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ABSTRACT

The past decade has seen many significant improvements in asphalt pavement
technology, particularly through large-scale research efforts such as the Strategic
Highway Research Programs in the United States and Canada. However, there remains
much room for improvement, particularly in the use of shear properties for the design,
construction, monitoring and performance prediction of asphalt concrete pavements.

The primary objective of this investigation was the design, fabrication and
validation of an advanced field test facility known as the In-Situ Shear Stiffness Test
(InSiSST™) for asphalt concrete pavements. The development process took a stepwise
approach including the analysis of current testing devices and their related deficiencies.
The resulting test facility is portable, stable, and rugged - requiring only a single operator
with no heavy lifting or complex set-up. Test results are instantly available and initial
validation testing has indicated excellent accuracy and repeatability. Future testing with
the InSiSST™ facility will provide invaluable input to pavement performance models and
may allow the development of a strength or stiffness-based quality control/assurance

(QC/QA) specification.
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CHAPTER 1: INTRODUCTION

1.1 Asphalt Concrete Pavements in Canada

1.1.1 Asphalt Concrete Pavements Defined

The term “pavement,” although seemingly obvious in its usage, may have
different meaning to different people or agencies. For example, pavement may
simply refer to the surface layer of a road system, or may encompass additional
underlying layers. The Transportation Association of Canada (TAC) has defined
the term “pavement” as consisting of all structural elements or layers, including the
shoulders, above the subgrade. While the subgrade is not part of the pavement
structure by this definition, its characteristics such as strength or load carrying
capacity, drainage, etc. are implied (TAC 1997). This thesis has adopted the TAC
pavement definition wherever pertinent.

The term “asphalt concrete” refers to a conglomeration of asphalt cement
(binder), aggregate and air (void space). Unless otherwise stated, the term asphalt
concrete refers to hot-mix asphalt concrete (HMAC), the most common type of
asphalt concrete used in transportation systems, which is mixed and placed at
elevated temperatures.

Therefore, for the purposes of this thesis, an “asphalt concrete pavement
(ACP)” is a pavement structure whose upper layers are constructed with hot-mix
asphalt concrete unless otherwise stated. Figure 1 displays a typical cross section of

an ACP, also commonly referred to as a flexible pavement.
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1.1.2 Climatic Conditions

Pavements in Canada are subjected to particularly harsh climatic conditions.
Furthermore, these harsh conditions are not consistent throughout Canada due to its
enormous size. For example, the Canadian Meteorological Centre (2000) reports
that northern cities such as Yellowknife in the Northwest Territories consistently
experience temperatures of —30 degrees Celsius (°C) for 3 months of the year with
extreme temperatures of —51°C not uncommon. Central cities such as Regina,
Saskatchewan may experience annual pavement temperature ranges of up to 80°C.
Finally, coastal cities such as St. John’s, Newfoundland and Vancouver, British
Columbia are subjected to 1.6 and 1.2 metres of rain respectively per year.

Figure 2 displays soil temperature zones across Canada. As shown, no less
than 7 individual temperature zones are present, ranging from Arctic (extreme cold)
in the north to Mild along the Canadian-US border. With the exception of some of
the Atlantic Provinces, each province or territory contains at least 2 of these zones
with many of the provinces containing 5 zones.

Figure 3 displays the distribution of soil moisture across Canada. As with
temperature, the distribution of soil moisture is extreme ranging from aquic-
perhumid areas where the soil is fully saturated for long periods of the year to
subaquic-arid regions with severe groundwater deficits.

The large variation in climatic conditions across Canada presents pavement

designers and contractors with unique regional challenges.
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1.1.3 Transportation and the Canadian Economy

In 1999, transportation industries accounted for 30.6 billion Canadian dollars
(4.1%) of Canada’s Gross Domestic Product (Transport Canada 1999). The
trucking sector accounted for the largest proportion of the transportation industries
at 1.7% of the GDP ($12.5 billion). The average annual growth of the trucking
sector between 1994 and 1999 was 7.7%, more than double of any other
transportation sector including rail, marine and air. In 1998/1999 alone, the
trucking sector annual growth was 8.2%. These statistics clearly indicate the
immense importance of trucking to the Canadian economy and that this importance
1s growing at a high rate.

The National Highway System (NHS) is a network of roads identified by the
Council of Ministers Responsible for Transportation and Highway Safety during a
multi-stage policy study initiated in September 1987. The network consists of
existing primary routes that provide interprovincial and international trade and
travel by connecting a capital city or major provincial population or commercial
centre in Canada with another capital city or major population centre, a major point
of entry or exit to the United States highway network or another transportation
mode served directly by the highway mode (Transport Canada 1999). The NHS is
illustrated in Figure 4.

Although the NHS accounts for only 24500 kilometres of the entire Canadian road

network of over 900000 kilometres (less than 3%), the NHS experiences nearly one
quarter of the total vehicle-kilometres driven (Transport Canada 1999). Ontario and
Quebec alone account for 60% of NHS traffic and these traffic levels are increasing

every year.
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The large and continuing increase in truck traffic on Canadian roads may be
largely attributed to a new revolution in the way business is done in North America
that started in the early 1990’s. The main thrust of this new revolution was the
implementation of a new manufacturing process referred to as “lean production” - a
process that has been shown to improve productivity, efficiency and profits (Farris
1992). While lean production involves numerous new procedures, an essential
component is a process called “Just-In-Time Delivery,” or JIT. In essence, JIT
delivery systems require delivery of inventory only when needed, permitting smaller
storage space and faster model change in response to consumer demands.
Therefore, the nations highways become linear warehouses for manufacturing
companies. This trend is not expected to reverse in the near future.

Unfortunately, although local government spending on transportation has
increased over the past five years, spending at the federal and provincial/territorial
levels has declined (Transport Canada 1999), leaving an overall decrease in funds
available for highway maintenance. Therefore, as truck traffic increases and overall
government spending decreases, the pavement industry will face increasingly

difficult challenges to provide an adequate highway network for the public.

1.2 Pavement Structural Design and Loading Conditions
1.2.1 Pavement Structural Design
Methods of pavement structural design may be classified into three categories

as follows (TAC 1997).

1) Experience-based methods using standard sections;






