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OverviewOverview
The project NordFoU Pavement Performance Modelling is a 

d b k l d djoint Nordic project between Denmark, Iceland, Norway and 
Sweden. 

• The project is divided into two parts:
– Network level
– Project level

• The objectives of the project are: 
Develop models and test methods for performance p p
predictions of pavements. 

• The project period: 2007 – 2010The project period: 2007  2010.  



M E performance predictions and designM‐E performance predictions and design

•• MechanisticallyMechanistically calculate pavement response (i.e., stresses, 
)strains, and deflections) due to:

• Traffic loading
• Environmental conditions

• Accumulate damagedamage over time
•• EmpiricallyEmpirically relate damage over time to pavement distresses, e.g.:

– CrackingCracking
– Rutting
– Faulting
– Roughness

•• CalibrateCalibrate (validation) predictions to observed field 
performance



M E performance predictions of pavementsM‐E performance predictions of pavements
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Incremental procedure ‐ Flow diagramIncremental procedure ‐ Flow diagram
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Performance predictionPerformance prediction
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Performance modelling ‐ Rutting
f l d l h b d d ( k h d )Two types of empirical models have been studied (work hardening) to 

calculate the accumulated permanent deformation: 

∑∑ ∆⋅=
n m

ijzˆˆ εδ

• The evaluation of the plastic strain is carried out within a reference framework 
(laboratory test) giving the model parameters and thereafter scaled to represent 
the accumulation of plastic strain under the actual field conditions

∑∑
= =

∆
i j

ijpp z
ij

1 1
εδ

the accumulation of plastic strain under the actual field conditions. 

• Scaling approaches:

1) Constant plastic over resilient strain ratio 

2) State of stress with respect to the static failure line 



Response modellingResponse modelling 
Non‐linear elastic modelling of 
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P f M d lli R iPerformance Modelling ‐ Rutting
Constant plastic over resilient strain ratio 
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Performance Modelling RuttingPerformance Modelling ‐ Rutting
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LTPP sectionsLTPP sections
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LTPP road Rv31 Nässjö
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Rv31 Nässjö - Rut, mean
2 0

2.5
Rv31 Nässjö - Roughness, mean

5

10

15

R
ut

 δ
p

 [m
m

]

1.0

1.5

2.0

ug
hn

es
s I

RI
 [-

]

j g

0

5

1988 1992 1996 2000 2004 2008
Date

R

0.0

0.5

1988 1992 1996 2000 2004 2008
Date

R
ou

30

40

r 
[-

] Rv31 Nässjö - Crack index, mean

10

20

C
ra

ck
 in

de
x 

 I c
r

0
1988 1992 1996 2000 2004 2008

Date



LTPP road Rv34 MålillaLTPP road Rv34 Målilla
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Traffic loadingTraffic loading
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Climate dataClimate data

Station 617: Nässjö Average temperature for 2001 - 2008

40

50

80

100

Average temperature for 2001 2008

10

20

30

pe
ra

tu
re

, T
 [

°C
]

40

60

fr
eq

ue
nc

y 
[%

]
-20

-10

0Te
m

p

Station 617 Year 2001

0

20

A
cc

. 

Station 617 Tsurface
Station 617 Tair

   01    02    03    04    05    06    07    08    09    10    11    12 
Month

-10 0 10 20 30 40
Temperature T  [°C]



M t i l t ACMaterial parameters: AC
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Material parameters: UGM
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Material parameters: SubgradesMaterial parameters: Subgrades
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Rutting prediction comparison with LTPP dataRutting prediction – comparison with LTPP data
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ConclusionsConclusions
Performance prediction has been carried out for four LTPP test road section in 

southern Sweden using a two step M E approachsouthern Sweden using a two‐step M‐E approach.

The major findings from this study were:
• The M‐E approach proposed here can predict the rutting development ofThe M E approach proposed here can predict the rutting development of 

typical Swedish roads.
• The simple performance models used here seems to predict adequately 

the expected permanent deformation of the structures for at least of a 
time period of 8 10 yearstime period of 8 ‐ 10 years.

• Performance calculations for longer periods need to be adjusted to 
include changes in material properties due to ageing of material as well as 
changes in the structural integrity of the pavement (cracking).

• As studded tyres are frequently used in the Nordic countries wear due to 
studs should be added to the total rut to improve the prediction of the 
total rut.

• The material behaviour dependency on the climate needs to be betterThe material behaviour dependency on the climate needs to be better 
represented  in the predictions. 
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