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ÅÅProject initiated by Gauteng Department of Project initiated by Gauteng Department of 

Public Transport, Roads and Works Public Transport, Roads and Works 

(GDPTRW); (GDPTRW); 

ÅÅAccelerated Pavement Testing (APT) Accelerated Pavement Testing (APT) 

Strategy of 2004;Strategy of 2004;

ÅÅFull Scale Testing vs 1/3Full Scale Testing vs 1/3rdrd Scale Testing;Scale Testing;

ÅÅHeavy Vehicle Simulator (HVS), andHeavy Vehicle Simulator (HVS), and

ÅÅ1/31/3rdrd Scale Model Mobile Load Simulator Scale Model Mobile Load Simulator 

(MMLS3).(MMLS3).

Project Background:Project Background:
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ÅÅQuantification of the 3D tyreQuantification of the 3D tyre--pavement pavement 

contact stresses: HVS and MMLS3 test tyres contact stresses: HVS and MMLS3 test tyres 

(using SIM) (using SIM) ïï4 Studies;4 Studies;

ÅÅComparison with similar previous StressComparison with similar previous Stress--InIn--

Motion (SIM) studies on various HVS tyres Motion (SIM) studies on various HVS tyres ïï

Z Vertical Stress only Z Vertical Stress only -- in this paper; in this paper; 

ÅÅRecommendations for tyre load and inflation Recommendations for tyre load and inflation 

pressures of future Accelerated Pavement pressures of future Accelerated Pavement 

Testing (APT) on Hot Mix Asphalt (HMA) Testing (APT) on Hot Mix Asphalt (HMA) 

rutting tests (MMLS3 and HVS);rutting tests (MMLS3 and HVS);

Project Objectives:Project Objectives:
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Heavy Vehicle Simulator (HVS) of Heavy Vehicle Simulator (HVS) of 

Gautrans (GDPTRW) Gautrans (GDPTRW) ïïFull ScaleFull Scale
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Model Mobile Load Simulator Model Mobile Load Simulator 

(MMLS3) (MMLS3) ïï1/31/3rdrd ScaleScale
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Oct 2004 Oct 2004 -- HVS HVS ïïSIM SIM 
TESTSTESTS
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Truck Tyres Usage on N3 Truck Tyres Usage on N3 
(2003)(2003)

  
LEFT - 225 STEERING TYRES (N3-26/02/2003-06/03/2003)

315/80 R22.5

12R22.5

Other

47.1 %

40.0 %

12.9 %

(Mostly 

Steering

Axle)
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HVS Mk IV+ Full Scale Test Tyres HVS Mk IV+ Full Scale Test Tyres 

DUAL: 12R22.5DUAL: 12R22.5 SINGLE: 315/80 R22.5SINGLE: 315/80 R22.5

(Steering Axle)(Steering Axle)



© CSIR  2007                        www.csir.co.za

SAE sign convention used during SIM SAE sign convention used during SIM 
measurements. Xmeasurements. X--Longitudinal, YLongitudinal, Y--Lateral Lateral 
and Z and Z --Vertical loads/stresses.Vertical loads/stresses.

+Z

+X

Tyre Rotation

+Y



© CSIR  2007                        www.csir.co.za

Oct 2004 Oct 2004 ïïPreparation of Test Facility Preparation of Test Facility 
@ Gautrans@ Gautrans-- KoedoesPoortKoedoesPoort
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September 2004 September 2004 ïï250 mm Concrete 250 mm Concrete 
slab @ Gautransslab @ Gautrans-- KoedoesPoortKoedoesPoort



© CSIR  2007                        www.csir.co.za

Dual SIM system during HVS tyre Dual SIM system during HVS tyre 
testing @ Gautranstesting @ Gautrans
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MMLS3 Test TyresMMLS3 Test Tyres
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Tyre 4: Longitudinal  Tyre 3: Longitudinal  

2360 

900 

DRIVE MOTOR 

300 PNEUMATIC TYRE 

CRANK FOR HEIGHT SETTING 

ADJUSTMENT 

1260 

363 

80 

300 

LONGITUDINAL SECTION CROSS SECTION 

Tyre 1: Diamond  Tyre 2: Diamond  Tyre 2: Diamond  Tyre 1: Diamond  

  

Model Mobile Load Simulator (MMLS3) Model Mobile Load Simulator (MMLS3) 

ïï1/3rd  Scale1/3rd  Scale
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Characteristics of MMLS3 (highway Characteristics of MMLS3 (highway 

applications) and HVS Mk IV+applications) and HVS Mk IV+

CharacteristicCharacteristic
MMLS3 (1/3MMLS3 (1/3rdrd

Scale)Scale)
HVS (Full Scale)HVS (Full Scale)

Nominal Constant Tyre Loading Nominal Constant Tyre Loading 

Range (kN)Range (kN)
1.9 to 2.91.9 to 2.9

30 to 205 (Dual, 30 to 205 (Dual, 

Single, Aircraft)Single, Aircraft)

Footprint area (approximately), Footprint area (approximately), 

depending on tyre type, loading depending on tyre type, loading 

and inflation pressure (cmand inflation pressure (cm22))

34  to 4534  to 45 380 to 881380 to 881

Inflation pressure (kPa) @ 25 Inflation pressure (kPa) @ 25 CC 560 to 860560 to 860 420 to 1 000420 to 1 000

Nominal Speed Ranges: (km/h)Nominal Speed Ranges: (km/h)
Simulated: 3  to 26Simulated: 3  to 26

(Actual 1 to 8.67)(Actual 1 to 8.67)
6 to 126 to 12

Approx. wheel load repetitions per Approx. wheel load repetitions per 

hour (rep/hr)hour (rep/hr)
77 200200

UniUni--directional: directional: 

660, and660, and

BiBi--directional: directional: 

11 300300
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SIMSIM--HVS TEST MATRIX HVS TEST MATRIX ïï12R22.5 12R22.5 

TYRESTYRES



Å 1.8 kN, 2.7 kN, and 2.9 kN;

Å For tyre inflation pressures between 400 to    

860 kPa, all 4 x tyres loaded and inflated to 

same values by MMLS3 Team;

Å MMLS3 Speeds: 3 km/h, 13 km/h and 26 

km/h.

Model Mobile Load Simulator Model Mobile Load Simulator 

(MMLS3) (MMLS3) ïï1/31/3rdrd ScaleScale
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Total Total 

of Testsof Tests

(S1/S2)(S1/S2)

MMLS3 Load 1.8 MMLS3 Load 1.8 

kNkN

MMLS3 Load 2.7 MMLS3 Load 2.7 

kNkN

MMLS3 Load 2.9 MMLS3 Load 2.9 

kNkN InflationInflation

Pressure Pressure 

(kPa)(kPa)

(S1/S2)(S1/S2)

0.270.27

8 8 

m/sm/s

1.201.20

44

m/sm/s

2.402.40

7 7 

m/sm/s

0.278 0.278 

m/sm/s

1.201.20

44

m/sm/s

2.402.40

7 7 

m/sm/s

0.270.27

88

m/sm/s

1.201.20

4 4 

m/sm/s

2.402.40

77

m/sm/s

27/2627/26 3*3* 33 33 33 33 33 33 33 33 400/520400/520

27/2727/27 33 33 33 33 33 33 33 33 33 520/700520/700

27/2727/27 33 33 33 33 33 33 33 33 33 700/800700/800

27/2727/27 33 33 33 33 33 33 33 33 33 800/860800/860

215215 Grand total of number of tests completed (S1 & S2)Grand total of number of tests completed (S1 & S2)

1 4321 432
Grand total of number of tests processed (S1 & S2) (Total of all tests on all 4 Grand total of number of tests processed (S1 & S2) (Total of all tests on all 4 

tyres)tyres)

Test Matrices: SIMTest Matrices: SIM--MMLS3MMLS3
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STATIC TYRE PRINTS STATIC TYRE PRINTS 
(12R22.5)(12R22.5)
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MMLS3 TYRE PRINTSMMLS3 TYRE PRINTS

10 to 26 times 10 to 26 times smallersmaller than 12R22.5 Full Scale Tyre Prints than 12R22.5 Full Scale Tyre Prints 

ïïdepending on load and inflation pressure level.depending on load and inflation pressure level.
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Relative Relative 
ComparisonComparison

MMLS3MMLS3--Square ProfileSquare Profile

(2.9 kN @ 700 kPa)(2.9 kN @ 700 kPa)

HVS 12R22.5 HVS 12R22.5 

(30 kN @ 520 kPa) (30 kN @ 520 kPa) 
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Steering Steering 
TyresTyres

  

MMLS3MMLS3--Square ProfileSquare Profile
(2.9 kN @ 700 kPa)(2.9 kN @ 700 kPa)

HVS 315/80 R22.5HVS 315/80 R22.5

(Steering Tyre (Steering Tyre ïï40 kN 40 kN 

@ 825 kPa))@ 825 kPa))
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TYRE LOAD COMPARISON TYRE LOAD COMPARISON ïïHVSHVS--SIMSIM

Variation:~ +/- 5 %



© CSIR  2007                        www.csir.co.za

HEAVY VEHICLE SIMULATOR HEAVY VEHICLE SIMULATOR 
(HVS) DUAL TEST TYRES (12R22.5)(HVS) DUAL TEST TYRES (12R22.5)
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Smooth Plates Smooth Plates ïïHVS Dual HVS Dual 
Tyre TestsTyre Tests



3D Contact Stresses: MMLS3 3D Contact Stresses: MMLS3 ïïSquare TyreSquare Tyre



3D Contact Stresses: MMLS3 3D Contact Stresses: MMLS3 ïïSquare TyreSquare Tyre
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Typical SIM Data Typical SIM Data ïïZ Z -- Vertical Vertical 

Contact StressContact Stress--Full ScaleFull Scale

n-Shapes
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STANDARD TYRE LOAD:STANDARD TYRE LOAD:

40 kN, 520 kPa40 kN, 520 kPa
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STANDARD TYRE LOAD:STANDARD TYRE LOAD:

40 kN, 720 kPa40 kN, 720 kPa
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STANDARD TYRE LOAD:STANDARD TYRE LOAD:

40 kN, 1000 kPa40 kN, 1000 kPa



3D Contact Stresses: HVS 3D Contact Stresses: HVS ïïExtreme Loading Extreme Loading 

on SIM on SIM ïï315/80 R22.5 Tyre315/80 R22.5 Tyre
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Typical SIM Data Typical SIM Data ïïZZ--Vertical Vertical 

Stress Stress -- Overloading Overloading -- Full ScaleFull Scale

mm--ShapesShapes


