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Layout of Presentation

ÅIntroduction;

ÅStress-In-Motion (SIM) system;

ÅPavement Modeling using 3 loading 
cases;

ÅConcept of Normalised Contact Stress 
(NCP);

ÅConclusions and recommendations.



Introduction

ÅProtection of road infrastructure ïmajor 
challenge to RAôs;

ÅAfrica: Inter - regional traffic ïas much as 70 % 
over loading;

ÅWorld wide: Road user charges - complex;

ÅCurrent tensions: Road  Authorities vs private 
sector interests.

ÅCHALLENGE TO US ñTECHNOCRATSò 
FOR SOLUTIONS !





Stress-In-Motion (SIM) system 

ÅDescription;

ÅCalibration and data acquisition;

ÅTypical Data and outputs;

ïNormalised Contact Pressure (NCP);

ïEffect of tyre speed;

ïPavement response-top down 
cracking;



Figure 1: Single SIM pad configuration (used under Heavy 

Vehicle Simulator (HVS) with single test tyre)



Figure 4: SAE sign convention used during SIM measurements. 

X-Longitudinal, Y-Lateral and Z -Vertical loads/stresses
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425 /65 R22.5 HVS TYRE ON SIM SYSTEM:

EXAMPLE OF FOOTPRINT TO FOLLOWé..



5-Axial Load Cell:

[+/- X; +/- Y; Z]



SIM Measuring Pins- 3-Axial



Laboratory Calibration Issues

ñPin by Pin ò calibration- Jig A



Laboratory Calibration Issues

ñIn-Situò calibration  - Jig B



Typical Pin Calibration data
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Figure 2: Twin (or dual) SIM pad configuration (used under 

Heavy Vehicle Simulator (HVS) with dual test tyres)



Figure 2: Quad (full) SIM pad configuration at a typical 

weighbridge site on National Road 3 (N3), near Heidelberg 

in Gauteng.



In operation: Quad (full) SIM pad configuration at a typical 

weighbridge site on National Road 3 (N3), near Heidelberg 

in Gauteng.



In operation ïSIM N3-TCC 



In operation: SIM N3-TCC 



Table 1 Example of loading cases

Case Cold 

Inflation 

Pressure 

(kPa)

Single tyre 

Loading 

(kN)

% of rated 

loading @ 

720 kPa[1]

Comments

1 720 20 - 20

Under-

loaded

2 720 35 + 45

Overloaded

3 720 50 + 107

Extremely

overloaded

[1] For this testtyre theratedloadat720kPa= 24kN



   

(a) Case 1: 

20 kN, 720 kPa

(b) Case 2: 

35 kN, 720 kPa,

(c) Case 1: 

50 kN, 720 kPa

Figure 6: Static Tyre Foot Prints

- 20 %
+ 45 %

+ 107 %





SIM DATA USED FOR ANALYSIS



SIM DATA : VERTICAL STRESSD (Z)



SIM DATA : LATERAL STRESS  (Y)



SIM DATA: LONGITUDINAL STRESS (X)



Loading

Case

Max

Vert Stress: Z 

(kPa)

Max 

Lat Stress: Y

(kPa)

Max 

Long Stress: 

X(kPa)

1 (n-

shape)

953 191 102 

2 (m-

shape)

1189 209 185 

3 (m-

shape)

1486 261 210 

Table 2: Maximum Stresses



NORMALISED CONTACT PRESSURE

(NCP)

Maximum Contact Stress @ load P

Inflation Pressure (rated tyre load)
NCP =

NCPz - Vertical Stress; 

NCPx - Long. Stress; 

NCPy - Lateral Stress;

Performance Based Standard ?



Load

Case

NCPZ NCPY NCPX

1 (n-

shape) 1.32 0.27 0.14 

2 (m-

shape) 1.65 0.29 0.26 

3 (m-

shape) 2.06 0.36 0.29 

Table 3: NCPs



NCPs cont.
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Interface shear stresses (x,y)

Lateral (X)shear stresses

Long. (Y) shear stresses



425 /65 R22.5 HVS TIRE ON SIM SYSTEM:

EXAMPLE OF FOOTPRINT TO FOLLOWé..



SHEAR STRESS (X-Y) EXCURSION -  Single Tyre: 20 kN, 720 kPa (Test T472A)
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SHEAR STRESS (X-Y) EXCURSION -  Single Tyre: 35 kN, 720 kPa (Test T772A)
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SHEAR STRESS (X-Y) EXCURSION -  Single Tyre: 50 kN, 720 kPa (Test T1072A)
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Effects of Tyre Speed on contact stress

ÅNot studied in detail with SIM;

ÅPreliminary work done in 1996 on car tyres;

ÅChanges in shape of stressregime expected;

ÅAxle lift may result in smallercontact patch 

(6 % @ 100 km/h);

ÅSome pavement response parameters 

decreasewith increased speed.



Effect of Tyre Speed: 27.6 km/h



Effect of Tyre Speed: 58.1 km/h


