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•• Project initiated by Gauteng Department of Project initiated by Gauteng Department of 

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

(GDPTRW); (GDPTRW); 

•• Accelerated Pavement Testing (APT) Accelerated Pavement Testing (APT) 

Strategy of 2004;Strategy of 2004;

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

•• Heavy Vehicle Simulator (HVS), andHeavy Vehicle Simulator (HVS), and

•• 1/31/3rdrd Scale Model Mobile Load Simulator Scale Model Mobile Load Simulator 

(MMLS3).(MMLS3).

Project Background:Project Background:
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•• Quantification 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) –– 4 Studies;4 Studies;

•• Comparison with similar previous StressComparison with similar previous Stress--InIn--

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

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

•• Recommendations 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) –– Full ScaleFull Scale
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Model Mobile Load Simulator Model Mobile Load Simulator 

(MMLS3) (MMLS3) –– 1/31/3rdrd ScaleScale
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Oct 2004 Oct 2004 -- HVS HVS ––SIM 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)
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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
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Oct 2004 Oct 2004 –– Preparation of Test Facility Preparation of Test Facility 
@ Gautrans@ Gautrans-- KoedoesPoortKoedoesPoort
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September 2004 September 2004 –– 250 mm Concrete 250 mm Concrete 
slab @ Gautransslab @ Gautrans-- KoedoesPoortKoedoesPoort
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Dual SIM system during HVS tyre Dual SIM system during HVS tyre 
testing @ Gautranstesting @ Gautrans
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MMLS3 Test TyresMMLS3 Test Tyres



© CSIR  2007                        www.csir.co.za

  

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) 

–– 1/3rd  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 –– 12R22.5 12R22.5 

TYRESTYRES



• 1.8 kN, 2.7 kN, and 2.9 kN;

• For tyre inflation pressures between 400 to    

860 kPa, all 4 x tyres loaded and inflated to 

same values by MMLS3 Team;

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

km/h.

Model Mobile Load Simulator Model Mobile Load Simulator 

(MMLS3) (MMLS3) –– 1/31/3rdrd 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 

––depending 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 –– 40 kN 40 kN 

@ 825 kPa))@ 825 kPa))
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TYRE LOAD COMPARISON TYRE LOAD COMPARISON –– HVSHVS--SIMSIM

Variation:~ +/- 5 %
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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 –– HVS Dual HVS Dual 
Tyre TestsTyre Tests



3D Contact Stresses: MMLS3 3D Contact Stresses: MMLS3 –– Square TyreSquare Tyre



3D Contact Stresses: MMLS3 3D Contact Stresses: MMLS3 –– Square TyreSquare Tyre
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Typical SIM Data Typical SIM Data –– Z 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 –– Extreme Loading Extreme Loading 

on SIM on SIM –– 315/80 R22.5 Tyre315/80 R22.5 Tyre
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Typical SIM Data Typical SIM Data –– ZZ--Vertical Vertical 

Stress Stress -- Overloading Overloading -- Full ScaleFull Scale

mm--ShapesShapes
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“FINGER PRINTING” “FINGER PRINTING” -- VERTICAL VERTICAL 

CONTACT STRESS (HVS 12R22.5)CONTACT STRESS (HVS 12R22.5)



Model Mobile Load Simulator Model Mobile Load Simulator 

(MMLS3) (MMLS3) –– 1/31/3rdrd ScaleScale



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

1/3rd  Scale1/3rd  Scale-- on SIM deviceon SIM device



CloseClose--up of Square Profile MMLS3 Test Tyreup of Square Profile MMLS3 Test Tyre



CloseClose--up of Square MMLS3 Test Tyre on up of Square MMLS3 Test Tyre on 

SIM Textured (Rough) SurfaceSIM Textured (Rough) Surface
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Y
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E
 L

O
A
D

“FINGER PRINTING” “FINGER PRINTING” -- VERTICAL VERTICAL 

CONTACT STRESS (MMLS3)CONTACT STRESS (MMLS3)



3D Contact Stresses: MMLS3 3D Contact Stresses: MMLS3 –– Square Profile Square Profile 

TyreTyre



MMLS3 ON SIM:FAST TESTING MMLS3 ON SIM:FAST TESTING -- 26 26 

km/hkm/h



3D Contact Stresses: MMLS3 3D Contact Stresses: MMLS3 –– Square Profile Square Profile 

TyreTyre



3D Contact Stresses: MMLS3 3D Contact Stresses: MMLS3 –– SIM Device SIM Device ––

This StudyThis Study



3D Contact Stresses: MMLS3 3D Contact Stresses: MMLS3 –– Square Profile Square Profile 

Tyre Tyre –– SIM Textured SurfaceSIM Textured Surface



CloseClose--up of Square MMLS3 Test Tyre on up of Square MMLS3 Test Tyre on 

SIM with plate (Smooth) SurfaceSIM with plate (Smooth) Surface
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Smooth Plates Smooth Plates –– HVS Dual HVS Dual 
Tyre TestsTyre Tests
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Maximum  Vertical Contact Stress (MVCS) (or "PEAK STRESS")

(12R22.5 and 315/80 R22.5 (HVS MK IV+) compared with MMLS3)
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MMLS3 for both rough and smooth SIM MMLS3 for both rough and smooth SIM 
test surfacetest surface
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Maximum  Vertical Contact Stress (MVCS) (or "PEAK STRESS")

(12R22.5 and 315/80 R22.5 (HVS MK IV+) compared with MMLS3)

Original SIM data - Draft CR 2005/30:

y = 0.473x + 346.13

R2 = 0.5376
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test surfacetest surface
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Maximum  Vertical Contact Stress (MVCS) (or "PEAK STRESS")

(12R22.5 and 315/80 R22.5 (HVS MK IV+) compared with MMLS3)

Original SIM data - Draft CR 2005/30:

y = 0.473x + 346.13

R2 = 0.5376

New Data - Feb 2006

y = 0.6505x + 251.09

R2 = 0.5137
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Maximum  Vertical Contact Stress (MVCS) (or "PEAK STRESS")

(12R22.5 and 315/80 R22.5 (HVS MK IV+) compared with MMLS3)

Original SIM data - Draft CR 2005/30:

y = 0.473x + 346.13

R2 = 0.5376

Westrack, Hugo et al, 7/11/2006

y = 0.7005x + 246.73

R2 = 0.8736

New Data - Feb 2006

y = 0.6505x + 251.09

R2 = 0.5137
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test surfacetest surface
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Maximum  Vertical Contact Stress (MVCS) (or "PEAK STRESS")

(12R22.5 and 315/80 R22.5 (HVS MK IV+) compared with MMLS3)

Original SIM data - Draft CR 2005/30:

y = 0.473x + 346.13

R2 = 0.5376

Westrack, Hugo et al, 7/11/2006

y = 0.7005x + 246.73

R2 = 0.8736

New Data - Feb 2006

y = 0.6505x + 251.09

R2 = 0.5137

y = 0.8567x + 261.34

R2 = 0.2844
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Average MVCS results for the HVS and the Average MVCS results for the HVS and the 
MMLS3 for both rough and smooth SIM MMLS3 for both rough and smooth SIM 
test surfacetest surface

  
Maximum  Vertical Contact Stress (MVCS) 

(12R22.5 of HVS MK IV+ compared with MMLS3)
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Per centile plots: MVCS Per centile plots: MVCS -- smoothsmooth SIM surface for SIM surface for 

the MMLS3 Diamond tyres (S2 the MMLS3 Diamond tyres (S2 -- this study) this study) 

relative to three HVS test tyres. relative to three HVS test tyres. 

 Normal Probability Plots: MMLS3 vs HVS - SMOOTH SURFACE
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Overlap Stress Range:

850 kPa to 1 200 kPa

12R22.5 HVS Mk IV+ 
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HVS Single 
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11R22.5 HVS Mk III 

Dual Tyres
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•• Quantification  Quantification  --3D tyre3D tyre--pavement contact pavement contact 

stresses of the HVS and MMLS3 test tyres stresses of the HVS and MMLS3 test tyres 

(using SIM) (using SIM) –– 4 x Studies;4 x Studies;

•• Comparison Comparison -- similar previous SIM studies on similar previous SIM studies on 

various HVS tyres various HVS tyres –– Z Vertical Stress only in Z Vertical Stress only in 

this paper; this paper; 

•• Recommendations 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);

Remember the 3 x Project Remember the 3 x Project 
Objectives:Objectives:
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Findings:Findings:
ZZ--Contact Stress: At Maximum Contact Stress: At Maximum --
Representative  Percentile Values (%)Representative  Percentile Values (%)

MMLS3MMLS3--Square TyreSquare Tyre
(1/3(1/3rdrd Scale)Scale)

Smooth Smooth 
SurfaceSurface

12R22.5 Tyre: 12R22.5 Tyre: -- 12.5 %; 12.5 %; 

315/80 R22.5 Tyre:315/80 R22.5 Tyre:-- 37.5 %; 37.5 %; 

11R22.5 Tyre:11R22.5 Tyre:-- 52.5 %.52.5 %.

Rough Rough 
SurfaceSurface

12R22.5 Tyre: 12R22.5 Tyre: -- 20 %; 20 %; 

315/80 R22.5 Tyre:315/80 R22.5 Tyre:-- 37.5 %; 37.5 %; 

11R22.5 Tyre:11R22.5 Tyre:-- 52.5 %.52.5 %.

DeviceDevice

SurfaceSurface
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Findings:Findings:
ZZ--Contact Stress RangesContact Stress Ranges

HVSHVS
(kPa)(kPa)

MMLS3MMLS3
(kPa)(kPa)

Smooth SurfaceSmooth Surface 850 to 1850 to 1 800 800 850 to 1850 to 1 200200

Rough SurfaceRough Surface
(~ 30 % Lower)(~ 30 % Lower)

700 to 1700 to 1 450450 450 to 1450 to 1 000000

DeviceDevice

SurfaceSurface
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Recommendations (1) Recommendations (1) –– Table for Loading &  Inflation Table for Loading &  Inflation 

Pressure: (See Research Report CRPressure: (See Research Report CR--2005/30)2005/30)
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•• TheThe contactcontact surfacesurface texturetexture directlydirectly

influencesinfluences thethe totaltotal loadload andand verticalvertical

stressstress resultsresults;; andand

•• TyreTyre intrusionintrusion intointo thethe pinpin surfacesurface ofof thethe

SIMSIM occurs,occurs, whichwhich maymay bebe limitedlimited byby

placingplacing smoothsmooth platesplates onon toptop ofof thethe

currentcurrent SIMSIM device,device, ifif soso desireddesired..

Major Conclusions (1):Major Conclusions (1):
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•• Increase with increased tyre inflation Increase with increased tyre inflation 

pressure, for both the 1/3rpressure, for both the 1/3rrdrd scale and fullscale and full--

scale test tyres;scale test tyres;

•• Average of the HVS test tyres roughly Average of the HVS test tyres roughly 50 to 50 to 

88 per cent higher88 per cent higher than for the MMLS3 than for the MMLS3 

(rough and smooth surface); and(rough and smooth surface); and

•• for the relatively smooth test surface were for the relatively smooth test surface were 

found to be 25 to 30 per cent higher than found to be 25 to 30 per cent higher than 

those for both the MMLS3 (scaled) and the those for both the MMLS3 (scaled) and the 

HVS (Full Scale) tests tyres.HVS (Full Scale) tests tyres.;;

Major Conclusions (2):Major Conclusions (2):
The Maximum Vertical Contact Stress (MVCS):The Maximum Vertical Contact Stress (MVCS):
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•• For the scaledFor the scaled--down MMLS3 tyres the down MMLS3 tyres the 

MVCS was roughly equal to inflation MVCS was roughly equal to inflation 

pressure, whereas for the fullpressure, whereas for the full--scale scale 

HVS tyres the MVCS was HVS tyres the MVCS was 

approximately approximately 50 per cent50 per cent higherhigher;;

Major Conclusions (3):Major Conclusions (3):
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•• The results enables The results enables a more rational a more rational 

interpretationinterpretation of APT test data;of APT test data;

•• Further studies on different test surfaces;Further studies on different test surfaces;

•• Critically important that loading devices Critically important that loading devices 

such as the HVS and MMLS3 be such as the HVS and MMLS3 be 

adequately calibrated adequately calibrated beforebefore similar studies similar studies 

are done in the future. are done in the future. 

•• Anchoring of the MMLS3 to the road Anchoring of the MMLS3 to the road 

pavement pavement –– NB.NB.

Recommendations (1):Recommendations (1):



THANKS FORTHANKS FOR

YOURYOUR

ATTENTIONATTENTION

THE ENDTHE END


