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Presenta5on	Overview	

• Introduc5on	
• Climate	Change	

• Natural	Disasters	
• Road	build-in	resilience	strategies	

• Closing	Remarks	



Pavement	Asset	Design	and	Management	Guide	
•  Leading	the	Development	of	the	Transporta5on	
Associa5on	of	Canada	(TAC)	design	guide	

• Resulted	in	many	posi5ve	changes	to	Canadian	
standards	and	specifica5ons		



Pavement	Asset	Design	and	Management	Guide	
•  Includes	a	new	chapter	on	Climate	Change	and	
Sustainability	

•  Focuses	on	provincial,	municipal	and	city	needs	

[Reid	and	Hein	2016]	



Climate	Change	



Disaster	Types	in	Ontario	1900	–	2013	
	

Nirupama, N., et al  (2014). Natural Hazards in Ontario, Canada: An Analysis for  
Resilience Building. Procedia Economics and Finance, 18, 55-61.	



When	does	flooding	occur?	

Nirupama, N., et al  (2014). Natural Hazards in Ontario, Canada: An Analysis for  
Resilience Building. Procedia Economics and Finance, 18, 55-61.	



Assessment	of	Damage	

Load	type Pavement	damage	reasons 

Flood	depth Absorp5on	of	water 

Flood	dura5on Absorp5on	of	water 

Flood	velocity Force	of	water 

Flood	debris Pavement	surface	texture	reduc5on 

Flood	contaminants Absorp5on	or	adhesion	of	contaminants	carried	by	

water 



Climate	Change	Impacts	



Analysis	of	Performance	Related	Data	

1.  Influence of climate 
and climate change 
alone 

2.  Influence of structure 
type and baseline 
traffic volume  

3.  Combined influence of 
traffic growth and 
climate change 

(Mills,		2007)	



•  Extreme	minimum	daily	temperature	(thermal	cracking	
indicator)	

•  Seven-day	average	maximum	daily	temperature	(ru\ng	
indicator)	

•  Freezing	and	thawing	indices	(indicator	of	frost	and	thaw	
depths)	

Analysis	of	Performance	Related	Data	



Management	Needs	

(TAC,	2013)	



Alberta	(Edmonton)	site	(50%	reliability)		
	

(Mills,		2007)	
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Pavement	Predic5ons	

(Mills,		2007)	
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Pavement	Predic5ons	

(Mills,		2007)	
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Climate	Change	Impacts	on	Pavement	

•  Changes	occurring	in	minimum	daily	temperature		
•  Changes	occurring	in	maximum	daily	temperature	
•  Changes	occurring	in	freezing	and	thawing	indices	
•  Changes	occurring	in	precipita5on,	dura5on	and	intensity	
•  All	of	these	changes	are	impac5ng	infrastructure	
•  Reconsider	current	design	methods,	maintenance	and	

rehabilita5on	prac5ces	
•  Manage	implica5ons		



What	is	a	Natural	Disaster?	



Role	of	Engineers	and	Scien5sts	

• Many	of	these	could	possibly	be	avoided	by	be`er	design,	
construc5on,	safety	systems,	early	warning	and	planning.		
• Scien5sts	and	engineers	try	to	prevent	damage	by	warning	
people	the	natural	disaster	is	coming.	
• Try	to	monitor	the	event	and	try	to	prevent	damage.	
• Develop	plans	for	emergencies	



Key	Sustainability	Issues	

•  Virgin	Material	Usage	
•  Alterna5ve	Material	Usage	
•  Program	for	In-Service	Monitoring	and	Management	
•  Air	Quality/Emissions	
•  Water	Quality	
•  Noise	
•  Energy	Usage	



Research	Methodology	

•  Technical	
•  Economic	
•  Sustainable	
•  Costs/Benefits	



Management	Needs	

(TAC,	2013)	



Quan5fy	All	Costs/Benefits	

Cost	

Conven2onal	
Pavement	

Recycled	Pavement/	
Using	By-Products	

Pervious	
Pavement	

Environmental		
Impacts	

Serviceability	

(Tighe,	2010)	



Long	Life	Design	
• Resilience	is	the	ability	to	deal	with	changes	in	
general	
• Resilience	in	pavement	engineering	design	to	
ensure	it	withstands	hazard	with	minimum	
damage	of	pavement	
• Build-in	pavement	resilience	from	material	
revolu5on	view	
• Pavement	resilience	from	post	disaster	using	
pavement	management	to	be`er	manage	future	
road	



Closing	Remarks	
• Understand	climate	Change	must	be	examined	for	Long	Life	
Infrastructure	
• Adop5on	of	new	materials	and	designs	
• Evaluate	poten5al	threats	related	to	climate	change	and	plan	
for	them	
• Proac5ve	design	and	management	
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