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• Background – South African road situation ;

• Increase in inflation pressures over time;

• Research with Accelerated Pavement Testing 

(APT) Devices;

• R&D on tyre-pavement contact stresses, 

using Stress-In-Motion (SIM) technology;

• Pavement damage & Analyses in SA context;

• The way forward;

• Conclusions en Recommendations
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STRESSSTRESS--ININ--MOTION (SIM) TECHNOLOGYMOTION (SIM) TECHNOLOGYSTRESSSTRESS--ININ--MOTION (SIM) TECHNOLOGYMOTION (SIM) TECHNOLOGY

• Since the 1990s – improvement necessary in tyre-

pavement interaction model;

• “Uniform & Circular” shape not representative -

studying road surface failures with HVS;

• Stress-In-Motion (SIM) devices developed;

– New 3D shapes and sizes of tyre-pavement contact 

stress regimes measured;

– Implementation in linear and non-linear pavement 

models (new challenge);
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…PRACTICAL SOLUTIONS NEEDED !!
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Total - all Roads in SA ~ 750 000 kmTotal - all Roads in SA ~ 750 000 km



Road Pavements: Materials, design and performance

Lisboa, LNEC, 25 March 2010

  

Road 
Materials
and
Pavement
Design

Thinly Surfaced ( 12 mm -50 mm) Flexible Pavements -
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Typical Heavy Vehicles (HVs)
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EXAMPLES OF ROAD SURFACE FAILURES..

Fatigue Cracking and aging

Delamination..
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Road Pavement Damage….
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Tyre Types on Steering Axles - Recently:
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~ 20 % 

Increase

in 

20 Years

Truck Tire Inflation Pressure in South Africa:Truck Tire Inflation Pressure in South Africa:
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N3 TCC - SELECTED HEAVY VEHICLE (HV) TRUCK TYRE PRESSURE DATA

 (26 Feb 2003 - 06 March 2003)
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ALL TYRES MEASURED: n = 45 227 (This Study) - N3 -TCC-2003
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HVS Mk IV+ Test Tyres 

DUAL: 12R22.5 SINGLE: 315/80 R22.5
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425/65 R22.5 tyre in South Africa
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VehicleVehicle--TyreTyre--Pavement Pavement 

Interaction:Interaction:

StressStress--InIn--Motion (SIM)Motion (SIM)

TechnologyTechnology
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Tyre Loading, P (kN)

Uniform Contact  Stress, q  

(kPa)

Assumption of Tyre Loading - Pavement Design Modeling:Assumption of Tyre Loading - Pavement Design Modeling:

-- Circular;Circular;

-- Variable load;Variable load;

-- Variable pressure, Variable pressure, 

but Uniform…..but Uniform…..
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Stress Stress –– In In –– Motion (SIM)Motion (SIM)

TechnologyTechnology

The measurement of 3D The measurement of 3D 

tyre/pavement contact tyre/pavement contact 

stresses from moving stresses from moving 

vehiclesvehicles

Stress Stress –– In In –– Motion (SIM)Motion (SIM)

TechnologyTechnology

The measurement of 3D The measurement of 3D 

tyre/pavement contact tyre/pavement contact 

stresses from moving stresses from moving 

vehiclesvehicles
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315/80 HVS TYRE ON SIM Mk II SYSTEM315/80 HVS TYRE ON SIM Mk II SYSTEM

Stress – In – Motion   (SIM) – SIM Mk II Device: CSIR : „93-‟95
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Dual Tyre: 3D-Contact Stresses (Pressure)…80 kN 

Single Axle… (..ESAL) 

Dual Tyre: 3D-Contact Stresses (Pressure)…80 kN 

Single Axle… (..ESAL) 

Stress Stress 

Ratio: Ratio: 

10:3:1 10:3:1 

Stress Stress 

Ratio: Ratio: 

10:3:1 10:3:1 
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”Sectometer”

S. Eckels, 1928

”Sectometer”

S. Eckels, 1928

Truck Tyres….Truck Tyres….

Modern Tyre science…Modern Tyre science…
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Heavy Vehicle Simulator (HVS)  - Since 1970s
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Oct 2004 - HVS – SIM Tests
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SINGLE SIM PAD FOR HVS TESTING



315/80 HVS TYRE ON SIM Mk II SYSTEM315/80 HVS TYRE ON SIM Mk II SYSTEM

Stress – In – Motion   (SIM) – SIM Mk II:
CSIR : ‘93-’95
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425 /65 R22.5 HVS Tyre:  Single pad SIM system (Use with HVS)
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SAE sign convention:X-Long,Y-Lateral & Z -Vertical loads/stresses

+X

+Z

Tyre Rotation

+/-Y
+/-X
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TyreTyre--SurfaceSurface InteractionInteraction onon texturedtextured surfacesurface -- 33DD StressStress RegimesRegimes
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Typical SIM Data Sets: Typical SIM Data Sets: Z, X, Y Z, X, Y -- Contact Stresses @ Contact Stresses @ 

Variable loads: 315/80 R22.5 TireVariable loads: 315/80 R22.5 Tire

Z: Vertical Stress Y: Lateral Stress

X: Longitudinal

Stress
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STRESSSTRESS--ININ--MOTION TESTING USING THE  HVSMOTION TESTING USING THE  HVS
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(HVS)(HVS) -- DUALDUAL TESTTEST TYRESTYRES ((1212RR2222..55))
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StressStress--InIn--MotionMotion (SIM)(SIM) testingtesting usingusing thethe HeavyHeavy VehicleVehicle SimulatorSimulator

(HVS)(HVS)-- DualDual LoadLoad ConfigurationConfiguration –– TwinTwin (dual)(dual) SIMSIM padspads
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OVER-LOADING/UNDER 

INFLATION

Tyre  EdgeTyre  Edge
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TYRE “FINGER PRINTING”:   VERTICAL STRESS PROFILES

INFLATION PRESSURE

L
O
A
D
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Differential Tyre Pressure(12R22.5): 950/520 kPa @        Differential Tyre Pressure(12R22.5): 950/520 kPa @        

30 kN; 40 kN; 70 kN and 100 kN30 kN; 40 kN; 70 kN and 100 kN

16.6 kN 22.1 kN11.2 kN 14.8 kN

40.9 kN 61.3 kN27.1 kN 38.2 kN
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SIM systems..SIM systems..
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Quad StressQuad Stress--InIn--Motion (SIM) system:Motion (SIM) system:
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QUAD SIM PAD TESTING AT WEIGHQUAD SIM PAD TESTING AT WEIGH--BRIDGE SITE:BRIDGE SITE:

N3 NORTH N3 NORTH –– TRAFFIC CONTROL CENTRE (TCC)TRAFFIC CONTROL CENTRE (TCC)
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STRESSSTRESS--ININ--MOTION TESTING ON N3 NORTH (HEIDELBERG):MOTION TESTING ON N3 NORTH (HEIDELBERG):

QUAD SIM SYSTEM IN OPERATIONQUAD SIM SYSTEM IN OPERATION
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STRESSSTRESS--ININ--MOTION TESTING ON N3 NORTH (HEIDELBERG)MOTION TESTING ON N3 NORTH (HEIDELBERG)
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Example SIM testing during 2003Example SIM testing during 2003
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Example SIM testing during 2003Example SIM testing during 2003
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LOAD COMPARISON LOAD COMPARISON –– FIELD WITH REAL TRUCKSFIELD WITH REAL TRUCKS

N3 TCC N3 TCC 
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Measured Tyre Foot Prints :Two Axle Truck – Vertical Contact 

Stress –…..
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4 Axle Truck….4 Axle Truck….

© CSIR  2008                        www.csir.co.za
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5 Axle Truck….5 Axle Truck….

© CSIR  2008                        www.csir.co.za



Road Pavements: Materials, design and performance

Lisboa, LNEC, 25 March 2010

  

Road 
Materials
and
Pavement
Design

6 Axle Truck….6 Axle Truck….

© CSIR  2008                        www.csir.co.za
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Eight (8) Axle Truck – Vertical Contact Stress - Foot Prints….
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TYPICAL STEERING AXLE: VERTICAL STRESSTYPICAL STEERING AXLE: VERTICAL STRESS
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n
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TEST 009: KTD 904 GP 13/10/2003: AXLE 1

266 mm; 3.739 Ton  185 mm; 1.938 Ton  

STEERING AXLE STEERING AXLE –– UNEQUAL LOADING…….UNEQUAL LOADING…….
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TEST 768-09/10/2003: DDT235N AXLE 2 

189 mm;
0.037 Ton 

297 mm;
4.312 Ton 

202 mm;
1.874 Ton 

194 mm;
1.223 Ton 

TYRE BARELY IN CONTACT WITH SURFACE…TYRE BARELY IN CONTACT WITH SURFACE…



Road Pavements: Materials, design and performance

Lisboa, LNEC, 25 March 2010

  

Road 
Materials
and
Pavement
Design

10 20 30 40 50 60 70 80

50

100

150

200

250

300

350

Across the SIM pads
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TEST 765: NKR 9519 - 09/10/2003 AXLE 2

244 mm;
1.782 Ton 

196 mm;
1.032 Ton 

195 mm;
0.661 Ton 

AXLE 2: MISSING TYRE……. !! AXLE 2: MISSING TYRE……. !! 
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AXLE 2AXLE 2-- DRIVING AXLEDRIVING AXLE
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Tyres Damage……Tyres Damage……
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Wide Base Single TyreWide Base Single Tyre-- Input Data: Vertical Input Data: Vertical 

Stress Patterns: “n” and “m” Stress Patterns: “n” and “m” –– Shapes…Shapes…

  

Typical “n – Shape” Typical “m – Shape”
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“n – Shape” “m – Shape”- Heavily 

overloaded..

Dual TyreDual Tyre-- Input Data: Vertical Stress Patterns: “n” Input Data: Vertical Stress Patterns: “n” 

and “m” and “m” –– Shapes…Shapes…
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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: “nVertical Tyre Stress: “n--Shape” tyre stress results Shape” tyre stress results 

in “nin “n--Shape” rutting in asphalt overlay..Shape” rutting in asphalt overlay..
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Vertical Tyre Stress: “mVertical Tyre Stress: “m--Shape” stress result in “mShape” stress result in “m--

Shape” rutting in asphalt overlay..Shape” rutting in asphalt overlay..
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Tyre Loading, P (kN)

Uniform Contact  Stress, q  

(kPa)

Assumption of Tyre Loading - Pavement Design Modeling:Assumption of Tyre Loading - Pavement Design Modeling:

-- Circular;Circular;

-- Variable load;Variable load;

-- Variable pressure, Variable pressure, 

but Uniform…..but Uniform…..
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P/σ

Surfacing: h1, E1, v1

Selected

Layer:

h4, E4, v4

Base
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h2, E2, v2

Subgrade/

Foundation:

h5, E5, v5

Subbase

Layer:

h3, E3, v3

APPLIED LOAD/STRESSES
P/σ

Pavement 

Response:

Stresses 

& 

Strains

Stress

Rotation

Vertical,

Longitudinal & 
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3D Contact

Stresses

Side view 

of tyre
End view

of tyre
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Single tyre load: 20 kN; 520 kPa

UNIFORM: VERTICAL (NORMAL) STRESS, zz
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SIM: VERTICAL (EDGE) STRESS PROFILE, zz

Single tyre load: 50 kN; 620 kPa
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Mechanistic Mechanistic -- Road Pavement AnalysisRoad Pavement Analysis--MultiMulti--LayerLayer

TyreStress Software Result passed onto TyreStress Software Result passed onto 

Pavement Design Software:  Pavement Design Software:  

“mePADS”“mePADS”

(Multi(Multi--Layer Linear Elastic)Layer Linear Elastic)
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From TyreStress to Pavement Design…..From TyreStress to Pavement Design…..
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Mechanistic - Road Pavement Analysis-Multi-Layer
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Multiple Discs: 50kN 520kPaMultiple Discs: 50kN 520kPa
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MePADS Outputs…….MePADS Outputs…….
Horizontal plane parallel to X-Y at Z = 0

Strain Energy of Distortion (SED) in Nm/cubm

807

766

724

682

640

599

557

515

473

432

390

348

307

265

223

181

140

98

56

15

Vertical plane parallel to Y-Z at X = 0

Strain Energy of Distortion (SED) in Nm/cubm

807

765

723

681

640

598

556

514

472

430

388

346

304

262

220

178

136

94

53

11

2011/05/03 77C:\Program Files\TyreStress Beta\Multiple Discs 315-80.ppt
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StrainStrain--Energy of Distortion (SED)Energy of Distortion (SED)

78
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Application of nonApplication of non--uniform tyre loading:uniform tyre loading:

Finite Element Analyses 

(FEA),(NASTRAN;

FEAP- California, Abaqus
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33DD -- FiniteFinite ElementElement AnalysesAnalyses (FEM)(FEM):: CSIRCSIR
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UNIFORM SIM-1

SIM-2 SIM-3

Finite Element Analysis (CSIR)Finite Element Analysis (CSIR)
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“REAL”-TYRE-SIM DataMODELED TYRE



Road Pavements: Materials, design and performance

Lisboa, LNEC, 25 March 2010

  

Road 
Materials
and
Pavement
Design

Road Pavements: Materials, design and performance

Lisboa, LNEC, 25 March 2010

Strain Energy of Distortion (SED)Strain Energy of Distortion (SED)-- “n” and ”m “n” and ”m ––

Shape” Shape” -- dual tyres..….dual tyres..….
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• Tyre-pavement contact stresses can be 

quantified in 3D – using Stress-In-Motion (SIM) 

technology ;

• Results considered acceptable for advanced

mechanistic pavement analysis ;

• Current data suggest that  3D Contact Stresses 

are complex, and may assist with advanced 

structural road pavement analysis;

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS (1)SUMMARY, CONCLUSIONS AND RECOMMENDATIONS (1)
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• Functional performance, such as rolling 

resistance not investigated yet, but may be 

done in near future ;

• Not treated in this presentation, but: “X,Y 

Stress Excursion” plots may also largely 

assist with above ;

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS (2)SUMMARY, CONCLUSIONS AND RECOMMENDATIONS (2)
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS (3)SUMMARY, CONCLUSIONS AND RECOMMENDATIONS (3)

• Effects on pavement infrastructure to be 

researched, also in economical terms for 

each Country/State ; 

• Use of Cost/Benefit studies recommended ;

• Road Authorities to plan maintenance and 

rehabilitation accordingly; 

• More Collaboration needed – Tyre/Tire 

Industry…..?;
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I thank you for your attention.


