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Presentation outline

o Context
o Frost design practice in Quebec province

- New pavements
- Pavement rehabilitation
o Research and development

- Pavement performance related to frost action
. Control of winter roughness

- Thaw weakening
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Challenges

o Large road networks and low population densities

« Vital communication links need to be established and
maintained

- Low levels of fundings
o Difficult geological context and resources difficult to access

- Large linear structures and complex interaction with
variable soils

o Severe climatic conditions

Moisture and frost action




Québec city: i

*4 months of winter (-10°& on average)

:Coldest tempeyature = 85°C

“reezing indeX= 1200°C "

Frost penetration under pavement surface =2 m
Frost heaye typically between 50 and 150 mm
*Snow fall between 3 and 4'm
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Frost action on
pavements




Design practice in Quebec

o Pavement design (traffic)done using AASHTO
method

- HMAC designed considering regional temperature
averages

- Pavement granular materials assumed to be stable

- Seasonal variation of subgrade soil properties
dealt with using “effective modulus”

o Frost heave design based on an allowable
frost heave criterion




Pavement design (traffic)
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Frost design

o Frost heave calculated based on:
- Segregation potential (SP) of subgrade soil
- Climatic conditions (Freezing index)
- Site specific conditions (water content, water table, etc)

o SSR model used for computation of frost penetration
and heave

o Frost heave compared to allowable frost heave
criterion

o Pavement structure adjusted to meet frost heave
criterion




Frost susceptibility (SP)
Segregation Potential

Frost
susceptibility SP
mm?3/°C-hour

Negligeable <0,5
Low 0,5a 1,5
Moderate 1,5a 3
High 3a8
Very high > 8

h=1,09SP grad T xt,




Allowable frost heave =

o Criterion based on § . o //

relationship ;"// :

between roughness T e

development and e (mn;“)

frost heave Freeways < 5O
National < 55 mm
Regional < 60 mm
Local <70 mm




Frost design
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Pavement adjustment to meet
frost heave criterion

o Increase thickness of granular subbase

o Pavement insulation
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Pavement insulation

¢ Limlte du ravélement®
MG 20 —
| Revétement 1800 max. Accotement
ra

450 min

Ligne d'infrastrud

Lt

2440

_l_ t{25 max.)®

Isnlantl—t ; f I :

Lt : lengueur de transition. COUPE A-A

t : épaisseur de isolant thermigue.




Pavement rehabilitation
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o Frost susceptibility
(SP) of soils and
pavement materials

o Frost susceptibility of
pavement (AIRI)

o Analysis of seasonal
profile variations




Frost susceptibility assessment using AIRI
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Analysis of winter/summer profiles

Route 283 St-Paul-de-Montminy (direction nord)
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Pavement rehabilitation

O

Replacement of frost susceptible pavement
materials

ncrease thickness of granular layers
Pavement insulation

Dralinage

Construction/rehabilitation of granular
wedges (transition)




Research and development

o Pavement design and performance in seasonal
frost conditions

o Control of winter roughness

o Thaw weakening




Pavement performance related to
frost action

o Moving towards M-E pavement design

Rational approach

DR e T e
|_>| variation of
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: . moisture content
Frost action Frost heave Roughness (winter
long-term

e Performance
Frost cracking models relating

frost heave to
roughness and
frost cracking
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Pavement design

o Development of a mechanistic-based method
including consideration for differential frost
heaving

o Project results presented at BCRRA




Pavement performance

o Development of a mechanistic-based model
for roughness prediction taking explicitly into
consideration frost heave

IRI, = IRI, +k(v,&, +V,h)

o Numerical modelling
o Small scale laboratory simulations

o Field observations (LTPP sites)




Winter roughness

o Development of winter roughness

. Contribution of differential frost heave occurring
in subgrade soil

- Contribution of crack heaving (frost heave in
granular base materials contaminated by deicing
chemical




Winter roughness
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Thaw weakening

o Development and implementation of the
Thaw Weakening Index (Twin)

- Relationship between resilient modulus and Twin
considering:
o Volume change during frost
o Rate of thawing
o Rate of consolidation

o Experimental program in test pit with




Conclusion

o Frost heave criterion used for frost design of
pavements in Quebec

o AIRI and profile analysis used to assess frost
action on existing pavement

o Several research projects are being conducted
to improve frost design and analysis
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