Problem Statement
	Commercial and Industrial Waste
	53.9%

	Residential Waste
	31.5%

	Construction and Demolition Waste
	6.6%

	Yard Waste
	5.7%

	Tires
	1.5%

	Appliances/Metals
	0.8%


Nearly 280 million tires accumulate annually in the United States. The use of reclaimed ground tires in road construction solves a waste disposal problem and offers the benefit of resource recovery. Asphalt cement has been blended with rubber to be used as a seal coat, a stress absorbing membrane or interlayer, or as a crack sealer. The performance of ground tire rubber modified asphalt concrete is highly dependent on the size and amount of the ground tire rubber particles and the mixing process. The rubber may be mixed using a dry process in which coarse rubber grains, stone and sand are mixed with asphalt cement or a wet process in which the rubber and asphalt cement are mixed together first to make an asphalt rubber. The focus of this project will be to compare the shear resistance of asphalt concrete mixtures manufactured by these two different processes. The shear resistance will be measured in the Superpave Gyratory Compactor.

Literature Review

Waste Tires
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Every year, at least 273 million tires are produced in the United States.  This is the equivalent of nearly one scrap tire per person per year.  Approximately eighty-four percent of these tires are from passenger cars.  
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Tires account for 1.5% of solid waste in the United States. 

State and federal regulations now prohibit waste tires from being placed in landfills.  They must be separated from other waste and dealt with in some other way.  Tires left out in the open collect rainwater and are often a breeding ground for insects, rodents and other vermin. When stockpiled, they are highly combustible and can create an uncontrollable fire.  From 1989 to present, it is estimated that nearly 31 million tires, in the State of New York alone, have burned up in vast, uncontrollable tires fires.  

Attempts to reuse waste tire rubber include ground rubber use.  There are five markets in which ground rubber is used.  They are rubber-modified asphalt, new tire manufacturing, molded products (e.g. radiator shields), extruded products (sheets of rubber), and bound products (railroad crossing ties, soaker hoses).  Rubber modified asphalt has been the single largest market for ground rubber in the United States for decades.  However, only 33 million scrap tires per year are processed into ground rubber.  That is only 12% of the tires produced in the United States every year. 


Pavement Failure

There are three “ingredients” to an asphalt mixture.  One these three ingredients are aggregate.  Aggregate are the stone and sand particles that provide the mixture’s strength.  The second ingredient is the asphalt binder.  Asphalt is the black, sticky material that coats the aggregate particles, which gives the mix durability.  The proper blend of the asphalt cement and aggregates is adjusted to make the mix durable and strong.  The third ingredient is air voids. Air is not added to the asphalt mix; the binder and aggregates are blended to allow air voids to remain in the mixture.  Rutting can occur from too few air voids.  Too many air voids can result in cracking and reveling.  

Asphalt pavement has many forms of failure that may occur.  These failures are a result of different design techniques, temperature, traffic load, and chemical makeup.  There is a high cost involved in the maintenance and repair of these asphalt failures.  

One type of common failure is ‘shoving’.  Shoving or corrugations occurs as a result of instability in the asphalt layers.  Instability is caused by excess asphalt binder in the mix, excess fine aggregates in the mix, or coarse aggregate that is too smooth and rounded.  Resurfacing the road usually repairs shoving.  

Alligator or fatigue cracking is interconnecting cracks that form shapes that resemble the skin of an alligator.  This type of cracking is caused by poor drainage or inadequate base material.  Fatigue from heavy traffic also causes alligator cracking.  Heavy resurfacing is a viable solution to this failure.  Alligator cracking can become severe when the surface becomes broken and loose pieces are separated from the surfacing.  

Cracking can also occur near the edge of the pavement, which is usually a result of inadequate base material under the shoulder.  The base material is either lacking in quality or quantity.  Joint cracks happen when the shoulder separates from the mainline pavement.  This is a result of the wetting action that occurs due to the trapping of water, which causes it to seep up in the joints and form a crack.  Reflective cracking is caused by horizontal and vertical movement beneath an overlay caused by expansion and contraction due to temperature changes.  

Slippage is failure that causes crescent shaped cracks.  Slippage occurs as a result of inadequate bonding between the surface and the underlaying courses.  Insufficient bonding usually is a result of dust, oil, or water that is trapped between the two courses.   

Potholes are a common failure.  They are caused by water penetrating the surface, which causes the base to become wet and unstable.  Insufficient surface layer due to lack of binder or lack of layer thickness can also cause it.  

Rutting is a failure that causes channels in the pavement.  Heavy traffic loads and high tire pressure in combination with poor pavement design and strength cause this.  Rutting is a serious problem because of the puddles that form in the channels, which can ultimately cause disaster.  Rutting occurs more commonly where temperatures are high because the asphalt turns soft.  


Ground Tire Rubber (GTR)

Ground tire rubber has been evaluated for a number of years as a recycled material for use in many different applications.  In studies conducted by Dana N. Humphrey, University of Maine, GTR has shown viable usefulness as a lightweight backfill component in retaining wall applications with it lower earth pressure loading capabilities. Additionally, Humphrey’s research has shown that GTR contributes to improved road performance by reducing soil settling and prost depth penetration. 

Within the structure of pavements, the incorporation of GTR into hot mix asphalt (HMA) had been viewed as a possible means to improve its performance. Particularly in rutting and flexure related issues.  An added advantage of this is that solid waste management concerns could be simultaneously addressed.  A general type of asphalt modifier known as crumb rubber modifier contains scrap tire rubber.  Asphalt pavements that are made with these rubber modifiers are produced using either the wet or dry process.  Crumb rubber modified asphalt (CRMA) binder primary applications include crack and joint sealants; chip seal, interlayer, and hot-mix asphalt binder; and membranes. CRMA binders are less susceptible to changes in temperature, and possess superior properties. Because asphalt rubber binders are softer at lower temperatures when concerned about brittleness, and stiffer at higher temperature where traffic loading can cause rut formation, CRMA binders alleviate road failures to some extent. The disadvantages of these types of binders are their higher processing costs than conventional asphalt binders. The ultimate goal would then be the development of a binder that is cost competitive to normal binders. 

Other areas of asphalt research included surface treatments known stress-absorbing membranes (SAM). In a study conducted by the Virginia Department of Transportation, SAMs was evaluated as a means to absorb the stresses developed by movement of underlying cracks, and prevent reflection cracks in the new surface.   The binder used in such SAM system is composed of 80% asphalt cement and 20% GTR.   In the test section, excess stone loss led to bleeding not to excess binder.   Although the test section demonstrated that SAMs do effectively seal cracks on old surfaces, the excessive loss of coarse aggregates under traffic caused vehicular damage. 

By in large, the studies conducted in HMA systems modified with rubber have conclusively shown that crumb rubber particles added into the mixtures works well.  There is however an apparent insufficient amount of research in evaluating coarse particle substitution.  The question then ultimately is, how would coarse rubber particles perform in HMA mixtures? Would the flexure as well as elastic properties inherent in rubber improve the performance of HMA especially in rutting and cracking issues?  This clinic project considered those very issues.

Objective

The goal of this clinic project is to determine the ideal coarse rubber particle substitution for natural aggregates in Superpave HMA.  This ideal percentage will hopefully change the inherent properties of standard Superpave mixes in such a way to reduce pavement failure.  Also, coarse particles are not as expensive as processed crumb rubber, and therefore coarse rubber particle substitution will hopefully lead to greater pavement age resistance as well as a reduction in cost from that of CRMA.

Research Approach

Initial rubber replacement analysis consisted of implementation of a well-graded Superpave curve.  
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A locally available stockpile of rubber particles, uniformly graded at a processing plant was graded through sieve analysis.  A percentage of that rubber gradation was then used as a substitution for aggregate particles at given rubber percentages while maintaining the well-graded Superpave curve.  Initial mix analysis consisted of rubber substitution from 0% to 15% in 5% increments.  Testing was comprised of utilization of a Superpave Gyratory Compactor (GC) and a Gyratory Load Plate Assembly (GLPA) module.  Results from the GC analysis were then compiled.  Based on acquired results a decision was then made on which increment to further analyze.  Three specimens of each percentage are tested to limit the possibility of errors in results.


Results and Discussion

Five percent coarse rubber substitution was the first percentage tested.  All three specimens failed.  It’s possible that a favorable range lies between 0% and 5%.  The 5% coarse rubber substitution specimens all failed to compact because of rubber’s elastic properties.  Further testing will be conducted on 2.5% coarse rubber particle substitution.  If those results are favorable, fabrication and testing will be done on specimen of 2% and 3% coarse rubber particle substitution.  If the results from 2.5% rubber substitution fail, fabrication and testing will be done on decreased percentages until the optimum value is determined.

Works Cited

Rubber Manufacturer’s Association, Washington, DC

www.rma.org/scraptires/pdf/ST_Groundrubber.pdf
Waste Tires, New York

www.dec.state.ny.us/website/dshm/redrecy/wstires.htm
Waste Tire Management, Iowa

www.state.ia.us/dnr/organiza/wmad/wmabureau/Tires/facts.html
www.asphalt.com/emulsions/rubber.html

www.fhwa.dot.gov/winter/roadsvr/CS125.htm


www.tfhrc.gov/pavement/asphalt/labs/mixtures/bmlequip.htm


www.tfhrc.gov/pavement/asphalt/labs/mixtures/bml.htm


www.usroads.com/journals/rmj/9704/rm970401.htm
www.il-asphalt.org/tech1.htm
www.rubberpavements.org/library/lcca_australia/history.html
www.virginiadot.org/vtrc/briefs/98-r11rb/sam.htm
www.umeciv.maine.edu/ce/Research/ugradsresearch.htm#tchip
Appendix

Table A1 is representative of a typical mixture of materials by weight used for the given percentage substitution.  

Graph A2 is representative of the gradation curve of mixtures against a Superpave well graded curve. 
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