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• the simulation problem
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• Compressive vs. tensile responseCompressive vs. tensile response
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Constitutive Modelling of Asphalt Concrete Response
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Mechanical analogues
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• material response determination
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• wheel tracking simulation

0.0052

0.0028

0.0



d

I II IIIσ

Monotonic response

Nf

d

N cyclesII I III 

Response degradation

Steady state

• Cyclic response simulationCyclic response simulation

0

10

20

30

40

0 1000 2000 3000 4000 5000

N cycles

d

Cyclic Response Degradation Model



•• cyclic response simulationcyclic response simulation
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• the simulation problem:  interlayer systems
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Interlayer systems
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Interlayer systems:  interface elements
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Interlayer systems:  tangential stiffness
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-- soft soft inplaneinplane stiffness examplestiffness example
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Interlayer systems:  normal component
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-- influence of soft normal stiffnessinfluence of soft normal stiffness
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• the simulation problem:  infinite systems
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• infinite systems

- moving load problem   - falling weight simulation
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• infinite systems
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• infinite systems



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



Validation of Advanced Flexible Pavement Modeling with 
Accelerated Pavement Testing Data

•• Wave dissipation techniquesWave dissipation techniques

-- rigid boundariesrigid boundaries



February 6, 2008 Vermelding onderdeel organisatie 227

• infinite systems
-- impedance dampingimpedance damping

√Z = A Eρ
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• infinite systems
-- silent boundary elementsilent boundary element
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• the simulation problem: static infinite systems
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• the tools !!!
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Wheel tracking simulation: effective inelastic strains

0.0052

0.0028

0.0
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Wheel tracking simulation:  longitudinal cracking

3.39e-5

1.33e-5

0.0



TRB Workshop 110:
Validation of Advanced Flexible Pavement Modeling
with Accelerated Pavement Testing Data

Thank you  !!!

Tom Scarpas, Xueyan Liu, Cor Kasbergen
Section of Structural Mechanics

TU Delft

http://www.asphalt.org/
http://www.trb.org/default.asp
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