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Objective: Objective: Improve Performance Evaluation of Road Improve Performance Evaluation of Road 
Pavements by using Measured Tyre LoadingPavements by using Measured Tyre Loading
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Assumption of Tyre Loading in Pavement DesignAssumption of Tyre Loading in Pavement Design

- Circular;
- UNIFORM vertical stress only.

Tyre Loading, P (kN)Tyre Loading, P (kN)

Uniform Contact  Stress, q  (kPa)
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TYRE PRINTSTYRE PRINTS……
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TYRE DEFLECTION & TYRE PRINTSTYRE DEFLECTION & TYRE PRINTS……

315/80 R22.5 HVS Tyre: 315/80 R22.5 HVS Tyre: 
OverloadedOverloaded
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Vehicle-Tyre-Pavement Interaction:Vehicle-Tyre-Pavement Interaction:
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Road DamageRoad Damage……..
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Road DamageRoad Damage……..

(Nishizawa and Matsuno)
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425 /65 R22.5 HVS TYRE ON SIM SYSTEM425 /65 R22.5 HVS TYRE ON SIM SYSTEM
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Load transfer mechanism of a tyre  (Baladi et al, 2003)Load transfer mechanism of a tyre  (Baladi et al, 2003)
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Dual Tyre: 3D-Contact Stresses (Pressure)…Dual Tyre: 3DDual Tyre: 3D--Contact Stresses (Pressure)Contact Stresses (Pressure)……

Stress 
Ratio: 
10:3:1 

Stress Stress 
Ratio: Ratio: 
10:3:1 10:3:1 



P/σ

Surfacing: h1, E1, v1

Selected
Layer:

h4, E4, v4

Base
Layer:

h2, E2, v2

Subgrade/
Foundation:

h5, E5, v5

Subbase
Layer:

h3, E3, v3

APPLIED LOAD/STRESSES
P/σ

Stress
Rotation

Vertical,
Longitudinal & 

Lateral 
3D Contact
Stresses

Side view 
of tyre

End view
of tyre

Pavement 
Responses:

Stresses 
Strains

Displacements

ANALYTICAL ROAD PAVEMENT MODELANALYTICAL ROAD PAVEMENT MODEL……..
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GAMES -> Pavement structural analysisGAMES GAMES --> Pavement structural analysis> Pavement structural analysis

Pavement: Multilayer elastic system with a 
possibility of interface slip.

Surface load: Single/Multiple circular vertical 
and horizontal loads.

Analysis: Single/Multiple points of interest.

Response: Stresses, strains, and    
displacements
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LOADS & STRESSES FROM TYRESLOADS & STRESSES FROM TYRES

  

 

+Z

+X

Tyre Rotation 

+Y 



PIN AREA &  EFFECTIVE AREAPIN AREA &  EFFECTIVE AREA

Pin head Area 
= 73,90 mm2

Effective Area (Diamond) 
= 250,28 mm2
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Dual TyreDual Tyre-- Input Data: Vertical Stress Patterns: Input Data: Vertical Stress Patterns: 
““nn”” and and ““mm”” –– ShapesShapes……

“n – Shape” “m – Shape”
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Dual TyreDual Tyre-- Input Data: Vertical Stress Patterns: Input Data: Vertical Stress Patterns: 
““nn”” and and ““mm”” –– ShapesShapes……

“n – Shape” “m – Shape”
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Equivalent Single Circular Contact StressEquivalent Single Circular Contact Stress

Single tyre load: 20 kN; 520 kPa



Decimated Contact Stresses & Staggered Loads Decimated Contact Stresses & Staggered Loads 



© CSIR  2008                        www.csir.co.zaSingle tyre load: 20 kN; 520 kPa

nn--Shape (vertical only): Staggered circular modelingShape (vertical only): Staggered circular modeling
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nn--MM--Shape (vertical only): Staggered circular Shape (vertical only): Staggered circular 
modelingmodeling
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STRESS IDEALIZATIONS
Case Contact Idealization Shape of Vertical 

Contact Stress
Comments

1

Traditional 
Standard

Circular disc

With or without
lateral load/stresses

(Tri - angular)

2

“n - shape”
Staggered 

Circular disc(s)

With or without 
lateral load/stresses

(Tri - angular)

3

“m - shape”
Staggered

Circular disc(s)

With or without 
lateral load/stresses

(Tri - angular)

4

Full SIM shape
(Decimated) :  

1D, 2D and/or 3D 
shape

With or without 
lateral load/stresses 

(Tri - angular)
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Pavement system under dual tyre loadingPavement system under dual tyre loading……

Dual tyre loads

h1 = 15cm          E1 = 3,500MPa   ν1 = 0.44

h2 = 15cm          E2 = 350MPa     ν2 = 0.35

h3 = ∞ E3 = 100MPa     ν3 = 0.35
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Road pavement failure considerationRoad pavement failure consideration……

Timoshenko and Goodier (1951) stated that
“whatever the stress system, failure occurs 
when the strain energy of distortion (SED) 
reaches a certain limit”.
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Multiple discs all rowsMultiple discs all rows
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Multiple loads 30kN 6 rows PinMultiple loads 30kN 6 rows Pin



© CSIR  2008                        www.csir.co.za



© CSIR  2008                        www.csir.co.za

Multiple loads 30kN 6 rows DiamondMultiple loads 30kN 6 rows Diamond
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Multiple loads 30kN 5 rows pinMultiple loads 30kN 5 rows pin
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Staggered Discs 1 Staggered Discs 1 -- PinPin
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Staggered Discs 2 Staggered Discs 2 -- PinPin
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Staggered Discs 3 Staggered Discs 3 -- PinPin
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Staggered Discs 1 DiamondStaggered Discs 1 Diamond
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Summary of results Summary of results –– Pin HeadPin Head
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Summary of results Summary of results –– Pin HeadPin Head
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Eight (8) Axle Truck = 30 tyres Eight (8) Axle Truck = 30 tyres –– Vertical Contact Vertical Contact 
Stress Stress -- Foot PrintsFoot Prints……..



50 mm AC layer50 mm AC layer

30 Tyres: 1 mm x 1 mm resolution 30 Tyres: 1 mm x 1 mm resolution –– 500k points 500k points –– SED SED 
under Steering Axle under Steering Axle …………
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50 mm AC layer50 mm AC layer
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……SED under Steering AxleSED under Steering Axle
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RuttingRutting-- Controlled testing with Heavy Vehicle Controlled testing with Heavy Vehicle 
Simulator (HVS)Simulator (HVS)……
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Vertical Tyre Stress: Vertical Tyre Stress: ““nn--ShapeShape”” tyre stress tyre stress 
results in results in ““nn--ShapeShape”” rutting on asphalt layer..rutting on asphalt layer..
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Vertical Tyre Stress: Vertical Tyre Stress: ““mm--ShapeShape”” stress result in stress result in 
““mm--ShapeShape”” rutting on asphalt layer..rutting on asphalt layer..
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Summary, Conclusions (1):Summary, Conclusions (1):Summary, Conclusions (1):

•• South African Roads, Trucks @ Road South African Roads, Trucks @ Road 
Damage Damage –– real cause for concern; real cause for concern; 

•• Analytical approach Analytical approach -- SED shows good SED shows good 
promise for further implementation;promise for further implementation;

•• Tyre Studies with Heavy Vehicle Tyre Studies with Heavy Vehicle 
Simulator (HVS); Simulator (HVS); 

•• Implications for Road Surface Design Implications for Road Surface Design 
and Road Preservation/Protection and Road Preservation/Protection ––
Important to be implementedImportant to be implemented
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Recommendations:Recommendations:Recommendations:

•• Research work is needed to establish if Research work is needed to establish if 
this trend of tyre type is similar for all this trend of tyre type is similar for all 
road pavement structures in South road pavement structures in South 
Africa before it is safe to argue against Africa before it is safe to argue against 
the use of the use of single tyres vs dual tyressingle tyres vs dual tyres..

•• Implementing concept of SED in road Implementing concept of SED in road 
designdesign

•• Numerical development for nonNumerical development for non--circular circular 
(rectangular) loads for realistic (rectangular) loads for realistic 
simulation of contact stresses.simulation of contact stresses.



Thank You!
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Summary, Conclusions (2):Summary, Conclusions (2):Summary, Conclusions (2):

•• Single wide base tyres induce more Single wide base tyres induce more 
than double the potential for failure than double the potential for failure 
compared with the dual tyre compared with the dual tyre 
configuration on the same road configuration on the same road 
pavement. pavement. 

•• UnderUnder--inflatedinflated--heavilyheavily--loaded tyres loaded tyres 
cause more damage on the surface of cause more damage on the surface of 
the road. the road. 

•• The top 5 mm to 10 mm of pavements The top 5 mm to 10 mm of pavements 
is potentially more prone to failure (topis potentially more prone to failure (top--
down cracking or rutting) than was down cracking or rutting) than was 
perhaps realised in the past.perhaps realised in the past.
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