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Aim of the presentationAim of the presentation

 HighlightHighlight
–– Change in mechanisticChange in mechanistic--empirical design approachempirical design approach
–– IntegrationIntegration

 Pavement designPavement design
–– Mix design and structural designMix design and structural design

 Pavement design delivery systemPavement design delivery system

–– RResearch outcomesesearch outcomes

 Project made possible by …Project made possible by …
–– SANRAL’s commitment and fundingSANRAL’s commitment and funding
–– The hard work of research teams and individualsThe hard work of research teams and individuals
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Design approach mindDesign approach mind--shiftshift

 MechanisticMechanistic--empiricalempirical design ofdesign of flexibleflexible
pavementspavements
–– Past approachPast approach

 Pavement structural capacity is determined byPavement structural capacity is determined by
stress/strain associated with wheelstress/strain associated with wheel--loadsloads

 Focus on stress/strain analysisFocus on stress/strain analysis
 What is the stiffness of the material?What is the stiffness of the material?

–– Future approachFuture approach
 Pavement structural capacityPavement structural capacity is determinedis determined byby imposedimposed

stress/strainstress/strain relative to material strengthrelative to material strength
 Material characteristics changes daily and seasonallyMaterial characteristics changes daily and seasonally

with the environmentwith the environment
 Focus on material stiffness and strength underFocus on material stiffness and strength under

changing environmental conditionschanging environmental conditions
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ExampleExample –– AsphaltAsphalt
 Fatigue and plastic strain highly dependentFatigue and plastic strain highly dependent

on temperature conditionson temperature conditions
–– Past approachPast approach

 2020 C reference temperatureC reference temperature

–– Future approachFuture approach
 Seasonal and diurnal temperature changesSeasonal and diurnal temperature changes

Year
Season Season Season Season

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12
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ExampleExample –– UnboundUnbound
 Plastic strain highly dependent on layerPlastic strain highly dependent on layer

moisture conditionsmoisture conditions
–– Past approachPast approach

 Dry, intermediate or wet conditions for duration ofDry, intermediate or wet conditions for duration of
structural analysis periodstructural analysis period

–– Future approachFuture approach
 Seasonal moisture content changesSeasonal moisture content changes
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Integrated pavement designIntegrated pavement design
delivery processdelivery process
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Design investigation systemDesign investigation system

Design investigation
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processing:

Analysis sections:
• Visual condition
• Deflection parameters
• Profile (Rut and RQ)
• Test-pit data
• DCP data

Homogeneous sections:
• Back-calculation
• DCP analysis
• Material classification
• Pavement number
• Condition classification

PMS data:

Operating conditions

Geometry

Pavement structure

Materials

Traffic

Mechanical survey

Visual condition

Statistical test criteria:
Prescribed list of tests
Prescribed test frequency

Risk profile:
Road category
Traffic
Climate
Client

Available  information Project level

Data validation and
processing:

Analysis sections:
• Visual condition
• Deflection parameters
• Profile (Rut and RQ)
• Test-pit data
• DCP data

Homogeneous sections:
• Back-calculation
• DCP analysis
• Material classification
• Pavement number
• Condition classification

Problem fully
characterised?

Satisfied?

Performance
simulation
input data

No

No

Yes

Yes

Information systems:

Traffic volume and axle load
Contact stress
Environment
Materials

Additional project level
testing

Uniform section report:
Cause of distress
Remedial action
Material classification
Condition classification

Project level visual
condition assessment



Performance simulation systemPerformance simulation system
Performance simulation
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Economic assessment systemEconomic assessment system
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HDMHDM--4 performance simulation4 performance simulation
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Research areasResearch areas

 Design investigationDesign investigation
 TrafficTraffic
MaterialsMaterials
 Pavement AnalysisPavement Analysis
 Stochastic recursive simulationStochastic recursive simulation
 Environmental effectsEnvironmental effects
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SAPDM Pavement DesignSAPDM Pavement Design
ResearchResearch OutcomesOutcomes

Design InvestigationDesign Investigation



DesignDesign Investigation:Investigation:
ResearchResearch OutcomesOutcomes

 Deflection bowl parametersDeflection bowl parameters
 BackBack--calculationcalculation
 Change detectionChange detection
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 Usual suspectsUsual suspects
–– Base layer indexBase layer index
–– Middle layer indexMiddle layer index
–– Lower layer indexLower layer index

 Better utilisation of ….Better utilisation of ….
–– Radius of curvatureRadius of curvature
–– Far sensor deflectionFar sensor deflection

Deflection bowl parametersDeflection bowl parameters

Stabilised base layers

Stiffness
FWD deflection (Horak, 2008)

Peak deflection
(mm)

Base Layer
Index

Stiff < 0.400 < 0.200
Firm 0.400 – 0.600 0.200 – 0.400
Soft > 0.600 > 0.400
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–– Middle layer indexMiddle layer index
–– Lower layer indexLower layer index

 Better utilisation of ….Better utilisation of ….
–– Radius of curvatureRadius of curvature
–– Far sensor deflectionFar sensor deflection

Soft > 0.600 > 0.400



Radius of Curvature (vanRadius of Curvature (van ZylZyl,,
2012)2012)

NO Cracking – even old seals

Cracking of stiff seals
e.g. Cape seals

Cracking of all seals
- even new



Radius of CurvatureRadius of Curvature



 FWD deflection at 1800 mm offsetFWD deflection at 1800 mm offset
–– Indicator ofIndicator of deepdeep subgrade conditionssubgrade conditions

 18001800  20 micron20 micron –– Stiff to semiStiff to semi--rigidrigid
 20 <20 < 18001800  40 micron40 micron –– Firm subgradeFirm subgrade
 4040 << 18001800  6060 micronmicron –– SoftSoft subgradesubgrade
 6060 << 18001800  8080 micronmicron –– Very soft subgradeVery soft subgrade

Far sensor deflection (Theyse,Far sensor deflection (Theyse,
2012)2012)
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 Mountainous area with bedMountainous area with bed--rock found inrock found in
some testsome test--pitspits

Far sensor deflection (Theyse,Far sensor deflection (Theyse,
2012)2012)



 Homogenous subgrade with old pavementHomogenous subgrade with old pavement
at about 600 mm depthat about 600 mm depth

Far sensor deflection (Theyse,Far sensor deflection (Theyse,
2012)2012)



 Moist subgradeMoist subgrade

Far sensor deflection (Theyse,Far sensor deflection (Theyse,
2012)2012)



 Wet subgradeWet subgrade

Far sensor deflection (Theyse,Far sensor deflection (Theyse,
2012)2012)



 BackBack--PADS (Lea andPADS (Lea and
Theyse, 2006)Theyse, 2006)
–– Robust minimisation algorithmRobust minimisation algorithm

 Solution independent of seedSolution independent of seed
modulimoduli

–– Surface bowl and depthSurface bowl and depth
deflection profilesdeflection profiles

–– FastFast

BackBack--calculationcalculation

 BackBack--PADS (Lea andPADS (Lea and
Theyse, 2006)Theyse, 2006)
–– Robust minimisation algorithmRobust minimisation algorithm

 Solution independent of seedSolution independent of seed
modulimoduli

–– Surface bowl and depthSurface bowl and depth
deflection profilesdeflection profiles

–– FastFast

 BackBack--GAMES (Maina, 2012)GAMES (Maina, 2012)
–– Static and dynamic backStatic and dynamic back--

calculationcalculation
–– Global solutionGlobal solution
–– Very fast and automaticVery fast and automatic



 PastPast
–– Cumulative sum of differences methodCumulative sum of differences method

 Sensitive to outliersSensitive to outliers
 Manual change detection by visual inspectionManual change detection by visual inspection

 Future (van As, 2013)Future (van As, 2013)
–– Exponentially weighted moving averageExponentially weighted moving average

 Outlier detectionOutlier detection

–– Maximum likelihood methodMaximum likelihood method
 Change point detectionChange point detection

–– Fully automaticFully automatic

Change detectionChange detection
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SAPDM Pavement DesignSAPDM Pavement Design
ResearchResearch OutcomesOutcomes

TrafficTraffic



Traffic Research Areas:Traffic Research Areas:
Completed Reports (1/3)Completed Reports (1/3)

 SANRAL/SAPDM/A2/2009/01SANRAL/SAPDM/A2/2009/01
–– Correction of Systematic Error in WIM DataCorrection of Systematic Error in WIM Data
–– DPG De Wet (with M Slavik)DPG De Wet (with M Slavik)

 SANRAL/SAPDM/A2/2009/02SANRAL/SAPDM/A2/2009/02
–– Research Traffic Data PreparationResearch Traffic Data Preparation
–– SC van As & AJSC van As & AJ PapenfusPapenfus

 SANRAL/SAPDM/A2/2009/03SANRAL/SAPDM/A2/2009/03
–– Traffic Data Verification and ReplacementTraffic Data Verification and Replacement
–– SC van AsSC van As
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–– Correction of Systematic Error in WIM DataCorrection of Systematic Error in WIM Data
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–– Research Traffic Data PreparationResearch Traffic Data Preparation
–– SC van As & AJSC van As & AJ PapenfusPapenfus

 SANRAL/SAPDM/A2/2009/03SANRAL/SAPDM/A2/2009/03
–– Traffic Data Verification and ReplacementTraffic Data Verification and Replacement
–– SC van AsSC van As



Traffic Research Areas:Traffic Research Areas:
Completed ReportsCompleted Reports (2/3(2/3))

 SANRAL/SAPDM/A2/2009/04SANRAL/SAPDM/A2/2009/04
–– WIM Dynamic Load CorrectionWIM Dynamic Load Correction
–– SC van AsSC van As

 SANRAL/SAPDM/A2/2012/01SANRAL/SAPDM/A2/2012/01
–– Heavy Vehicle ClassificationHeavy Vehicle Classification
–– SC van AsSC van As

 SANRAL/SAPDM/A2/2012/02SANRAL/SAPDM/A2/2012/02
–– Traffic Stratification SystemTraffic Stratification System
–– AJ Papenfus & SC vanAJ Papenfus & SC van AsAs

 SANRAL/SAPDM/A2/2009/04SANRAL/SAPDM/A2/2009/04
–– WIM Dynamic Load CorrectionWIM Dynamic Load Correction
–– SC van AsSC van As

 SANRAL/SAPDM/A2/2012/01SANRAL/SAPDM/A2/2012/01
–– Heavy Vehicle ClassificationHeavy Vehicle Classification
–– SC van AsSC van As

 SANRAL/SAPDM/A2/2012/02SANRAL/SAPDM/A2/2012/02
–– Traffic Stratification SystemTraffic Stratification System
–– AJ Papenfus & SC vanAJ Papenfus & SC van AsAs



Traffic Research Areas:Traffic Research Areas:
Completed ReportsCompleted Reports (3/3(3/3))

 SANRAL/SAPDM/A2/2012/03SANRAL/SAPDM/A2/2012/03
–– Loading Classes and Axle Load DistributionsLoading Classes and Axle Load Distributions
–– SC van AsSC van As

 SANRAL/SAPDM/A2/2012/04SANRAL/SAPDM/A2/2012/04
–– Payment Factors for Traffic and WIM MonitoringPayment Factors for Traffic and WIM Monitoring
–– SC vanSC van AsAs

 SANRAL/SAPDM/A2/2012/05SANRAL/SAPDM/A2/2012/05
–– Vehicle FreeVehicle Free--Flow Speed Prediction ModelFlow Speed Prediction Model
–– SC vanSC van AsAs

 SANRAL/SAPDM/A2/2012/03SANRAL/SAPDM/A2/2012/03
–– Loading Classes and Axle Load DistributionsLoading Classes and Axle Load Distributions
–– SC van AsSC van As

 SANRAL/SAPDM/A2/2012/04SANRAL/SAPDM/A2/2012/04
–– Payment Factors for Traffic and WIM MonitoringPayment Factors for Traffic and WIM Monitoring
–– SC vanSC van AsAs

 SANRAL/SAPDM/A2/2012/05SANRAL/SAPDM/A2/2012/05
–– Vehicle FreeVehicle Free--Flow Speed Prediction ModelFlow Speed Prediction Model
–– SC vanSC van AsAs



Traffic Research Areas:Traffic Research Areas:
Current ResearchCurrent Research

 Traffic Growth EstimationTraffic Growth Estimation
–– SCSC van Asvan As
–– Waiting for DataWaiting for Data

 Homogeneous SectionsHomogeneous Sections
–– Research completedResearch completed
–– Report to be completedReport to be completed

 Traffic Growth EstimationTraffic Growth Estimation
–– SCSC van Asvan As
–– Waiting for DataWaiting for Data

 Homogeneous SectionsHomogeneous Sections
–– Research completedResearch completed
–– Report to be completedReport to be completed



Traffic Research Areas:Traffic Research Areas:
ManualsManuals

 TMH 14 South African Standard AutomaticTMH 14 South African Standard Automatic
Traffic Data Collection FormatTraffic Data Collection Format

 TMH 3TMH 3 Specifications for the Provision of TrafficSpecifications for the Provision of Traffic
and WIM Monitoring Serviceand WIM Monitoring Service

 TMH8 Traffic Monitoring ProceduresTMH8 Traffic Monitoring Procedures (In Process)(In Process)

 TRH16 Traffic LoadingTRH16 Traffic Loading (Cancelled)(Cancelled)

 Statistical methodsStatistical methods (In Process)(In Process)

–– SC van As & ZSC van As & Z KimmieKimmie

 TMH 14 South African Standard AutomaticTMH 14 South African Standard Automatic
Traffic Data Collection FormatTraffic Data Collection Format
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and WIM Monitoring Serviceand WIM Monitoring Service

 TMH8 Traffic Monitoring ProceduresTMH8 Traffic Monitoring Procedures (In Process)(In Process)
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–– SC van As & ZSC van As & Z KimmieKimmie



Traffic Research Areas:Traffic Research Areas:
Technical Reference ManualsTechnical Reference Manuals

 HTM2 HighwayHTM2 Highway Traffic ModelTraffic Model
–– VolumeVolume 1: Traffic Flow1: Traffic Flow ModelModel (SAPDM(SAPDM--A3A3--20132013--01)01)

–– VolumeVolume 2: Free2: Free--FlowFlow Speed ModelSpeed Model ((SAPDMSAPDM--A3A3--20132013--02)02)

–– Volume 3: Capacity Analysis ModelVolume 3: Capacity Analysis Model (In Process)(In Process)

 Vehicle Operating Cost ModelVehicle Operating Cost Model (In Process)(In Process)

 NetSafeNetSafe Highway Safety ModelHighway Safety Model (In Process)(In Process)

 TMS Traffic Monitoring SystemTMS Traffic Monitoring System (Not Commenced)(Not Commenced)
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Traffic Research OutcomesTraffic Research Outcomes

 Axle load histogram designAxle load histogram design
WIMWIM data validation and postdata validation and post--

calibrationcalibration
 Dynamic loadingDynamic loading
 Contact stressContact stress
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 Heavy vehicle classesHeavy vehicle classes
–– ShortShort
–– MediumMedium
–– LongLong

 Axle configurationsAxle configurations
–– SteerSteer
–– SingleSingle
–– TandemTandem
–– TridemTridem

Axle load histogram designAxle load histogram design
 Heavy vehicle classesHeavy vehicle classes

–– ShortShort
–– MediumMedium
–– LongLong

 Axle configurationsAxle configurations
–– SteerSteer
–– SingleSingle
–– TandemTandem
–– TridemTridem



Traffic Data VerificationTraffic Data Verification

 Pattern testsPattern tests
–– Cluster Analysis (van As)Cluster Analysis (van As)
–– Neural NetworksNeural Networks



 WIM data validation filters (Slavik & van As,WIM data validation filters (Slavik & van As,
2009)2009)
–– Remove vehicle entry ifRemove vehicle entry if

 Lane number less than 1 or more than 4Lane number less than 1 or more than 4
 Vehicle length less than 2.5 m or more than 25 mVehicle length less than 2.5 m or more than 25 m
 Number of axles less than 2 or more than 15Number of axles less than 2 or more than 15
 Any axle weigh less than 1 t or more than 20 tAny axle weigh less than 1 t or more than 20 t
 1st two axles both weigh less than 2 t1st two axles both weigh less than 2 t
 Front axle weigh less than 1 t or more than 10 tFront axle weigh less than 1 t or more than 10 t
 Axle spacing between 1st and 2nd axle less than 2.1 mAxle spacing between 1st and 2nd axle less than 2.1 m
 Any axle spacing less than 1.1 or more than 10 mAny axle spacing less than 1.1 or more than 10 m
 More than 3 axles in an axle groupMore than 3 axles in an axle group

WIM data validation and postWIM data validation and post--
calibrationcalibration

 WIM data validation filters (Slavik & van As,WIM data validation filters (Slavik & van As,
2009)2009)
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 Lane number less than 1 or more than 4Lane number less than 1 or more than 4
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 Front axle weigh less than 1 t or more than 10 tFront axle weigh less than 1 t or more than 10 t
 Axle spacing between 1st and 2nd axle less than 2.1 mAxle spacing between 1st and 2nd axle less than 2.1 m
 Any axle spacing less than 1.1 or more than 10 mAny axle spacing less than 1.1 or more than 10 m
 More than 3 axles in an axle groupMore than 3 axles in an axle group



 WIM postWIM post--calibrationcalibration (De Wet &(De Wet & Slavik,Slavik,
2009)2009)
–– TTTT methodmethod –– Truck selectionTruck selection

 66--7 Axle articulated heavy vehicles7 Axle articulated heavy vehicles (tandem(tandem rear axlesrear axles
on tractor)on tractor)

 Average “calibrated” axle load 6.5 to 8.5 tons per axleAverage “calibrated” axle load 6.5 to 8.5 tons per axle

–– TT methodTT method –– CalibrationCalibration
 Calibrate for target tractor load of 21.8 tonCalibrate for target tractor load of 21.8 ton

–– TT methodTT method –– ConditionsConditions
 Calibration factor within limits (0.7 to 1.3)Calibration factor within limits (0.7 to 1.3)
 Front axle load standard deviation within limitsFront axle load standard deviation within limits
 Tractor load standard deviation within limitsTractor load standard deviation within limits

WIM data validation andWIM data validation and
postpost--calibrationcalibration

 WIM postWIM post--calibrationcalibration (De Wet &(De Wet & Slavik,Slavik,
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on tractor)on tractor)
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–– TT methodTT method –– CalibrationCalibration
 Calibrate for target tractor load of 21.8 tonCalibrate for target tractor load of 21.8 ton

–– TT methodTT method –– ConditionsConditions
 Calibration factor within limits (0.7 to 1.3)Calibration factor within limits (0.7 to 1.3)
 Front axle load standard deviation within limitsFront axle load standard deviation within limits
 Tractor load standard deviation within limitsTractor load standard deviation within limits



 WIM postWIM post--calibrationcalibration (De Wet &(De Wet & Slavik,Slavik,
2009)2009)
–– 5 % random and 5 % systematic5 % random and 5 % systematic errorerror

WIM data validation and postWIM data validation and post--
calibrationcalibration



 TruckTruck--SIM simulations and calibration ofSIM simulations and calibration of
empirical dynamic loading model (Steyn,empirical dynamic loading model (Steyn,
2011)2011)
–– Vehicle typeVehicle type
–– Static loadStatic load
–– SpeedSpeed
–– Road profileRoad profile

Dynamic loadingDynamic loading
 TruckTruck--SIM simulations and calibration ofSIM simulations and calibration of

empirical dynamic loading model (Steyn,empirical dynamic loading model (Steyn,
2011)2011)
–– Vehicle typeVehicle type
–– Static loadStatic load
–– SpeedSpeed
–– Road profileRoad profile



Dynamic loadingDynamic loading
 ExampleExample

–– Rigid vehicle driving at 80 km/h on road with IRIRigid vehicle driving at 80 km/h on road with IRI
of 2.7 mm/mof 2.7 mm/m

–– Drive axle at legal load limitDrive axle at legal load limit



 TyreTyre--Stress software (de Beer & Maina)Stress software (de Beer & Maina)
–– Initial work (2011)Initial work (2011)

 Develop and populate tyreDevelop and populate tyre--pavement contact stresspavement contact stress
information systeminformation system

 Modelling complex 3D tyreModelling complex 3D tyre--pavement contact stresspavement contact stress

–– Additional work (2012Additional work (2012 -- 2013)2013)
 Rectangular loading (Maina, 2012)Rectangular loading (Maina, 2012)
 Simplify contact patch geometry to reduce analysisSimplify contact patch geometry to reduce analysis

timetime
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 Measured contact stressMeasured contact stress
–– Complex, irregular patternComplex, irregular pattern

 Multiple circular loadsMultiple circular loads
–– Accurate but not practicalAccurate but not practical

 Reduced circular loadsReduced circular loads
–– Almost there but not quite yet ….Almost there but not quite yet ….

Contact stressContact stress –– Initial phaseInitial phase
 Measured contact stressMeasured contact stress

–– Complex, irregular patternComplex, irregular pattern

 Multiple circular loadsMultiple circular loads
–– Accurate but not practicalAccurate but not practical

 Reduced circular loadsReduced circular loads
–– Almost there but not quite yet ….Almost there but not quite yet ….



 Limit contact patch geometryLimit contact patch geometry
–– nn--shapeshape

 Single circularSingle circular
 Single rectangularSingle rectangular

–– mm--shapeshape
 Triple rectangularTriple rectangular

Contact stressContact stress –– Final phaseFinal phase
 Limit contact patch geometryLimit contact patch geometry

–– nn--shapeshape
 Single circularSingle circular
 Single rectangularSingle rectangular

–– mm--shapeshape
 Triple rectangularTriple rectangular
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SAPDM Pavement DesignSAPDM Pavement Design
ResearchResearch OutcomesOutcomes

MaterialsMaterials



Materials Research AreasMaterials Research Areas

 Unbound material (Theyse & van Aswegen)Unbound material (Theyse & van Aswegen)
–– SubgradeSubgrade
–– Structural layersStructural layers

 Stabilized material (Mgangira & Theyse +Stabilized material (Mgangira & Theyse +
CSIR/US support)CSIR/US support)

 HotHot--mix asphalt (Verhaeghe, Denneman,mix asphalt (Verhaeghe, Denneman,
AnochieAnochie--Boateng,Boateng, O’ConnelO’Connel))

 Concrete and paving blocks (Strauss &Concrete and paving blocks (Strauss &
Slavik)Slavik)

 Surface seals (Milne, Visser, Jenkins, Steyn,Surface seals (Milne, Visser, Jenkins, Steyn,
vanvan ZylZyl, Gerber,, Gerber, MukandileMukandile))
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 Surface seals (Milne, Visser, Jenkins, Steyn,Surface seals (Milne, Visser, Jenkins, Steyn,
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SAPDM Pavement DesignSAPDM Pavement Design
Research OutcomesResearch Outcomes ––

Unbound materialUnbound material

Subgrade and structural layerSubgrade and structural layer
modelsmodels
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Research OutcomesResearch Outcomes ––

Unbound materialUnbound material



UnboundUnbound materialmaterial –– Design approachDesign approach
 StructuralStructural layerslayers

–– High shear stressHigh shear stress –– counter with shear strengthcounter with shear strength
–– Stress ratio approachStress ratio approach

 SubgradeSubgrade
–– Low shear stressLow shear stress
–– Critical response parameterCritical response parameter –– elastic parameterelastic parameter

Half-axle tyre loads

 StructuralStructural layerslayers
–– High shear stressHigh shear stress –– counter with shear strengthcounter with shear strength
–– Stress ratio approachStress ratio approach

 SubgradeSubgrade
–– Low shear stressLow shear stress
–– Critical response parameterCritical response parameter –– elastic parameterelastic parameter

Wearing course

Base layer

Subbase layer

Upper selected
subgrade

Lower selected
subgrade

In situ subgrade

Structural layers
•High shear stress

•“Large” strains

Subgrade
•Low shear stress

•Small strains

Surfacing



Subgrade modelsSubgrade models
 Elastic responseElastic response

–– SemiSemi--infinite subgradeinfinite subgrade
–– Stiffness reduction modelStiffness reduction model

 Permanent deformationPermanent deformation
–– Subgrade elastic deflectionSubgrade elastic deflection
–– Do not confuse with Far Sensor DeflectionDo not confuse with Far Sensor Deflection

 Elastic responseElastic response
–– SemiSemi--infinite subgradeinfinite subgrade
–– Stiffness reduction modelStiffness reduction model

 Permanent deformationPermanent deformation
–– Subgrade elastic deflectionSubgrade elastic deflection
–– Do not confuse with Far Sensor DeflectionDo not confuse with Far Sensor Deflection



Subgrade Elastic ResponseSubgrade Elastic Response
ModelsModels
 SemiSemi--infinite subgradeinfinite subgrade
 Stiffness reduction modelStiffness reduction model



Subgrade Permanent DeformationSubgrade Permanent Deformation
ModelsModels

 Conventional SConventional S--N type modelsN type models



Subgrade PermanentSubgrade Permanent
Deformation ModelsDeformation Models
 “Memory“Memory--less” modelsless” models



Subgrade Permanent DeformationSubgrade Permanent Deformation
ModelsModels

 SAMDM 1996SAMDM 1996 vsvs SAPDM 2013SAPDM 2013



Structural layer modelsStructural layer models
 Elastic responseElastic response

–– StressStress--dependent stiffness if neededdependent stiffness if needed

 Permanent deformationPermanent deformation
–– Stress Ratio approach similar toStress Ratio approach similar to FoSFoS
–– BUTBUT …… in terms of effective stress…… in terms of effective stress

 Suction pressureSuction pressure
 Residual compaction stressResidual compaction stress
 External load stressExternal load stress

 Elastic responseElastic response
–– StressStress--dependent stiffness if neededdependent stiffness if needed

 Permanent deformationPermanent deformation
–– Stress Ratio approach similar toStress Ratio approach similar to FoSFoS
–– BUTBUT …… in terms of effective stress…… in terms of effective stress

 Suction pressureSuction pressure
 Residual compaction stressResidual compaction stress
 External load stressExternal load stress
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Effective stressEffective stress
 No tensile stress in unbound materialNo tensile stress in unbound material

Shear stress,
(kPa)

Failure envelope

Principal stress,
F (kPa)

3  1 1 3d     

3 11 3d   



Residual compaction stressResidual compaction stress
 Does it exist…?Does it exist…?

–– Theory developedTheory developed
–– Initial experimental confirmationInitial experimental confirmation



SAPDM Pavement DesignSAPDM Pavement Design
Research OutcomesResearch Outcomes ––

Stabilised materialStabilised material

Elastic response and damageElastic response and damage
modelsmodels
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Elastic Response ModelsElastic Response Models

 Stiffness reduction confirmedStiffness reduction confirmed
–– Cement and Bitumen Stabilized MaterialCement and Bitumen Stabilized Material
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 Anisotropic approachAnisotropic approach
–– Vertical stiffnessVertical stiffness –– chord moduluschord modulus
–– Horizontal stiffnessHorizontal stiffness –– effective moduluseffective modulus

Elastic responseElastic response

Stiffness Ev = Mc

Ev = Mc

Eh = Me

Stiffness

Time

Ev = Mc

Eh = Me



Elastic Response ModelsElastic Response Models

 Anisotropic stiffness modelAnisotropic stiffness model
–– EffectiveEffective horizontal stiffnesshorizontal stiffness



Elastic Response ModelsElastic Response Models

 Anisotropic stiffness modelAnisotropic stiffness model
–– Vertical stiffnessVertical stiffness



SAPDM Pavement DesignSAPDM Pavement Design
Research OutcomesResearch Outcomes ––

Asphalt materialAsphalt material

Elastic response and damageElastic response and damage
modelsmodels

SAPDM Pavement DesignSAPDM Pavement Design
Research OutcomesResearch Outcomes ––

Asphalt materialAsphalt material



Asphalt research outcomesAsphalt research outcomes

 Elastic responseElastic response
–– Temperature dependentTemperature dependent
–– ImplicitImplicit viscovisco--elastic modelelastic model

 LoadLoad--pulse duration =pulse duration = ff (vehicle speed)(vehicle speed)

 FatigueFatigue
 Permanent deformationPermanent deformation
 Biggest gain is in the number of mixesBiggest gain is in the number of mixes

testedtested

 Elastic responseElastic response
–– Temperature dependentTemperature dependent
–– ImplicitImplicit viscovisco--elastic modelelastic model

 LoadLoad--pulse duration =pulse duration = ff (vehicle speed)(vehicle speed)

 FatigueFatigue
 Permanent deformationPermanent deformation
 Biggest gain is in the number of mixesBiggest gain is in the number of mixes

testedtested



 SAPDM projectSAPDM project
–– BTB with 40/50 PENBTB with 40/50 PEN
–– Coarse continuous with AE2Coarse continuous with AE2
–– Medium continuous with AE2Medium continuous with AE2
–– Bitumen rubber mixBitumen rubber mix
–– Medium continuous with 60/70 PENMedium continuous with 60/70 PEN
–– HiMAHiMA

Asphalt mixes testedAsphalt mixes tested

 SAPDM projectSAPDM project
–– BTB with 40/50 PENBTB with 40/50 PEN
–– Coarse continuous with AE2Coarse continuous with AE2
–– Medium continuous with AE2Medium continuous with AE2
–– Bitumen rubber mixBitumen rubber mix
–– Medium continuous with 60/70 PENMedium continuous with 60/70 PEN
–– HiMAHiMA



 SABITA projectSABITA project
–– 8 new mixes to be8 new mixes to be testedtested

 AP1AP1 BTB (KZN)BTB (KZN)
 50/70 medium continuous (WC)50/70 medium continuous (WC)
 Durban TypeDurban Type--A; TypeA; Type--D RA; TypeD RA; Type--D WMAD WMA
 AP1 coarse continuous (Gauteng)AP1 coarse continuous (Gauteng)
 BitumenBitumen--rubber porous asphalt (Gauteng)rubber porous asphalt (Gauteng)
 SMA (KZN)SMA (KZN)

–– additionaladditional testing ontesting on SAPDM mixesSAPDM mixes
 Hamburg wheel trackingHamburg wheel tracking
 LottmanLottman moisture susceptibilitymoisture susceptibility
 Dynamic modulus withDynamic modulus with confinementconfinement

Asphalt mixes testedAsphalt mixes tested
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 Anisotropic approachAnisotropic approach
–– Vertical stiffnessVertical stiffness –– dynamic modulusdynamic modulus
–– Horizontal stiffnessHorizontal stiffness –– effective moduluseffective modulus

Elastic responseElastic response

Stiffness Ev = E*

Ev = E*

Eh = Me

Stiffness

Time

Ev = E*

Eh = Me



 Effect of ageing enters through binderEffect of ageing enters through binder
propertiesproperties

 Input level B (basic)Input level B (basic)
–– PrePre--tested mixes (includingtested mixes (including binder propertiesbinder properties););

oror

–– Predictive mixPredictive mix E*E* andand default binder propertiesdefault binder properties

 Input level I (intermediate)Input level I (intermediate)
–– Tested binder propertiesTested binder properties

–– PredictivePredictive mixmix E*E*

 Input level A (advanced)Input level A (advanced)
–– Tested binder propertiesTested binder properties

–– Tested mixTested mix E*E*

Elastic responseElastic response

 Effect of ageing enters through binderEffect of ageing enters through binder
propertiesproperties

 Input level B (basic)Input level B (basic)
–– PrePre--tested mixes (includingtested mixes (including binder propertiesbinder properties););

oror

–– Predictive mixPredictive mix E*E* andand default binder propertiesdefault binder properties

 Input level I (intermediate)Input level I (intermediate)
–– Tested binder propertiesTested binder properties

–– PredictivePredictive mixmix E*E*

 Input level A (advanced)Input level A (advanced)
–– Tested binder propertiesTested binder properties

–– Tested mixTested mix E*E*



 FatigueFatigue
–– PastPast

 Very limited calibration data setVery limited calibration data set
–– 2 mixes tested in late 1960s2 mixes tested in late 1960s
–– Fatigue models at single design temperatureFatigue models at single design temperature

 RepetitionsRepetitions to 50to 50 %% of initial stiffnessof initial stiffness
 SS--N type models with a fixed terminal conditionN type models with a fixed terminal condition

Damage modelsDamage models

 FatigueFatigue
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 Very limited calibration data setVery limited calibration data set
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–– Fatigue models at single design temperatureFatigue models at single design temperature
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 FatigueFatigue
–– FutureFuture

 Extensive calibration data setExtensive calibration data set
–– 14 mixes14 mixes
–– Fatigue a function of horizontal elastic strain andFatigue a function of horizontal elastic strain and

temperaturetemperature

 Complete evolution of fatigue damageComplete evolution of fatigue damage
 MemoryMemory--less damage modelsless damage models

Damage modelsDamage models

 FatigueFatigue
–– FutureFuture

 Extensive calibration data setExtensive calibration data set
–– 14 mixes14 mixes
–– Fatigue a function of horizontal elastic strain andFatigue a function of horizontal elastic strain and

temperaturetemperature

 Complete evolution of fatigue damageComplete evolution of fatigue damage
 MemoryMemory--less damage modelsless damage models



 Permanent deformationPermanent deformation
–– PastPast

 No modelNo model

Damage modelsDamage models



 Permanent deformationPermanent deformation
–– FutureFuture

 Extensive calibration data setExtensive calibration data set
–– 14 mixes14 mixes
–– Plastic strainPlastic strain a function ofa function of vertical elastic strainvertical elastic strain andand

temperaturetemperature

 Complete evolution ofComplete evolution of plastic strain/permanentplastic strain/permanent
deformationdeformation

 MemoryMemory--less damageless damage modelsmodels

Damage modelsDamage models

 Permanent deformationPermanent deformation
–– FutureFuture

 Extensive calibration data setExtensive calibration data set
–– 14 mixes14 mixes
–– Plastic strainPlastic strain a function ofa function of vertical elastic strainvertical elastic strain andand

temperaturetemperature
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Concrete and paving blocksConcrete and paving blocks

Damage modelsDamage models
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ConcreteConcrete and block pavingand block paving
research areasresearch areas
 Concrete pavementsConcrete pavements

–– cncPavecncPave used asused as a departurea departure pointpoint
–– Additional work onAdditional work on

 Erosion of subbase below concreteErosion of subbase below concrete
 LoadLoad--transfer at jointstransfer at joints

 Block pavementsBlock pavements
–– Critical design factorsCritical design factors
–– Riding quality deterioration modelsRiding quality deterioration models
–– Introduction intoIntroduction into cncPavecncPave

 Concrete pavementsConcrete pavements
–– cncPavecncPave used asused as a departurea departure pointpoint
–– Additional work onAdditional work on

 Erosion of subbase below concreteErosion of subbase below concrete
 LoadLoad--transfer at jointstransfer at joints

 Block pavementsBlock pavements
–– Critical design factorsCritical design factors
–– Riding quality deterioration modelsRiding quality deterioration models
–– Introduction intoIntroduction into cncPavecncPave



 Subbase erosionSubbase erosion
–– PastPast

 Factor inFactor in cncPavecncPave based on user experiencebased on user experience

–– FutureFuture
 Erosion factor derived fromErosion factor derived from
 Level B (basic)Level B (basic)

–– GM, PI and ITSGM, PI and ITS

 Level I (Intermediate)Level I (Intermediate)
–– Brush testBrush test

 Level A (Advanced)Level A (Advanced)
–– Rotational Shear TesterRotational Shear Tester

Damage models: ConcreteDamage models: Concrete
pavementspavements

 Subbase erosionSubbase erosion
–– PastPast

 Factor inFactor in cncPavecncPave based on user experiencebased on user experience
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 Joint widthJoint width
–– Less than 2 mmLess than 2 mm

 Joint fillingJoint filling
–– High crushing strength sandHigh crushing strength sand
–– Low permeability gradingLow permeability grading
–– Fully filledFully filled

 Thicker, higher strength blocks in “lockThicker, higher strength blocks in “lock--up”up”
patternpattern

 Stabilized subbaseStabilized subbase

Critical design factors:Critical design factors:
Block pavementsBlock pavements

 Joint widthJoint width
–– Less than 2 mmLess than 2 mm

 Joint fillingJoint filling
–– High crushing strength sandHigh crushing strength sand
–– Low permeability gradingLow permeability grading
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patternpattern

 Stabilized subbaseStabilized subbase



 Riding quality deteriorationRiding quality deterioration
–– PastPast

 Not available inNot available in cncPavecncPave

–– FutureFuture
 blockblock--PAVE available inPAVE available in cncPavecncPave
 Request for calibration dataRequest for calibration data

Damage models: Block pavementsDamage models: Block pavements
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Pavement AnalysisPavement Analysis



Significant research outcomesSignificant research outcomes

 Pavement analysisPavement analysis
–– MultiMulti--layer, linearlayer, linear--elastic analysiselastic analysis

 Anisotropic material models (Maina, 2012)Anisotropic material models (Maina, 2012)
 Rectangular loading (Maina, 2012)Rectangular loading (Maina, 2012)

–– Effective stress (Theyse, 2009)Effective stress (Theyse, 2009)
–– Stress and temperature dependentStress and temperature dependent

material models (Theyse, 2009 & 2011)material models (Theyse, 2009 & 2011)
–– Validation withValidation with

 Finite element analysis (du Preez)Finite element analysis (du Preez)
Measured stress and strainMeasured stress and strain -- R104 (Steyn)R104 (Steyn)
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Stochastic, recursive simulationStochastic, recursive simulation



Research areasResearch areas

 NonNon--linear recursive simulationlinear recursive simulation
–– StrainStrain--hardeninghardening
–– MemoryMemory--less damage modelsless damage models

(Theyse & van As,(Theyse & van As, 2009)2009)
Markov propertyMarkov property

––The evolution of future damageThe evolution of future damage
depends only on the current level ofdepends only on the current level of
damage and future loadingdamage and future loading
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Research areasResearch areas

 NonNon--linear recursive simulationlinear recursive simulation
–– StrainStrain--hardeninghardening
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Load repetitions, N
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Research areasResearch areas

 NonNon--linear recursive simulationlinear recursive simulation
–– MemoryMemory--less modelless model

Damage WarmHot
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Damage

Load repetitions, N
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Significant research outcomesSignificant research outcomes

MemoryMemory--less model calibrated forless model calibrated for
–– Subgrade stiffness reductionSubgrade stiffness reduction
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