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Abstract
Agricultural tractors increasingly operate on hard road surfaces during normal transport duties.This accelerates tread wear on lugged agricultural tyres, which were mainly designed for traction indeformable soil. A common operator practice is to reverse front tyres to improve wear uniformity,but this claim is not well supported by controlled evidence. This study investigated whetherreversed agricultural front tyres reduce road-wear severity compared with standard orientation.
A Firestone Performer Extra / Performer 85 380/85R28 front tyre was used as the representativecase. The tread geometry was reconstructed from a physical footprint and direct measurement,then simplified into a local tread-strip finite element contact model. The model used a fixed high-stiffness road proxy, simplified near-incompressible rubber properties and two-stage non-linearstatic loading. The tread was first compressed vertically into the road and then subjected tohorizontal scrub displacements for the standard and reversed cases. Contact Status, ContactForce / Tangent (Mag) and Contact Traction / Tangent (Frictional Shear Mag) were used asrelative wear-severity indicators.
The results showed that reversing the tread did not substantially reduce total tangential contactaction. The summed tangential contact force changed by only 0.25%. However, reversedorientation reduced the peak tangential contact force by 9.25% and the peak tangential traction by14.52%. The findings therefore suggest that reversed front tyres redistributed local wear severityrather than reduce overall road-wear loading. Further validation is required before service-life ortread-loss claims can be made.
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1.Introduction
Agricultural tractors are used for both field work and road transport. Larger farms, separated landblocks and centralised storage or livestock systems mean that tractors often travel long distanceson paved roads. This creates a wear problem because lugged agricultural tread patterns aredesigned mainly for traction and self-cleaning in soil, not repeated sliding contact on hard asphaltor concrete. On hard surfaces, tread lugs experience local contact stress, shear, braking drag andsteering scrub, which can accelerate uneven wear.
A common response is to fit agricultural tyres in a reversed orientation during road use. Operatorsreport improved wear uniformity or longer front tyre life, but the evidence is mainly experience-based. Real road use includes overlapping variables such as tyre age, inflation pressure, ballast,front-axle load, road texture, alignment, braking, steering duty, surface moisture and whethermechanical front-wheel-drive is engaged. These variables make it difficult to isolate whetherreversed orientation itself changes the tread-road contact condition.

Figure 1 Example of standard and reversed directional agricultural tyre orientation. Source: adapted from Tires Easy(2023).
This project therefore investigated the question: “Do reversed agricultural front tyres reduce roadwear on tractors compared with standard orientation?” The project did not attempt to measurecomplete tyre service life or predict tread-depth loss over a full road duty cycle. Instead, itexamined whether reversing the tyre changed local wear-severity indicators at the tread-roadinterface. This distinction was important because tyre wear is controlled by local contact behaviour,including pressure, sliding, tangential shear and frictional work, rather than by axle load alone.
The study focused on the front tyre of a road-going tractor because front and rear agricultural tyrescan experience different wear mechanisms during transport. The front tyre was physically moreaccessible for footprint capture and measurement. Therefore the project focused on a simplifiedbraking or longitudinal scrub condition acting on the front tyre, rather than continuous poweredwheel slip.
A Firestone Performer Extra / Performer 85 380/85R28 tyre was used as the representative tyre.The tread geometry was reconstructed from a physical footprint and direct measurement becausemanufacturer CAD data were unavailable. A simplified local tread-strip finite element model was
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produced in Altair HyperMesh and solved using OptiStruct non-linear static analysis. The modelused a fixed high-stiffness road proxy, a near-incompressible rubber material and two-stagedisplacement-controlled loading.
The standard and reversed cases used matched modelling conditions: the same tread geometry,mesh, material assumptions, coefficient of friction, vertical indentation and road constraint. Theonly intended difference was the direction of imposed horizontal scrub relative to the asymmetriclug geometry. Contact Status, Contact Traction / Tangent (Mag) and Contact Force / Tangent(Mag) were extracted from the final sliding frame as relative wear-severity indicators.
The aim was to determine whether reversed orientation produced a measurable change in localtread-side contact severity. The objectives were to reconstruct a representative agricultural treadgeometry, develop a stable non-linear contact model, calibrate vertical indentation to arepresentative front-wheel load, compare standard and reversed orientations under equal andopposite scrub, and evaluate whether the results supported the practical claim that reversed fronttyres reduce road wear.

2.Literature Review
2.1 Introduction and problem context

Modern agricultural logistics required tractors to travel between separated fields, yards and centralfacilities. Becker and Els (2022) documented this shift, attributing it to larger farms and greatertravel on non-deformable asphalt. For lugged agricultural tyres, this created a hard-surface wearmechanism different from the soil interaction for which the tread geometry was primarily optimised(Becker and Els, 2022; Sakhnevych and Genovese, 2024; Liu and Cebon, 2025).
To reduce replacement costs, operators fitted tyres in a reversed orientation during extended roadtransport, claiming improved wear uniformity and longer life (The Farming Forum, 2016). Thesereports were useful as a starting point, but uncontrolled, as they mixed front and rear tyres,powered and free-rolling axles, tyre age, inflation pressure. This investigation targeted the frontaxle exclusively. Unlike the rear axle, which remained continuously driven to provide primarytractive force, the front axle on a road-going tractor typically operated with mechanical front-wheeldrive (MFWD) disengaged. The front tyres functioned primarily as unpowered tracking elements,isolating the wear mechanics to steering alignment scrub and braking drag. Because The FarmingForum (2016) claims mixed front and rear tyres, the project therefore restricted the simulation to afront-tyre road-scrub case.
The scope focused on whether reversal changed local tread-block kinematics and frictional workdistributions under simulated transport states (Cho, Choi and Kim, 2011; Nguyen et al., 2018; Liuand Cebon, 2025). Tread reversal was therefore treated as a possible wear-redistributionmechanism, not as an assumed reduction in total material loss (The Farming Forum, 2016;Nguyen et al., 2018; Becker and Els, 2022).
The literature was stronger on general tyre wear than on reversed agricultural tyres on pavedroads. Becker and Els (2022) showed that hard-surface agricultural tread loss changed tyrestiffness and traction response, while wider tyre-wear studies linked severity to pressure, sliding,frictional work, temperature, roughness and directional damage history (Nguyen et al., 2018;Becker and Els, 2022; Sakhnevych and Genovese, 2024; Liu and Cebon, 2025). No peer-reviewedstudy was found that directly compared identical agricultural front tyres in standard and reversedorientation on a hard road surface.
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2.2 Agricultural tyre use on hard surfaces
Becker and Els (2022) provided the closest agricultural evidence because their work addressedlugged agricultural tyres on asphalt and other non-deformable surfaces. This made hard-surfaceoperation a relevant agricultural problem rather than a road-vehicle analogy.
Their results showed that as tread was removed, tyre stiffness, traction response and vehicle-levelbehaviour changed, meaning that tread condition had to be treated as a mechanical variable ratherthan a cosmetic measure of remaining life.
This mattered because agricultural tread lugs form a large structural part of the tread, not a thinsurface pattern. Tread loss can change local stiffness, contact pressure and load transfer, so areversed-orientation comparison had to treat the lug as a load-bearing contact feature rather than asimple directional pattern.
The test programme used a Trelleborg TM700 280/70R16 agricultural lug tyre at 100%, 50% and0% tread, with two inflation pressures and one 5.68 kN load case (Becker and Els, 2022). Thatload was lower than the likely front-wheel load of a larger road-going tractor, so the numericalvalues could not be transferred directly to this project. The useful contribution was narrower: undercontrolled hard-surface conditions, tread state changed the mechanical behaviour of an agriculturaltyre.
Becker and Els (2022) did not test standard versus reversed orientation, but their work set animportant control requirement. Tread state, inflation pressure and contact condition had to bematched; otherwise, any orientation effect could have come from tread-depth change, alteredcontact patch shape or stiffness variation.

2.3 Contact mechanics and rubber wear variables
Tyre wear operated as a localised tribological phenomenon dependent on discrete boundaryinteractions rather than macro-scale parameters like gross axle load or cumulative rolling distance.The main variables were contact pressure, tangential shear distribution, slip velocity, substratemacro-texture, temperature and polymer viscoelastic properties. Sakhnevych and Genovese(2024) treated tyre wear as a multi-physical system coupling rubber behaviour, road topology. Thismodel evaluated material character as a function of excitation frequency and thermal state,addressing the non-linear behaviour of elastomers under cyclic rolling conditions.
Classical engineering abstractions correlated wear intensity with frictional power or work densities,a method requiring precise definition of local sliding boundary states. Localised frictional powerdensity was defined via the product of tangential traction and slip velocity:

𝑤̇𝑓 = 𝜏𝑡𝑣𝑠
(Eq. 1)

where denoted local tangential traction and denoted local sliding velocity. Integration across adiscrete contact interval yielded the cumulative frictional work density:
𝑤𝑓 = ∫𝜏𝑡𝑣𝑠𝑑𝑡

(Eq. 2)
These expressions were not used for absolute wear prediction because material-specific wearconstants, thermal evolution and measured tread removal were not available. Their value was to
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identify tangential traction and sliding as better comparative indicators than gross reaction forcealone.
Liu and Cebon (2025) argued that wear models must connect contact mechanics to mass loss, butstandard Archard-type approaches remain limited for elastomeric tread wear because rubberdeformation, asperity interaction and micro-tearing do not behave like simple adhesive wear.
Gross reaction force was therefore a weak wear indicator when considered in isolation. Moreuseful outputs were local contact state, tangential traction and, where sliding velocity was defined,frictional work or power density.
Road texture further limited any simple load-based interpretation. Rubber friction depended ondeformation over asperities, with hysteresis and adhesion both affected by pavement texture andtread-compound behaviour (Moore, 1972; Kane and Cerezo, 2015; Vieira et al., 2015). For alugged agricultural tyre on asphalt, the contact severity was shaped by how each lug edge enteredcontact, deformed under load, slid locally and released from the road surface.
Temperature was a limitation. Sakhnevych and Genovese (2024) linked temperature gradients tostress, strain and damage in tread compounds, but thermal evolution was not modelled here.Orientation effects therefore had to be interpreted as relative contact-severity differences, not heat-driven wear predictions.

2.4 Rubber tread compound behaviour and modellingimplications
Rubber tread behaviour could not be treated as a simple linear material. Tyre tread compounds areproprietary blends whose exact formulation, filler content and cure state are not normally available.Published studies therefore tend to treat tread rubber through measured mechanical behaviour,simplified material models or representative laboratory compounds rather than exact commercialtyre recipes.
Tread compounds used in tyre-wear studies commonly include styrene-butadiene rubber (SBR)based formulations because SBR compounds are widely used where abrasion resistance, frictionbehaviour and heat build-up are important. Plaschka et al. (2025), for example, compared twocarbon-black-filled SBR tread compounds under dynamic abrasion and showed that compoundstiffness, hysteresis, cross-linking and test mode could alter both friction response and wearranking. This confirmed that tread wear is strongly compound-dependent and that a material valueused in simulation cannot be assumed to represent a specific commercial tyre unless it has beencalibrated against that tyre.
Agricultural tread lugs add a further complication because they are not thin passenger-car treadribs. They are large load-bearing features that must survive field traction, road abrasion, chipdamage and repeated bending. The exact Firestone tread compound used in this project was notavailable, so the later finite element model could not claim to use a calibrated Firestone material.The literature instead justified a controlled comparative assumption: the same representativerubber stiffness had to be applied to both standard and reversed cases so that orientation, ratherthan material variation, remained the independent variable.
This distinction affected the interpretation of the simulation. A simplified elastic material couldsupport a relative comparison of local contact severity if it was applied consistently, but it could notpredict absolute tread-depth loss, heat generation, ageing, crack growth or rubber mass loss. The
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material model therefore acted as a controlled modelling input, not as a complete description of thetyre compound.
2.5 Near-incompressibility of tread rubber in finite elementmodels

Vulcanised rubber is usually treated as nearly incompressible in finite element contact modelsbecause it deforms mainly by shape change rather than volume change. Under compressivecontact, this is commonly represented by a Poisson’s ratio close to 0.50, with a value slightly below0.50 used to avoid numerical difficulty.
The use of nu = 0.49 was consistent with simplified numerical rubber-tread modelling. Licher et al.(2023) used a rubber Poisson’s ratio of 0.49 in a tyre-tread wear model and noted that rubberparameters depend on temperature and load frequency. This supported nu = 0.49 as a modellingassumption, not as calibrated Firestone compound data.

2.6 Rigid-deformable road contact simplification
The road body can be simplified when the modelling aim is rubber deformation rather thanpavement deformation. In hard-surface transport, tread rubber is much more compliant than theroad, so the main deformation of interest is in the lug and interface response.
In finite element terms, this was a contact problem in which the interface condition could change asthe surfaces opened, closed, stuck or slipped relative to one another. Wriggers (2006) describescomputational contact as a boundary non-linearity governed by the changing interaction betweencontacting surfaces. This supported the use of a defined tread-road contact formulation rather thantreating the road interface as a simple fixed support.
The rigid-road simplification is consistent with tyre-road friction modelling literature. Kane andCerezo (2015) modelled a rubber friction element against a road profile and treated the road as arigid semi-infinite body. Their work still showed that road texture is important, because textureaffects rubber deformation, hysteresis and friction generation. The useful point for this project isthat a rigid or high-stiffness road body can be a defensible simplification when the model is focusedon rubber response.
The later finite element model used a high-stiffness road proxy for the same reason. This allowedthe tread lug to be the deforming body while the road acted as the controlled counter-surface. Thesimplification improved comparison control between the standard and reversed cases becauseboth orientations interacted with the same road representation. However, it limited physical realismbecause real asphalt and concrete surfaces contain macro-texture, micro-texture, aggregateshape, debris, moisture and temperature variation.
The high-stiffness road proxy was therefore acceptable for a controlled orientation comparison, butit could not represent full real-road friction and wear behaviour. Results had to be interpreted asrelative contact-severity indicators under matched hard-surface assumptions.

2.7 Road-going front-tyre wear mechanisms
For road transport, the front tyre had to be treated differently from a powered rear tyre. Rear tyrescan experience engine-driven slip, while a front tyre on a road-going tractor are normally steeredand free-rolling when MFWD is disengaged. John Deere (2018) recommended disengaging MFWD
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during road travel to improve front tyre life. Relevant front-tyre road mechanisms were thereforebraking drag, steering or alignment scrub, lug compression and shear release.
The analysis therefore focused on local wear-severity indicators rather than whole-vehicle traction.Reversal changed which lug face became the leading or trailing edge during scrub, so the effectcould not be inferred from axle load or speed alone.

2.8 Directionality and reversed lug orientation
After the front tyre was defined as a scrubbed road-contact case, direction-dependent abrasionbecame the main mechanism linking orientation and wear. Nguyen et al.(2018) showed thatabrasion models based only on pressure and sliding velocity were incomplete because theyignored sliding history, directional effects and flash temperature.
Geometric reversal of an agricultural tyre transposes the leading and trailing lug faces relative tothe primary velocity vector, altering the localised deformation timeline across the contact patch.This high-aspect-ratio lug geometry was fundamentally optimised for shear engagement and self-cleaning performance within deformable macro-topographies (Ally et al., 2025; Marques Filho etal., 2025). When operated on a rigid, non-deformable substrate, this inherited geometry inducessevere strain concentrations at the localised boundaries, governed by the interaction ofinstantaneous scrub directions, normal contact pressures, and historical loading profiles (Nguyenet al., 2018; Sakhnevych and Genovese, 2024; Liu and Cebon, 2025). This orientation-dependentboundary shift is illustrated schematically in Figure 2.

Figure 2 Schematic comparison of leading and trailing lug-edge loading under standard and reversed front-tyreorientation. Source: compiled by the author.
Nguyen et al. (2018) linked abrasion pattern development and wear rate to sliding direction andcontact history. Their discussion of Schallamach-type abrasion showed that unidirectional sliding
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generated ridge patterns associated with the abrasion direction, while changes in sliding directionchanged the wear response. That evidence did not prove a service-life benefit for reversedagricultural tyres. It supported a narrower engineering expectation: orientation could change weardistribution because each lug edge experienced a different scrub direction and damage history.
The important distinction was between reducing total wear and redistributing wear. Reversal mightreduce peak wear at one lug edge while increasing wear elsewhere, so the tread could look moreeven without losing less rubber overall. The effect could be beneficial under braking drag butunfavourable under turning, alignment scrub or MFWD assisted road use. For that reason, theproject tested local wear-severity indicators rather than claiming that reversed tyres had longer lifedurability.

2.9 Testing routes and methodological consequences
The reviewed literature supported simulation as a useful first route because tyre orientation couldbe changed while tread geometry, load, material assumptions and road-contact conditions wereheld constant. However, simulation alone could not prove tyre-life improvement.
Becker and Els (2022) showed that tyre models were only as useful as their input data, particularlywhen tyres provided the main excitation into the vehicle model. For this project, that meantgeometry, load, inflation pressure, friction and contact behaviour could not be treated as minordetails. Poorly defined inputs would have made the model look precise while leaving it physicallyweak (Becker and Els, 2022; Liu and Cebon, 2025).
Finite element and wear-modelling studies showed why simulation suited a narrow comparison.Braghin et al. (2005) linked tyre-wear prediction to local frictional power under defined vehicle andmanoeuvre conditions, while Cho, Choi and Kim (2011) used 3D patterned-tyre rolling analysis tocalculate frictional energy rates and estimate abrasive wear. These studies did not remove theneed for validation, but they showed that simulation could isolate a chosen variable when theboundary conditions were stated clearly (Braghin et al., 2005; Cho, Choi and Kim, 2011; Farroniand Sakhnevych, 2022).
Small-scale wear rigs and road tests were considered, but both had control limitations. Wear rigswere useful for studying mechanisms, although Huang et al. (2018) showed that debris in thecontact zone changed measured wear rate, while Plaschka et al. (2025) showed that conventionallaboratory tests often failed to reproduce transient tyre-road contact. Full-scale road testing wouldhave been more realistic, but it would have introduced many variables that could mask orientationeffects, including road texture, temperature, inflation pressure, steering input, ballast, braking,moisture and wheel alignment (Sakhnevych and Genovese, 2024; Giechaskiel, Ferrarese andGrigoratos, 2025; Zhang et al., 2025). These options would have strengthened the work only ifload, sliding, debris, temperature and contact timing were tightly controlled.
A simulation-led method was therefore appropriate because the research question was narrow:whether reversed orientation changed local wear-severity indicators under matched conditions.Physical or road testing would have strengthened the study, but only if the main wear variablescould be controlled closely enough to isolate tyre orientation.
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2.10 Research gap and project scope
The literature narrowed the project to an unresolved overlap between agricultural front-tyremechanics and tyre-wear tribology. Agricultural studies showed that hard-surface tread losschanged tyre behaviour, while wear studies linked abrasion to local pressure, sliding, shear,frictional work, temperature and damage history.
The evidence did not establish the common operating claim that reversing agricultural front tyresreduced road wear. No peer-reviewed study was identified that directly compared identical frontagricultural tyres in standard and reversed orientation under paved-road tractor transportconditions.
The gap existed because agricultural tyre studies mainly addressed traction, soil compaction,stiffness, inflation pressure and tyre-road or tyre-soil response, rather than orientation-dependentwear during paved-road transport while general tyre-wear studies usually used passenger-cartyres, truck tyres or laboratory rubber specimens rather than agricultural lug geometry (Becker andEls, 2022; Liu and Cebon, 2025; Zhang et al., 2025).
The review set four constraints for the method. The standard and reversed cases requiredmatched tread state, vertical loading, material assumptions and road-contact conditions. The fronttyre had to be treated as a scrubbed road-contact case, outputs had to focus on local contactstatus and tangential traction, and interpretation had to remain limited to relative contact severityunless validated wear data were added. Table 1 summarises this translation into the finalcomparative model.
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Table 1 Methodological synthesis mapping literature-derived constraints to simplified comparative simulation inputs.
Parametercategory Field operationalbaseline

Simulationrepresentationmethod
Underlying literaturejustification

Tyre orientation
Standard andreversed front-tyrefitting during roadtransport

Matched standardand reversed casescompared usingthe same treadgeometry

Reversal changes the localleading/trailing lug-edgecontact history, but no directpeer-reviewed agriculturalfront-tyre comparison wasidentified.

Vertical loading Representative front-wheel load duringroad transport

Displacement-controlled verticalindentation,calibrated to atarget reactionforce

Local contact pressure iscentral to tread wear severity,so vertical loading had to becontrolled rather than leftarbitrary.

Horizontalaction
Braking drag, free-rolling scrub,steering/alignmenteffects on anunpowered front axle

Equal and oppositeimposed horizontalscrub displacement
Represents road-going localscrub rather than continuousdriven front-wheel spin.

Materialbehaviour
Proprietary non-lineartread compound withviscoelastic andtemperature-dependent behaviour

Same simplifiednear-incompressibleelastic rubberassumption usedfor both cases

Exact commercial tread datawere unavailable, so materialvariation was controlled ratherthan used as an independentvariable.
Near-incompressibility

Rubber tread deformsmainly by shapechange rather thanvolume change
Poisson’s ratioclose to 0.50 usedin the finite elementmaterial definition

Supports realistic rubber-likecontact deformation whilemaintaining numerical stability.

Road-contactbody
Hard paved surfaceor concrete yardcondition

Fixed high-stiffnessroad proxy
Allowed the tread lug to act asthe main deforming body whilekeeping the road-contactcondition matched betweenorientations.

Contactinterpretation
Local contactopening, sticking andsliding at lug-roadinterface

Contact Status,Contact Traction /Tangent (Mag),and Contact Force/ Tangent (Mag)

Local contact state andtangential traction are morerelevant to wear severity thanglobal force alone.

Wear predictionboundary
Real tyres lose treaddepth and mass overrepeated duty cycles

Relative wear-severity indicatorsonly; no absolutematerial removalcalculation

No calibrated wear law,thermal model or full road-dutycycle was implemented, soresults cannot predict servicelife or mileage.
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2.11 Conclusion
The reviewed literature did not establish that reversing agricultural front tyres increased service lifeduring road transport. No direct peer-reviewed comparison was identified for identical frontagricultural tyres in standard and reversed lug orientation on a paved-road duty cycle.
The hypothesis remained mechanically plausible because wear was governed by local sliding,tangential shear, frictional work, road texture, temperature and damage history. Reversing thetread changed which lug edge received the leading and trailing contact history.
The project was therefore framed as a controlled comparison of local wear-severity indicatorsunder road-going conditions. It did not claim absolute tread-depth loss, rubber mass loss, mileageor whole-life economy.

3.Methodology
3.1 Methodological aim and modelling scope

The methodology used a simplified, quasi-static tread-road contact model to evaluate local tread-road interface behaviour. It did not attempt to model a full rolling tyre, pneumatic carcass orprogressive mass loss. Instead, it isolated one tread-strip contact event, consistent with literatureshowing that elastomer wear is governed by local pressure, sliding, shear traction and frictionalwork rather than gross wheel load alone (Cho, Choi and Kim, 2011; Sakhnevych and Genovese,2024; Liu and Cebon, 2025).
The simulation was restricted to the front tyre of a road-going agricultural tractor. Rear tyres mayexperience engine-driven torque slip, while front tyres normally acted as tracking, steering andbraking tyres when MFWD was disengaged on paved surfaces. The model therefore representedlongitudinal braking scrub on the front tyre rather than powered front-wheel slip.
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3.2 Tyre geometry capture and CAD reconstruction
The tread geometry was reconstructed from the physical Firestone Performer Extra / Performer 85380/85R28 tyre because manufacturer CAD data were unavailable. The workshop floor and treadwere cleaned, the lugs were coated with water-soluble paint (Figure 3), and the tractor was rolledslowly across dry concrete to capture the lug footprint.

Figure 3 The tread lugs being coated with a water-soluble paint. Source: Author.
A 1 m steel rule was included in the photograph to provide scale (Figure 4). The image wasimported into SolidWorks using Sketch Picture (Figure 5), scaled from the rule, and manuallytraced to create the two-dimensional tread-lug boundary. Direct measurements from the tyre werethen used to define tread depth, draft angle, local radii and under tread thickness.
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Figure 4 Painted tread footprint used to capture the agricultural lug contact outline. The 1 m steel rule was included toprovide scale. Source: Author.
The footprint came from a mounted tyre, so the outline included the tyre condition at measurement,including inflation pressure and deflection. However, inflation pressure was not an independentsimulation input because the carcass and air cavity were excluded.

Figure 5 Scaled footprint image imported into SolidWorks and traced to create the two-dimensional tread geometry.Source: Author.
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Figure 6 Reconstructed tread-strip geometry produced from footprint tracing and direct tyre measurement. Source:Author.
The final CAD model (Figure 6) represented a local tread strip suitable for comparing standard andreversed orientation under matched contact conditions. It did not reproduce a full tyre carcass, beltpackage, sidewall, bead region or air chamber. This was deliberate: the model needed enoughgeometric realism to represent the lug contact shape, but not the complexity of a full tyre model.

3.3 Building the preliminary finite element model
The preliminary finite element model checked whether the reconstructed tread could form stablecontact with a hard road and produce usable outputs. It was a solver-development stage, not thefinal standard-versus-reversed comparison.
The model was prepared in Altair HyperMesh and solved using OptiStruct non-linear staticanalysis. It used a tread strip, fixed stiff road block and the initial rubber material of E = 7.5 MPaand nu = 0.49 to establish contact stability rather than an exact Firestone tread compound.
Early trials showed that the tyre-road contact could not be set up reliably by applying all loading inone step. When normal compression and horizontal scrub were applied together, the model wasmore likely to fail before a stable contact patch had formed. The model was therefore developedwith enforced displacement: vertical movement established contact first, then horizontal movementapplied local scrub.
The vertical displacement input was labelled D2. A value of D2 = -2.8 mm was used in the firstworking contact model. This value successfully created contact and allowed the main contactoutputs to be extracted, including Contact Status, Contact Traction / Tangent (Mag), and ContactForce / Tangent (Mag). However, the summed vertical reaction force from this setup wasapproximately 22.06 kN.
This reaction force showed that the preliminary indentation was too severe for the intendedrepresentative front-wheel baseline. The selected Firestone 380/85R28 tyre has a load index of
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133, equivalent to approximately 2060 kg or 20.2 kN per tyre at its rated load condition. Thepreliminary reaction of 22.06 kN was therefore above the rated-load basis and could not be usedas the normal baseline case.
The preliminary model confirmed that the geometry, contact method and output requests worked. Itshowed that D2 had to be selected by reaction-force calibration rather than visual indentationdepth.

3.4 Representative tractor, tyre, and vertical load basis
The modelled tyre was a Firestone Performer Extra / Performer 85 380/85R28 fitted to a JohnDeere 6330 tractor, which was used as the representative tractor-tyre case. The selected tyre sizeis listed in Firestone data as 380/85R28, with load index 133D / 130E. Load index 133 correspondsto a rated vertical capacity of approximately 2060 kg per tyre. The equivalent rated vertical force is:

𝐹𝑟𝑎𝑡𝑒𝑑 = 𝑚𝑔
𝐹𝑟𝑎𝑡𝑒𝑑 = 2060 × 9.81 = 20208.6 𝑁

𝐹𝑟𝑎𝑡𝑒𝑑 ≈ 20.2 𝑘𝑁
(Eq. 3)

The full rated load was not used as the baseline because it represented a high-limit tyre capacityrather than a typical front-wheel transport condition. The target vertical load was therefore derivedby scaling from Becker and Els (2022), who tested a Trelleborg TM700 280/70R16 tyre, load index112, under 5.68 kN.
𝐹𝐿𝐼112 = 1120 × 9.81 = 10987.2 𝑁

𝐹𝐿𝐼112 ≈ 10.99 𝑘𝑁
(Eq. 4)

The Becker and Els test load therefore represented:
5.6810.99 = 0.517

0.517 × 100 = 51.7%
(Eq. 5)

Applying the same proportion to the selected Firestone tyre gave the baseline target vertical load:
𝐹𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = 0.517 × 20.2

𝐹𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = 10.44 𝑘𝑁
(Eq. 6)

A baseline vertical reaction target of approximately 10.5 kN per front tyre was therefore selected.This provided a literature-linked agricultural tyre load basis while avoiding the use of the tyre’s fullrated capacity as the default simulation condition.
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The previously used vertical displacement value, D2 = -2.8 mm, had produced an approximatevertical reaction of 22.06 kN during early simulation development. This value is higher than theFirestone LI133 rated load basis:
22.0620.2 = 1.092

1.092 × 100 = 109.2%
(Eq. 7)

Therefore, D2 = -2.8 mm was treated only as a solver-development and exploratory overload case.Final simulations used D2 calibration to select an indentation close to the 10.5 kN target.
Table 2 Vertical load basis used for simulation planning

Case Basis Target verticalreaction per tyre Use in project
Lower loadsensitivity Light front axle / lowertransport condition 8.9 kN Optionalsensitivity
Baseline Becker and Els scaledproportion 10.5 kN Main comparison

Upper loadsensitivity Heavier front axle / ballastuncertainty 12.5 kN Optionalsensitivity
Severe case 80% of LI133 rated tyre load 16.2 kN Optional severesensitivityEarly D2 = -2.8mm case Solver-development result 22.06 kN Exploratory /overload only

3.5 Vertical displacement calibration
D2 was calibrated by running a short displacement-reaction sweep around the 10.5 kN target. Theexported SPCF reaction forces were summed for each trial displacement. This calibration wasrequired because the model was displacement-controlled, D2 set tread indentation while thesummed SPCF reaction determined whether the load case was representative.
Table 3 Vertical displacement calibration against the 10.5 kN baseline reaction target

Trial D2value Summed SPCFreaction Difference from10.5 kN target Decision
-2.1 mm 5.11 kN -51.3% Too low-2.2 mm 10.54 kN +0.4% Selected baseline-2.3 mm 15.91 kN +51.5% Too high

The selected baseline indentation was D2 = -2.2 mm, producing approximately 10.54 kN. This wasclose to the 10.5 kN target. The sweep showed a non-linear response because increasing D2 from-2.2 mm to -2.3 mm greatly increased reaction force, supporting calibration by reaction rather thanvisual judgement.
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3.6 Simulation test matrix
After the baseline vertical indentation was calibrated, the final comparison was arranged as apaired simulation matrix. The purpose of the matrix was to ensure that standard and reversed tyreorientation were compared under matched geometry, material, friction, road and loadingassumptions. The only intended difference between the two main cases was the direction of theimposed longitudinal scrub relative to the lug geometry.
Table 4 Final baseline simulation test matrix

CaseID Orientation D2 verticalindentation
Achievedverticalreaction

D1horizontalscrub
Coefficientof friction Purpose

S-BL Standard -2.2 mm 10.54 kN -3.0 mm 0.80
Baselinestandard-orientationcase

R-BL Reversed -2.2 mm 10.54 kN +3.0 mm 0.80
Baselinereversed-orientationcase

Optional sensitivity cases were identified during planning, but they were only included in the resultswhere completed solver output was available. The main comparison was therefore based on thepaired baseline cases shown in Table 4.
3.7 Final material assumptions

The exact Firestone tread compound was not available. Tyre manufacturers do not normallypublish full rubber recipes or complete constitutive data for commercial agricultural tyres. The earlymodel therefore used a simplified near-incompressible elastic tread material to establish solverbehaviour before the final material assumptions were checked.
Agricultural tyre tread lugs are physically manufactured from a vulcanized polymer matrixcomprising blends of Natural Rubber (NR) for high tensile tear and chip resistance, and Styrene-Butadiene Rubber (SBR) to provide mechanical protection against road surface abrasion(Plaschka et al., 2025). While real vulcanized tread rubber demonstrates complex, non-linearviscoelastic and hyper-elastic behaviour under dynamic rolling conditions, a representativemacroscopic isotropic elastic formulation was selected for this comparative geometric study. Therubber compound was configured with an equivalent Young’s Modulus of E = 7.5 MPa. This valuewas selected as a representative elastic stiffness for the simplified comparative model and wasused consistently between standard and reversed cases. (Becker and Els, 2022; Sakhnevych andGenovese, 2024).
To enforce the bulk volume conservation characteristics inherent to solid elastomer compounds,the Poisson’s ratio of the material was defined as nu = 0.49. Setting the Poisson’s ratio close to thetheoretical incompressibility limit of 0.50 is a common finite element modelling approach forrepresenting rubber-like volume conservation under contact loading (Gent, 2012; Licher et al.,2023). Restricting the value to 0.49 provides a critical numerical regularisation that preventsvolumetric locking within the solid first-order tetrahedral elements used to mesh the lug, whichwould otherwise induce artificial structural stiffness and distort the interface contact traction results.The rigid road block was defined as an unyielding steel-grade surface proxy with a Young’s
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Modulus of E = 210 GPa and a Poisson’s ratio of nu = 0.30. This effectively isolates theelastomeric lug as the sole deforming body within the tribological interface.
3.8 Displacement-controlled loading method

The model used enforced displacement rather than applied force as the main control method. Thiswas chosen because non-linear contact models are more stable when contact is establishedprogressively. It allowed the same displacement path to be applied to the standard and reversedcases, leaving orientation as the controlled variable.
The simulation used two sequential load steps. Loadstep 1 displaced the tread vertically into theroad to form contact. Loadstep 2 displaced the compressed tread horizontally to impose brakingscrub. Separating the stages avoided applying vertical indentation and scrub at the same instant,which would not represent the physical sequence of lug entry followed by shear.

Loadstep 1: compression / indentation → Loadstep 2: horizontal scrub
The imposed vertical displacement was labelled D2. D2 was not interpreted as a physical tyredeflection by itself. It was used as a numerical control input, and its suitability was judged by thevertical reaction force produced at the support nodes. The reaction extraction was defined as:

𝐹𝑧 =
𝑛

𝑖=1
𝑅𝑧,𝑖 

(Eq. 8)
where 𝐹_𝑧 is the total vertical reaction force, 𝑅_𝑧,𝑖 is the vertical reaction at node 𝑖, and 𝑛 is thenumber of support nodes included in the extraction.
The imposed horizontal displacement was labelled D1. It was used as a local scrub distance, notas a wheel-slip percentage. The final scrub input was set to ±3 mm because it was small enough torepresent local tread scrub rather than gross sliding, but large enough to produce measurabledifferences in the contact outputs.

D1_standard = −3.0 mm
D1_reversed = +3.0 mm

The same vertical indentation, material card, contact settings, road block and output method wereretained between the two orientations. The sign of D1 was changed to reverse the direction of localscrub across the lug geometry. Subcase continuity was used so that the horizontal scrub stageinherited the contact state from the vertical indentation stage. In the OptiStruct setup this washandled using non-linear continuation settings such as CNTNLS = YES where applicable.
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3.9 Mesh, road proxy and contact setup
The tread geometry was meshed using first-order tetrahedral solid elements, with local refinementat the tread-road contact face and coarser elements in the upper support region. This meshstrategy was selected because contact traction, contact pressure and contact force outputs aresensitive to element quality and local contact discretisation. Coarser elements were retained awayfrom the contact interface to reduce computational cost in regions where lower stress gradientswere expected.
Figure 7 shows the meshed local tread-strip model used for the final standard and reversedsimulations. The model included the reconstructed tread section and a fixed high-stiffness roadblock. The same mesh was retained for both orientation cases, with the reversed conditionproduced by changing the imposed horizontal scrub direction rather than by re-meshing thegeometry.

Figure 7 Finite element mesh of the local tread-strip contact model: (a) overall mesh layout showing the tread strip andfixed road proxy; (b) side view showing the lug geometry and tread-road contact interface. Source: Author.
The road block was treated as a high-stiffness hard-surface proxy, with E = 210 GPa. This wasselected because the project scope concerned agricultural tractor movement on hard non-deformable surfaces, including paved roads and concrete yards. The model did not attempt toreproduce asphalt micro-texture, concrete roughness, aggregate geometry or thermomechanicalroad behaviour. Including these effects would have increased simulation complexity and reducedcontrol over the standard-versus-reversed comparison.
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3.10 Contact formulation and friction model
The tread-road interaction was modelled using non-linear surface-to-surface contact. The contactformulation allowed regions of the tread to open, close, stick, or slip depending on the local normaland tangential contact state.
The friction model used a Coulomb law:

𝜏𝑐𝑟𝑖𝑡 = 𝜇𝑃
(Eq. 9)

where:
· 𝜏𝑐𝑟𝑖𝑡 is the limiting tangential shear stress before local sliding;
· 𝜇 is the coefficient of friction;
· 𝑃 is the local normal contact pressure.

The coefficient of friction was set to represent dry rubber-road contact. The coefficient of frictionwas set to:
𝜇 = 0.80

for all final standard and reversed simulations. This was treated as an assumed dry rubber-roadcontact value rather than a tyre-specific measured coefficient for the Firestone tread compound.The value was therefore used to maintain a consistent comparative contact condition betweenorientations, not to claim an exact field-calibrated friction response.
The contact output was interpreted using the following logic:

· Closed stick indicated regions where contact existed but relative tangential motion had notexceeded the friction limit.
· Closed slip indicated regions where the tread-road interface was undergoing local sliding.
· Open contact indicated regions not currently in contact.
· Tangential traction indicated local shear intensity at the interface.
· Tangential contact force provided an additional nodal-force-based comparison of tangentialresponse.

The Contact Status plot was used to identify sliding regions. It was not used as a general maskingtool for all traction and force plots unless the same masking workflow was applied consistently toboth standard and reversed cases.
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3.11 Solver and contact settings
Final simulations used OptiStruct non-linear static analysis because the model required contactopening/closing, stick-slip transition and local tread deformation under imposed displacement.Solver settings were kept consistent so differences could be attributed to orientation and scrubdirection.
Table 5 Solver and contact settings used for the final simulations.

Setting Final setupPre-processor Altair HyperMesh
Solver OptiStructAnalysistype non-linear static
CNTNLS YESContactformulation Surface-to-surface tread-road contact
Friction law Coulomb frictionCoefficient offriction μ = 0.80
Roadconstraint Road block fixed
Treadloadingmethod Enforced displacement
Loadstep 1 Vertical indentation, D2 = -2.2 mmLoadstep 2 Horizontal scrub, D1 = ±3.0 mm
Main outputs Contact Status; Contact Traction/Tangent (Mag); ContactForce/Tangent (Mag); SPCF reactionComparisoncontrol Same material, mesh, road, friction and D2 settings used for bothorientations

3.12 Model verification checks
Verification checks confirmed that the simplified model was suitable for a controlled relativecomparison. They did not validate it as a full tyre-life prediction model.
Both final baseline cases achieved numerical convergence in the OptiStruct non-linear staticsolution. The two sequential load steps were solved in the same order for both simulations:LOADSTEP_1_COMPRESS applied the vertical indentation, and LOADSTEP_2_SLIDE appliedthe horizontal scrub displacement after contact had been established. This was important becauseapplying horizontal scrub before stable contact formation would have reduced the reliability of thecontact-state comparison.
The road block was constrained using single-point constraints so that it acted as a fixed hard-surface proxy. Visual inspection of the deformation and contact plots confirmed that the road didnot translate or rotate during the solution. Contact was checked using the Contact Status output.Active contact was confined to the intended lug-road interface, with no visible spurious contactpatches elsewhere in the model.
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The same calibrated D2 = -2.2 mm was applied to both cases, producing approximately 10.54 kN.Horizontal scrub then used equal and opposite D1 values: -3 mm for standard and +3 mm forreversed.
The standard and reversed simulations used the same mesh, material properties, frictioncoefficient, road constraint, load-step sequence and output requests. The reversed condition wasproduced by changing the direction of the imposed horizontal displacement rather than by re-meshing or physically mirroring the CAD geometry. This reduced the risk of mesh-density orelement-shape differences influencing the comparison.
Post-processing was controlled between the two cases. The same result frames were used forcomparison: Frame 1 represented the end of the vertical compression load step, while Frame 2represented the end of the horizontal scrub load step. Comparative plots for Contact Status,tangential contact traction and tangential contact force were displayed using common legend limitswhere possible, so that differences in colour distribution reflected differences in the modelresponse rather than changes in the plotting scale.
Only routine non-linear solver warnings were observed. These included minor negative eigenvaluewarnings and automatic time-step bisection during contact engagement. These warnings wereconsistent with a nearly incompressible elastomeric contact model using nu = 0.49 and high frictionsliding contact. The final converged results were therefore retained, but the warnings wereconsidered when interpreting highly localised peak values. For this reason, the results wereinterpreted using contact distribution patterns and comparative trends rather than isolated single-node maxima.
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Table 6 Verification checks applied to the final baseline simulations.
Verificationcheck Method used Outcome
Solverconvergence

Review of final non-linearsolution status for both baselinecases
Standard and reversed casesconverged

Roadconstraint Visual inspection of deformationand constraint behaviour Road block remained fixed
Contactlocation Contact Status output reviewedat compression and scrub stages Contact occurred at the intendedlug-road interfaceVertical loadcalibration Summed SPCF reaction from thecalibrated D2 sweep D2 = -2.2 mm producedapproximately 10.54 kNMatchedverticalloading

Same (D_2) applied to standardand reversed cases Vertical loading held constant
Matchedscrubmagnitude

Equal and opposite (D_1) valuesapplied Standard: -3 mm, reversed: +3 mm
Materialconsistency Same rubber material valuesused in both models E = 7.5 MPa, nu = 0.49
Frictionconsistency Same Coulomb frictioncoefficient used in both models mu = 0.80
Meshconsistency Scrub direction changed withoutre-meshing Same node and element structureretainedPost-processingconsistency

Same frames and contourlegend ranges used Direct visual comparisonsupported
Solverwarnings non-linear warnings reviewed No fatal errors; warnings treatedas interpretation limitations

3.13 Wear-severity theory and output selection
The model did not calculate material removal. Outputs were selected because they related towear-severity variables.
Classical abrasive wear is often introduced through Archard’s wear expression:

𝑊 = 𝐾 𝑃𝑠𝐻
(Eq. 10)

where:
· 𝑊 is wear volume or wear amount;
· 𝐾 is a wear coefficient;
· 𝑃 is normal pressure or normal load term depending on formulation;
· 𝑠 is sliding distance;
· 𝐻 is hardness of the softer material.

For the present comparison, the wear coefficient, hardness, material model, and imposed sliding-distance magnitude were held constant between standard and reversed cases. Therefore, the
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model did not use Archard’s law to calculate absolute wear. Instead, it used the law as aframework for identifying why pressure, sliding, and tangential contact action are relevant to wear.
More recent tyre-wear literature links local wear to frictional work or frictional power. Local frictionalpower density may be written as:

𝑤̇̇𝑓 = 𝜏𝑡 ⋅ 𝑣𝑠𝑙𝑖𝑝
(Eq. 11)

where:
· 𝑤̇̇𝑓 is local frictional power density;
· 𝜏𝑡 is local tangential traction;
· 𝑣𝑠𝑙𝑖𝑝 is local sliding velocity.

The cumulative frictional work density over a contact interval may then be expressed as:

𝑤𝑓 =
𝑡2

𝑡1
𝜏𝑡 ⋅ 𝑣𝑠𝑙𝑖𝑝𝑑𝑡

(Eq. 12)
For a simplified imposed-displacement model, the exact local sliding velocity field is not fullyresolved in the same way as in a rolling tyre simulation. However, because the imposed horizontaldisplacement magnitude is equal and opposite between the two orientations, the tangential tractiondistribution remains a useful comparative wear-severity indicator. Where a derived frictional work-style index is used, it should be treated as a relative index rather than a calibrated physical wearvalue.
A simplified local frictional work index may therefore be defined as:

𝐼𝑤 = 𝜏𝑡 ∣ 𝐷1 ∣
(Eq. 13)

where:
· 𝐼𝑤 is the relative local frictional work index;
· 𝜏𝑡 is tangential contact traction;
· ∣ 𝐷1 ∣ is the imposed horizontal scrub displacement magnitude.

Since ∣ 𝐷1 ∣ is the same for the standard and reversed cases, differences in 𝐼𝑤 are controlled mainly
by differences in the local tangential traction field.
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3.14 Output extraction and comparison method
The final sliding frame was used for comparison because it represented contact after both verticalcompression and horizontal scrub.
Three primary outputs were extracted:

1. Contact StatusUsed to identify open, closed-stick, and closed-slip regions.2. Contact Traction / Tangent (Mag)Used as the main local shear-stress-based wear-severity proxy.3. Contact Force / Tangent (Mag)Used as an additional tangential contact response indicator, especially for identifyinglocalised nodal force concentrations.
For each orientation, the following values were recorded:

𝜏𝑡,𝑚𝑎𝑥
 𝐹𝑡,𝑚𝑎𝑥

 𝐹𝑡,𝑡𝑜𝑡𝑎𝑙 =∑ 𝑛𝑖=1 𝐹𝑡,𝑖
(Eq. 14)

where:
· 𝜏𝑡,𝑚𝑎𝑥 is the maximum local tangential traction;
· 𝐹𝑡,𝑚𝑎𝑥 is the maximum local tangential contact force;
· 𝐹𝑡,𝑡𝑜𝑡𝑎𝑙 is the summed tangential contact force across selected contact nodes;
· 𝐹𝑡,𝑖 is the tangential contact force at node 𝑖.

The comparison was based on both magnitude and distribution. A single maximum value can beaffected by local mesh behaviour, so the contour pattern and location of high-shear regions wereinterpreted. Particular attention was given to whether high values concentrated on the leading ortrailing edges of the lugs, because reversing the tyre changes which physical lug face receives theimposed scrub direction.
To avoid misleading visual interpretation, common legend scales were used wherever possible forstandard and reversed contour plots. If different automatic legend scales were used by the post-processor, the numerical maximum and minimum values were recorded separately and not judgedfrom colour alone.

3.15 Practical and ethical constraints
The project did not involve human participants, personal data, animal use, customer-owneddestructive testing, or public-road experimental trials. The practical work was limited to workshop-based tyre footprint capture and computer-based finite element simulation. During footprintcapture, the tractor was moved slowly in a controlled private workshop area, and the water-solublepaint method avoided permanent tyre damage.
A simulation-led method was selected for practical and ethical reasons. A full road-wear trial wouldhave required extended public-road operation, repeated tyre measurement, control of weather and
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road-surface variation, and deliberate tyre wear. That would have introduced poorer repeatability,increased practical risk and additional tyre-wear emissions. The simplified simulation methodtherefore reduced physical testing requirements while still allowing a controlled comparison ofstandard and reversed orientation under matched assumptions.
3.16 Methodology limitations

The first limitation is the local tread-strip representation. The model does not include a fullpneumatic tyre, carcass, belt package, sidewall, bead constraint or air chamber. It therefore cannotrepresent full tyre deformation, rolling-radius change, cyclic lug entry and exit, or inflation-pressurevariation.
The second limitation is the material model. The preliminary material was a placeholder elasticrubber and the final material model remains a simplified representation unless a calibrated hyper-elastic or viscoelastic tread compound is added. Real tyre rubber is affected by compoundformulation, strain rate, temperature, ageing and damage history.
The third limitation is the hard-surface road proxy. The road block represents a stiffconcrete/asphalt-type counter-surface but does not include measured asphalt micro-texture,concrete roughness, aggregate shape, water, debris or road temperature. These features areknown to influence real rubber wear.
The fourth limitation is the imposed scrub input. D1 = ±3 mm gives a controlled local sliding input,but it is not a measured braking event and it does not reproduce full wheel rotation. The model cancompare the response to equal and opposite local scrub directions, but it cannot predict acomplete road-duty cycle.
The fifth limitation is wear prediction. No calibrated wear law was implemented, so the modelcannot convert contact output into tread-depth loss, rubber mass loss, service life or mileage. Theresults should therefore be presented as relative wear-severity indicators only.

3.17 Methodology summary
The methodology developed a controlled local tread-road contact model for comparing standardand reversed orientation of a Firestone 380/85R28 agricultural front tyre. The model was built instages. The preliminary simulations established that the two-loadstep contact method worked, thatthe required outputs could be extracted, and that the original D2 = -2.8 mm indentation producedan excessive vertical reaction of about 22.06 kN.
The final method retained the successful parts of the preliminary model but recalibrated the verticalindentation target around a representative 10.5 kN front-wheel reaction. Horizontal scrub wasapplied using equal and opposite D1 values of -3 mm and +3 mm. Contact Status, ContactTraction / Tangent (Mag) and Contact Force / Tangent (Mag) were used to compare local contactseverity between the standard and reversed cases.
The method is suitable for a relative comparison of local wear-severity indicators under matchedsimplified conditions. It is not a full tyre-life prediction method. The results must therefore bediscussed as evidence of changed contact response, not as proof of absolute tread-lifeimprovement.
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4.Results
4.1 Post-processing basis

Results were extracted from the final sliding stage of the non-linear static simulation. Unlessotherwise stated, contour plots and numerical values refer to Frame 2, after vertical compressionand horizontal scrub had been applied. Frame 1 plots were used only to show the compression-stage contact condition (Figure 8).
The numerical comparison used tread-side contact nodes only. The road component was excludedbecause it acted as a fixed high-stiffness counter-surface, while the project assessed tread wear-severity indicators.

4.2 Contact status
The Contact Status plots were used to check whether the standard and reversed cases reachedthe intended contact condition before the numerical contact outputs were compared. At Frame 1(Figure 8), both cases had established contact between the tread lugs and road block. The contactarea was mainly closed-stick, with limited local closed-slip regions around parts of the lug edges.This showed that the compression step formed a contact patch before the horizontal scrubdisplacement was applied.

Figure 8 Contact status comparison for the standard and reversed tyre-orientation models: (Top Left) Frame 1; reversedorientation after compression, (Top Right) Frame 2; reversed orientation after horizontal scrub, (Bottom Left) Frame 1;standard orientation after compression, (Bottom Right) Frame 2; standard orientation after horizontal scrub. Source:Author.
At Frame 2 (Figure 8), the active contact areas in both orientations were shown as closed-slip. Thisconfirmed that the final comparison was taken from the sliding stage rather than from thecompression-only stage. The standard and reversed cases therefore reached the same type ofcontact condition before the tangential force and traction results were interpreted.

4.3 Numerical comparison of tread-side contact outputs
All values in this section were extracted from the tread-side contact nodes at the final sliding frame.
The standard orientation produced the higher peak tangential contact response. The maximumtread-side Contact Force / Tangent (Mag) was 8.537E-03 kN in the standard case and 7.747E-03kN in the reversed case, giving a 9.25% reduction in the reversed orientation. The same trend wasobserved for Contact Traction / Tangent (Frictional Shear Mag), where the standard case reached9.004E-05 GPa and the reversed case reached 7.697E-05 GPa, a reduction of 14.52%.
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Mean and summed values showed much smaller differences. The summed Contact Force /Tangent (Mag) was 2.9109 kN for the standard case and 2.9036 kN for the reversed case, adifference of only 0.25%. The main change was therefore a reduction in local peaks rather than alarge reduction in total contact loading.
The 95th percentile values supported this interpretation. The reversed case was lower for bothtangential contact force and tangential traction, although the difference was smaller than the peak-value reduction.
Overall, the numerical results (Table 7) indicated that reversed orientation redistributed the tread-side contact response rather than removing tangential loading. It reduced the highest local wear-severity indicators but did not substantially reduce the total tangential contact-force sum.
Table 7 Tread-side numerical comparison of tangential contact force and tangential traction outputs at the final slidingframe.

Metric Standard Reversed Reversed vsstandardContact Force / Tangentmax (kN) 8.537E-03 7.747E-03 -9.25%
Contact Force / Tangentmean (kN) 4.300E-03 4.289E-03 -0.25%
Contact Force / Tangentmedian (kN) 3.860E-03 4.032E-03 +4.46%
Contact Force / Tangent95th percentile (kN) 7.021E-03 6.750E-03 -3.86%
Contact Force / Tangentsum (kN) 2.9109 2.9036 -0.25%
Contact Traction / Tangentmax (GPa) 9.004E-05 7.697E-05 -14.52%
Contact Traction / Tangentmean (GPa) 4.722E-05 4.705E-05 -0.36%
Contact Traction / Tangentmedian (GPa) 4.719E-05 4.833E-05 +2.42%
Contact Traction / Tangent95th percentile (GPa) 6.613E-05 6.492E-05 -1.82%

Figure 9 shows the tread-side Contact Traction / Tangent (Frictional Shear Mag) distribution at thefinal sliding frame. This output was used as the local shear-based wear-severity indicator. Bothorientations showed shear response along the active lug faces, but the standard case producedthe higher tread-side peak. This matched the numerical extraction in Table 7, where the standard
case reached 9.004E-05 GPa compared with 7.697E-05 GPa for the reversed case.
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Figure 9 Tread-side Contact Traction / Tangent (Frictional Shear Mag) comparison at the final sliding frame: standardorientation; reversed orientation. Numerical comparison was based on exported tread-side values; contour plots showdistribution pattern. Source: Author.
The traction contours supported the interpretation that reversal reduced the highest local shear-traction peak, but did not remove sliding contact from the tread-road interface. The broader contactpaths remained similar, indicating redistribution of local severity rather than elimination oftangential contact.
Figure 10 shows the tread-side Contact Force / Tangent (Mag) distribution at the final slidingframe. Both cases showed tangential contact response along the active lug faces, but the standardcase produced the higher local maximum. The numerical extraction confirmed this trend, with thestandard case reaching 8.537E-03 kN compared with 7.747E-03 kN for the reversed case.
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Figure 10 Tread-side Contact Force / Tangent (Mag) comparison at the final sliding frame: standard orientation; reversedorientation. Numerical comparison was based on exported tread-side values; contour plots show distribution pattern.Source: Author.
The contact-force contours showed that the reversed orientation reduced the highest localtangential force concentration while retaining a broadly similar overall contact path. This supportedthe numerical result that the summed tangential contact force changed very little betweenorientations, even though the peak value was lower in the reversed case.

4.4 Results summary
Results showed that reversing the tread orientation reduced the highest local tread-side peaks.The reversed case reduced the maximum tangential contact force by 9.25% and the maximumtangential traction by 14.52% compared with the standard case. However, the summed tangentialcontact force changed by only 0.25%, indicating that the overall tangential contact action wasalmost unchanged.
The main result was therefore not a clear reduction in total contact loading. Instead, reversedorientation reduced local severity peaks while leaving the general contact action broadly similar,supporting interpretation as a contact redistribution effect.
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5.Discussion and evaluation
5.1 Interpretation against the research question

The project question was whether reversed agricultural front tyres reduced road wear comparedwith standard orientation. Results did not show a large reduction in total tangential contact action:summed Contact Force / Tangent (Mag) changed by only 0.25%, indicating that the overalltangential contact loading was almost unchanged between the standard and reversed cases.However, reversed orientation reduced peak Contact Force / Tangent (Mag) by 9.25% and peakContact Traction / Tangent (Frictional Shear Mag) by 14.52%.
The most defensible interpretation was that reversal did not remove the wear mechanism, butreduced the most severe local tread-side peaks under the simulated braking-scrub condition. Thisindicated redistribution of local wear-severity indicators rather than a clear reduction in total wearenergy or absolute material loss.

5.2 Relationship to the literature
The result agreed with the literature because tyre wear was controlled by local contact behaviourrather than global load alone. The literature review identified local pressure, sliding, tangentialshear, frictional work, temperature and damage history as the main wear-governing variables. Thestandard and reversed cases had the same vertical loading and almost the same total tangentialcontact force, yet produced different local peak values.
The result aligned with the directional abrasion literature. Reversing the tyre changed which lugface acted as the leading or trailing face during the imposed scrub event. The reduction in peaktread-side tangential traction in the reversed case suggested that the orientation change alteredthe local shear history across the lug. However, the result did not prove that reversed tyres wouldlast longer in service, because the model did not include repeated cycles, temperature rise, roadtexture, debris, steering inputs or measured rubber removal.

5.3 Engineering significance of the result
From an engineering viewpoint, the reversed case showed a useful reduction in local peakseverity. This could help explain operator reports of more even front-tyre wear, becauseagricultural lugs often wear unevenly at edges and corners where local shear and pressureconcentrate.
However, the small change in summed tangential contact force means the result should not beinterpreted as a large reduction in total wear. The likely benefit of reversal was improveddistribution of local severity rather than removal of the road-wear mechanism.
This affects the practical recommendation. Reversing a standard agricultural tyre may be a low-cost way to alter where severe local contact occurs, but it does not redesign the tyre for roadtransport. For tractors that spend a high proportion of time on hard surfaces, the more completeengineering solution may be to select or develop an agricultural tyre designed for mixed field androad duty. That claim was not tested directly in this project, so it is treated as a recommendation forfurther work rather than as a conclusion from the present results.
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5.4 Validity of the simulation evidence
The comparison was strengthened by matched modelling. Both orientations used the same treadgeometry, vertical indentation, material properties, friction coefficient, road proxy, mesh and outputmethod; only horizontal scrub direction changed.
The Contact Status plots supported the comparison. Both cases reached comparable closed-slipcontact conditions at the final frame, meaning that the force and traction outputs were compared atthe same stage of the load sequence. This was important because comparing one case duringsticking and another during sliding would have made the numerical comparison unreliable.
The main weakness was external validity. The model represented a simplified local tread-stripevent, not a full rolling pneumatic tyre, and excluded carcass deformation, inflation-pressurevariation, heat generation, road texture, ageing, steering duty, repeated cycles and a calibratedwear law. The results are therefore valid as a controlled comparison of local contact severity, butnot as proof of tyre service-life improvement.

5.5 Limitations affecting interpretation
The material model was a major limitation. The tread used simplified near-incompressible elasticityrather than a calibrated Firestone compound. Real agricultural tread rubber is viscoelastic,temperature-dependent and damage-history dependent. This means the model could compareorientation but not predict real abrasion rate.
The road representation limited interpretation. The high-stiffness road block allowed the tread lugto act as the deforming body, which was suitable for a controlled comparison. However, realasphalt and concrete contain roughness, aggregate shape, moisture, debris and thermal variation.These factors affect friction and wear, so the model cannot represent all real road conditions.
The imposed scrub displacement was another limitation. The ±3 mm horizontal displacementprovided a controlled local braking-scrub input, but it was not measured from an actual tractorbraking event. The model therefore tested a plausible local contact mechanism rather than acomplete road-duty cycle.

5.6 Project evaluation
The project succeeded in producing a controlled comparison between standard and reversed tyreorientation. The method was able to isolate orientation as the main variable and generateinterpretable contact-status, tangential force and tangential traction outputs. This addressed theoriginal problem more rigorously than relying on operator reports alone.
The project did not prove that reversed front tyres reduce total road wear or extend tyre life. Theevidence was narrower: reversed orientation reduced peak local wear-severity indicators whileleaving overall tangential contact action almost unchanged. This is still useful because it provides amechanical explanation for why reversed tyres might wear more evenly, but it does not justify abroad claim of reduced total wear.
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5.7 Recommendations for further work
Further work should focus on validation and improved physical realism. Useful next stages wouldinclude controlled physical wear test using rubber samples or tread sections under matched normalload, sliding distance and direction. The second improvement would be a full tyre or sector modelwith inflation pressure and carcass deformation, and field measurement of tread-depth change ona controlled road-duty route.
A further extension would be to compare reversed fitting against a road-suitable agricultural tyre.The present study compared only the same lugged agricultural tyre in standard and reversedorientation. A stronger practical study would compare three cases under the same load and scrubconditions: a standard lugged tyre, the same tyre reversed and a road-focused agricultural tyredesigned for higher transport duty.
This comparison would test whether a road-duty tyre design would reduce both peak tread-sideseverity and total tangential contact action. The present results suggested that reversal mainlyredistributed local severity, while leaving summed tangential contact force almost unchanged.
A calibrated wear law would still be needed before any model could estimate tread-depth loss,rubber mass loss or service life. Without that calibration, the most appropriate use of the currentmodel is as an early-stage comparative tool for identifying changes in local contact severity.

6.Conclusion
This project investigated whether reversing agricultural front tyres reduced road wear comparedwith standard orientation. A simplified finite element contact model of a Firestone Performer Extra /Performer 85 380/85R28 tread section was used under matched hard-surface loading. The modeldid not predict service life, tread-depth loss or rubber mass removal; it compared local tread-sidewear-severity indicators between standard and reversed orientations.
Reversed orientation did not substantially reduce overall tangential contact action. The summedContact Force / Tangent (Mag) changed by only 0.25% between the standard and reversed cases,indicating that the same general road-wear mechanism remained in both orientations. Reversingthe tyre therefore could not be concluded to reduce total road wear under the simulated condition.
However, the reversed orientation reduced the highest local tread-side contact peaks. MaximumContact Force / Tangent (Mag) fell by 9.25%, and maximum Contact Traction / Tangent (FrictionalShear Mag) fell by 14.52%. These reductions suggest that reversing the tyre changed how thelocal contact severity was distributed across the lug geometry. The most defensible conclusion istherefore that reversed orientation acted as a wear-redistribution mechanism, not a clear total-wearreduction mechanism.
This provided a possible mechanical explanation for operator reports that reversed-front-tyre wearmore evenly during road transport. If the highest local shear and force peaks are reduced, thetread may experience less severe local edge loading. However, because the model excludedrepeated rolling cycles, temperature rise, real road texture, carcass deformation, inflation-pressureeffects and a calibrated wear law, it could not prove improved tyre life.
The project produced a controlled comparison by keeping geometry, material assumptions, verticalload, friction coefficient, road proxy and output method constant while changing only horizontalscrub direction. This allowed the effect of orientation to be isolated more clearly than would bepossible from uncontrolled field observations alone.
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Overall, reversed agricultural front tyres did not show a clear reduction in total road-wear loading inthe model, but they did reduce peak local wear-severity indicators. Reversed fitting may thereforeredistribute local tread severity, but should not be treated as a proven road-wear solution. Furtherwork should compare standard, reversed and road-suitable agricultural tyre designs usingvalidated wear testing or a more complete tyre-road model.
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