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Thin AC layers in South Africa:Thin AC layers in South Africa:

1.1. 9090 %% ofof pavedpaved roadsroads inin SASA usingusing “thin”“thin” asphaltasphalt

surfacingssurfacings ((2020 mmmm toto 5050 mm)mm) includingincluding

asphalt,asphalt, singlesingle andand multiplemultiple sealsseals (Double(Double andand

CapeCape seals,seals, etc)etc);;

2.2. UsedUsed inin UrbanUrban andand RuralRural environmentenvironment totalingtotaling

approxapprox.. 230230 000000 kmkm;;

3.3. 1313 %% ofof thesethese pavementspavements usesuses asphaltasphalt basebase

layerslayers ofof 8080 mmmm toto 120120 mmmm thick,thick, mostlymostly inin

wetterwetter areasareas (KwaZulu(KwaZulu--Natal)Natal);;
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HVS - Moving Dynamic Load
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Road Profiles: HRI=3.1m/kmRoad Profiles: HRI=3.1m/km

Pavement left and right profiles
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Computed Dynamic Loads (DADS):Computed Dynamic Loads (DADS):

1:2:2:2 Truck Tractor and Tandem-Tandem Semi-Trailor 
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Dynamic Loads converted to contact stressDynamic Loads converted to contact stress

DISTRIBUTIONSDISTRIBUTIONS-- VERTICAL LOAD:VERTICAL LOAD:



9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements---TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002

Slide Slide 1111

VehicleVehicle--TyreTyre--Pavement Interaction:Pavement Interaction:

STRESSSTRESS--ININ--MOTION (SIM)MOTION (SIM)

TechnologyTechnology
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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:
CSIR Transportek: ‘93-’95:



425 /65 R22.5 HVS Tyre ON SIM SYSTEM:

Single pad SIM system (Use with HVS)
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3D – Z,X,Y -

Contact Stress: 

Variable loads: 

315/80 R22.5 

Tire

Typical SIM measured contact stress data sets:
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SIM Mk III on N1 (North):SIM Mk III on N1 (North):

Mantsole TCCMantsole TCC
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SIM Mk III on N1 (North)SIM Mk III on N1 (North)
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SIM DATA ORGANISATION :SIM DATA ORGANISATION :

STEERING
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Dynamic Loads converted to contact stressDynamic Loads converted to contact stress

(algorithms from ICAP 1997 paper):(algorithms from ICAP 1997 paper):

1:2:2:2 Truck Tractor and Tandem-Tandem Semi-Trailor 
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Derived “dynamic” (max) contact stress distributions:Derived “dynamic” (max) contact stress distributions:

Tyre Contact Stress Frequency Histogram
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Thin Asphalt Surfacing: 40 mmThin Asphalt Surfacing: 40 mm

(E(E11 = 5000 MPa, 1000, 200, = 5000 MPa, 1000, 200, 11= 0.44);= 0.44);

(C = 2000 kPa, (C = 2000 kPa, = = 43 deg, Yield = 43 deg, Yield = 

1462 kPa, 585 kPa, 117 kPa) 1462 kPa, 585 kPa, 117 kPa) 

Crushed Stone Base: 150 mmCrushed Stone Base: 150 mm

(E(E22 = 350 MPa, = 350 MPa, 22 = 0.35)= 0.35)

Cementitious SubbaseCementitious Subbase--1: 150 mm1: 150 mm

(E(E33 = 1500 MPa, = 1500 MPa, 33 = 0.35)= 0.35)

Cementitious SubbaseCementitious Subbase--2: 150 mm2: 150 mm

(E(E44 = 1500 MPa, = 1500 MPa, 44 = 0.35)= 0.35)

Soil Subgrade:2000 mmSoil Subgrade:2000 mm

(E(E55 = 100 MPa, = 100 MPa, 55 = 0.35)= 0.35)

MODELED PAVEMENT STRUCTURE MODELED PAVEMENT STRUCTURE –– LINEAR ELASTICLINEAR ELASTIC

Rigid Base @ 2000 mmRigid Base @ 2000 mm
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1.1. Maximum Vertical Compressive Strain (Maximum Vertical Compressive Strain (εεzzzz););

2.2. MaximumMaximum VerticalVertical CompressiveCompressive StressStress ((σσzzzz));;

3.3. MaximumMaximum FirstFirst InvariantInvariant ofof StressStress ((II11));;

4.4. MaximumMaximum ofof thethe SecondSecond invariantinvariant ofof deviatoricdeviatoric

strainstrain ((J’J’22 -- Strain)Strain);;

5.5. MaximumMaximum SecondSecond invariantinvariant ofof deviatoricdeviatoric stressstress

((J’J’22 -- Stress)Stress);; andand

6.6. MaximumMaximum YieldYield valuesvalues forfor estimationestimation ofof MohrMohr--

CoulombCoulomb yieldyield failurefailure inin thethe asphaltasphalt surfacingsurfacing

The six (6) response parameters selected The six (6) response parameters selected 

for this study include:for this study include:
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LOAD CASE 1:LOAD CASE 1:
STANDARD LOAD  CASE (SLC): STANDARD LOAD  CASE (SLC): 
ASSUMTIONS:ASSUMTIONS:

-- Circular;Circular;
-- Load = 20 kN;Load = 20 kN;
-- Uniform Pressure: 520 kPaUniform Pressure: 520 kPa

20 kN, 520 kPa20 kN, 520 kPa

Design Tyre:Design Tyre:



9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements---TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002

Slide Slide 2626

Load Case 2:

MEASURED (SIM)

26 kN; 420 kPa:

Vertical Contact Stress

Distribution

and

Static Tyre print-

Overloaded-

Under 

Inflated
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VERTICAL STRESS:VERTICAL STRESS:
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LATERAL STRESS:LATERAL STRESS:
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LONGITUDINAL STRESS:LONGITUDINAL STRESS:
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Load Case 3:

MEASURED (SIM)

26 kN; 690 kPa:

Vertical Contact Stress

Distribution

and

Static Tyre print:

Rated Loading for tyre
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VERTICAL STRESS:VERTICAL STRESS:
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LATERAL STRESS:LATERAL STRESS:
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LONGITUDINAL STRESS:LONGITUDINAL STRESS:
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Load Case 4:

MEASURED (SIM)

31 kN; 690 kPa:

Vertical Contact Stress

Distribution

and

Static Tyre print:

High loading with 

High inflation

Pressure
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VERTICAL STRESS:VERTICAL STRESS:
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LATERAL STRESS:LATERAL STRESS:
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LONGITUDINAL STRESS:LONGITUDINAL STRESS:
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1.1. Full 3Full 3--D SIM loading: X, Y and Z;D SIM loading: X, Y and Z;

2.2. Separate Component loads: X Separate Component loads: X -- only, only, 

Y Y -- only and Z only and Z -- only;only;

3.3. All SIM loads defined by approximately All SIM loads defined by approximately 

400 to 460  individual discrete 400 to 460  individual discrete 

loads/forces on the FEM node points;loads/forces on the FEM node points;

FEM LOAD APPLICATION:FEM LOAD APPLICATION:
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FEM (NASTRAN) PAVEMENT MODELFEM (NASTRAN) PAVEMENT MODEL
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33--D SIM RESULTANT FORCES ON D SIM RESULTANT FORCES ON 

PAVEMENTPAVEMENT



9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements---TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002

Slide Slide 4141

VERTICAL COMPRESSIVE STRAINS (HOT CASE)VERTICAL COMPRESSIVE STRAINS (HOT CASE)

SLC SIM 2

SIM 3 SIM 4
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VERTICAL COMPRESSIVE STRAINS (HOT CASE)VERTICAL COMPRESSIVE STRAINS (HOT CASE)--

X,Y,Z X,Y,Z -- COMPONENT LOADSCOMPONENT LOADS

X-LOAD Y-LOAD

Z-LOAD
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11STST INVARIANT OF STRESS (IINVARIANT OF STRESS (I11): HOT CASE): HOT CASE

SLC SIM 2

SIM 3 SIM 4
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11STST INVARIANT OF STRESS (IINVARIANT OF STRESS (I11): (HOT CASE)): (HOT CASE)--

X,Y,Z X,Y,Z -- COMPONENT LOADSCOMPONENT LOADS

X-LOAD Y-LOAD

Z-LOAD
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Case 3: SIM: Load 26kN; 690kPa (Nastran)          
Invariants J1 – Stress Plot (MPa)

HOT
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Case 3: SIM: Load 26kN; 690kPa(Nastran) 
Invariants J2’ – Strain Plot (MPa)

HOT
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Case 3: SIM: Load 26kN; 690kPa  (Nastran)          
Yield Value Plot (KPa)

HOT



9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements---TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002

Slide Slide 4848

SUMMARY OF RESPONSE DATASUMMARY OF RESPONSE DATA

444  (34 % SLC)X-Component

3 119 (2.4 X SLC)Z-Component

478 (37 % SLC)Y-Component

2 9321 2181 0304 (SIM)

3 3461 1179523 (SIM)

2 7708617802 (SIM)

1 2979908021 (SLC)

HOTWARMCOLD

Vertical Compressive Strain (εzz)LOAD CASE
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SUMMARY OF RESPONSE DATASUMMARY OF RESPONSE DATA

0.451  (40 % SLC)X-Component

6.110 (5.8 X SLC)Z-Component

0.712 (70 % SLC)Y-Component

5.1590.8330.5644 (SIM)

6.7100.6740.4833 (SIM)

5.3600.3900.3162 (SIM)

1.0460.5390.3491 (SLC)

HOTWARMCOLD

Maximum Second Invariant of Deviatoric Strain (J’2 - Strain) 
(Shear Potential ?)

LOAD CASE
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MohrMohr--Coulomb Yield CriterionCoulomb Yield Criterion

tancs

coscsinsincosJsinJ
3

1'

213
1

2

3
'

2

'

3

2

33

J

J
3sin

J’i = the 1st, 2nd and 3rd stress invariants;



9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements---TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002

Slide Slide 5151

Yield Value  Case 1: SLC
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Yield Value  Case 2: Low pressure
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Yield Value  Case 3: Correct loading/pressure
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Yield Value  Case 4: High loading/High pressure
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SUMMARY OF RESPONSE DATASUMMARY OF RESPONSE DATA

132 (113 % )X-Component

384 (328 %)Z-Component

56 (48 % )Y-Component

369 (315 %)565 (97 %)710 (49 %)4 (SIM)

373 (319 %)522 (89 %)600 (41 %)3 (SIM)

305 (261 %)421 (72 %)461 (32 %)2 (SIM)

267 (228 %)337 (58 %)555 (38 %)1 (SLC)

HOTWARMCOLD

CALCULATED YIELD POTENTIALLOAD CASE

( ) = Percentage Yield

{{
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COMPARISONS BETWEEN LOAD CASES COMPARISONS BETWEEN LOAD CASES 

(HOT CASE SIM LOAD relative to SLC):(HOT CASE SIM LOAD relative to SLC):

VerticalVertical StrainStrain:: 22..11 toto 22..66 timestimes higherhigher;;

VerticalVertical StressStress:: 11..77 toto 22..11 timestimes higherhigher;;

BulkBulk StressStress:: 11..55 toto 11..77 timestimes higherhigher;;

J’J’22 -- StrainStrain:: 55..11 toto 66..44 timestimes higherhigher;;

J’J’22 -- StressStress:: 22..99 toto 66..33 timestimes higherhigher;;

PotentialPotential YieldYield:: 11..1414 toto 11..44 timestimes higherhigher..
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CONTRIBUTIONS FROM X,Y,Z COMPONENT CONTRIBUTIONS FROM X,Y,Z COMPONENT 

LOADS: LOADS: (HOT CASE SIM LOAD relative to SLC):(HOT CASE SIM LOAD relative to SLC):

VerticalVertical StrainStrain:: XX andand YY:: 3434 toto 3737 perper cent,cent, 250250 perper centcent forfor ZZ;;

VerticalVertical StressStress:: XX andand YY:: 55 toto 77 perper cent,cent, 220220 perper centcent forfor ZZ;;

BulkBulk StressStress ((II11)):: XX andand YY:: 1818 toto 2121 perper cent,cent, 170170 perper centcent forfor ZZ;;

J’J’22 –– StrainStrain:: XX andand YY:: 4040 toto 7070 perper cent,cent, 580580 perper centcent forfor ZZ;;

J’J’22 -- StressStress:: XX andand YY:: 2828 toto 3939 perper cent,cent, 300300 perper centcent forfor ZZ;;

PotentialPotential YieldYield:: XX andand YY:: 2121 toto 4949 perper cent,cent, 150150 perper centcent forfor ZZ..
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PART 1: CONCLUSIONS ON 6 RESPONSE PART 1: CONCLUSIONS ON 6 RESPONSE 

PARAMETERS:PARAMETERS:

Calculated Stress and Strain response reflects nonCalculated Stress and Strain response reflects non--

uniformity of the applied load inputs;uniformity of the applied load inputs;

All six response parameters All six response parameters –– sensitive to shape and sensitive to shape and 

distribution of loading;distribution of loading;

Sensitivity increase with lower AC modulus (i.e. hot Sensitivity increase with lower AC modulus (i.e. hot 

conditions);conditions);

Strain parameters seem to be more sensitive to load Strain parameters seem to be more sensitive to load 

shape & distribution than stress parameters;shape & distribution than stress parameters;

Sensitivity increase closer to the load application;Sensitivity increase closer to the load application;

Elastic “StrainElastic “Strain--based” transfer functions for damage ?based” transfer functions for damage ?



9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements9th International Conference on Asphalt Pavements---TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002TOPIC: DESIGN: Response Models: De Beer et al, 2002

Slide Slide 5959

New Asphalt Surfacing: 50 mmNew Asphalt Surfacing: 50 mm

(E(E11 = 2500 MPa, = 2500 MPa, 11= 0.44);= 0.44);

Old Cracked Asphalt: 50 mmOld Cracked Asphalt: 50 mm

(E(E22 = 3000 MPa, = 3000 MPa, 22= 0.44);= 0.44);

Crushed Stone Base: 150 mmCrushed Stone Base: 150 mm

--NONNON--LINEAR (Witczak & Uzan, LINEAR (Witczak & Uzan, 

1988);1988);

Cementitious SubbaseCementitious Subbase--1: 2 x150 mm1: 2 x150 mm

(E(E44 = 1800 MPa, = 1800 MPa, 44 = 0.35)= 0.35)

Soil Subgrade: 2000 mmSoil Subgrade: 2000 mm

(E(E55 = 100 MPa, = 100 MPa, 55 = 0.35)= 0.35)

MODELED PAVEMENT STRUCTURE MODELED PAVEMENT STRUCTURE –– SemiSemi--AnalyticalAnalytical--FEMFEM

cracked

NEW ASPHALT (50 mm)

Rigid Base @ 2000 mmRigid Base @ 2000 mm
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20 kN Load, 900 kPa Pressure
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FINAL CONCLUSIONS and FINAL CONCLUSIONS and 

RECOMMENDATIONS:RECOMMENDATIONS:

Calculated Stress and Strain response reflects applied load Calculated Stress and Strain response reflects applied load 

inputs inputs -- shape and distribution NB !;shape and distribution NB !;

Sensitivity increase with lower AC modulus (i.e. hot Sensitivity increase with lower AC modulus (i.e. hot 

conditions);conditions);

Strain parameters seem to be Strain parameters seem to be more sensitivemore sensitive than Stress than Stress 

parameters;parameters;

Elastic “StrainElastic “Strain--based “ transfer functions for damage ?based “ transfer functions for damage ?

Circular vs Square loading: Important differences noted Circular vs Square loading: Important differences noted 

in response parameters in response parameters (SED and Octahedral shear (SED and Octahedral shear stress);stress);

Cracked pavements: effects can be studied using SACracked pavements: effects can be studied using SA--FEM FEM 

using Oct.Stress and SED @ bottom of new thin AC layer.using Oct.Stress and SED @ bottom of new thin AC layer.
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RECOMMENDATIONS:RECOMMENDATIONS:

More rational use of 3D tyreMore rational use of 3D tyre--pavement contact pavement contact 
stresses in the design of flexible pavements;stresses in the design of flexible pavements;
Effects of lateral contact stresses important for thin Effects of lateral contact stresses important for thin 
AC pavements AC pavements -- hot conditions;hot conditions;
Influence of speed and tyre torque on 3D contact Influence of speed and tyre torque on 3D contact 
stresses to be quantified;stresses to be quantified;
Develop appropriate “ transfer functions” for AC Develop appropriate “ transfer functions” for AC 
damage ?damage ?
Tyre contact stress data to be managed well;Tyre contact stress data to be managed well;
AC Laboratory test methods to be “calibrated” for AC Laboratory test methods to be “calibrated” for 
contact stress regimes obtained from real trucks contact stress regimes obtained from real trucks 
tyres.tyres.
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Thank You for Thank You for 

your attention !your attention !


