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SubgradeSubgrade definitiondefinition

Wearing course

Base layer

Subbase layer

Upper selected
subgrade

Lower selected
subgrade

In situ subgrade

Pavement structural layers
•High shear stresses
•Large strains

Pavement foundation or
subgrade:
•Low shear stresses
•Small strains
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Analysis processAnalysis process
HVS tests:

Multi Depth Deflectometer data 

Elastic response:
•Direct calculation (εv δs)
•Back-calculation (εvσv)

Plastic response:
•Non-linear regression model 

Subgrade behaviour:
•Resilient modulus
•Characteristics of permanent deformation 
•Permanent deformation design model



HVS testing:HVS testing:
MDD installation

Pavement
structure

Reference point
anchored at 

2,5 to 3 m

MDD-
module

MDD
installation

MDD installation

MDD modules at MDD modules at 
layer interfaceslayer interfaces
Anchor at 2,5 to 3 mAnchor at 2,5 to 3 m
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Elastic response:Elastic response:
Depth deflection bowlsDepth deflection bowls

256 data points on 256 data points on 
each bowleach bowl
Peak deflections
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Elastic response:Elastic response:
Depth deflection profileDepth deflection profile

Direct calculationDirect calculation
Average vertical strain Average vertical strain 
between MDD modulesbetween MDD modules
ElasticElastic subgradesubgrade
deflectiondeflection

BackBack--calculationcalculation
At least 2 modules inAt least 2 modules in
subgradesubgrade
Vertical stress and strain Vertical stress and strain 
at top ofat top of subgrade
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MDD depth deflection data:MDD depth deflection data:
Deflection historyDeflection history
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MDD depth deflection data:MDD depth deflection data:
Deflection profileDeflection profile
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Analysis process:Analysis process:
Average layer elastic strainAverage layer elastic strain
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Analysis process:Analysis process:
Direct vs. backDirect vs. back--calculationcalculation

Vertical subgrade deflection comparison
MLLE vs LVDT
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Analysis process:Analysis process:
Direct vs. backDirect vs. back--calculationcalculation
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Plastic responsePlastic response
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Analysis process:Analysis process:
Permanent MDD displacementPermanent MDD displacement

Initial beddingInitial bedding--inin
Eventual linear rate of Eventual linear rate of 
displacementdisplacement
NonNon--linear regression linear regression 
modelmodel

PD = PD = mN mN + a(1 + a(1 –– ee--bNbN))
a = beddinga = bedding--inin
m = linear displacement m = linear displacement 

rate
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Analysis process:Analysis process:
Permanent MDD displacementPermanent MDD displacement
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Analysis process:Analysis process:
Permanent MDD displacementPermanent MDD displacement
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Plastic response:Plastic response:
BeddingBedding--in “a”in “a”

Permanent deformation bedding-in vs critical parameter

0

2

4

6

8

10

0 200 400 600 800 1000 1200 1400

Subgrade elastic deflection (micron)

Be
dd

in
g-

in
 "a

" (
m

m
)

40 kN 60 kN 70 kN 100 kN



Plastic response:Plastic response:
Linear deformation rate “m”Linear deformation rate “m”

Linear permanent deformation rate vs critical parameter
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Plastic response:Plastic response:
Critical parameter, Critical parameter, εεvv

Subgrade permanent deformation at 200 000 load repetitions
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Plastic response:Plastic response:
Critical parameter, Critical parameter, σσvv

Subgrade permanent deformation at 200 000 load repetitions
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Plastic response:Plastic response:
Critical parameter, Critical parameter, δδss

Subgrade permanent deformation at 200 000 load repetitions
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Design modelsDesign models
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SubgradeSubgrade design transfer design transfer 
functions (Sfunctions (S--N curves)N curves)

SS--N dataN data
S S -- SStress tress parameterparameter
N N -- Number of repetitions to reach a certain, Number of repetitions to reach a certain, 
predetermined level of subgrade deformationpredetermined level of subgrade deformation
N solved from regression function for each MDD N solved from regression function for each MDD 
module from top of submodule from top of subgradegrade downwardsdownwards
RRegression of Segression of S--N data on a logN data on a log--llinearinear scale scale 



Plastic response:Plastic response:
S(vertical strain)S(vertical strain)--N dataN data

S-N data
7 mm plastic deformation
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Plastic response:Plastic response:
S(vertical stress)S(vertical stress)--N dataN data

S-N data
7 mm plastic deformation
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Plastic response:Plastic response:
S(S(subgradesubgrade deflection)deflection)--N dataN data

S-N data
7 mm plastic deformation
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Plastic response:Plastic response:
SS--NN subgradesubgrade deformation modeldeformation model

5 mm subgrade deformation
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Plastic response:Plastic response:
SS--NN subgradesubgrade design modelsdesign models

Subgrade Design Curves
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Plastic deformation model:Plastic deformation model:
ConclusionsConclusions

Model based on measured parametersModel based on measured parameters
Models only valid for low shear stress zone in Models only valid for low shear stress zone in 
pavementpavement
Simplified model ofSimplified model of subgradesubgrade response under response under 
normal road traffic loadsnormal road traffic loads

Good enough for design purposeGood enough for design purpose
SubgradeSubgrade elastic deflection yields the best Selastic deflection yields the best S--N N 
correlationcorrelation
Model not calibrated for field variablesModel not calibrated for field variables

DensityDensity
Degree of saturationDegree of saturation

Further refinements are possibleFurther refinements are possible



Model refinementModel refinement
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Issues to addressIssues to address

Calibration of a continuous modelCalibration of a continuous model
Recursive/incremental distress analysisRecursive/incremental distress analysis
Pavement systems approach to ruttingPavement systems approach to rutting

Resilient modulus models for the pavementResilient modulus models for the pavement
subgradesubgrade

Current work based on measured parametersCurrent work based on measured parameters
SubgradeSubgrade elastic deflection will have to be elastic deflection will have to be 
calculated in the design casecalculated in the design case



Continuous modelContinuous model

Applied to HVS data from Richmond Applied to HVS data from Richmond 
Field Station, CA (CALAPT program)Field Station, CA (CALAPT program)
Each set of readings containsEach set of readings contains

Number of repetitions (N)Number of repetitions (N)

SubgradeSubgrade elastic deflection (elastic deflection (δδss))
TotalTotal subgradesubgrade plastic deformation (PD)plastic deformation (PD)

Data triplets Data triplets –– N, N, δδss, PD, PD



Approach to calibrationApproach to calibration
Pavement
structure

Reference point
anchored at 

2,5 to 3 m

MDD-
module

MDD
installation
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Models fittedModels fitted

PD = A NPD = A Nαα δδss
ββ

PD = (PD = (mNmN+a)(1+a)(1--eebNbN) ) δδss
cc



ContinuousContinuous subgradesubgrade distress distress 
modelsmodels
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ContinuousContinuous subgradesubgrade distress distress 
modelsmodels
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Deflection calculation in the Deflection calculation in the 
design casedesign case

Use MDD deflection data withUse MDD deflection data with
TopTop--cap MDD modulecap MDD module
Two modules inTwo modules in subgradesubgrade

Do MDD backDo MDD back--calculationcalculation
Combine data for similar materialsCombine data for similar materials
Investigate nonInvestigate non--linearity if possiblelinearity if possible



HVS-section Nr: Region: Road Nr: Year of test:
Pavement structure Instrumentation detail Pavement material information

Test section point

MDD anchor
at 3 m depth

MDD anchor
at 3 m depthDepth (mm)

Layer Type

(UCS, CBR, MDD, OMC,etc) class

Material properties TRH14

Load sequence detail: Related reports:

332A2 Port Elizabeth, Eastern Cape N2/11 1988

No report available
From To Wheel load Tyre pressure Water added
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UpperUpper subgrade Msubgrade Mrr

Upper Subgrade
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LowerLower subgrade Msubgrade Mrr

Lower Subgrade

0

5

10

15

20

0 50 100 150 200 250 300 350 400 450 500 More
Bin

Fr
eq

ue
nc

y

0%

20%

40%

60%

80%

100%

Frequency Cumulative %



Deep inDeep in--situsitu subgrade Msubgrade Mrr

Deep in situ Subgrade
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To summarizeTo summarize

Best correlation was found betweenBest correlation was found between subgradesubgrade
permanent deformation andpermanent deformation and subgradesubgrade elastic elastic 
deflectiondeflection

SubgradeSubgrade elastic deflection selected as the critical elastic deflection selected as the critical 
parameter forparameter for subgradesubgrade design modeldesign model

Model does not explain a lot of the variation Model does not explain a lot of the variation 
in datain data

Effect of moisture content and density excludedEffect of moisture content and density excluded
Data not availableData not available
Given the amount of deformation contributed by Given the amount of deformation contributed by 
thethe subgradesubgrade –– no further refinementno further refinement



To summarize (continued)To summarize (continued)

Working onWorking on
BackBack--calculationscalculations
NonNon--linear model calibrationlinear model calibration
Calibration of continuous distress model for Calibration of continuous distress model for 
South African dataSouth African data
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