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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 — Vagkonstruktioner

TRV 2011:072

TRVK Vig 2011:072

13

4.1

4.1.1

4.1.2

4.2

Birféormaga, stadga och
bestandighet

Allméant

Vigdverbyggnad ska konstrueras s3 att kraven pd ingiende delars
dimensionerande tekniska livslingd, enligt IFS 20092 Bilaga A uppnas.

Vigiverbyggnad ska dimensioneras enligt nigon nedanstaende
dimensioneringsklasser, DE.

Nybyggnad

DK 1 — Tabellmetod enligt VVMB 302, maximal trafikbelastning 500 000
standardaxlar, under dimensioneringsperioden.

DK 2 — Empirisk/mekanistisk dimensionering

DE 3 — Avancerade mekanistiska modeller och laboratorie provning

Underhall/forstirkning

DE 1 — Index mefoden (kan dven anvindas for kalla och halvvarma
belaggningsmassor vid nybyggnad) enligt VVMB 302, maximal
trafikbelastning 500 000 standardaxlar. under dimensioneringsperioden.
DK 2 — Empinsk/mekanistisk dimensionering

DK 3 — Avancerade mekanistiska modeller och laboratorie provning

Klimat

Overbyggnad i DK 1 och 2 ska dimensioneras for aktuell klimatzon. Denna

framgar av VVFS 2004:31 "Vigverkets foreskrifter om barformaga, stadga och

bestandighet hos byggnadsverk vid byggande av vigar och gator”, se
illustration 4.2-1 nedan.

Vid tveksamheter ska hogre klimatzon viljas.
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Distress mechanisms

Rutting Fatigue cracking

Roughness (IRI)
Low temperature cracking
Wear from studded tyres
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M-E design of pavements
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Initial condition & structure
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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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Response - numerical simulations
Vertical strain as a function of depth for SE10
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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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Soil pressure cells (SPC)
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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 ¢ at the bottom of the asphalt layer and the nhumber of
load pulses to failure N; :

N, =kg "

The linear damage accumulation based on Miner’s hypothesis is
thereafter used to calculate the non-dimensional damage

D:Z:N—if 0>D>1
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The performance models

AC: &, (N)=a; - T%-N%.Ag,

UGM & ép(N)zc.Nb. R
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Superposition of perm. strain
(Time hardening principle)
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Time hardening approach

« The model was used for MS RLT tests
applying the ‘Time-hardening approach
(Erlingsson and Rahman, 2013).

« N is calculated.
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Rut depth

Lateral location [cm)]
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HVS rutting profiles

Distance from the edge of the pavement [mm]
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The Swedish BWIM system
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-
The national B-WIM sites

1) E10 Grundtraskan » 12 locations (always 2 lanes)
2) Rv393 Storl&ngstrask » 1 week sampling

3) E14 Torvalla

4) E4 Torsboda » leltatlons

5) E18 Radmanso

6) Rv73 Vasterhaninge
7) E20 Marieberg

8) Rv50 Gardshyttan
9) E4 Mjdlby

10) Rv40 Landvetter

11) E6 LoddekoOping

12) E65 Skurup

» Lane distribution

» Tyre pressure

» Single wheel vs. Dual wheel
» Lateral wander
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Traffic loading: Axle Load Spectra (ALS)

Weigh-In-Motion (WIM) data
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Norm. frequency [%]

Lateral Wander
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Performance Predictions and ALS
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Calibration & validation
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Typical results — ERAPave MEPPP
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Typical results — ERAPave MEPPP

Permanent deformation in Layer 3
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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.
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Further developments

* Response calculation
Visco-elasticity (AC layer), stress-dependent UGM
Aging, (healing)
 Climate model
Temperature
Moisture
Frost/thaw
* Performance prediction
IRI (Roughness), IRI=1(J,, | ----)
Low temperature cracking
Wear from studded tyres
 Validation & Calibration
Real pavement performance

rut, fatigue, low temperature cracking, IRI
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