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Do Models Really Work?
Verification and Validation
In Pavement Engineering
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Pavement Complexity: Closed-Form Solutions
do Not Consider:
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Simulation in Pavement Design and Analysis
Selected Historical Developments
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Numerical Modeling/Simulation
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As Engineers, How Can We Handle the
Black Box???
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Phases of Modeling and Simulation

Phases of modeling and simulations and the role of V&V

From Oberkampf et al. (Appl. Mech. Rev., vol. 57, no. 5, Sept. 2004)



Model Qualification

“Determination
— of adequacy of the
conceptual model to
provide an
acceptable level of
agreement for the
domain of intended
application.”

From Oberkampf et al. (Appl. Mech. Rev., vol. 57, no. 5, Sept. 2004) Road
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Model Verification

The process of
determining that a
model implementation
accurately represents
the developer’s
conceptual description
of the model and the
solution to the model.

From Oberkampf et al. (Appl. Mech. Rev., vol.
57, no. 5, Sept. 2004)
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LEA Example for Model Verification

Khazanovich and Wang, Trans. Res. Rec., Vol.
2037, pp. 63-75, 2007.



Model Validation

From Oberkampf et al. (Appl. Mech. Rev., vol.
57, no. 5, Sept. 2004)

The process of
determining the
degree to which a
model is an accurate
representation of the
real world from the
perspective of the
Intended uses of the
model.
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Validation Process

From Oberkampf et al. (Appl. Mech. Rev., vol.

57, no. 5, Sept. 2004)

Homogeneous Tests
(Direct Tension,
Annular Shear, etc.)

Bench scale, Possibly
Standard Tests
(SE(B), DC(T), SCB, etc.)

Intermediate Scale/
Structural/ Simulation Tests

/ (Overlay Tester, Layered

Beam, MMLS, etc.)

\ APT and Field Sections

(ATLaS, FABAC, HVS, MLS,
Mn/ROAD, LTPP, etc.)
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Verification and Validation of
Code Is Important!!!

Computerized Controls for Braking,
Accelerating, Crash Avoidance

Simulation for Pavement Design;
What Will be Our Legacy?
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Calibration vs. Validation

In Mechanistic — Empirical modeling, which
IS commonly needed In pavement
engineering, we have empirical constants
which require calibration. Thus, model
calibration is generally needed between
verification and validation.

Il Calibration and Validation are often
confused in pavement engineering !!!
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MEPDG Example for Model Calibration

From: MEPDG User’s Manual, Chapter 3 (2006).
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SHRP Example for Model Validation - TCMODEL

OBSERVED CRACKING
ZERO LOW MED HIGH

ZERO 16
O
P
X
0
I LOW 2
x
O
@]
1
0 MED 2 4
@]
(HN]
x
o

HIGH 11

The statistical ‘PRESS’ procedure was used to independently validate
model results when only limited field sections was available.

From: SHRP A-357 Final Report (1993).
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UIUC Fracture Modeling
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Verification, Calibration, and
Validation of Cohesive Zone Model

RILEM CAP TG-03
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Example #1 — Fracture Modeling
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Disk-Shaped Compact Tension, DC(T) Test
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Semi-circular Bend, SC(B) Test
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Fracture Energy Results (lllinois RILEM Mix)
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Verification of CZ Modeling Approach using
Double Cantilever Beam Problem
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FE Meshes for Fracture Energy Tests

3:7/7D 8
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DCT Load-CMOD Curves: Measured vs. Calibrated

Calibration Factors:
DCT CMOD Energy: 0.84
IDT Strength: 1.00
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Predicted SCB Load-CMOD Curves (Validation)



Example #2: Discrete Element Modeling

Central difference
scheme for solving
the dynamic problem

Friction model

F = nkF,

Hardening Softening

oy .
-----------

*PFC2D 3.0, ITASCA, 2002
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Viscoelastic Contact Model

D(t)=D,+ D;@-e™)

i=1

Where, D(t) = Creep compliance at time t
D, = Material constants
. = Retardation times

ft+1 :i% u'[+1 _ ut + (1_ %)ult< th

Where,

K, Dt aog KOt _ Dt 1. Dt Dt 1, Dt

A=1+ = = -
2C, 2C, 2CLA K_ 2C 2C.A K_ 2C

m m

* Contact force f 1 can be calculated from known values for ut1, ut, u, , and f!
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Verification of Creep Response

O<t<t;: Creep
1 t 1
+ +
(;(')vI th GlK

- et

et)=s,

t, <t:Recovery

- (t-t) -t
elt)=s, t—1+iK(e % eﬁl)

M
1 1
1.0E-07
8.0E-08
<
S 6.0E-08 |
7
'©
£ 40E-08 |
)
>
2.0E-08 | o Analytical Solution
—DEM
0.0E+00 |
. 0 4 8 12 16

Time (sec)



Verification of Relaxation Response
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Contact Force (t) (N)
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Verification of Mesh-Independence

@ The cohesive zone model introduces
a length scale in terms of material
properties such as Young’s modulus,
fracture energy, and material strength
(Rice, 1968).

A fracture process zone where damage
occurs can be estimated as:

_p E G
° 81- 1P s>

. ]

|, >> Particle (or element) size

@ The cohesive model results will be (a) Comparison of Different Cohesive Particle Sizes

independent of the particle size if it is :0.25mm, 0.5mm, 1.0mm
much smaller than Ic.
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Example #3: Size Effect Study

Kim, H., Partl, M.N., Wagoner, M.P., and W.G. Buttlar, “Size Effect Investigation on Fracturing of Asphalt
Concrete Using the Cohesive Softening Discrete Element Model,” 7th International RILEM Symposium on
Advanced Testing and Characterization of Bituminous Materials, Rhodes, Greece, 2009.
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DEM Model Detalls
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Calibration — Intermediate Size
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Validation of Size Effect Prediction

Small Specimen Large Specimen
(D=100mm) (D=300mm)

Dark Symbols = Model Solid Lines = Experiments
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Making Simulations Robust
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Thanks for your attention!!!
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