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Main objective: Improve design, construction and
maintenance of the road network in order to adapt to
climate changes.

I.e.
Evaluate and recommend measures necessary for

maintaining both safety and accessibility in a changed
climate.
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. Climate change and effects on road net - Survey
Data: collection, processing and storage

Flood and erosion prevention

. Avalanches: snow-, soil-, flood slides, rock fall

. Bearing capacity of roads

. Consequences for winter operation
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. Emergency plans and susceptibility
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Background

The road network is hg
Influenced by climate &
conditions

e Increased precipitation — frequency and
Intensity

* Milder winters

« Warm summers in the south-eastern
areas

* Increased wind speeds and storm
frequencies
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Normal mean year temperature 1961-1990

Mormal middeltemperatur for dret {(1961-1990)
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Estimated change in mean year temperature 1961-1990 — 2071-2100
(CICERO)
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Endring i normal darsmiddeltemperatur fra 1961-1990 til 2071-2100
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Normal yearly precipitation 1961-1990

MNormal nedbarsum for dret (1961-1990)
P it kartet viser normal rsnedber
ﬂﬁg ;5* (0 mr) for normalperioden

1961-19490.
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Estimated change in yearly precipitation 1961-1990 — 2071-2100
(CICERO)
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Prosentvis endring i normal arsnedbersum fra 1961-1990 til 2071-
2100
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Why Is climate important in pavement design?
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Bearing capacity of roads
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affects load distribution,
changed frequency of
freeze-thaw cycles

Precipitation increase:

higher ground water level,
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Conseguences of iIncreased persipitation

materials

4

Reduced bearing capacity
(deformation properties and load
distribution)

|

Increased deteriation (rutting and
roughness)
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Moist pavement
surface
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Increased wear
of asphalt




NEGATIVE conseguences of increased
temperature

= Material properties of asphalt are closley dependent on temperature due
to reduced stiffness with increased temperature.

— Reduced deformation properites
— Reduced load distribution
— Increased loading on sub-layers

= A frozen road is very strong, and a reduced frozen period can lead to
Increased deteriation

e The number of freeze-thaw cycles will increase in some areas
— Several spring-thaw weakening periodes during one singel winter
- Melting of the upper part of the pavement - reduced bearing capacity

e Reduced frost index, but more critical where in the construction the ice
lenses from
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Variation of the bearing capacity during the year
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Freeze-Thaw cyckles

Short-term surface thaws, near surface only, during winter
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precipitation

Lower layers
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Scematic illustration of deteriation with
and without climatic effects (Dore et al.

2006)

Vinter

Damage

Spring

Summer and fall
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Examples of relative E-modulus for materials
during the spring thaw weakening period
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Concequences in regions with increased
frequency of freeze-thaw cycles

e Roads with poor materials high in the pavement
will have increased deteriation. (often low
volume roads)

e For roads with good materials in the pavement,

the concequences will be small (high volume
roads, main roads)

e More periods with poor acessebility on gravel
roads - Increased need for maintenance.
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POSITIVE consequences of increased
temperature

e The number of freeze-thaw cycles will be less
IN Ssome areas

e Less frost heave in some regions

e Reduced "studded season” - redusced
rutting caused by studs.
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Tasks In Project task 5 -Bearing capacity

of roads
W
fAnda:

5.1 How is materialparameters for road construction
materials affected by changed climate?

Klima
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5.2 Consequences of changed climate for gravel roads

5.3 Consequences of changed climate for hard surface
roads

5.4 Pilotprojects
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Project task 5 — Bearing capacity of
roads will be dealing with
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e Choice of models for calculating consequences (for a road
network)

e Calibration and abdoption of the model to Norwegian
conditions

e (Calculation of changes in maintenance costs

e Proposal for measures to cope with negative
conseguences

 Pilotproject to show practical problems the climate
change can lead to, and nessesary adaptions to be made.

— Effect of drainage on the lifetime of a road
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RAPPORT

Klimapavirkning av
vegbyggingsmaterialer

State of the art studie

Bjern Ove Lerfald og Inge Hoff

SINTEF Byggforsk
Veg- og jernbaneteknikk

Desember 2007
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Tabell 1 Hvordan de ulike materialene blir pavirket av klimaendringer

Mildere vintre

Varmere somre

Oftere telelosning

Flere frvse/tine
vekslinger

Asfaltdekker

Bestandighet

MMer nedbor

Mindre snodekke

Okt grunnvann-
stand

Okt salting

Okt havvannstand

Bestandighet

- . Stabiliserte Ubundne Forsterknings - L
Grusdekker = Undergrunn
baerelag baerelag lag
Telehiving Telehiving Telehiving
Deformasjoner

Kan ha betydning lokalt enkelte steder der grunnvannstanden eker pga. ekt havvannstand

Mer vind

Kan pavirke broer, skiltportaler og lignende

Flom

Kan ha stor betydning lokalt med utvasking av materialer ol.
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Etatsprosjekt Klima og Transport

Delprosjekt 5 Tilstandsutvikling pd vegneitet
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Klima og Transport

Delprosjekt 5
Tilstandsutvikling pa vegnettet

Vurdering av
EDB-system for beregning av
nedbrytning av veg

ViaNova Plan og Trafikk AS
Desember 2007
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Evaluated models

Innhold
Behovet for tilstandsutviklingsmodeller ... eeeeeeeeieeieeienceeeceneeceecensecescsnecennens 3
KIMASCENATICT cevuiiirriiierruiiiirreiinrrmissssrossssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssse 3
Noen aktuelle modeller for tilstandSutvikling .......cccceeeieniceeicneicnecnncnecenscnaecensssnnes )
MMOPE 2007 Danmark.,. ... ... ... . J
PMS ODlek! DVETIDE .. | . .. G 8
AdASHIO 200 Mechanisiic Emninical Desion Guidle, . .. 16
HDM 4 PIARC . i 24
MNodellering basert pa Markaovekleder ... . ... ... ... . .. .. ... ... . ... ... 28
Hichway [nvestincnl Piocraming System HIPS = 29
1R DN 31
Modeller lolr piegdelksiasie . . 3.
Forslag til valg av Modell(er) ... iiimiiiiiiiiiiiiiiiiieiieiisiiteeteetectsecssesessssssscssscsnes 33
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M-E Pavement Design

Process
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AASHTO 2002 MEDG

AASHTO 2002 uses historic data:
e Temperature

e Percipitation

« Wind

* % Solar radioation

 Depth of ground water table
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Examples of climatic data in AASTHO
2002

Lillechammer 1 mai 2002 - 31. desemper 2004
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Results

AASHTO 2002 Design Guide, arlig ekning i spordvhde pa grunn av deformasjoner

Ovrige riksveger med ADT 3000, baereevnegruppe 6
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Measures to cope with negative
effects of a changed climate

e Focus on bitumen-material
properties (stiffness, PmB)

Steinsetting av skjeeringsskraning med dypdrenering

A Coarse graded
e .r.-n;;_;_ aggregates

e Use of non-water-

suseptible unbound /
materials Geotextile S (not susceptible

to erosion)

e Improved drainage system

that removes water fast and e
effective from the Stemnsetting av skjeringsskraning med enklere form for dypdrenering
pavement-structure

U Coarse graded
“adid, agoregates

Road structure
(not susceptible

Geotextile A
to erosion)

=

Statens vegvesen



AASTHO Design Guide

Recommended E-modulus for base and sub-base depending of
the quality of the drainage system

E-modul MPa
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Material properties in a changed climate

Important properties for bitumen-materials:

- Good stability in high temperatures

- Resistance to water and salt = Rutting

- Flexibility to variaation of bearing capacity and uneven frost heave.

Important properties for unbound materials:
- Fines content Iin materials where the water content 1S increased

=

Statens vegvesen



oy

o

e _“-__.."...-.

a._f.““...__ ﬁ.. b
T T BT

Statens vegvesen



Thank you for your attention!



