
Improved Performance 

Evaluation of Road Pavements by 

Using Measured Tyre Loading

James Maina and Morris De Beer

CSIR Built Environment, South Africa



© CSIR  2008                        www.csir.co.za

ÅÅ Part 1:Part 1:

ÅÅ General introduction;General introduction;

ÅÅ Quality and importance of road infrastructure in SA;Quality and importance of road infrastructure in SA;

ÅÅ Trucks on our road infrastructure;Trucks on our road infrastructure;

ÅÅ Truck tyre loading and stresses;Truck tyre loading and stresses;

ÅÅ StressStress--InIn--Motion (SIM) Technology;Motion (SIM) Technology;

ÅÅ Typical StressTypical Stress--InIn--Motion (SIM) Data;Motion (SIM) Data;

ÅÅ Part 2:Part 2:

ÅÅ Equations for mechanistic road analysis;Equations for mechanistic road analysis;

ÅÅ Analysis for multiple loading;Analysis for multiple loading;

ÅÅ Strain Energy of Distortion (SED);Strain Energy of Distortion (SED);

ÅÅ Worked Examples and Analytical Results;Worked Examples and Analytical Results;

ÅÅ Summary of research findings;Summary of research findings;

ÅÅ Recommendations.Recommendations.

Paper today: ñPaper today: ñImproved Performance Evaluation of Road Improved Performance Evaluation of Road 

Pavements by Using Measured Tyre LoadingòPavements by Using Measured Tyre Loadingò



© CSIR  2008                        www.csir.co.za

SOUTH AFRICAN SOUTH AFRICAN 

MAJOR PAVED MAJOR PAVED 

ROAD NETWORK ROAD NETWORK 

~ 20 000 km~ 20 000 km



BackgroundéBackgroundé

ÅÅSA: 750 000 km of roads SA: 750 000 km of roads -- 20 % paved;20 % paved;

ÅÅRoad Pavement Engineering critical for upgrade & Road Pavement Engineering critical for upgrade & 

sustainability of road infrastructure;sustainability of road infrastructure;
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ÅÅThe 4The 4thth annual State of Logistics Survey for SA annual State of Logistics Survey for SA 

indicated that total indicated that total land transportland transport accounted for accounted for 

1,5 billion tonnes1,5 billion tonnes, with recent , with recent growth of highergrowth of higher

than 5 per centthan 5 per cent, mainly captured by the road , mainly captured by the road 

transport sector, as opposed to the transport sector, as opposed to the rail sectorrail sector

carrying only 0.2 billion tonnes.carrying only 0.2 billion tonnes.
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Freight Transport in SAé.(CSIR Freight Transport in SAé.(CSIR -- 44thth SA SA 

Logistics Report, 2007).Logistics Report, 2007).
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Freight Transport in SAé.(CSIR Freight Transport in SAé.(CSIR -- 44thth SA SA 

Logistics Report, 2007).Logistics Report, 2007).

 Figure 1. Historical freight transport data (CSIR, 2007).



Traffic Volumes and Road Damageé.Traffic Volumes and Road Damageé.

ÅÅTraffic volumes on our national highways are at all Traffic volumes on our national highways are at all 

time highs, for example, N3 has already carried time highs, for example, N3 has already carried 

the the equivalence of 20 yearsequivalence of 20 years of traffic over the of traffic over the 

last two years.last two years. (..2007..)(..2007..)

ÅÅDaily, newspapers carry articles on potholes and Daily, newspapers carry articles on potholes and 

other road shortcomings which cost motorists in other road shortcomings which cost motorists in 

excess of R200 billionexcess of R200 billion a year (News24, 2008).a year (News24, 2008).

It is therefore not surprising that there have been numerous calls It is therefore not surprising that there have been numerous calls 

for extensive revision of important parts of the SA road pavement for extensive revision of important parts of the SA road pavement 

design method in order to cope with the new traffic realities, design method in order to cope with the new traffic realities, 

amongst other factors.amongst other factors.
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Heavy Vehiclesé.Heavy Vehiclesé.



Growth in Heavy Vehicle (HV) TrafficéGrowth in Heavy Vehicle (HV) Trafficé

ÅÅIn terms of growth in HVs on the toll portion of the In terms of growth in HVs on the toll portion of the 

road, the rate was approximately 8 per cent road, the rate was approximately 8 per cent 

since 2002since 2002--2007, 2007, 20 per cent 200620 per cent 2006--20072007, and , and 

almost 40 per centalmost 40 per cent between February and between February and 

October 2007. October 2007. 

ÅÅThe N3 is therefore the national road with the The N3 is therefore the national road with the 

highest growth and HV composition in SA (Le highest growth and HV composition in SA (Le 

Roux, 2007).Roux, 2007).
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Thin Asphalt Surfacings (30 mm to 50 mm) on 

crushed rock: Economical in dry regions.
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crushed rock: Economical in dry regions.



North of Buccleuch facing South

2008/11/13; 17:05:40

From: http://www.i-traffic.co.za/index.php?q=cameras

At Buccleuch

2008/11/13; 17:05:40
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Road Damageé.Road Damageé.
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EXAMPLES OF ROAD SURFACE FAILURES..

Fatigue Cracking and aging

Delamination..

Longitudinal Flow of AsphaltLongitudinal Flow of AsphaltLongitudinal Flow of AsphaltLongitudinal Flow of Asphalt



éfrom SANRAL: www.nra.co.zaéfrom SANRAL: www.nra.co.za

Tyres and Road Structuresé..Tyres and Road Structuresé..Tyres and Road Structuresé..Tyres and Road Structuresé..
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òòSectometerSectometeròò

S. Eckens, 1928S. Eckens, 1928

Modern Tyre scienceModern Tyre scienceéModern Tyre scienceModern Tyre scienceé
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Gautrans Heavy Vehicle Simulator (HVS) Mark IV+:Gautrans Heavy Vehicle Simulator (HVS) Mark IV+:

Loading Device for Controlled loading tests on roads..Loading Device for Controlled loading tests on roads..
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LOADS & STRESSES FROM TYRES:LOADS & STRESSES FROM TYRES:
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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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StressStress--InIn--Motion testing with HVSMotion testing with HVS

Dual Load Configuration Dual Load Configuration ïïTwin SIM padsTwin SIM pads
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STRESSSTRESS--ININ--MOTION TESTING USING THE HVSMOTION TESTING USING THE HVS



TYRE DEFLECTION & TYRE PRINTSé TYRE DEFLECTION & TYRE PRINTSé 
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315/80 R22.5 HVS Tyre: 315/80 R22.5 HVS Tyre: 
OverloadedOverloaded

TYRE DEFLECTION & TYRE PRINTSé TYRE DEFLECTION & TYRE PRINTSé 
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Overloading on Tyresé.and contact with road..Overloading on Tyresé.and contact with road..Overloading on Tyresé.and contact with road..Overloading on Tyresé.and contact with road..

Tyre Contact Patches:Tyre Contact Patches:
(square not circular)é(square not circular)é
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-- Circular;Circular;

-- Variable Vertical load;Variable Vertical load;

-- Variable pressure, Variable pressure, 

but UNIFORM &but UNIFORM &

No Shear ForcesNo Shear Forces

included.included.

-- Circular;Circular;

-- Variable Vertical load;Variable Vertical load;

-- Variable pressure, Variable pressure, 

but UNIFORM &but UNIFORM &

No Shear ForcesNo Shear Forces

included.included.

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

Uniform Contact  Stress, q  (kPa)

Assumption of Tyre Loading Assumption of Tyre Loading -- Pavement Design Pavement Design 

Modeling:Modeling:
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Dual Tyre: 3DDual Tyre: 3D--Contact Stresses (Pressure)éContact Stresses (Pressure)éDual Tyre: 3DDual Tyre: 3D--Contact Stresses (Pressure)éContact Stresses (Pressure)é

Stress Stress 

Ratio: Ratio: 

10:3:1 10:3:1 

Stress Stress 

Ratio: Ratio: 

10:3:1 10:3:1 
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3D 3D ïïZ,X,Y Z,X,Y --

Contact Stresses: Contact Stresses: 

Variable loads: Variable loads: 

315/80 R22.5 Tire315/80 R22.5 Tire

Typical SIM 3D Data Sets Typical SIM 3D Data Sets -- Variable loading:Variable loading:
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TYRE ñFINGER PRINTINGò:  (11R22.5 TYRE)é
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