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Using This Guide

This guide contains the best technical resources and
references available to support the designing, planning and
installation of concrete pavements and roads.

It has been produced by the Cement Association of Canada
for the sole purpose of ensuring that concrete roads and
pavement continue to deliver best in class performance for
those who build them, use them and pay for them.

The guide will be updated annually. For suggestions on how
we can make this guide more useful to you, or to report any
links that no longer direct you to the correct resource, please
contact Shane Mulligan at smulligan@cement.ca.

Disclaimer: The technical resources provided in this Guide are for reference and educational purposes only, and are not intended to
provide legal or other professional advice for any specific project or application. The examples used in this should not be construed as
engineering advice or guidance and project proponents must seek out and rely on duly qualified consultants and professionals for their
projects. Companies and products which may appear in this Guide are provided with consent of those parties and in no way constitutes
and endorsement or representation or warranty of said companies and products. CAC shall not be liable for any loss whether direct,
indirect, incidental or consequential, arising from access to, use of or reliance upon any of the content of this Guide.
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Application Mapping

Types of Concrete Pavements Typical Applications

Click on the boxes below to navigate to the relevant section.

Jointed Plain Concrete Pavement (JPCP)

Conventional

Concrete Jointed Reinforced Concrete Pavement (JRCP) New construction, municipal streets, highways, parking lots, airports,

turning lanes, intersections, bus pads and transit lanes
Pavements
Continuously Reinforced Concrete Pavement (CRCP)

Industrial applications, heavy duty traffic and parking areas,
intersections, subdivisions, pavement shoulders and some
roadways.

Roller Compacted Concrete

: Crosswalks, aesthetic applications, parking lots, stormwater
Interlocking Concrete Pavement infiltration sites. May also be used in streets and port applications
under heavy duty loading.

Repair method for concrete and asphalt pavements, turning lanes,
intersections, municipal streets and roads, parking areas

Concrete Overlays

Cement Modified Soils (CMS) CMS: Areas of weak subgrade.
CTB: Used to decrease subbase or asphalt thickness. Also used to
Engineered Soils Cement Treated Base (CTB) support heavy duty pavement applications like airports.
FDR with cement is used to rejuvenate deteriorated asphalt
Full Depth Reclamation (FDR) of Asphalt Pavements pavement and provide improved pavement structure strength.

Parking lots, stormwater infiltration sites

Highways, streets and roads where fast-track construction or repair
is required

Precast Concrete Pavement
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An Excellent Choice for Roads, Taxpayers, and the Environment
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Concrete roads can deliver superior value and performance over their lifetime. According to independent

research, concrete roads can save money, reduce harmful emissions, improve safety, and spare users

the aggravation of roads under constant repair.

Here are some important advantages of putting concrete roads to work:

1.

More reliable and less expensive
Cities and their taxpayers can save about 15% on every kilometer paved with concrete and save an
extra 51% on road maintenance over a 50- year lifespan, as seen in Ontario for example.

Lower energy costs
Require significantly less embodied energy to build than asphalt pavements

Reduce roadway night-lighting needs by as much as 24% while improving visibility.

Lower emissions

Improved fuel efficiency for drivers of up to 7% saves money and cut GHG emissions by up to
12,000 tonnes per lane kilometer! — the equivalent of avoiding the consumption of over 5 million
liters of gas over the lifespan of the pavement.

Commercial trucks consume less fuel on concrete pavement

Superior environmental benefits

Its cooler temperature prolongs tire life and reduces GHG emissions.

Concrete naturally absorbs GHGs from the atmosphere. Studies show that up to 20% of cement
emissions are re-absorbed into a concrete product.

Improved Comfort, Safety and Reliability

Better braking and handling performance, with reduced potential for hydroplaning due to improved
tire pavement interface.

Its cooler temperature means less flash freezing and “black ice” in the winter.

Its brighter qualities improves night-time visibility for drivers and pedestrians.

Strong resilience to extreme weather means virtually zero potholes or ruts.

Improved construction timeliness

Innovative construction techniques such as fast track concrete or precast concrete panels allow
opening roadways on the same day

Proper concrete pavement mix designs and installation allow for late season placement of concrete
pavement and provide durable salt resistance.

Life cycle approaches reduce long-term costs and environmental impacts

Life-cycle cost-analyses consistently rank concrete as “best in class” when comparing alternative
materials. Longer life means taxpayers pay once, not twice!

Concrete is 100% recyclable and re-usable.
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Conventional Concrete Pavements

Overview

Concrete is hard, rigid and durable—it is the traditional material of choice for constructing buildings,
bridges and other types of infrastructure. For the same reasons, concrete is also an excellent choice for
roads.

There are essentially two types of pavements — rigid and flexible. A rigid concrete pavement distributes
heavy loads over a relatively wide area, with minimal pressure on the subgrade (the natural soil under the
roadway). On the other hand, flexible asphalt material concentrates weight into more of a point loading
and transmits it deeper into the roadbed. As a result, asphalt pavements require a thicker gravel base
and subbase (material between the subgrade and the gravel base) for equivalent highway designs, as
illustrated in Figure 1.

FIGURE |: TYPICAL LOAD DISTRIBUTION
FOR RIGID AND FLEXIBLE PAVEMENT LAYERS
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Concrete pavement acts as a bridge over the subgrade.

Types of Conventional Concrete Pavements

Where conventional concrete pavements are concerned, there are three subtypes of pavement, which
vary in terms of steel reinforcement requirements:

Jointed Plain Concrete Pavement (JPCP)

Jointed Plain Concrete Pavements are the most common conventional concrete pavement. For JPCP,
concrete slabs are constructed directly over a prepared aggregate base structure. Transverse joints
separate the concrete into panel sections, and are located where the concrete would be expected

to crack naturally (typical panels are 4 — 6 meters wide, with a maximum width to length ratio 1.5:1).
Transverse joints are installed perpendicular to traffic, and allow load transfer between the panels
according to two different methods, as determined by pavement thickness:

. Undoweled: Typically, for pavements 175 mm thick or less, joints do not require dowel bars, and
load transfer is achieved through aggregate interlock.

. Doweled: For pavements 200 mm thick or greater, smooth steel dowel bars are placed at the mid-
point of the pavement thickness parallel to the direction of traffic. Tie bars (deformed rebar) hold the
pavement lanes together, placed perpendicular to traffic direction along the longitudinal joint.
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Conventional Concrete Pavements

Types of Concrete Pavements (Continued)
Continuously Reinforced Concrete Pavement (CRCP)

Typically used for heavy duty applications, such as bus lanes and bus stops. CRCP does not require
construction joints, and instead utilizes reinforcement steel (approximately 0.6-0.7% by cross-sectional
area) to hold the expected transverse cracks together tightly. Quebec utilizes CRCP in the Montreal area
due to the congested highway system and need to have a pavement that has very minimal rehabilitation
requirements.

Jointed Reinforced Concrete Pavement (JRCP)

Older JRCP concrete pavement designs utilized a layer of thick wire mesh located in the top third of the
concrete panels, in addition to the dowel bars located along the transverse joints. NOTE: This type of
concrete pavement design is no longer recommended for new construction.
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Conventional Concrete Pavements

Concrete Pavement Components

Joints

Joint Layout

Joint Sealing
Joint Mechanics

Slab thickness

Surface smoothness

Longitudinal joint

Transverse joint

Surface texture

Concrete materials

Dowel bars
Tiebars

Subgrade

Subbase or base

Jointed Plain Concrete Pavement

Quick Links

Design Methods and Software

Construction

QOO

Preservation and Maintenance
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http://wikipave.org/index.php?title=Constructing_Smooth_Concrete_Pavements
https://wikipave.org/index.php?title=Joints
https://wikipave.org/index.php?title=Joints
http://wikipave.org/index.php?title=Pavement_Surface_Characteristics
http://wikipave.org/index.php?title=Concrete_Pavement_Thickness_Design
https://wikipave.org/index.php?title=Jointed_Plain_Concrete_Pavement_(JPCP)
https://wikipave.org/index.php?title=Joint_Layout
https://wikipave.org/index.php?title=Joint_Sealing
http://wikipave.org/index.php?title=Joint_Mechanics

Roller Compacted Concrete
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Overview

Roller Compacted Concrete (RCC) is a durable, economical and sustainable pavement solution, which
gets its name from the heavy vibratory and rubber-tired rollers used to compact its final form. RCC is
a heavy-duty pavement, used when large paved areas must stand up to heavy vehicle loads, abrasive
environments and sharp turning movements, as well as, spills and specialized equipment.

RCC is placed at the same speed as asphalt, using much of the same equipment, but the pavement

has similar strength and durability properties as conventional concrete. The key difference between
conventional concrete and RCC is the way the materials are proportioned. For an equivalent strength mix
between RCC and conventional concrete, the RCC mix has more fine aggregates passing the 200-micron
sieve and a lower air, cement and water content than conventional concrete. Due to the additional
amount of fine aggregates, the unit weight of RCC is higher than conventional concrete.

RCC is comprised of a zero-slump concrete. This stiff consistency due to a low water cementitious ratio
allows it to be placed without any forms and does not require dowels or reinforcement steel. For finishing,
RCC can be left as an exposed wearing surface with a texture similar to asphalt, or diamond grinding can
be used to achieve a smoother surface. Additives can also be used in the RCC mix to allow a texturing of
the RCC surface. Curing is performed the same as with conventional concrete.

Typical applications for RCC include industrial pavements and heavy-duty parking lots, in addition to
several specialized uses in ports, intermodal yards, snow melt sites, scrap metal facilities, and dams.
Several key resources with respect to the design, construction, and maintenance of RCC are available
through the external links below.

Resources

RCC Pavement Council

ACPA RCC Project Explorer

PCA Roller Compacted Concrete Overview

ACPA Guide Specification for Roller Compacted Concrete as Exposed Wearing Surface
CP Tech Center: Guide for Roller-Compacted Concrete Pavements (August 2010)
FHWA Tech Brief on Roller-Compacted Concrete Pavement

ACI 330.2R-17: Guide for the Design and Construction of Concrete Site Paving for Industrial and

Trucking Facilities
ACI 327R-14 Guide to Roller-Compacted Concrete Pavements

RCC Pave (now a part of pavementdesigner.org)
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http://rccpavementcouncil.org/
http://rcc.acpa.org/webapps/rccexplorer/index.html
https://www.cement.org/cement-concrete-applications/paving/roller-compacted-concrete-(rcc)
http://www.acpa.org/wp-content/uploads/2014/11/ACPA-Roller-Compacted-Concrete-Guide-Specification-Version-1.2.pdf
https://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1100&context=intrans_reports
https://www.fhwa.dot.gov/pavement/concrete/pubs/hif16003.pdf
https://www.concrete.org/store/productdetail.aspx?ItemID=330217&Format=DOWNLOAD&Language=English&Units=US_AND_METRIC
https://www.concrete.org/store/productdetail.aspx?ItemID=32714&Language=English&Units=US_AND_METRIC
https://www.pavementdesigner.org/

Interlocking Concrete Pavements
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Overview

Interlocking concrete pavement (ICP) pavers are a versatile, multi-purpose pavement alternative that are
becoming a popular solution across many areas in Canada. They can be utilized in both architectural
and structurally functional applications, including streetscaping, delineation of crosswalks, or heavy-duty
applications like ports or airports.

Increasingly, ICP are being used as an infiltration solution to restore the natural ability of an urban site to
absorb stormwater. They can play an important role in flood mitigation in urban environments.

Resources

Interlocking Concrete Pavement Institute (ICPI)

ICPI Design Manuals

Education for professional designers

FHWA Tech Brief on Permeable Interlocking Concrete Pavement

Permeable Interlocking Concrete Pavement (68-18) by American Society of Civil Engineers
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https://www.icpi.org/
https://www.icpi.org/node/2750
https://educate.icpi.org/designers-professionals
https://www.fhwa.dot.gov/pavement/concrete/pubs/hif19021.pdf
https://sp360.asce.org/PersonifyEbusiness/Merchandise/Product-Details/productId/244074874

Concrete Overlays
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Overview

The overlaying of concrete on asphalt, composite or old concrete pavements provides an environmentally
friendly, long-lasting and cost-effective rehabilitation pavement solution.

There are two types of concrete overlays:

. Bonded — Relatively thin concrete placed directly on existing pavements that are in good to fair
structural condition

. Unbonded — Usually thicker than bonded overlays, unbonded overlays restore structural capacity
to existing pavements that are moderately to significantly deteriorated

This pavement solution is a cost-effective approach that can bring new life to streets and roads. Rather
than removing and reconstructing the original pavement, the owner maintains and builds equity in it,
realizing a return on its original investment as long as the original pavement remains part of the system.
Overlays can be used for surfaces and rehabilitation of mainline highways; high volume streets and local
roads; residential streets; heavy industrial/intermodal/military facilities; airport runways, taxiways and
aprons; and parking lots.

BONDED CONCRETE OVERLAY

. Process — A thin layer of concrete (50 to 125 mm) is bonded directly to the pavement surface.
Bonding is essential so thorough surface preparation is necessary before restoration.

. The new pavement — Bonded together, the overlay and the existing pavement perform as one
monolithic pavement with the existing pavement continuing to carry a significant portion of the load

. When to use it — For use on pavements in good to fair structural condition. Use on roads and
intersections that need added structure to handle the increased traffic loads and volumes

. Notable — Adds structural capacity and eliminates distress such as rutting and shoving of the
asphalt

UNBONDED CONCRETE OVERLAY

. Process — Prior to overlay, a separation medium or stress relief layer is placed on the old concrete
pavement to isolate the existing deterioration, prevent reflective cracking and to act as cushioning
layer. A layer of concrete (normally 100 to 275 mm) is then placed over the thin separation layer.
Existing asphalt or composite pavements do not require the separation layer. Note: If the asphalt
pavement is in a severely deteriorate state the asphalt has to be milled and replaced so the
distortion(s) do not reflect up through the concrete pavement during it strength development stage.

. The new pavement — The overlay performs as a new pavement, and the existing pavement
provides a strong and stable base

. When to use it — For use on existing pavements that are moderately to significantly deteriorated

. Notable — Does not have reflective cracking or rutting problems. The unbonded concrete overlay
of an asphalt pavement was previously called whitetopping.
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Concrete Overlays

Concrete Overlays

Bonded Overlay System Unbonded Overlay System

Bonded Bonded Bonded Unbonded Unbonded Unbonded
Concrete Concrete Concrete Concrete Concrete Concrete
Overlay of Overlay Overlay of Overlay of Overlay Overlay of
Concrete of Asphalt Composite Concrete of Asphalt Composite
EEVEINENIS Pavements EEVEINENIS Pavements Pavements Pavements

Resources
CP Tech Centre Concrete Overlays Landing Site
Guide to the Design of Concrete Overlays Using Existing Methodologies

Guide to Concrete Overlays: Sustainable Solutions for Resurfacing and Rehabilitating Existing

Pavements
Development of Concrete Overlay Construction Documents

ACI 325.13R-06: Concrete Overlays for Pavement Rehabilitation (Reapproved 2020)

QQ 000
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https://cptechcenter.org/concrete-overlays/
https://intrans.iastate.edu/app/uploads/sites/7/2018/08/Overlays_Design_Guide_508-1.pdf
https://intrans.iastate.edu/app/uploads/sites/7/2018/08/Overlays_3rd_edition-1.pdf
https://www.concrete.org/store/productdetail.aspx?ItemID=3251306&Format=DOWNLOAD&Language=English&Units=US_AND_METRIC
https://intrans.iastate.edu/app/uploads/2018/09/overlay_construction_doc_dev_guide_w_cvr.pdf

Engineered Soils

Overview

Cement based soil - cement, also know as Engineered Soils, was first used in 1935 to improve the
roadbed for State Highway 41 near Johnsonville, South Carolina. Since that time, Portland cement

has been used to stabilize soils and aggregates for pavement applications on thousands of kilometres

of roadway all over the world. After more than 85 years, collective experience has demonstrated that
different kinds of engineered soil mixtures can be tailored to specific pavement applications. The basics,
however, always remains the same: soil-cement is simply a hydraulic binder (Portland cement or Portland
cement blended with supplementary cementing materials) blended with soil and/or aggregate, and water
and compacted for use in a pavement structure. There is no secret ingredient or proprietary formula

that makes soil-cement work. Although sharing a similar chemical process, engineered soil differs from
conventional Portland cement concrete in the consistency of the material, quantity of hydraulic binder
required, overall construction procedures, function and strength requirements. The figure below illustrates
how soil-cement compares to other cement-based pavement materials.

Cement-Based Pavement Materials
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Engineered Soils

Types of Engineered Soils
Engineered Soils can be divided into three main categories:

. Cement Modified Soils (CMS) - a material treated with a relatively small proportion of Portland
cement in order to amend its undesirable properties so they are suitable for use in subgrade or
foundation construction (i.e. drying, reducing plasticity and providing stability). Also eliminates the
need for undercutting and provides solid working platform.

. Cement Treated Base (CTB) - a material treated with predetermined amount of Portland cement
to provide strong, durable bases and subgrades

. Full Depth Reclamation (FDR) of asphalt pavements with Portland Cement - The FDR-PC
process pulverizes the existing bituminous surfacing and blends it with underlying base, subbase,
and/or subgrade materials, which are mixed with Portland cement to create a new stabilized base.
A new surface is then applied, providing a new roadway structure using recycled materials from the
failed pavement.

Table 1 below provides a summary of the three types of Engineered Soils noting the purpose, types of
soil stabilizing and comments on construction practices.

TABLE 1. Soil-Cement Products

Cement-Modified Soil (CMS) Cement-Treated Base (CTB) Full-Depth Reclamation (FDR)
Purpose: Improves workability and construc- | Provides strong base layer for Provides strong, frost resistant
tion of subgrade soils, reduces asphalt or concrete pavements. base layer for asphalt or concrete
Plasticity Index, improves bearing Performance may depend on pavements
strength, and provides an excellent | environmental conditions
construction platform
Materials: Cohesive sails, silt/clay/sand Natural soil mixtures, gravel/sand/ Pulverized asphalt blended with
mixtures silt/clay. Also aggregates or old pavement base, subbase,
3 - 5% cement added aggregate/soil blends and/or subgrade. Meets aggregate
4 —10% cement (mixed in place) gradation limits
3 - 6% cement (plant mixed) 4 - 6% cement added
Construction Minimum 95 — 98% of Minimum 95 — 98% of Minimum 95 — 98% of
Practices: maximum density maximum density maximum density
Mixed in place 2.1 - 5.5 MPa 2.1 -2.8 MPa
Compressive strength (7 days) Compressive strength (7 days)
Mixed in place or plant mixed Typically mixed in place
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Engineered Soils
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Resources (Full Depth Reclamation)

Recommended Construction Guidelines For Full Depth Reclamation (FDR) Using

Cementitious Stabilization

Recommended Mix Design Guidelines For Full Depth Reclamation (FDR) Using Cement or Cement Kiln
Dust (CKD) Stabilizing Agent

Recommended Quality Control Sampling and Testing Guidelines For Full Depth Reclamation Using

Cementitious Stabilizing Agents

Resources (Cement Modified and Cement Treated Soils)

Guide to Cement-Stabilized Subgrade Soils (CP Tech Centre)

ACI 230.1R-09 Report on Soil Cement

Note: Additional resources are currently being compiled and will be added at a later date.
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https://cdn.ymaws.com/www.arra.org/resource/resmgr/Guidelines/ARRA_FDR102_09-12-17.pdf
https://cdn.ymaws.com/www.arra.org/resource/resmgr/docs/ARRA_FDR202_12-22-16.pdf
https://cdn.ymaws.com/www.arra.org/resource/resmgr/Guidelines/ARRA_FDR302_09-12-17.pdf
https://intrans.iastate.edu/app/uploads/2020/05/guide_to_CSS.pdf
https://www.concrete.org/store/productdetail.aspx?ItemID=230109&Format=DOWNLOAD&Language=English&Units=US_AND_METRIC

Pervious Concrete Pavements

Overview

Pervious concrete is a porous medium that allows storm water to drain from the surface to the underlying
base and soil structures. It is comprised of a gap graded aggregate with little to no sand, creating

a concrete with a void structure that maximizes stormwater infiltration and provides a low impact
development alternative to overland drainage designs. Increasingly, porous pavements are being
recognized by local regulations as a best management practice for stormwater control. When properly
maintained, pervious concrete pavements present a long lasting alternative for applications like parking
lots, alley ways, and low volume roads.

Resources

General Information

ACI Specification for Pervious Concrete Pavement
Maintenance and Operation Guide

Green Building Alliance - Permeable Pavements

CONCRETE | LE BETON
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http://perviouspavement.org/
https://www.concrete.org/store/productdetail.aspx?ItemID=5221U13&Language=English
http://www.perviouspavement.org/downloads/pervious_maintenance_operations_guide.pdf
https://www.go-gba.org/resources/green-building-methods/permeable-pavements/

Precast Concrete Pavements

Overview

Precast concrete pavements are a relatively new type of pavement system slowly gaining popularity in
North America because of its prefabricated, modular nature, which allows for expedited construction
schedules over asphalt and cast-in-place concrete. Precast pavement slabs are particularly useful for
rehabilitation of highly traveled concrete roadways because of the difficulty in re-routing traffic. The
precast pavement repair technique may also be useful for highways of much lower ADT at certain
locations such as approaches to bridges where shoulders for accommodating traffic detours are minimal
or non-existent (i.e. main thoroughfares, ramps, intersections, bridge approaches, roundabouts, as well
as airfield runways and taxiways).

Additionally, precast concrete pavements provide innovative maintenance solutions, and panels can be
standardized to address common roadwork like utility cuts, or re-used for temporary repair activities.

Resources

Canadian Precast Prestressed Concrete Institute

Precast/Prestressed Concrete Institute

Jointed Precast Concrete Pavement Web Explorer

PCI Journal: Precast Concrete Pavements Technology Overview and Technical Considerations
Prestressed/Precast Concrete Pavement Repository

FHWA Research and Technology Evaluation on Precast Concrete Pavements

Additional FHWA Resources
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https://www.cpci.ca/
https://www.pci.org/PCI/Design_Resources/Transportation_Engineering_Resources/Precast_Concrete_Pavement.aspx
https://precast.org/precast-products/pavement-explorer/
http://www.precastconcretepavement.org/
http://www.precastconcretepavement.org/ReferenceMaterial/FHWAVolpePCPTechnologyEvaluationReport-Oct2018-1.pdf
https://www.pci.org/PCI_Docs/Design_Resources/Transportation_Resources/JL-13-Winter-13.pdf
https://search.usa.gov/search?query=precast+concrete+pavements&affiliate=dot-fhwa

Economics
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Overview

Construction costs are regionally variable and fluctuate over time according to a variety of economic
factors (cost of raw materials, equipment, labour, etc.). Though every project should be evaluated on a
case by case basis, concrete highways have an excellent track record as a cost-effective investment.
Rigid concrete pavement outperforms flexible asphalt pavement with economic and safety benefits and
has less impact on the environment. Nearly 30 percent of U.S. interstate highways are built with concrete.

In Canada, however, governments typically award highway pavement construction contracts based only
on initial costs. Asphalt pavements are often selected because they are perceived to be less expensive
than concrete. But planners are now beginning to recognize that tenders for road infrastructure projects
should include a life cycle cost analysis (LCCA) component, based on the estimated costs of a project
over its entire service life. When this concept is applied to maintenance, rehabilitation, reconstruction
and salvage value of pavements, life cycle costs are evaluated, as well as initial costs, revealing the full
expense of the selected material.

Owners and government agencies across Canada are increasingly recognizing the need to innovate and
modernize procurement practices to achieve best value for money and for taxpayers, aligning economic
and climate objectives for investments. Such practices will see a move away from “low bid” tenders
towards other procurement methods like public-private partnerships, or implementation of a three-screen
decision-making approach that considers (i) life-cycle cost, (ii) lowest carbon, and (iii) “best available
solutions” when choosing different construction materials.

As Canada’s transportation infrastructure comes under growing stress from escalating traffic, informed
decision-makers who base their pavement selection on life cycle cost analysis, safety, environmental and
social benefits will increasingly secure the future in concrete.
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Economics
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Competition

Experience shows that a competitive environment will allow you to pave more kilometers for the same
amount of money. Competition in market economies can also be directly linked to achieving higher quality
of services or products, leading to the development of new products/technologies which would give
greater selection and better products.

The greater selection typically causes lower prices, compared to what the price would be if there was
no competition. Studies have shown that competition between paving industries represents the most
significant opportunity for agencies looking to extend the purchasing power of their infrastructure dollars.

MIT Concrete Sustainability Hub — Competition Landing Page
Alliance for Concrete Pavement Competition

Pavement Type Selection White Paper, L. Wathne American Concrete Pavement Association
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https://cshub.mit.edu/pavements/competition
http://competitionpaves.org/
http://www.acpa.org/wp-content/uploads/2014/09/Wathne-PavementTypeSelection-ISCR-2014.pdf

Economics

Life Cycle Cost Analysis (LCCA)

Life-cycle cost analysis (LCCA) is a tool to determine the most cost-effective option among different
competing alternatives to purchase, own, operate, maintain and, finally, dispose of an object or process,
when each is equally appropriate to be implemented on technical grounds. For a pavement, in addition to
the initial construction cost, LCCA takes into account all agency costs related to future activities, including
future maintenance and rehabilitation. On occassion, user costs are also considered (e.g., reduced
capacity at work zones). All the costs are usually discounted and total to a present day value known as
net present value (NPV).

LCCA Standard Practice Guideline

This project reviewed the LCCA practices in place across transportation agencies in Canada as well as in
select international agencies. The guideline provides a reference guide on LCCA for alternate pavement-
type bidding. The project also included the development of user-friendly EXCEL spreadsheet (based on
the guideline) to aid in the analysis of life cycle costs of alternate pavement designs.

Equivalent Pavement Designs and LCCA for Municipal Roadways

The Equivalent Pavement Design Matrix for Municipal Roadways reports provide municipal engineers
and consulting engineers with the reference information they need to effectively compare the costs of
concrete and asphalt pavements of equivalent design over their respective lifecycles. They present a
comprehensive matrix of equivalent 25-year concrete and asphalt pavement designs for various traffic
volumes, roadway classifications and subgrade strengths. They also identify the anticipated maintenance
required on the pavement structures over a 50-year period and the corresponding lifecycle cost.

Nova Scotia 2013 (updated 2015)
Ontario 2011 (updated 2015)
Québec 2012 (updated 2015)
Alberta 2015

British Columbia 2016

Note: Equivalent pavement reports for Saskatchewan and Manitoba are currently under development
and will be added at a later date.
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http://rediscoverconcrete.com/assets/files/research/Typical-Nova-Scotia-Pavement-Designs-Final-Report-2015-01-21.pdf
http://rediscoverconcrete.com/assets/files/research/Typical-Ontario-Pavement-Designs-Final-Report_012115.pdf
http://rediscoverconcrete.com/assets/files/research/2015_Typical-Quebec-Pavement-Designs-Final-Report-2015-01-21.pdf
http://rediscoverconcrete.com/assets/files/research/Alberta-Municipality-Design-Comparison-Final-Report---2015.pdf
http://rediscoverconcrete.com/assets/files/BC-Municipality-Design-Comparison---Final-Report-May-12-2016.pdf
http://rediscoverconcrete.com/assets/files/research/2017-stantec-lcca-guideline-for-canada.pdf

Design Methods and Software
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Overview

Concrete pavement thickness design methods have and continue to evolve across North America, as
new innovations in cement manufacturing, concrete mix design, and the incorporation of additives and
fibres are constantly under development, providing improved performance and durability in thinner road
sections.

The modern concrete pavement thickness design tools that are commonly used are:

. ACPA StreetPave™ 12 design software

. Pavementdesigner.org, a modified, free online version of ACPA StreetPave™ 12
. WInPAS 12 (AASHTO 1993 pavement design procedure based)

. Pavement ME™ (aka Darwin-ME, AASHTOWare ME, or MEPDG)

. OptiPave™ by the TCPavment group.

Because of the development of the modern thickness design software tools, AASHTO 93 is now
considered outdated and is not a recommended design for concrete pavements. As can be seen by the
graphic below, advancements in design and concrete technologies have resulted in thinner pavement
structures than seen with AASHTO design methods.

The design tools available for concrete pavements vary in complexity, as well as price, and while each
produces a similar result, it is important to understand the differences in their output and how they might
be compared. A brief description of the design programs and their respective inputs are highlighted
below:

. StreetPave 12 design tool accounts for the concrete properties and the stress under load but
does not consider the warping and curling in pavement panels - It has about 12 inputs and only
predicts pavement fatigue cracking and faulting. While the software has its limitations, it provides
a conservative and reasonably accurate answer.

. OptiPave has around 50 input and predicts pavement cracking, faulting and IRI using many of the
same equations and approaches as the Pavement ME. Note: | believe this also takes into account
curling and warping of the concrete slabs.

. Pavement ME software has about 1000 inputs and predicts cracking, faulting and IRI using the
world’s most advanced and comprehensive performance models.

. WinPAS 12 software is based on the AASHTO 1993 design procedure and has 10 inputs. It
estimates either the pavement thickness or amount of ESALs the pavement structure can handle
based on the input values provided.
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Design Methods and Software

Design Softwares

AASHTOWare Pavement ME Design

Bonded concrete overlay of asphalt mechanistic-empirical design procedure (BCOA-ME)
WinPAS

StreetPave 12

PavementDesigner.org

Video tutorial for jointed plain concrete pavement design

OptiPave

For information on OptiPave and assistance on your industrial pavement project using thin concrete
pavements, contact PNA Construction at: https://www.pna-inc.com/
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https://www.pna-inc.com/
https://me-design.com/MEDesign/Home.aspx?AspxAutoDetectCookieSupport=1
https://www.engineering.pitt.edu/Vandenbossche/BCOA-ME/
http://www.acpa.org/winpas/
http://www.acpa.org/streetpave/
pavementdesigner.org
http://www.tcpavements.cl/esp/home
http://features.pavementdesigner.org/wp-content/uploads/2017/11/PavementDesigner-JPCP-Tutorial.mp4

Construction

Overview

As with any built infrastructure, good construction is key to ensuring a concrete pavement structure
performs to expectations. Construction activities for concrete pavements can range from simple, hand-
placement practices, to highly sophisticated operations with fully automated equipment.

Uniformity of the subgrade and base structures are the most critical aspect of concrete pavement
construction, as it ensures the concrete distributes the traffic load uniformly and no dynamic loading

is present due to varied supporting strengths throughout the length of pavement project. An equally
important consideration is ensuring proper drainage is in place within and surrounding the base structure.
Without proper drainage, the concrete pavement can experience severe effects such as: erosion of the
base structure, non-uniform support causing dynamic loading of the concrete and potential slab cracking,
increased warping stresses due to high moisture differential from the top and bottom of the slab, and
potential decreased freeze-thaw performance causing premature joint failure.

Resources

FHWA Concrete Clips Web Series:

ACPA Construction Strategies Webpage

Concrete Ontario Municipal Concrete Pavement Guide

ACI 325.9R-15 Guide for Construction of Concrete Pavements

ACI 325.14R-17: Guide for Design and Proportioning of Concrete Mixtures for Pavements

ACI 330.2R-17: Guide for the Design and Construction of Concrete Site Paving for Industrial and

Trucking Facilities

ACI 325.12R-02: Guide for Design of Jointed Concrete Pavements for Streets and Local Roads
(Reapproved 2019)

California Concrete Pavement Guide

ACPA Video Webinars (for purchase)
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https://www.youtube.com/playlist?list=PL5_sm9g9d4T1ND5YlNt0OuL6g2T_NbGdR
http://www.acpa.org/concretepavements/constructionstrategies/
http://www.rmcao.org/wp-content/uploads/2019/12/Municipal-Concrete-Paving-Nov-26-min.pdf
https://www.concrete.org/store/productdetail.aspx?ItemID=325915&Language=English&Units=US_AND_METRIC
https://www.concrete.org/store/productdetail.aspx?ItemID=3251417&Language=English&Units=US_AND_METRIC
https://www.concrete.org/store/productdetail.aspx?ItemID=330217&Format=DOWNLOAD&Language=English&Units=US_AND_METRIC
https://www.concrete.org/store/productdetail.aspx?ItemID=3251202&Format=DOWNLOAD&Language=English&Units=US_AND_METRIC
http://www.dot.ca.gov/hq/maint/Pavement/Offices/Pavement_Engineering/CPG/CPG_complete_download.pdf
https://netforum.avectra.com/eweb/Shopping/Shopping.aspx?Site=acpa_org&WebCode=Shopping

Construction

Local Contractors

There are many professional contractors across Canada that have experience with construction of
concrete pavements for both large and small scale projects, from concrete repair to airport runways.

Note: The CAC is currently compiling a list of concrete pavement contractors across Canada for inclusion
in this directory. Should you wish to have your company featured, please contact smulligan@cement.ca.
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Preservation and Maintenance
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Overview

Determining the timing of preservation or rehabilitation activities over the service life of a pavement is
critical to ensuring a pavement meets or exceeds its expected performance according to its design. With
transportation agencies facing rising traffic volumes and reduced budgets, it is therefore also critical to
ensure the scheduling of routine and major maintenance activities throughout the life of the pavement to
maintain an acceptable serviceability index at the lowest cost to the stakeholders

Rehabilitation activities for concrete pavements include: resealing of joints, replacing/restoring
malfunctioning joints (i.e. dowel bar retro-fits or cross-stitching), grinding of pavements to restore
smoothness, partial or full-depth repairs, removing deteriorated materials, strengthening of bases or
subbases, concrete overlay installations over existing concrete or asphalt structures, and adding drains.

Resources
CP Tech Center Preservation and Maintenance Landing Site
CP Tech Center Concrete Pavement Preservation Guide

Ontario Good Roads Association Manual - Best Management Practices for Municipal Concrete

Infrastructure
MIT Concrete Sustainability Hub: Pavement Network Asset Management

Concrete Pavement Preservation Webinars (FHWA funded, and developed by the American Concrete

Pavement Association (ACPA) under contract with the CP Tech Center):

How to construct durable full-depth repairs in concrete pavements (FHWA-NHI-134207A)

How to construct durable partial-depth repairs in concrete pavements (FHWA-NHI-134207B)

Proper diamond grinding techniques for pavement preservation (FHWA-NHI-134207C)

Proper construction techniques for dowel bar retrofit (DBR) and cross-stitching (FHWA-NHI-134207D)

Proper joint sealing techniques for pavement preservation (FHWA-NHI-134207E)
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https://cptechcenter.org/pavement-preservation/
https://intrans.iastate.edu/app/uploads/sites/7/2018/08/preservation_guide_2nd_ed_508_final.pdf
http://online.fliphtml5.com/jgfei/ctac/
https://cshub.mit.edu/pavements/asset-management
https://cptechcenter.us10.list-manage.com/track/click?u=4bf55bc365dca0e5c928442da&id=ad78f978aa&e=f6f1872b6b
https://cptechcenter.us10.list-manage.com/track/click?u=4bf55bc365dca0e5c928442da&id=4a4d5ba0ae&e=f6f1872b6b
https://cptechcenter.us10.list-manage.com/track/click?u=4bf55bc365dca0e5c928442da&id=7399607e1c&e=f6f1872b6b
https://cptechcenter.us10.list-manage.com/track/click?u=4bf55bc365dca0e5c928442da&id=30619de77e&e=f6f1872b6b
https://cptechcenter.us10.list-manage.com/track/click?u=4bf55bc365dca0e5c928442da&id=1a684f030e&e=f6f1872b6b

Sustainability and Life Cycle Assessment (LCA)

Athena Pavement LCA Software

A free, web-enabled software application that provides environmental life cycle assessment (LCA) results
for materials manufacturing, roadway construction and maintenance life cycle stages, allowing for quick
and easy comparison of multiple design options over a range of expected roadways lifespans. The tool
allows custom roadway design but also comes pre-populated with a library of editable roadway designs. It
includes a large equipment and materials database and the flexibility to specify unique pavement systems
and a host of user-specified concrete mix designs. Users can also input use-phase operating energy
and apply built-in pavement vehicle interaction algorithms to be included in the final LCA results. Recently
a life cycle cost assessment (LCCA) modeling capability was integrated into the software allowing users
to consider both cost and environmental burden together.

Read more and access the software

Resources

CP Tech Center Guide to Sustainable Concrete Pavements

CP Tech Center Concrete Recycling Site

Transportation Association of Canada - Canadian Guide for Greener Roads

MIT Concrete Sustainability Hub: Pavements and Albedo

MIT Concrete Sustainability Hub: Life Cycle Assessments for Pavements

MIT Concrete Sustainability Hub: Fuel Savings and Pavement-Vehicle Interaction

Effects of Pavement Structure on Vehicle Fuel Consumption
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https://calculatelca.com/software/pavement-lca/
https://intrans.iastate.edu/app/uploads/sites/7/2018/08/Sustainable-Concrete-Pavement.pdf
https://cptechcenter.org/concrete-recycling/
https://www.tac-atc.ca/en/canadian-guide-greener-roads-released
https://cshub.mit.edu/pavements/albedo
https://cshub.mit.edu/pavements/pavements-lca
https://cshub.mit.edu/pavements/pvi
http://road-transport-technology.org/Proceedings/9 - ISHVWD/Session 2/Effects of Pavement Structure on Vehicle Fuel Efficiency - Taylor.pdf

