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Roadway Issues to Discuss
e e e
Like all life-cycle and supply chain problems, we need to understand the
technologies involved, the project-level data, and the expected trends:
e Roadways versus pavements
e Life cycle
e Design
e Material selection
e Material sourcing and supply chains

e Pavement management systems

e Pavement—vehicle interactions



Understanding Life-cycle Effects
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Concrete Pavement Design Differences

nal Joint e A

CRCP after
Concrete Paving

LCRCP before/ | | | \ \ oo
-Concrete Paving 1\ -

=77 1
£ LG
7 /Transverse Steel:

_—Tie:Bars

1\ : Longitudinal Steel

2 S —
4” ACP Base - , OcT 2 J —
https://engineering.purdue.edu/JTRP/Highlights/reducing-joint-Spacing-for-

high-performance-concrete-pavement; 3/02/18 http://onlinemanuals.txdot.gov/txdotmanuals/pdm/rigid_pave_design.htm; 3/02/18



Evolving Pavement Technologies
= e e e s b b e e e e e et
e Use of supplementary cementitious materials (chiefly fly ash) in
place of cement

e Warm-mix asphalt

e Asphalt recycling technologies
— Hot in-place recycling
— Hot-mix plant recycling
— Cold in-place recycling

e Concrete recycling technologies
» Crushing old pavements into aggregates
» Carbonation

e Maintenance
e Transportation
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Great Variability in Design
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World production (kg per capita)
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Concrete Production Globally
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Miller, S. A., Horvath A., Monteiro, P. J. M. (2018) “Impacts of Booming Concrete Production on Water Resources Worldwide.” Nature Sustainability, 1, 69-76.



Water withdrawal for the production of concrete to total water withdrawal (a)
and industrial water withdrawal (b)
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3 Data not available
Miller, S. A., Horvath A., Monteiro, P. J. M. (2018) “Impacts of Booming Concrete Production on Water Resources Worldwide.” Nature Sustainability, 1, 69-76.
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== Revealed: Qatar in new quagmire as an
—unlikely natural resource runs out

Qatar has built up significant stockpiles of sand and other construction materials but, it is unclear
how much sand Qatar has. (Shutterstock)

http://english.alarabiya.net/en/features/2017/11/29/Revealed-Qatar-s-race-

against-time-as-it-runs-out-of-an-unlikely-commaodity.html



Comparison Indices: Strength vs. Global Warming Potential
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Miller, S. A., Monteiro, P. J. M., Ostertag, C. P. & Horvath, A. Comparison Indices for Design of Concrete taking Environmental Impacts into Account,
Cement and Concrete Composites (2016), 68, 131-143.
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Pavement Management Systems
e Pavement management systems are maturing in term of:
» Measuring service
» Planning over long periods of time, over multiple cycles

» Allocating money

» Seeing pavements as a component of societal environmental
strategies

» Decision-support tools (e.g., for environmental assessment
PaLATE — Pavement Life-cycle Assessment Tool for
Environmental and Economic Effects; contact A. Horvath)

» Available case studies for validation



Designing “Perpetual” Asphalt Pavements
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How Often Should We Replace Pavements?

Minimum Achievable IRI = 1.5 m/km
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Lidicker, J. Sathaye, N., Madanat, S. and Horvath, A. (2013) “Pavement Resurfacing Policy for Minimization of Life-Cycle

Costs and Greenhouse Gas Emissions.” J. of Infrastructure Systems, 19(2), 129-137.
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Increase in Trucking and Load Consolidation

. Worldwide increase in trucking

. Increased maximum weight limits

. Increase in load for a given axle causes exponential pavement damage

. 4th Power Law: The damage caused by a particular load is related to the

load by a power of four.
Source: American Association of State Highway and Transportation Officials (1993) AASHTO Guide for Design of Pavement Structures

. Freight consolidation centers

. Consequences need to be better understood. See, e.g.,:

Sathaye N., Horvath A. and Madanat S. (2010), “Unintended impacts of increased truck
loads on pavement supply-chain emissions.” Transportation Research Part A, 44, 1-15.




Other Drivers
e e e
e Permeable asphalt pavements

e Carbonation

e Albedo



