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ABSTRACT

It is estimated that over 300 million used automobile and truck tires are discarded
annually in North America. Until recently, scrap tires have generally been disposed of in
landfills and stockpiles; approximately 2 billion remain, making them a significant solid
waste management and disposal problem. An enormous potential exists in recycling
these scrap tires into crumbed tire rubber and potentially using them in geotechnical
engineering applications. To investigate this potential, it was necessary to first
understand the general behaviour and engineering properties. Therefore, the first goal of
this research was to conduct a thorough literature review. Special focus was also given to
material property testing and analysis. The findings from the literature review later
provided a basis to proceed with laboratory testing. Therefore, the second objective was
primarily to focus on characterizing the geotechnical properties including particle size
and gradation, specific gravity, compaction characteristics, compressibility, shear
strength behaviour, thermal properties and dynamic properties. The geotechnical
properties were then compared to that of conventional construction materials including
sands and gravels. The geotechnical properties of crumbed tire rubber can be
summarized as uniformly graded, lightweight, highly compressible, high strength, free

draining, a good thermal insulator, and an excellent vibration dampener.
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CHAPTER 1 INTRODUCTION

1.1  Purpose of Investigation

The scrap tire generation in the industrialized countries is approximately one passenger
car tire per capita per year. This figure amounts to approximately 300 million passenger
car tires per year in North America (T.A.G. Resource Recovery, 1996). In addition, it is
estimated that approximately 2 billion waste tires have accumulated in stockpiles and
illegal tire dumps across the United States (U.S. EPA, 1991). Clearly, scrap tires have
historically represented a significant solid waste management and disposal problem, even
though the volume of scrap tires represents less than 2% of the total solid waste stream in
North America. The problem is evident in the large stockpiles that have accumulated
over the years. These stockpiles have become public health hazards and pose serious
risks to the environment (Park et al., 1997; Humphrey, 1996; Masad et al., 1996, Manion
and Humphrey, 1992; Matthews and Silverman, 1991).

Stockpiled tires provide an excellent breeding ground for mosquitoes, which have been
identified to carry various types of encephalitis and yellow fever (Manion and Humphrey,
1992; Matthews and Silverman, 1991). Furthermore, the mosquitoes are reported to
reproduce 4,000 times faster in tires than in their natural environment (Matthews and
Silverman, 1991). The U. S. EPA estimated that in 1986, the health care costs for scrap
tire related to encephalitis alone totaled US $5.4 million.

Fire is a particularly important environmental and public health concern. Once ignited,
tire fires are extremely difficult to contain and extinguish. When stockpiles of tires burn,
a thick black smoke is produced and toxic pollutants are emitted. Burning tires also
produce a run-off of petroleum products. Synthetic crude oil, which is produced in the
fire, enables the fire to spread quickly, making its control extremely difficult. To make
matters worse, oil and other chemical contaminants combined with water that is used to
fight the fire seeps into the ground, and contaminate the soil and possibly the
groundwater supply. In the last decade, tire fires have become notorious for gaining

media attention. One of the largest tire fires ever in North America occurred on February






