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Background

A realistic life cycle assessment modelling of the 

pavement structure is one of the critical elements in any 

pavement asset management system.

Three level of design used in Sweden:

DK1 Catalogues

DK2 Simple performance (fatigue & rutting criteria)

DK3 Advanced level 

A Mechanistic – Empirical (M-E) approach is under 

development:

 To predict the structural degradation of road 

structures 

 Backbone in a new pavement asset management 

system.



Trafikverkets tekniska krav – Vägkonstruktioner

TRV 2011:072



Distress mechanisms 

Rutting Fatigue cracking

Roughness (IRI)

Low temperature cracking

Wear from studded tyres



M-E design of pavements
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Flow diagram

Response model

Performance model
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Response model
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MLET – Multi-layer elastic theory 

The elastic response of the tyre pavement interaction is estimated by a 

nonlinear MLET (multi layer elastic theory) approach giving the stresses 

and strains at desired locations. 
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Increased moisture content in the wet state caused the stiffness of the 

unbound layers to decrease and therefore higher strains are recorded.
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Performance modelling – fatigue cracking

The fatigue cracking modelling is based on classical approach that there is a relationship 

between the horizontal tensile et at the bottom of the asphalt layer and the number of 

load pulses to failure Nf :
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The performance models
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Superposition of perm. strain

(Time hardening principle)
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• The model was used for MS RLT tests 

applying the ‘Time-hardening approach’ 
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Rut depth
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•comparison between measurement and calculation



The Swedish BWIM system

F(t)



The national B-WIM sites

1) E10 Grundträskån

2)  Rv393 Storlångsträsk

3)  E14 Torvalla

4)  E4 Torsboda

5)  E18 Rådmansö

6)  Rv73 Västerhaninge

7)  E20 Marieberg

8)  Rv50 Gärdshyttan

9)  E4 Mjölby

10)  Rv40 Landvetter

11)  E6 Löddeköping

12)  E65 Skurup 

Stockholm

Gothenburg

Malmoe

1)

2)

3)

4)

5)

6)
7)

8)

9)10)

11)

12)

» 12 locations (always 2 lanes)

» 1 week sampling

» Limitations

» Lane distribution 

» Tyre pressure

» Single wheel vs. Dual wheel

» Lateral wander



Traffic loading:  Axle Load Spectra (ALS)
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Lateral Wander
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Performance Predictions and  ALS

Time, years

Traffic

Granular Base 
Modulus

Each load 
application

2 8640

Subgrade 
Modulus

AC 
Modulus

0

5

10

15

20

25

0 50 100 150

Axle Weights [kN]

F
re

q
u
e
n
c
y
 [

%
]

Steering

0

2

4

6

8

10

0 50 100 150

Axle Weights [kN]

F
re

q
u
e
n
c
y
 [

%
]

Single

0

2

4

6

0 50 100 150 200 250

Axle Weights [kN]

F
re

q
u
e
n
c
y
 [

%
]

Tandem

0

2

4

6

0 50 100 150 200 250 300

Axle Weights [kN]

F
re

q
u
e
n
c
y
 [

%
]

Tridem

Time

R
u

tt
in

g

Time

D
a

m
a

g
e



Calibration & validation
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Typical results – ERAPave MEPPP



Typical results – ERAPave MEPPP

Permanent deformation in Layer 3



Summary

A new Mechanistic-Empirical (M-E) Pavement Performance model is 
under development.

• The response is calculated based on a new nonlinear MLET.

• Traffic loading is represented either as ALS or ESAL’s. 
Lateral wander can be included.

• Miner´s rule is used to sum up the damage factor based on 
bottom-up fatigue cracking. 

• The rutting performance is calculated based on a simple 
accumulative damage hypothesis based on laboratory/field 
testing. Simple empirical work hardening model is used for 
estimating the permanent deformation.  

• The procedure NEEDS further development.



Further developments

• Response calculation

Visco-elasticity (AC layer), stress-dependent UGM

Aging, (healing)

• Climate model

Temperature

Moisture 

Frost/thaw

• Performance prediction

IRI (Roughness),   IRI = f(drut, Icr, ….)

Low temperature cracking

Wear from studded tyres

……

• Validation & Calibration

Real pavement performance

rut, fatigue, low temperature cracking, IRI


