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1. INTRODUCTION

•Highway agency mission

•Constraints to winter maintenance

•Balancing interests of stakeholders

3



XIV CONGRÉS INTERNACIONAL DE VIABILITAT INVERNAL
Andorra, 4-7 de febrer 2014

4. Background:  Ontario Level of Service Standards
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Class WADT M ax. BPRT 
(hrs)

1 >10,000 8

2 2,000-10,000 16

3 1,000-2,000 24

4 500-1000 24 (centre bare)

5 <500 Snow covered
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3. Background:  North American Performance-based Standards
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Kuemmel & Hanbali, 1992

5. Background:  Benefits and Costs of Winter Maintenance
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• Benefit:cost analyses in winter maintenance
•Indirect costs of accidents, mobility (Kuemmel & Hanbali, 1992

Shahdah and Fu, 2010 ; Fu et al, 2012)
•Indirect costs of road salt (Environment Canada, 2013)
•Direct costs equipment, materials, RWIS/MDSS (Veneziano et al, 2010)

Fu et al, 2012

Fu et al, 2012
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6.  Benefit:cost approach to winter maintenance standards
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7. Study scope
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8. M ethodology
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11. Ontario calibration data
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Class 1 and 2 model calibration sites
Hour storm event
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11. Results – model calibrations
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Road Surface Index during storm event

Bare Pavement Regain Time after storm event

Expected number of collisions during storm event

Salt application during storm event
= 57.6−0.64∗ −1.36 + 26.65 + 50.56 1 +  8.6 + 0.01

+ 32.26( − )
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13. Collision model storm event calibrations 
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15. Results – variation in direct and collision costs with threshold
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16. Optimization for direct and collision costs
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17. Optimizing class thresholds with climate change
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18. Conclusion
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•Benefit:cost framework applied to winter standards

•Predictive, storm-event models calibrated:
•Bare Pavement Regain Time
•Average Road Surface Index
•Number of collisions
•Road salt use 

•Applications:
•Level of service standards 
•Climate change impacts on maintenance
•New technology, materials
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18. Thank you!
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