
Florida Department of Florida Department of 
TransportTransport

APT and Instrumentation APT and Instrumentation 
WorkshopWorkshop

Pavement materialPavement material behaviourbehaviour and and 
appropriate instrumentationappropriate instrumentation

H LH L TheyseTheyse
TransportekTransportek CSIRCSIR



Structure of presentationStructure of presentation

Generic material types and Generic material types and 
characteristicscharacteristics
MaterialMaterial behaviourbehaviour and appropriate and appropriate 
instrumentationinstrumentation

Focus on flexible pavementsFocus on flexible pavements

Accuracy, precision and errorAccuracy, precision and error
DownDown--thethe--line errorline error



Generic material types Generic material types 
and characteristicsand characteristics

Pavement materialPavement material behaviourbehaviour and and 
appropriate instrumentationappropriate instrumentation



Unbound material
High quality

crushed stone

Moderate quality
natural gravel

Poor quality
natural gravel

Lightly cemented
material
C4 to C3

Strongly cemented
material
C2 to C1

Cement

St
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ng
th

C
atalyst

High
3,0 – 5,0 %

Intermediate
1,5 – 3,0 %

Low
0,5 – 1,5 %

None

None Low
0,5 – 2,0 %

Presumed economically
not viable

Intermediate
2,0 – 4,0 %

High
4,0 – 7,0 %

Bituminous binder
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Improved flexibility

-
Cemented foamed bitumen and

emulsion treated
material

-
Foamed-bitumen and

emulsion treated
material

Stress 
dependent 
behaviour

Temperature 
dependent, 
visco-elastic 
behaviour

Brittle 
behaviour

Concrete Very high
8,0 – 10,0 %

Asphalt
concrete



Material behaviour and Material behaviour and 
appropriate appropriate 
instrumentationinstrumentation

Pavement material behaviour and Pavement material behaviour and 
appropriate instrumentationappropriate instrumentation



Asphalt concrete layersAsphalt concrete layers

Performance parametersPerformance parameters

Riding quality

Legend:
1    Natural gravel subbase
2    Lightly cemented subbase

Rut depth

Surface 
cracking

1

2

1

2

1 2

Time, traffic



Asphalt concrete layersAsphalt concrete layers
Minimum instrumentationMinimum instrumentation

Bowl deflection (RSD/FWD)Bowl deflection (RSD/FWD)
Surface rut (StraightSurface rut (Straight--edge/laser edge/laser profilometerprofilometer))
Layer deflection/vertical strain (MDD/strain coils)Layer deflection/vertical strain (MDD/strain coils)

Elastic and plasticElastic and plastic

Temperature profile (Buttons/thermocouples)Temperature profile (Buttons/thermocouples)
Crack monitoringCrack monitoring

NiceNice--toto--have instrumentationhave instrumentation
Horizontal strainHorizontal strain
Vertical stressVertical stress
Crack activityCrack activity
Surface textureSurface texture



Unbound aggregate base andUnbound aggregate base and
subbasesubbase layerslayers

Performance parametersPerformance parameters

Time, traffic

Riding quality

Rut depth

Surface 
cracking

Legend:
1    Natural gravel subbase
2    Lightly cemented subbase

1 2

1

2

1

2



Unbound aggregate base andUnbound aggregate base and
subbasesubbase layerslayers

Minimum instrumentationMinimum instrumentation
Bowl deflection (RSD/FWD)Bowl deflection (RSD/FWD)
Surface rut (StraightSurface rut (Straight--edge/laser edge/laser profilometerprofilometer))
Layer deflection/vertical strain (MDD/strain coils)Layer deflection/vertical strain (MDD/strain coils)

Elastic and plasticElastic and plastic

Density and moisture content (Nuclear, TDR)Density and moisture content (Nuclear, TDR)

NiceNice--toto--have instrumentationhave instrumentation
Horizontal strainHorizontal strain
Vertical and horizontal stressVertical and horizontal stress



Cement, foamedCement, foamed--bitumen and emulsionbitumen and emulsion--
treated base andtreated base and subbasesubbase layerslayers

Deflection and radius of curvatureDeflection and radius of curvature
Pre-cracked

phase
Post-cracked

phase

Elastic deflection

Equivalent
granular phase

Water ingress

Radius of curvature

Time, traffic



Cement, foamedCement, foamed--bitumen and emulsionbitumen and emulsion--
treated base andtreated base and subbasesubbase layerslayers

Effective resilient modulusEffective resilient modulus

Time, traffic

Effective modulus

Pre-cracked
phase

Post-cracked
phase

Poor quality
material

Good quality
material

Equivalent
granular phase

Water ingress



CementCement--treated base andtreated base and subbasesubbase
layerslayers

Performance parametersPerformance parameters

Riding quality

Legend:
1    Natural gravel subbase
2    Lightly cemented subbase

Shrinkage
cracking

Fatigue cracking

Cracking and pumping

RuttingCrushing

Time, traffic
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2

1

2

1

2



Cement, foamedCement, foamed--bitumen and emulsionbitumen and emulsion--
treated base andtreated base and subbasesubbase layerslayers

Minimum instrumentationMinimum instrumentation
Bowl deflection (RSD/FWD)Bowl deflection (RSD/FWD)
Surface rut (StraightSurface rut (Straight--edge/laser edge/laser profilometerprofilometer))
Layer deflection/vertical strain (MDD/strain coils)Layer deflection/vertical strain (MDD/strain coils)

Elastic and plasticElastic and plastic

Density and moisture content (Nuclear, TDR)Density and moisture content (Nuclear, TDR)

NiceNice--toto--have instrumentationhave instrumentation
Horizontal strainHorizontal strain



Supplementary data for all pavement Supplementary data for all pavement 
layerslayers

As much laboratory and field As much laboratory and field 
material/environmental data as possible!material/environmental data as possible!

Most of the mechanical properties (Most of the mechanical properties (MMrr, shear , shear 
strength, etc) are functions of:strength, etc) are functions of:

TemperatureTemperature
DensityDensity
Degree of saturationDegree of saturation



Accuracy, Precision and Accuracy, Precision and 
ErrorError

Pavement materialPavement material behaviourbehaviour and and 
appropriate instrumentationappropriate instrumentation



Important instrumentation Important instrumentation 
parametersparameters

Bias or accuracyBias or accuracy
ErrorError
Precision or repeatabilityPrecision or repeatability



Bias/accuracyBias/accuracy

AccuracyAccuracy
or biasor bias

True meanTrue mean Sample meanSample mean



Error as a measure of Error as a measure of 
accuracyaccuracy

Error Error ii = Actual = Actual ii –– Sample Sample ii

Error at a certainError at a certain
level of confidencelevel of confidence



Precision/repeatabilityPrecision/repeatability

AccuracyAccuracy
or biasor bias

Precision orPrecision or
repeatabilityrepeatability

True meanTrue mean Sample meanSample mean



Reference point
anchored at 

2,5 to 3 m

module

Pavement
structure

MDD-

MDD
installation

MDD systemMDD system

HVS testing in SA rely HVS testing in SA rely 
mostly on the MDD mostly on the MDD 
systemsystem

MDD modulesMDD modules
MDD stackMDD stack



Accuracy, error and precision Accuracy, error and precision 
of the MDD systemof the MDD system

AccuracyAccuracy
MDD system accuracy MDD system accuracy –– undeterminedundetermined
MDD module accuracy MDD module accuracy –– calibrationcalibration

ErrorError
MDD system error MDD system error –– undeterminedundetermined
MDD module error MDD module error –– check after calibrationcheck after calibration

PrecisionPrecision
MDD system precision MDD system precision –– determineddetermined
MDD module precision MDD module precision –– determineddetermined



Error as a measure of Error as a measure of 
accuracyaccuracy

Error Error ii = Actual = Actual ii –– Sample Sample ii

Error at a certainError at a certain
level of confidencelevel of confidence



Error of the MDD module:Error of the MDD module:
--2,0 +0,7 @ 90 % probability 2,0 +0,7 @ 90 % probability 

MDD module accuracy
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Precision/repeatabilityPrecision/repeatability

AccuracyAccuracy
or biasor bias

Precision orPrecision or
repeatabilityrepeatability

True meanTrue mean Sample meanSample mean



Precision of the MDD system:Precision of the MDD system:
--4,4 +6,0 @ 90 % probability 4,4 +6,0 @ 90 % probability 

MDD system precision
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DownDown--thethe--line “error”line “error”

Need instrumentation that isNeed instrumentation that is
easy to install (often after construction)easy to install (often after construction)
robustrobust
not too expensivenot too expensive

Often measure deflection and model Often measure deflection and model 
other parametersother parameters
How accurate are these parameters?How accurate are these parameters?

DownDown--thethe--line accuracy and errorline accuracy and error



DownDown--thethe--line error:line error:
BackBack--calculated resilient moduluscalculated resilient modulus

Assume perfect linearAssume perfect linear--
elastic, multielastic, multi--layer layer 
systemsystem
Calculate deflections at Calculate deflections at 
layer interfaceslayer interfaces
Generate deflection Generate deflection 
data from base setdata from base set

Using MDD precisionUsing MDD precision
100 % accuracy100 % accuracy

Do backDo back--calculationcalculation

137 mm HMA
2500 MPa, 0.40

274 mm aggregate
base
350 MPa, 0.35

229 mm aggregate
subbase
350 MPa, 0.35

160 mm upper subgrade
60 MPa, 0.35
2200 mm lower
subgrade
180 MPa, 0.35



DownDown--thethe--line error:line error:
BackBack--calculated deflectioncalculated deflection

Back-calculated depth deflection
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DownDown--thethe--line error:line error:
HMA resilient modulusHMA resilient modulus

AC modulus error
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AC modulus
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DownDown--thethe--line error:line error:
Aggregate base resilient modulusAggregate base resilient modulus

Aggregate base modulus error
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Aggregate base modulus
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DownDown--thethe--line error:line error:
AggregateAggregate subbasesubbase resilient modulusresilient modulus

Aggregate subbase modulus error
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Aggregate subbase modulus
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DownDown--thethe--line error:line error:
UpperUpper subgradesubgrade resilient modulusresilient modulus

Upper subgrade modulus error
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Upper subgrade modulus
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DownDown--thethe--line error:line error:
LowerLower subgradesubgrade resilient modulusresilient modulus

Lower subgrade modulus error
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Lower subgrade modulus
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To summarizeTo summarize

Different materials respond (now and in time) Different materials respond (now and in time) 
differently to external loadingdifferently to external loading

Require different response measurementsRequire different response measurements

Focus on mechanical/structuralFocus on mechanical/structural behaviourbehaviour
Cause and response (pavement/layer response to Cause and response (pavement/layer response to 
external loading)external loading)

Resilient (elastic) and distress (plastic/fatigue) responseResilient (elastic) and distress (plastic/fatigue) response

Aim to calibrate input parameters and response Aim to calibrate input parameters and response 
models for rational Mechanisticmodels for rational Mechanistic--Empirical (ME) Empirical (ME) 
design methods design methods 
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