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Overview

u Overview of the M -E design tool ERAPavePP

u Input parameters

Traffic, Climate, Material properties

Response model

u Distress development (performance) 

Rutting 

Fatigue cracking

Studded tyre wear (abrasion)

Frost heave

Bearing capacity control

u Material databank

u Validation

u Further developments 

u Summary
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ERAPavePP

S. Erlingsson

ERAPavePP (Elastic Response Analysis of Pavements ðPerformance Prediction) is a Mechanistic-

Empirical pavement analysis and design tool for flexible pavement. ERAPavePP predicts the 

evolution of rutting , fatigue cracking and studded tyre wear for a given pavement structure 

having a set of material properties. It further predicts the expected frost heave and controls the 

stability of a extreme static loading condition.

Pavement 

Structure

Material 

Properties

Climate data 

Traffic 

Characteristics

Response 

Analysis

Performance 

Prediction 

Modelling

Rutting

- Permanent deformation

- Studded tyre wear (abrasion) 

Input

Fatigue damage cracking

Frost heave

Analyses Distress Prediction

Extreme loading (static)
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ERAPAvePP

u The software can be downloaded from:

uvti.se/ en

uResearch

uHighway engineering and maintenance 

uPavement technology

uPavement design models for roads

Version 0.93 is now available
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Report

Summary

Å Input data

ÅPredicted damages

Å rutting and wear

Å fatigue

Å Frost heave

Output
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Traffic data

Desing period, years 20

AADT per design lane 6000

Percent heavy traffic, % 10.0

Traffic growth rate, % 1.5

Truck factor 1.3

N100 6583308.0

Weather station data

Stn. Name Stn. Id. Longitude Latitude

TRONDHEIM - VOLL 68860 10.4 63.4

Layer thicknesses

Ska11-70/100, mm 40

Ab 16-70/100, mm 50

Ag 16-160/220_modified , mm 65

Knust berg (Fk), mm 80

Knust berg (Fk), mm 1470

Silt, leire , T4, cu < 25 kPa_modified, mm -

Analysis parameter Result Limit Accept

Rutting per year, mm/year 1.0 <0.8 No

Rutting year 10, mm* 12.7 <11 No

Fatigue damage ratio year 20, - 0.3 <0.5 Yes

Maximum frost heave, mm 29.8 <30 Yes

Maximum subgrade strain, µm/m 482.1 <1800 Yes

*Contribution by layer Result

Ska 11-70/100 deformation, mm 0.8

Ab 16-70/100 deformation, mm 1.4

Ag 16-160/220_modified deformation, mm 2.0

Knust berg (Fk) deformation, mm 0.1

Knust berg (Fk) deformation, mm 0.2

Silt, leire, T4, cu < 25 kPa_modified deformation, mm 0.2

Ska 11-70/100 Studded tyre Wear, mm 8.1



Report
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Å Input data

Å Predicted damages

Å rutting and wear
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Å Frost heave
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ERAPavePP components

MATERIAL

& 

STRUCTURE

TEMPERATURE T

MOISTURE (Sr)

FROST ACTION EXTREME LOAD

PERFORMANCE

Rutting, cracking  

TRAFFIC
CLIMATE

REPORT

RESPONSE MODEL

studded tyre wear
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Response model

Initial condition & structure

geometry, design period = Y

Accumulate distress

ȹti

i = i + 1

Pavement structure

Climate Traffic loading

End

t = t0, i = 1

t i < Y
Yes No

t i = t i-1 +ȹt i

Stresses, strains and displacements

Subgrade properties

Performance prediction models

Structural change

Material properties

Inputs

Analysis

Viable

alternative

Modify

strategy

No

Life cycle 

cost  analysis

Strategy

selection

Flexible pavement design - rutting and fatigue cracking

Constructability
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Response model

Initial condition & structure

geometry, design period = Y

Accumulate distress

ȹti

i = i + 1

Pavement structure

Climate Traffic loading

End

t = t0, i = 1

t i < Y
Yes No

t i = t i-1 +ȹt i

Stresses, strains and displacements

Subgrade properties

Performance prediction models

Structural change

Material properties

Inputs

Analysis
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alternative

Modify

strategy
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Life cycle 

cost  analysis
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selection
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Flexible pavement design - rutting and fatigue cracking
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Traffic characteristics

u Traffic input is either:

u Equivalent Single Axle Loads - ESAĹ s

u Axle Load Spectra ðALS from WIM-systems

u Lateral wander is included

u Traffic Growth factor is considered.  

S. Erlingsson
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Traffic Loading: Standard axels

u Standard axels ðDual tyre configuration W = 100 kN, p = 800 kPa, c/c 300 mm
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Traffic loading:  Axle Load Spectra (ALS)
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Traffic Loading: Lateral Wander
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Climate dependency
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Pavement response and degradation is highly dependent on the climate 

variables. 

The two most important variables are temperature T and moisture 

content w (or degree of saturation Sr).  

Climate dependency

Heat balance Water balance

S. Erlingsson
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Heat balance: Temperature model

Å1-D Finite control volume method (FCVM)

ÅA numerical approach for solving the heat 

equation

ÅDiscretization into small control volumes

ÅInput for analysis

ÅAir temperature

ÅWind speed

ÅSolar radiation

Bottom Boundary Condition

Layer 1

Layer 2

Layer 3

Layer n-1

Layer n

Shortwave Solar Radiation

Heat Convection

LongwaveRadiation
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Climate data ðSmhi.se and Frost.MET.no API

Sweden Norway
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MLET ðMulti -layer elastic theory 

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

MLET (multi layer elastic theory) approach giving the stresses and strains at desired 

locations. 
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Response modelling 

Based the MLET (MultiLayer Elastic Theory).

AC is temp. dependent - lin. elastic matr.

UGM:s are lin. or non-lin. (stress dependent) elastic 

material. 

Lateral Wander is assumed normal distributed.
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Response calculations

Stiffness of asphalt bound layers ðTemperature dependency

Two models are included in ERAPavePP.

Sigmoidal model (master curve estimations)

a, b, c and d are material parameters and f r is 

reduced frequency linked to the vehicle speed 

and thickness of the HMA layer.

Exponential model

b is material parameter and Eref is the 

stiffness at reference temperature Tref . 
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Response calculations

Stiffness of unbound layers and subgrades ðMoisture dependency 

Stiffness ðmoisture content (degree of saturation) 

relationship is given as:

a, b and km are material parameters.
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Performance prediction

ÅFatigue cracking (bottom -up)

ÅRutting (permanent deformation)

ÅAbrasion (studded tyre wear)

ÅFrost heave

Rutting (plastic deform.) Fatigue cracking (bottom -up) Frost actions & frost heave damage 

Abrasion (studded tyre wear)
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Bottomðup fatigue cracking

Fatigue law:                                 (                  )

Lab to field:

u Miner´ s rule used for summation:
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Plastic deformation  (rut)

uAC:

uUGM & soils:
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Accumulation (Superposition) of perm. strain
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Studded tyre abrasion
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Two models:

The Nordic abrasion sub -model: AN, Dmax, MAS4

Prall sub-model: AP

An empirical model based on laboratory testing and calibrated/validated

in in -service road tests.   
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Performance Predictions
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Validation (calibration)

ÅClimate Predictions

ÅTemperature

ÅResponse and Performance Predictions

ÅSmall scale laboratory testing (RLT tests & ELWT tests)

ÅFull scale laboratory testing: APT (HVS)

ÅIn-service roads

ÅLTPP sections

ÅInstrumented test sections
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Validation ðClimate modelling

- External factors considered at the upper boundary condition:

- Air temperature

- Solar shortwave radiation 

- Longwave infrared radiation

- Convective heat transfer (wind speed)

- Bottom boundary condition modelled as 

constant temperature (5m depth)

- Discretization into finite control volumes (FCV)

”ὧ
‬Ὕ

‬ὸ
Ὧ
‬Ὕ

‬ὼ

where:

ris the density, kg/m 3

cp is the heat capacity, J/(kg K)

k is the conductivity, W/( mK)

- Temperature distribution in the cross -section given by the 

1-D diffusion partial differential equation
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Validation - Temperature prediction in AC layers
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Validation - Temperature predictions in granular layers
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Validation ðFrost depth penetrations
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Moisture cont. predictions

ÅThe moisture content ( Degree of saturation ) in the 

unbound layers is dependent on many parameters:

ÅClimate (temperature, precipitation, frost index)

ÅMaterial 

ÅSurrounding geometry

ÅGroundwater table
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Ullevileden , Linköping
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Drainage class



Validation: The Heavy Vehicle Simulator (HVS)

The Heavy Vehicle Simulator (HVS) is a mobile APT test facility.
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Validation HVS: Construction of test object
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