'gelyking vir spoorbaanvel'sakking gebruik maak. Die gemodifiseerde vel'gelyking 

vir spoorbaanversakking is gebaseer op meetbal'e parameters van die 

spoorbaanstruktuur, die eienskappe van die substruktuul', die afstandsgebaseel'de 

variasie van die spool'baanstyfbeid, en die heersende wielbelasting. Deur gebruik 

te maak van die intel'aksie tussen die voertuig en die spoorbaan, word die 

dinamiese wielbelasting en die varierende 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 

styfbeid van die spoorbaan beslis bydra tot spoorbaanagteruitgang in te rme van 

varierende spoorbaanversakking en toenemende dinamiese wielbelasting. Meer 

effektiewe spoorbaa nonderhoud behoort dus die afstandsgebaseerde variasie van 

die spoorbaanstyfbeid te verminder. 

Sleu tel woorde: 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 dyna mic 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, a nd 

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 t rack maintenance procedures should be used to reduce the variation of the 

spatial track stiffness. 
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