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PROJECT SUMMARY PAGE Tech Report: 2009 – 101 

Title: Continuing Education and University Curricula of RAC and CE Application of Waste 
Tires 

Authors: Ding Cheng, R. Gary Hicks, and Joel Arthur 

Prepared For: California Integrated Waste 
Management Board - CIWMB Client Reference No.: 

Prepared by: CP2 Center Date: 5-15-2009 

Abstract: California generates about 40 million waste tires per year. Waste tires can cause 
significant public health, safety, and environmental concerns. Through research and marketing 
efforts, the CIWMB has increased the usage of waste tires in Rubberized Asphalt Concrete and 
other Civil Engineering Applications.  These are great ways to turn a waste material into a 
valuable product. However, successful usage of waste tires in the RAC and Civil Engineering 
applications is not easily accomplished. Only trained and experienced engineers can ensure that 
these  products can be successfully used in this type of application. To promote sustainability and 
the proper usage of waste tires in the above applications, the CIWMB funded this research to 
educate professionals, and university students. 

Teaching materials were developed to educate undergraduate students who will become the 
future engineers and decision makers. As a part of this project, a series of lecture materials for 
eleven different courses were developed. These lecture modules cover topics from the freshman 
to senior level classes. Each lecture has been presented in a real class environment at CSU, 
Chico. The lectures greatly enhanced the students’ knowledge of using waste tires in civil and 
transportation engineering applications.  

Professor training workshops were given at three different locations, Sacramento, Pomona, and 
San Luis Obispo. About 40 professors from 16 different universities attended these workshops. 
These universities included representatives from the UC system, California State University 
system, private universities, and community colleges. The educational materials and other useful 
project information are summarized at the following website: 
http://www.ecst.csuchico.edu/cp2c/ciwmb/education/. 

Practical presentations were also given for professionals at conferences or workshops including 
Transportation Research Board (TRB) meeting, California Asphalt Paving Association 
(CalAPA) meeting, California Maintenance Superintendent Association (MSA) meeting, APWA 
northern California section, American Society for Engineering Educators, and 4th Rubber 
Modified Asphalt Conference. These were well received and were useful in stimulating interest 
in using recycled tires in a variety of applications. 
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NOTE: Subsequent to the completion of this curriculum and the preparation of this 
report, legislation (SB 63, Strickland) signed into law by Gov. Arnold Schwarzenegger 

eliminated the California Integrated Waste Management Board (CIWMB) and its  
six-member governing board effective Dec. 31, 2009. 

 
CIWMB programs and oversight responsibilities were retained and reorganized, 

effective Jan. 1, 2010, and merged with the beverage container recycling program 
previously managed by the California Department of Conservation. 

 
The new entity is known as the Department of Resources Recycling and Recovery 

(CalRecycle) and is part of the California Natural Resources Agency.  
It is no longer part of the California Environmental Protection Agency (Cal/EPA), 

which is referenced throughout this report. 
 
 
 

For information about this document, contact the CalRecycle Office of Public Affairs 
by email at opa@calrecycle.ca.gov or call (916) 341-6300. 
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1.0 INTRODUCTION 

 

1.1 Background 
The United States generates about 300 million waste tires each year. Some of these tires end up 
in stockpiles, both legally and illegally. Stockpiled waste tires pose significant public health and 
environmental issues. The curved shape of a tire retains rain water which creates an ideal 
breeding ground for mosquitoes and rodents, which transmit diseases, such as the West Nile 
virus. Tires are combustible materials and when placed in stockpiles can ignite resulting in tire 
fires that are difficult to extinguish. One passenger car tire equivalent (PTE) is estimated to 
contain the same amount of energy as over two gallons of oil (RPA, 2003). Although the 
Environmental Protection Agency (EPA) does not consider scrap tires to be a hazardous waste, 
tire fires release hazardous compounds which pollute the air, soil and water (EPA, 2008). Public 
agencies and private companies have spent millions of dollars cleaning up tire fires across the 
country. 

Many states have instituted stockpile abatement programs, which have helped to reduce the 
number of tires in stockpiles significantly. In 1994, it was estimated that about 700 to 800 
million waste tires were stockpiled. Today, the number of waste tires in stockpiles has been 
reduced to less than 200 million.  Civil engineering projects can sometimes utilize stockpiled 
tires that are generally dirtier than “fresh” scrap tires helping to reduce stockpiles. 

Based on the report by the Rubber Manufacturing Association (RMA), the recycling and reusing 
of waste tires in the United States has improved significantly (RMA, 2006). For example, in 
2005, about 78 percent of the total number of waste tires generated were recycled and re-utilized, 
while only 10 percent of the total waste tires were reused in 1990. Waste tires can be consumed 
in a variety of ways. The major markets are tire derived fuel, civil engineering applications, and 
ground rubber applications including rubberized asphalt. Tire derived fuels accounted for 52 
percent of scrap tires nationwide in 2005, which consumed about 155 million tires. Civil 
engineering applications, which is the second largest market, consumed more than 49 million 
tires in 2005. Ground rubber used in rubberized asphalt consumed about 12 percent of the total 
number of waste tires. However, about 10 percent of waste tires generated each year still go to 
landfills, which means these tires are not beneficially used and instead occupy valuable landfill 
space. 

Civil engineering applications include using tire-derived aggregate (TDA) in: road construction, 
landfill applications, septic leach fields, gas and leachate collection systems, retaining wall 
backfill, lightweight embankment fill, vibration and sound control applications. Waste tire 
products possess many beneficial properties that are useful in these applications. Tire-derived 
aggregate (TDA), which is shredded tires, are light weight, have very good thermal insulation 
and high permeability, and have good vibration damping characteristics (Humphrey, 2003).  

Ground rubber and crumb rubber markets have been growing for the past several years. Asphalt 
rubber or rubberized asphalt concrete (RAC) is the largest market for ground rubber. According 
to the Rubber Pavement Association, since 1990 more than 30 million tires have been used in 
asphalt rubber pavement, which equate to 40 times the distance from the earth to the moon when 
one tire is stacked on another (RPA, 2008). Crumb rubber can beneficially modify the physical 
performance of asphalt concrete. It has been demonstrated that, properly used, rubberized asphalt 
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can increase pavement service life, reduce maintenance, lower life cycle costs, reduce road noise, 
increase drainage, increase safety, and help improve the environment.  

Using waste tires in civil and transportation engineering applications is a complex and 
challenging proposition. There have been some failed projects in the past, such as embankment 
fires in Washington State and Colorado due to the internal heating of TDA in 1995 (Baker et. al., 
2003). Engineers need to be educated in order to know how to use these special construction 
products properly. To promote sustainability in the use of waste tires in civil and transportation 
engineering, the major goal of this study was to develop and disseminate appropriate university 
curricula materials which can be used to educate future engineers. 

 

1.2 Objectives  
The objectives of this research were to: 

• Synthesize the state-of-the-art of utilizing waste tires in civil and transportation 
engineering applications. 

• Develop and disseminate effective teaching materials to educate university faculty 
and students about utilizing waste tire products in civil engineering. 

• Promote sustainability by using waste tires in civil engineering applications through 
university education. 

• Continuing education of professionals on how to use waste tire products in civil and 
transportation engineering applications through publication and presentations at 
conferences and workshops. 

 

To ensure the above objectives were met, the work tasks were identified as follows:  

Task 1. Identify key sources of resource information 

Task 2. Develop detailed course outlines 

Task 3. Mock class presentations and feedback 

Task 4. Identify locations for course delivery and development of course brochure 

Task 5. Prepare and deliver presentations for professionals 

Task 6. Evaluations 

Task 7. Develop detailed outlines for each teaching module 

Task 8. Develop the lecture materials/visual aids for the modules 

Task 9. Introduce material to freshman or sophomores at community colleges 

Task 10. Work with Private College, California State University, and University of 
California Faculty to introduce course modules. 
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Task 11. Project evaluation, and  

Task 12. Preparation of final report.  

In consultation with CIWMB staff, the above tasks were modified to put more emphasis on 
university curricula development than on continued education of professionals.  The number of 
university classes for which teaching materials were developed was increased from the proposed 
eight courses to eleven different courses in civil engineering.  

This report is organized as follows. In section 2, the results of a comprehensive literature review 
that was conducted is presented. Section 3 discusses the continuing education of professionals 
from training material development to presentations at various workshops and conferences. 
Section 4 discusses the development of university curricula to teach undergraduate students how 
to utilize waste tires in civil and transportation engineering applications. Section 5 describes how 
the teaching materials developed were disseminated to other universities or colleges within 
California. Section 6 shows conclusions of this project and recommendations for future work. 

 

2.0 LITERATURE REVIEW 

 

This task involved obtaining the latest state-of-art and state-of-practice information on the use of 
waste tires in civil and transportation engineering projects. The information collected or 
knowledge gained was then synthesized and utilized to develop course teaching modules and 
presentations for teaching RAC and CE applications utilizing waste tires. The researchers have 
created a project folder on the Civil Engineering server to share this information with project 
team members. By completing the literature review and contacting key experts, we have 
identified the following major sources of information on the use of recycled tire rubber in RAC 
and CE applications. The detailed publications can be found on the web at the following link:  
http://www.ecst.csuchico.edu/cp2c/ciwmb/TireProjectLiteratureIndex.html. Much of this 
information is copyrighted, so it can not be made generally available.  What follows is a brief 
description of the major resources by category. 

 
2.1 Rubberized Asphalt Concrete (RAC) 
Rubberized Asphalt Concrete, which Caltrans now refers to as Rubberized Hot Mix Asphalt 
began to be used in the 1970s. Numerous useful references are available on this subject. The 
following constitute the major ones: 

1. Rubberized Asphalt Concrete Pilot Training Course by Caltrans – June 2006 
 Presentations 

o RAC Prelude 
o RAC Introduction 
o RAC Structural Design 
o RAC Materials and Design 
o RAC Construction 
o RAC Inspection Guide 
o RAC Summary 

 3

http://www.ecst.csuchico.edu/cp2c/ciwmb/TireProjectLiteratureIndex.html


 
 References 

o Asphalt Rubber Design and Construction Guide Vol I 
o Caltrans Asphalt Rubber Usage Guide 
o Feasibility of Recycling RAC 
o RAC Synthesis 
o RAC-G SSP Version 12-12-05 
o RAC-O SSP Version 12-12-05 
o Rehab Manual – June 2001 
o Structural Design Considerations 

 
2. Use of Scrap Tire Rubber 2-8-2005 
3. Rubberized Asphalt Concrete Projects – Caltrans Flexible Pavements 

 
o Dist 1 RAC Project Photos 
o Firebaugh Field Pictures 
o 5 year warrantee projects 

 
4. RAC 101 – Use of Asphalt Rubber in Pavement 
5. RAC 105 – Construction Inspection Overview 
6. Management of Scrap Tires – EPA (Web) 
7. Rubber Pavement Association 
8. MACTEC-work for Caltrans and the CIWMB 

 

2.2 Civil Engineering (CE) Applications of Waste Tires 
A substantial amount of literature is available on utilizing scrap tires in civil engineering 
applications.  Most of this literature is topic specific and is listed as reference material at the end 
of each modules chapter.   Some of the most significant reference materials are as follows: 

1. Civil Engineering Applications using Tire Derived Aggregates (TDA) – Report by 
Dana Humphrey 

2. Recycling Materials Resource Center (RMRC)  
3. Civil Engineering Applications of Scrap Tire – EPA 
4. References 

o Subgrade Fill and Embankments 
o Backfill for Wall and Bridge Abutments 
o Subgrade Insulation for Roads 
o Landfills 
o Septic System Drain Fields 
o Gravel Substitute  
o Drainage around Building Foundations and Building Foundation 

Insulation  
 

5. RCC Scrap Tire Workgroup 
6. Scrap Tire News (Web) 
7. Dana Humphrey – University of Maine 
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o Civil Engineering Application of Tire Chips (Web) 
o Work for CIWMB 

8. Tire Derived Aggregate (TDA) 
9. CIWMB Publications (Web) 
10. ASTM Standards 

 

 

3.0 CONTINUING EDUCATION OF PROFESSIONALS 

 

3.1 Development of presentations 
The authors developed training materials for professionals and delivered them at several 
locations. For RAC, presentations were developed for Asphalt Rubber 101 in 2 hour, 4 hour, and 
6 hour timeframe formats. For the use of tire derived aggregate (TDA) in civil engineering 
applications presentation materials from Kennec, Inc. and other researchers have been , 
incorporated and used during the professional presentations. As an example, the presentation for 
asphalt rubber 101 for professionals and TDA in California from Kennec, Inc. are included in 
appendix A.  

 

 

3.2. Accomplishments for Continuing Education 
This effort on the continuing education of professional was reduced once it was determined that 
student work was more effective. Presentations have given at various professional conferences 
and workshops. The following table summarizes the times and locations of these conferences and 
workshops: 

 

TABLE 1. Presentations to Professionals at Conferences or Workshops 

Conference or Workshop Date Location 

California Asphalt Paving Association (CalAPA) 
Technical Meeting Aug 5, 2008 Oakland, CA 

California Maintenance Superintendent Association 
(MSA) annual meeting 

Aug 27, 
2008 

Rohnert Park, 
CA 

Transportation Research Board (TRB) Annual 
Meeting Jan 12, 2009 Washington, 

D.C. 
America Society for Engineering Educators PSW 
Conference 

March 20, 
2009 San Diego, CA 

America Public Works Associations (APWA) northern 
CA chapter workshop 

April 24, 
2009 Chico, CA 

4th Rubber Modified Asphalt Conference May 7, 2009 Akron, OH 
Asphalt Rubber 2009 Nov, 2009  Nanjing, China 
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To disseminate this knowledge nationally, papers were published in TRB and ASEE. Another 
paper regarding asphalt rubber was accepted for Asphalt Rubber 2009 to be held in China in 
November 2009. A list of the papers presented is summarized in Table 2.   

 

TABLE 2. Papers to Professionals at Conferences or Workshops 

Paper Title Conference Name Date Location 
Promoting Sustainability 
through Educating 
Undergraduate Students on 
Applications of Waste Tire 
Products in Civil Engineering 
and Transportation 

Transportation Research Board 
(TRB) Annual Meeting 

Jan 12, 
2009 

Washington, 
D.C. 

Curricula for Using Waste Tires 
in Civil Engineering 
Applications 

America Society for Engineering 
Educators PSW Conference 

March 
20, 2009 

San Diego, 
CA 

Promoting Asphalt Rubber 
Application through Education Asphalt Rubber 2009 Nov, 

2009 
Nanjing, 
China 

 

 

4.0 DEVELOPMENT OF LECTURE MATERIALS FOR UNIVERSITY CURRICULA 

 

4.1 Background 
Utilizing waste tires in civil and transportation engineering applications is a multi-disciplinary 
subject. No single class currently available in civil engineering can cover all the aspects of this 
broad topic. At the beginning of the project, two different approaches were compared:  

• Developing one new class to include all aspects of waste tire applications  

• Adding teaching modules at different class levels in a variety of related civil 
engineering classes. After considerable discussion this method was chosen 
because it is more flexible and can reach more students. 

For each teaching module PowerPoint presentations, assignments, and reference materials has 
been created. This allows for instructors to more easily incorporate these modules into their own 
courses. 

Therefore, waste tire applications teaching modules for a variety of civil engineering courses 
from freshman level to senior level were developed. Each module contains one or more lectures. 
Figure 1 illustrates the courses that training modules were developed for.   A chapter (or 
narrative) for each course module has been prepared in draft form to give the instructor 
additional background material on each topic. 
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By offering teaching modules for waste tire applications at different levels in higher education, 
more students can be reached than any single elective class could. By the time, a student 
graduates, they will have conceivably seen waste tire applications multiple times. This was 
chosen as a more effective way of teaching undergraduate students about utilizing 
unconventional materials, such as waste tire products. 

The teaching modules were developed to be independent of each other. Each module emphasizes 
a different aspect of waste tire applications. Some discuss geotechnical engineering applications, 
while others may illustrate pavement material modification. In addition, they do not need to be 
offered together. The format of the training materials is flexible so professors and instructors can 
tailor the teaching modules to their teaching needs as they please. The teaching modules 
including PowerPoint presentations, assignments, and some student sample projects are available 
at the project website: http://www.ecst.csuchico.edu/cp2c/ciwmb/education/. The teaching 
modules and lecture presentations can also be found in the Appendix B of this report. 

 

 

Introduction to Civil 

Engineering Design 

Transportation Geotechnical 

Engineering 

Environmental 

Engineering 

Contracts and 

Specifications

Structures 

Transportation 

Engineering 

Strength of 

Materials 

Soil Mechanics Environmental 

Engineering 

Structural 

Testing Lab 

Concrete 

Materials 

Foundation 

Engineering 

Waste 

Management 

Asphalt Paving 

Materials 

FIGURE 1.  Roadmap for Teaching Waste Tire Applications in Civil Engineering 
Curricula 

 

4.2 Summary of Teaching Modules 
To assist in the teaching of these modules, companion materials in a chapter format have been 
developed in draft format. Each class or module is discussed in its own chapter. The following 
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sections describe the objectives, scope, and major components of each chapter. The detailed 
chapter contents are in Appendix C. The following sections provide a brief summary of the 
modules developed. 

 

4.2.1 Introduction to Civil Engineering Design 
The goal of this lecture is to introduce university students to waste tires and give them an 
overview of utilizing waste tire products in a variety of types of civil engineering applications. It 
is important to introduce students to the significance of utilizing recycled materials to remove 
them from the waste stream and to preserve valuable natural resources. Students should 
understand the significance of protecting the environment. They should also learn to promote 
healthy and sustainable development for society.  

The lecture introduces waste tire materials by mentioning the negative environmental impacts if 
waste tires are not properly managed.  Each year, about 300 million waste tires were generated in 
the United States with about 40 million waste tires generated in California alone. Although the 
majority of the waste tires were recycled and reused, a significant number of waste tires were put 
into landfills or stockpiles. In 1983, a tire fire burned about 7 million tires in Rhinehart, Virginia. 
The fire burned for nine months, polluting water with poisons, such as lead and arsenic. In 1998, 
a grass fire ignited an estimated 7 million tires at an unlicensed tire disposal facility in Tracy, 
California. It was extinguished after 26 months with water and foam. In September 1999, 
lightning ignited stockpiled tires in the little town of Westley, California. The fire burned for 
three months. It took seven years to clean up and cost about 20 million dollars. Figure 3 shows a 
picture of the Westley tire fire. 

The lecture also covers the benefits and challenges of using waste tire derived products in civil 
and transportation engineering applications. It discusses physical properties of waste tire derived 
aggregate. More importantly, it gives an overview of the major applications in civil and 
transportation engineering, including TDA as backfill materials for retaining walls and bridge 
abutments, lightweight fill for embankments, insulation layer for roadway base, vibration 
damping materials for rail lines, and rubberized hot mix asphalt for pavement. It also gives 
students a roadmap of civil engineering classes that potentially include waste tire applications. 
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FIGURE 2.  Tire Fire in Westley California in September 1999  

(From Earth-Link Web, 2008) 

 

4.2.2 Strength of Materials 
This lecture mainly covers the physical properties of tire derived aggregates. TDA are pieces of 
shredded tires that are generally between 1 inch and 12 inches in largest dimension. The 
properties of TDA that affect engineering performance are: gradation, specific gravity, 
absorption capacity, compressibility, resilient modulus, time dependent settlement of TDA fills, 
shear strength, hydraulic conductivity, and thermal conductivity.  

This lecture also covers a general model which is a combination of Maxwell and Kelvin models 
using spring and dashpot elements. The model can be used to analyze the energy dissipation and 
vibration mitigation characters of TDA. TDA has been used as a vibration damping material for 
a light rail line by Valley Transit Authority (VTA) in California’s Bay Area. The results show 
that it is a very cost effective vibration attenuation material. As shown in Figure 3, the average 
vibration level of a light rail line has been reduced by about 10 dB for the 63 to 250 Hz range 
compared with a control section. This is a significant reduction because dB is a log scale so 10 
dB’s represents a order of magnitude reduction in transmitted vibration. The project also saved 
VTA approximately $1 to $2 million compared with a floating slab vibration mitigation 
technique. 
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FIGURE 3.  Relative Vibration Reduction for VTA Light Rail by Using TDA 

(Humphrey, 2003) 

 

4.2.3 Structural Testing Lab – Shear Strength 
The lecture part of the structural testing lab on TDA discusses the stress-strain relationship for 
TDA. This lecture introduces the common methods of measuring shear strength of granular 
materials, including soil, crumb rubber, and tire buffing. The lab portion of the class allows 
students to test the shear strength of crumb rubber using direct shear apparatus.  

A literature review and comparison of shear strength parameters from many different sources 
was conducted. The shear strength of the TDA mainly depends on: (a) size and shape of the tire 
rubber pieces, (b) density of packing, (c) magnitude of the compressive normal loading, (d) 
gradation, and (e) orientation of tire shreds.  

 
4.2.4 Contract and Specifications 
This lecture has two modules. One is on ASTM international standards; the other is for 
specifications on rubberized hot mix asphalt. A series of ASTM standards related to waste tire 
applications are covered. The major one is ASTM D6270, which has detailed definitions on tire 
rubber, material characterization, usage, construction practices, guideline for fills, and leachate 
etc. The lecture also provides students the necessary background on ASTM International. 

The specification lecture starts with various types and aspects of specifications. As examples, 
standard specifications were illustrated using Caltrans standard specification on RHMA – O 
(open graded rubberized hot mix asphalt) and RHMA – G (gap graded rubberized hot mix 
asphalt). 
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4.2.5 Soil Mechanics 
Tire Derived Aggregate (TDA) has many unique physical properties that can be used in 
Geotechnical engineering. The in-place density of TDA ranges from 45 lb/ft3 to 58 lb/ft3, which 
is about 1/3 the unit weight of soil. TDA can be used as a lightweight material to construct 
embankments on weak, compressible foundation soils. TDA has high permeability, more than 1 
cm/sec, which can replace conventional aggregate to be used as gas collection media or leachate 
collection material.  TDA is a good thermal insulation material, which has a thermal insulation 8 
times greater than the gravel. In cold climates, placing a 6 to 12 inch tire shred layer under the 
road can prevent the subgrade soils from freezing. In addition, excess water may be released 
when subgrade soils thaw in the spring. The high permeability of tire shreds allows water to 
drain from beneath the roads, preventing damage to road surfaces.  

In the lecture material, the Dixon Landing interchange project at the intersection of I-880 and 
Dixon Landing Road is used as a case study to illustrate the design, construction, and cost benefit 
of the project. The embankment for the interchange needed to be constructed on top of about 30 
feet of San Francisco Bay mud, which is a highly compressible soil. It required using lightweight 
fill material for most fill sections to reduce total settlement. For most projects building on a soft 
clay type of soil, using TDA as a lightweight fill material is significantly cheaper than other 
alternatives. The Dixon Landing interchange project used 6,627 tons or 662,700 passenger tire 
equivalents (PTE) of TDA. The cost savings to Caltrans was $447,000 compared to using 
lightweight aggregate for the project. When the purchase price of the TDA is subtracted, the cost 
savings is still $230,000. Figure 4 shows the TDA compaction for the construction of Dixon 
Landing interchange. 

 

 
FIGURE 4.  Dixon Landing Interchange Embankment Fill, Compacting TDA 

(Kennec, Inc. 2008) 

Another case study for soil mechanics class is using TDA as subgrade insulation for Witter Farm 
Road, Orono, Maine. Frost in this cold climate region can cause heaving of the road and can 
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crack the asphalt, while the thawing weakens the road subbase leading to rutting of the gravel 
and cracking of the asphalt. From the testing results, the frost depth was reduced from 55 inches 
in control section to about 30 inches in a TDA fill section. 

The lecture also introduces using TDA for Marina Drive slope repair in Ukiah, CA. As shown in 
Figure 5, a road slide damaged the Marina Drive making it unusable. Using TDA as lightweight 
backfill material replacing typical backfill soil, less excavation is necessary and a more cost 
effective design can be utilized. The project used about 2,000 ton or 200,000 PTE tires. 

 
FIGURE 5.  Landslide Damaged Section of Marina Drive, Ukiah, CA 

 
4.2.6 Concrete Materials 
Rubber included concrete or rubberized concrete consists of mixing tire rubber into Portland 
cement concrete mixes by replacing a portion of the mineral aggregate with crumb rubber. It 
changes the physical properties of concrete.  

One of the most important factors about the rubberized concrete material is the mix design. From 
the literature review shown in Table 3, the major mix design factors are proportions of crumb 
rubber by volume or by weight of mix, water-cement ratio, rubber type, and rubber content.  
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TABLE 3. Summary of Rubberized Concrete Mix Designs from Literature 

Author Rubber Type Rubber 
Content 

Method of Mix Design 

Kaloush 
et. al. 

1mm Crumb 
Rubber 

0, 50, 100, 
150, 200, 
and 300 
lb/cuyd 

Replaced fine aggregate with crumb rubber 
by weight, increased w/c ratio 

Fedroff 
et. al.  

Super fine 
powder 

0, 10, 20, 
and 30% 

By weight of cement in mix adjusted w/c 
ratio to get 3 to 5 inches of slump 

Tantala 
et.al. 

Buff Rubber 5 and 10% Replaced 5% and 10% of coarse aggregate 
with buff rubber by volume 

Schimiz
ze et.al.  

Fine/Coarse 
Reclaimed 
Rubber 

5% of mix 
design by 
weight 

Lowered both 1. fine aggregate and 2. fine 
and coarse aggregate to get 5% rubber by 
weight 

Biel and 
Lee  

3/8" minus 
rubber 
droppings 

0 to 90% in 
15% 
increments 

Replaced fine aggregate with crumb rubber 
by volume gave 0 to 25% rubber by volume 
in mix 

Eldin 
et.al. 

Ground tire 
chips, fine 
crumb rubber 

0,25,50,75,1
00%  

by volume 

Test specimens replacing either coarse or 
fine aggregate 

 

A fair amount of research has been done in using waste tire particles in Portland cement 
concrete. Although compressive strength and stiffness of concrete mixes decrease dramatically 
with increasing rubber content, the ductility, toughness, and tensile strain have been shown to 
increase with small amounts of rubber particles. Rubberized concrete may be more flexible and 
crack resistant for lightweight paving. It may provide vibration damping and sound transmission 
mitigation. It can be used for energy absorption due to dynamic force, such as earthquakes. It 
may also increase the freeze-thaw durability of concrete. 

 

4.2.7 Foundation Engineering 
Lateral earth pressure is the pressure exerted by a fill material on the wall of a structure like a 
retaining wall. It can be determined from the coefficients of lateral earth pressure, which are 
calculated by dividing horizontal stress by vertical stress. TDA can also reduce lateral earth 
pressure up to 50 percent compared to conventional soil backfill material. It also has good 
drainage properties to prevent water build up behind the wall. Therefore, TDA is a very good 
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material as backfill for retaining walls and bridge abutments. It can reduce the design thickness 
of the wall and use less reinforcing steel. 

This lecture introduces a full scale retaining wall testing at the University of Maine. The testing 
facility has four walls and a reinforced concrete foundation. The size of the testing facility is 16 
ft. high by 15 ft. long by 14.7 ft. wide. The lateral earth pressure, horizontal displacement, 
interface friction between the wall and TDA, were measured during the test. It was found that the 
horizontal stress at rest for TDA is 45 percent less than that of conventional granular fill. Figure 
6 shows a picture of loading TDA fill into the constructed wall testing facility. 

 
FIGURE 6.  Full Scale Retaining Wall Testing Using TDA as Backfill 

(Humphrey 2003) 

The lecture also introduces a case study of constructing of a real world retaining wall with TDA. 
Figure 7 shows a picture of the project. Caltrans and the CIWMB constructed 300 linear feet of 
retaining wall, along Wall 119, with TDA as lightweight backfill material along route 91, in 
Riverside, California. The retaining wall is 12 ft. tall, with 9.8 ft. of compacted TDA enclosed in 
a geotextile membrane. It has about 2 feet of soil cover.  At designated locations, the forces were 
measured using pressure cells; the strains in the reinforcing steel were measured with strain 

 14



gauges; temperature of the tire shred materials were measured using temperature sensors; and the 
displacement of the wall was monitored with a tilt meter. The retaining project was very 
successful and it used 837 tons of TDA. The following picture shows the construction of Wall 
119. 

 
FIGURE 7. TDA as Backfill for Retaining Wall 119 in Riverside, CA 

(Kennec, 2008) 

 

4.2.8 Environmental Engineering 
This lecture focuses on the environmental aspects of utilizing waste tires in civil and 
transportation engineering applications. First, it introduces the negative impact if waste tire 
materials are not recycled and managed properly. Then, it describes the engineering properties of 
TDA and rubberized asphalt. It shows the beneficial usage of waste tire materials in civil 
engineering applications, such as lightweight fill, landfill applications, vibration damping, and 
rubberized asphalt pavement.  

Consequently, it addresses the environmental assessment research on using TDA and rubberized 
asphalt. Significant amounts of research, both laboratory evaluations and field tests, have been 
conducted on various environmental impacts. It provides students the knowledge of what 
environmental factors that they should pay attention to when they use waste tires. Generally, 
recycled rubber derived from scrap tires is a safe recyclable material. It is important to recognize 
that the impact of scrap tires on the environment varies according to the local water and soil 
conditions, especially pH values. Scrap tire products may not be safe to use in applications where 
the pH is too high or too low. 
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4.2.9 Transportation Engineering 
The goal of the transportation engineering lecture is to inform students of the history, benefits, 
limitations and practice of using asphalt rubber (AR) as a paving material. This lecture is divided 
into four modules, each dealing with a different aspect of asphalt rubber applications.  

The students are first introduced to the history of asphalt rubber being used as a paving material. 
Case studies of full scale AR overlay projects in California are presented. These studies outline 
the strategy of using AR as an overlay to repair existing distressed pavements, as well as 
discussing the design and results of the AR overlays. The benefits of using AR pavements as a 
replacement for conventional asphalt are also included. The second module discusses the 
structural design of AR pavements. A 2005 Caltrans study is referenced in this module to discuss 
the revised practices of using AR in new pavements as well as an overlay. Students are informed 
about the recommended design strategy for new pavements and overlays using AR. An overview 
of the revised practice for using AR in overlays and new pavement is also presented. This 
module also discusses cost analysis comparing AR and conventional asphalt.  

Students are introduced to the manufacturing and construction process of AR in the third 
module. The module discusses the general paving process with an emphasis on the different 
practices between AR and conventional asphalt. An overview of the manufacturing process 
informs students how AR is produced and also highlights the operational differences when 
dealing with AR such as the laydown and compaction temperatures for successful placement of 
AR. The last module of the lecture goes into detail about the AR binder production, AR mix 
production, inspection of paving and troubleshooting. Some or all of these modules could be 
included in this class. 

 

4.2.10 Asphalt Paving Materials 
This lecture consists of asphalt rubber (AR) binder design, the different types of AR mixes and 
the cautions of using AR. The lecture defines the different types of asphalt rubber binders and 
discusses how each type is produced. Crumb Rubber Modifiers (CRM) are the form of waste 
tires added to the binder. The interaction between the CRM, the asphalt and the affecting factors 
are explained. When designing an AR blend, it is necessary to develop a binder profile which 
evaluates the compatibility, interaction, and stability of materials over a period of time.  

The students are introduced to the most commonly used types of rubberized hot mix asphalt 
concrete, including Rubberized Hot Mix Asphalt – Gap graded (RHMA-G), Rubberized Hot Mix 
Asphalt – Open graded (RHMA-O), and Rubberized Hot Mix Asphalt – Open graded – High 
Binder content (RHMA-O-HB). The mix design, advantages, and standard specifications are 
described for each rubberized asphalt mixture type. For example, Figure 8 shows RHMA-O can 
reduce splashing during rainy season and improve safety. 
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FIGURE 8.  Free-Draining RHMA-O Next To DGAC  

(Caltrans 2003) 

 

4.2.11 Solid Waste Management 
This lecture covers the application of Tire Derived Aggregates (TDA) in landfills. The 
construction of modern mechanized landfills requires large quantities of material which possess 
the same material properties as TDA. TDA can be used in many landfill applications.  

Federal guidelines require landfills to employ a layer of material with a high void content to sit 
in between the waste and the impermeable layer of a landfill in order to contain leachate until 
removal. This layer is known as the operations or drainage layer. TDA is a good alternative 
material for gravel for this application due to its high permeability. It is necessary that all 
leachate produced in a landfill is collected due to its toxic nature. Landfills have leachate 
collection systems which require a high permeable material such as TDA.  Many landfills have 
low points or sumps where leachate is allowed to drain and collected for removal. TDA has been 
used as a collection media for the leachate. TDA has been utilized in as needed leachate 
recirculation systems too. In these cases, TDA is used to insulate perforated pipes which deliver 
the leachate back into the fill area of a landfill. Landfills use toe drains to collect leachate from 
the base of landfills. In this application TDA is used as a collection media, where leachate is 
allowed to drain into a trench with a perforated pipe on the bottom and filled with TDA. The 
TDA allows the leachate to freely drain into the trench and insulates the perforated pipe to 
prevent blockage and damage while the leachate flows into the pipe.   

Federal and state guidelines also require landfills to control and collect methane gas produced 
during the anaerobic digestion of organic wastes. The methane generated within the landfill tends 
to follow the path of least resistance. TDA is an excellent material for gas control systems due to 
its high permeability. Landfills use gas collection trenches to extract and capture the methane 
gas. Vertical trenches passing through the impermeable landfill cap allows methane gas to vent 
out of the landfill into a collection system. The vertical trench is composed of perforated pipe 
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surrounded by TDA. This system allows the methane to vent out of the landfill into a collection 
system. Landfills also use trenchless gas collection systems. In these systems, methane is 
allowed to vent through the non permeable cap at the toe, located at the bottom of the lift. TDA 
is placed atop the toe to allow the methane to enter a perforated collection pipe.  

Due to TDA’s high permeability and durability it can also be used to protect and insulate parts of 
the gas collection systems. TDA is used to insulate horizontal collection pipes as well as protect 
gas well heads. 

 

4.3 Student Feedback 
All these lectures have been taught at the undergraduate level at the California State University, 
Chico. The outcomes showed that students are happy with the teaching modules. They 
understand the importance of promote sustainability and using recycled materials. They are 
happy that they can add waste tire products in their civil engineering application toolbox. They 
have greatly improved their knowledge on waste tire material applications. They were able to 
demonstrate their knowledge and interests of waste tire applications through their term projects, 
lab reports, presentations, and homework assignments.  

As an example, the following outcomes were evaluated at the Spring 2008 Soil Mechanics class: 

a. Ability to design and analyze data, as well as to interpret results for a slope stability 
problem using waste tires. 

b. Knowledge of the engineering properties of waste tire derived aggregate, and application 
of the properties in their engineering analyses. 

c. Understanding the importance and benefits of utilizing recycled materials such as waste 
tires in civil engineering applications. 
 

The students were formed into lab groups. Each group was assigned a slope stability problem for 
an embankment project. They needed to use simplified bishop method and ordinary method of 
slices to design the slope and choose materials used for the embankment. They needed to 
compare the conventional fill materials with tire derived aggregates. Student groups were 
required to submit a formal lab report and give a presentation on their findings. Figure 9 shows 
slope stability analysis results by students on TDA as embankment fill materials.  
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FIGURE 9.  Sample Slope Stability Analysis Results using Simplified Bishop Method  

Student proficiency is measured by the score on lab report and presentation. Generally, 90 to 100 
percent would represent mastery, 80 percent above adequate proficiency, 70 percent adequate 
proficiency, and below 70 percent would be indicative that the student lacks proficiency. Figure 
10 shows the scores of the lab groups in this project. Students learned the subjects very well. 
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Figure 10.  Lab Scores of Using Waste Tires as Embankment Fill in Slope Analysis 

4.4 Student Recognition by the Board 
On April 14, 2009, two Chico State students gave a presentation about their student project on 
using waste tire in rubberized asphalt pavement, and using tire derived aggregates as retaining 
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wall back fill materials on a hypothetical SH 99 widening project. The board members were very 
pleased with the student’ work and gave very positive comments about their presentation. Figure 
10 shows the CIWMB board members awarding two students a certificate of appreciation.  

 
FIGURE 10. CIWMB Board Members Award Chico Students Certificate of Appreciation 

(Left to right: Sheila Kuehl, Rosalie Mulé, John Laird, Students Julian Storelli and Cody 
Menefee, and Carole Migden) 

 

5.0 DISSEMINATION OF KNOWLEDGE TO UNIVERSITIES AND COMMUNITY 
COLLEGES IN CA 

 

5.1Training materials and Instructor Workshops 

A training manual relating to university curricula and along with the most relevant references 
was developed. Invitations were then sent to civil engineering faculty at universities in California 
who were interested in teaching one or more of the waste tire applications related classes.  

Three professor training workshops were given to professors teaching classes related to the use 
of waste tire applications in California. One professor training workshop was conducted in 
Sacramento, CA on December 19, 2008 for the universities in the northern California. Another 
professor training workshop was held in Pomona, CA on January 5, 2009 for the universities in 
the southern California. Fourteen professors from 11 different universities attended these two 
workshops. The third workshop was held at the San Luis Obispo on April 17, 2009. This 
workshop was very successful with 22 professors from 9 different universities.  A list of those 
attending the workshops is given in Table 4. 
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The professors were asked to rate the quality of the materials and the presentations at the 
workshops. They believed the teaching materials are very useful and can be incorporated into 
their classes. The presentations from the workshop are available at the following website: 
www.ecst.csuchico.edu/cp2c/ciwmb/education. 

TABLE 4. List of Professors Attending the Professor Training Workshops 

Num  Last Name  First Name  Department  University 

1  Al‐Manaseer  Akthem 
Civil & Environmental 
Engineering 

San Jose State 
University 

2  Andrei  Dragos  Civil Engineering  Cal Poly Pomona 

3  Chai  Rob Y. H. 
Civil and Environmental 
Engineering 

University of 
California, Davis 

4  Estrada  Hector  Civil Engineering 
University of the 
Pacific 

5  Farran  Hany  Civil Engineering  CAL POLY POMONA 

6  Hanson  James 
Civil and Environmental 
Engineering 

California Polytechnic 
State University 

7  Jia  Xudong 
Civil Engineering 
Department 

Cal Poly Pomona 

8  Khatri  Sikandar  Civil Engineering 
San Francisco State 
University 

9  Kim  Uksun 
Civil and Environmental 
Engineering 

California State 
University, Fullerton 

10  Larralde  Jesus  Civil Engineering 
Cal State University, 
Fresno 

11  Lee  Luke  Civil Engineering 
University of the 
Pacific 

12  Lepech  Michael 
Department of Civil and 
Environmental 
Engineering 

Stanford University 

13  Li  Yuwei 
Volvo Center for Future 
Urban Transportation 

University of 
California at Berkeley 

14  Liu  Lubo 
Civil and Geomatics 
Engineering 

California State 
University Fresno 

15  Mathias  Darlene  Engineering 
Consumes River 
College 

16  Mitra  Nilanjan  Civil Engineering 
CalPoly San Luis 
Obispo 

17  Mitra  Sudeshna  Civil Engineering 
CalPoly San Luis 
Obispo 

18  Mosallam  Ayman 
CIVIL & ENVIROMENTAL 
ENGINEERING 

University of 
California, Irvine 

19  Nelson  Yarrow 
Civil & Environmental 
Engineering 

Cal Poly, SLO 
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Num  Last Name  First Name  Department  University 

20  Nilsson  Tonya  Civil Engineering  San Jose State 

21  Oskoorouchi  Ali 
Civil & Environmental 
Engineering 

San Jose State 
University 

22  Pande  Nurag 
Civil and Environmental 
Engineering 

Cal Poly 
Obispo 

Sal Luis 

23  Porbaha  Ali  Civil Engineering  CSU_Sacramento 

24  Putcha  Chandrasekhar 
Civil and Environmental 
Engineering 

California State 
University, Fullerton 

25  Putnam  Jim 
Civil and Environmental 
Engineering 

UCDavis 

26  Qu  Bing 
Civil and Environmental 
Engineering 

California Polytechnic 
State University 

27  Rahim  Ashraf 
Civil and Environmental 
Engineering 

CalPoly State 
University 

28  Reginato  Justin 
Civil Engineering 
Engineering 
Management 

& 
University 
Pacific 

of the 

29  Saadeh  Shadi  Civil Engineering  CSULB 
30  Shafizadeh  Kevan  Civil Engineering  CSU Sacramento 

31  Tarakji  Ghassan 
Civil Engineering, 
of Engineering 

School  San Francisco 
University 

State 

32  Tiwari  Binod 
Civil and Environmental 
Engineering 

California State 
University, Fullerton 

Civil & Environmental 
33  Vigil  Sam  Engineering 

Department 
Cal Poly 

34  Vucetic  Mladen 
Civil and Environmental 
Engineering 

University of 
California, Los 
Angeles (UCLA) 

35  Xiao  Ming 
Civil and Geomatics 
Engineering 

California State 
University, Fresno 

36  Yesiller  Nazli 
Civil and Environmental 
Engineering 

California Polytechnic 
State University 

 

5.2 Presentations 

Guest lectures at a few select community colleges in Northern California were given. On May 1, 
2009, an introduction to civil engineering design lecture was given to about 30 college students 
in Shasta College, Redding CA. Students and faculty showed interest in this topic. Based on the 
feedback from the instructor (Joe Polin of the Shasta College), the students talked among 
themselves for quite a while after the presentation. They enjoyed the topic and applications of 
waste tire products. On May 8, 2009, Dr. Joel Arthur gave a presentation to a lower division 
engineering class at the College of the Siskiyous. The contact person at College of the Siskiyous 
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is Michael Read. The students thought the presentation and information were very valuable and 
worthwhile. 

A presentation was given at a conference for the America Society for Engineering Educators for 
Pacific Southwest Division in San Diego on March 20, 2009. Many university faculty from 
California attended this conference. The attendees asked questions about the sustainability of 
using waste tires. They were interested in the teaching materials and the website. 

A presentation was given at the 88 Annual Conference of the Transportation Research Board on 
January 11-15 2009 in Washington D.C. The TRB meeting covered all the areas in transportation 
and attracted more than 10,000 transportation professionals including academia from all over the 
world. It was an excellent opportunity to promote waste tire applications in civil and 
transportation engineering. For example, University of New York at Buffalo requested the web 
access to the teaching materials and training manual from CIWMB and CSU, Chico.  

Finally, a presentation about life cycle cost analysis of asphalt rubber materials was given in 
Akron, OH in May 2009. People were very interested in the topic and the information is very 
useful for people in selecting appropriate pavement treatments including asphalt rubber. This 
presentation is included in Appendix D. 

 

5.2 Instructor workshop Feedback and Evaluations 

 

At each professor training workshops, professors filled out evaluation forms and provided 
suggestions for the project. The sample evaluation form is included in Appendix E.  

The following table gives a summary of feedback from University Professors attending the 
workshop. The ratings are from 1-5 with 1 as poor and 5 as excellent: 

 

TABLE 5. Summary Ratings from University Professor Training Workshops 
Training Quality  Average 

Rating 

Standard 

Deviation

1. What is your overall rating of this Workshop?  4.27  0.62 

2. This training will be beneficial to you in teaching waste tire 
applications? 

4.32  0.63 

3. Overall speakers' knowledge of the subjects.  4.32  0.70 

4. overall speakers' presentation style  4.18  0.83 

5. The topics were presented in logical order  3.82  0.78 

6. Usefulness of Seminal Material  4.36  0.71 

 

 23



The attendees praised the workshop as being successful and meaningful. The followings are 
summaries of sample answers to questions at the professor training: 

1. What do you think were the strengths of the workshop? 

[Very good introduction to the subject], [It’s a new topic and new area where we can start 
research on], [Excellent presenters. Excellent notes. Very gracious host], [Lot of good examples 
in terms of research studies as well as actual construction projects.], [Introduction of a new 
material in a good manner in different perspective applications], [Very good overview of the use 
of tire waste products. Good interaction with audience. Speakers are very knowledgeable], 
[Good Selection of slides, good coverage of background materials for the most part], [Relevant 
and Timely subjects], [New idea and practical value], [Course structure is very usable for 
interested instructors, very timely as sustainability in an emerging issue], [Archive of materials 
very helpful. Running through teaching modules good, but could accelerate for faculty members. 
Good you generally stayed on time], [Good: overview of TDA and RHMA, examples, classroom 
interactions], [Presenters working in the industry had good, practical knowledge], [Good 
examples and practical applications], [Excellent speakers and graphics], [The development of 
course material was fantastic. Having Joaquin Wright was very useful to fully understand 
construction uses].       

 

2. What do you think were the weaknesses of this Workshop? 

[Short duration. One day is too short to get all aspects of this subject; two days may be better], [It 
was short, we could have more discussions], [None], [Some examples from other states as well 
as abroad.], [Much more research should have been presented], [Would like more about testing 
and design with materials. For example, for geotechnical engineering, there is a lot of lab data on 
hydraulic, shear strength and compressibility and the tire chip and soil/tire chip mixes that can be 
included in the module], [Some technologies discussed were not reliantly developed]. 

 

3. How would you suggest the workshop be improved?  Do you think an online or web-
based seminar helpful? 

[A 2-day workshop, numbered page handout. Yes web-based course/seminar], [Web might be 
useful to incorporate other researchers working in the area], [I feel that the material presented in 
the binned volume is extensive and very clear. Very professional presentations],[Put them in 
study material so that interested readers can refer to.], [Do more research, put enough resources 
for more research and more University-Industry collaboration. Online is good.], [web-based 
seminars would be an excellent follow-up to the seminar],[in person much better than on-line 
version, especially for this length of course(all day)], [Yes very much, maybe "Webinar" would 
be a more regular fixture as we implement it in our teaching], [face-face interaction is valued, 
larger room, more discussion time, it would be helpful for an open faculty discussion time], [ask 
CIWMB to make presentation on goals and priorities], [Would like Gary Hick's Slides], [Ensure 
that all presentations are in handouts], [More crowd control for inappropriate questions].    

 

4. I would like to have additional information on the following subjects. 
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[Other applications], [Current research in geotechnical applications], [Structural testing of 
asphalt rubber pavements], [Studies on transportation engineering: both in terms of pavement 
materials and implication on operation or safety], [Material models for this new material], [Show 
more long-term performance do structures built with the tire products], []Extensive reference list 
categorized by specialty topic], [The locations in CA where RAPM have been used], [Supply 
Chain/ value chain of waste tires]. 

 

5. How did you hear about this seminar? 

[Email], [Call from Dr. Cheng], [Dr. Joel Arthur], [Email from Dr. Cheng], [Email], [Email], 
[Email and from Stacy Patenaude], [Email], [Email from depth. chair], [Call from Dr. Arthur]. 

 

6. Will you use some of the materials here into your teaching? If not, why? 

[Yes], [Yes], [As relevant to my Concrete Testing Laboratory, yes. At least inform the students 
that this technology exists.], [Yes],[Yes],[Will try to incorporate material into class lectures], 
[Helpful modules, I should be able to use them], [Yes], [Yes], [ Yes, very helpful to have full 
modules], [Probably], [Yes], [Yes will use in Solid Waste and Sustainability Classes]. 

 

7. Do you have any other comments or questions? 

[No], [I would like to follow up on current research trends], [I am thankful for giving me a 
chance to learn more about pavement structural materials.], [it was good, keep up the good work. 
Educate more people],[Include student perspectives, especially from students who have taken 
such a course],[Make sure that the participants understand that this is material intended to be 
used for teaching. This is not a research conference; we are not discussing research results. The 
room was too small. Include soil/chip mixtures, need to expand on get tech applications], [Larger 
room. A panel discussion with all speakers would be great platform for open discussion], [Check 
for repetitive information for each speech].    

 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

 

This was a very challenging and rewarding project.  University level teaching materials were 
developed which can help society in several ways, including: 

• Environmental benefits 

• Waste tire utilization in civil engineering applications as tire derived aggregates 

• Waste tire in utilization transportation engineering application as rubberized 
asphalt concrete 

• Educate university students about sustainability and using recycled materials  

 25



Specific conclusions and recommendations are as follows. 

 

6.1 Conclusions 

• Waste tire applications cover a wide range of civil engineering areas, including 
geotechnical, environmental, structural, and transportation. 

• The teaching modules or lecturing materials were developed to cover freshman 
level to senior level classes. The freshman class gives students an introduction 
and overview of waste tire products and their applications. Junior classes cover 
the material properties, testing, and standards. Senior classes cover the waste tire 
applications in civil and transportation engineering. 

• The outcomes show that it is an effective way to teach waste tire applications and 
to reach more students. Students have demonstrated knowledge and interest on the 
sustainable usage of waste tire materials through out their school work. 

• Education of students is the most important way of training future engineers. 
University students are more inclined to learn new technologies such as applying 
the use of waste tire products in their future projects. 

• Incorporating waste tire application projects into University curricula is a great 
green way to sustain the usage of waste tires. Through the pilot classes conducted 
at CSU Chico, students learned to turn the waste tire products into valuable 
materials after the proper education of RAC or other CE applications for waste 
tires. Now, as a part of their knowledge base, they are much more aware of green 
waste tire applications as well as conventional civil engineering materials, such as 
steel, concrete, asphalt, and wood. 

• After consulting with CIWMB staff, the workshops for continuing education were 
given. Most of the effort was spent on the development of university curricula and 
undergraduate education on waste tire applications in civil and transportation 
engineering. 

 

6.2 Recommendations 

The following recommendations are presented as possible future work. They include; 

• More studies are needed to explore new innovative ways to apply waste tire 
products in civil and transportation engineering. In civil engineering applications, 
more research is needed to be study material properties including shear strength 
parameters, constitutive relationships, material models for vibration damping, and 
TDA performance under seismic loading. In rubberized asphalt concrete, the 
emerging techniques, such as warm mix and asphalt rubber, terminal blend, will 
bring broader and better applications of asphalt rubber into roadway pavement 
applications. 
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• A follow up study is recommended two or three years after the completion of this 
project. It is important to know the needs and lessons learned from various 
universities. A follow up study will ensure the long term and sustainable 
education of waste tire civil engineering applications. 

• With more research results and projects coming up, the teaching materials stored 
in the CSU Chico website need to be updated in the future. 

• The chapters developed in the appendices of this report are preliminary. They 
need to be refined and revised to provide more suitable support to the university 
curricula on waste tire applications in civil and transportation engineering. 

• More outreach to community colleges is recommended so resources can be given 
to faculty for inclusion in their classes. 
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USE OF ASPHALT RUBBER IN PAVEMENTS 

Technology 
Transfer 
RHMA 101 

Presented by 

R. Gary Hicks Ph.D., P.E. 
CP2 Center 

April 17, 2009 

PRESENTATION TOPICS 

ASPHALT RUBBER-RHMA “101” 

HISTORY OF ASPHALT RUBBER 

RHMA APPLICATIONS 

1 

2 

3 

22 

RHMA APPLICATIONS 

RHMA USAGE GUIDELINES 

BENEFITS AND LIMITATIONS 

IMPLEMENTATION 

3 

4 

5 

6 

33 

WHAT IS ASPHALT RUBBER ? Section 

ASPHALT RUBBER ASTM D8 

A blend of asphalt cement, reclaimed tire rubber and 
certain additives in which the rubber component is 
at least 15% by weight of the total blend and has 
reacted in the hot asphalt cement sufficiently to

lli f th bb ti l 

1 

AR 101 

44 

cause swelling of the rubber particles. 

RELATED SPECIFICATION: ASTM D 6114 
Standard Specification for Asphalt Rubber Binder. 

High viscosity material that typically requires
agitation to keep CRM particles dispersed. 

Asphalt Rubber Types 

WET PROCESS-with agitation 
Adding graded rubber to asphalt and mixing and
reacting-requires agitation 

Wet PROCESS – No Agitation 

1 

AR 101 

55 

Adding fine rubber typically < #30 to asphalt at 
the terminal-generally little or no agitation.
Often referred to as terminal blend 

DRY PROCESS 
Use CRM as substitute for 1-3% of Aggregate by
mixing crumb rubber directly with aggregate 
used for asphalt concrete 

Wet Process-with Agitation 

 Method of modifying asphalt cement with 
CRM and other components 

 Most widely used in California, Arizona, 
Florida and Texas 

 Contains 18-22 % crumb rubber – agency 

1 

AR 101 

66 

g y 
spec vary 

 Particle size ranges from # 8 to #10 top 
size 

 Type 1 Asphalt Cement and tire 
rubber (AZ, FL and TX) 

 Type 2 Asphalt, tire rubber, high natural 
CRM + extender oil (CA) 
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Wet Process-with Agitation 

 Thoroughly mix CRM & other 
components with hot (400-425ºF) asphalt 
cement 

 Interact at 350-375ºF for designated 

1 

AR 101 

77 

period (typical minimums 45-60 minutes) 

 CRM particles swell, exchange oils with 
AC 

 Rotational Viscosity is discriminator for 
appropriate use 

Wet Process-No Agitation 

 Contains from <5%-15 % crumb 
rubber 

 Particle size ranges from 40 to 80 
mesh top size 

1 

AR 101 

88 

 Can also contain polymers 

 Used in Arizona ,Florida, Texas, and 
California 

 Often referred to as Terminal Blend 

Wet Process-Agitation vs. No Agitation 1 

AR 101 

99 

Dry Process 

 Substitutes CRM for 1 to 3% of 
aggregate in hot mix 

 Not considered to modify binder, 
although some interaction with CRM 

1 

AR 101 

1010 

although some interaction with CRM 
may occur in place over time 
(absorbs light fractions) 

 CRM gradations have ranged from 
coarse (-1/4”) to fine (-#80) 

Asphalt Rubber Binder 

COMPONENTS 

 Crumb Rubber (including HNR) 
 Asphalt Cement 

1 

AR 101 

1111 

Asphalt Cement 
 Additives 
 Blended to meet specific specs 

Crumb Rubber Modifier - CRM 

Produced from grinding up whole scrap 
tires, tread buffings, and other waste 
rubber products. Crumb rubber comes 

1 

AR 101 

1212 

rubber products. Crumb rubber comes 
in a variety of grades and designations 
presented by particular size and/or 
source. 
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CRM Used For Wet Process 1 

AR 101 

1313 

CRM Product 

Asphalt Cements 

Come in a variety of grades 

Typically a softer binders is used for 
RHMA than for conventional hot mix 

1 

AR 101 

PG 64-10 

Hot climates PG 64-16 (AR-4000) 

Moderate climates PG 58-22 (AR-4000) 

Cold climates PG 52-28 (AR-2000) 

1414 

 
  

                

   

Additives 

Used in conjunction with the CRM to 
enhance interaction and produced
desirable properties 

1 

AR 101 

1515 

 Extender oils 
 Anti-strip agents 
 High natural rubber (HNR) 
 Polymers – typically limited to

no agitation 

Interactions Depend On 

1. Asphalt Cement Source & Grade 

2. Rubber Type/Source 

3 Amount Of Rubber 

AR 101 

1 

1616 

3. Amount Of Rubber 

4. Gradation Of Rubber 

5. Interaction Time 

6. Interaction Temperature 

Advantages of High Viscosity AR Binder 

 Allows higher binder content and 
increased film thickness-resulting in 
increased durability (moisture 
resistance and aging resistance) 

 Improves aggregate retention 
 Minimizes drain down problems 

1 

AR 101 

1717 

 Minimizes drain-down problems 

 Increases resistance to fatigue and 
reflection cracking 

 Increases resistance to bleeding, 
flushing and deformation 

HISTORY OF ASPHALT RUBBER Section 

 Used since the 1960’s 

 Used in chip seals, inter-layers, and 
HMA 

2 

History of AR UseHistory of AR Use 

1818 

 Use extensively in Arizona, 
California, Florida and Texas 

 Design and construction guides now 
available from some agencies 
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Ravendale Project 

First CA project to use reduced 
thickness RHMA when compared to 
the conventional AC design thickness 

Different thickness test sections of 

2 

History of AR UseHistory of AR Use 

1919 

Different thickness test sections of 
RHMA, dry process, and conventional
AC mixes 
Performance monitored for nearly 20 
years 

CALTRANS Reduced Thickness Design 

 CALTRANS developed the interim 
guidelines in 1992 

 Based on laboratory and long-term 

2 

History of AR UseHistory of AR Use 

2020 

y g 
field data (two decades) 

 Supported by research efforts 

Design Of RHMA Overlays 

 Uses a deflection based design 
method 

 Up to 50 % reduction in thickness 

2 

History of AR UseHistory of AR Use 

2121 

compared to conventional AC design 
thickness 

 Over 200 reduced thickness projects 

25.00% 

30.00% 

35.00% 

40.00% 
RAC% Compared to AC 

Caltrans RHMA Usage (% of AC Used) 

2222 

0.00% 

5.00% 

10.00% 

15.00% 

20.00% 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Findings 

Thickness of RHMA rubber mixes can 
be reduced by a factor of 2 and still 
give the same performance for 
resistance to reflective cracking 

2 

History of AR UseHistory of AR Use 

2323 

resistance to reflective cracking 

Reduced thickness first incorporated 
into the Caltrans design process in 
1992 
Adopted in Rehabilitation manual in 
2002 

AR Applications 

Chip Seals 
AR Interlayers 

Dense-Graded HMA (RHMA-D) 

3 

SPRAY 

APPLICATIONS 

HOT MIX 

A 
S 
P 
H 
A 
L 

AR ApplicationsAR Applications 

2424 

(Use with no agitation only) 

Gap-Graded HMA (RHMA-G) 

Open-Graded HMA (RHMA-O) 

Open-Graded High Binder HMA 
(RHMA-O-HB) 

ASPHALTT 

R 
U 
B 
B 
E 
R 

dxcheng
Text Box
5



   

 
 

    

 
 

 

 
    

     

   

    

 

  

 

 

  

 

 

  

   
   

  

  
  

 

 

Rubberized Asphalt Concrete RHMA 

High viscosity AR binder most effective 
in gap and open-graded mixes used in 
upper 60 mm of pavement 

3 

AR ApplicationsAR Applications 

2525 

For resisting reflective cracking, 
Caltrans allows reduced thickness for 
gap-graded RHMA overlays of 
structurally sound pavements 

Hot Mix Asphalt HMA 3 

AR ApplicationsAR Applications 

USES 
GAP GRADED MIXES RHMA-G 

OPEN GRADED MIXES RHMA-O 

DENSE GRADED MIXES RHMA-D 

2626 

RHMA-D Only with no 
agitation binders 

Used primarily in 
Arizona, California, 
Florida and Texas 

Reduced thickness only 
by Califronia 

Aggregate Gradation Comparison 

Open Graded Gap Graded 

3 

RHMARHMA 
ApplicationsApplications 

2727 
Dense Graded 

Dense-Graded HMA RHMA-D 

Limited performance 
improvements vs. cost 

Inadequate void space to 

3 

RHMARHMA 
ApplicationsApplications 

EARLY USE 

2828 

Inadequate void space to 
accommodate sufficient 
AR binder to modify behavior 

Discontinued use with high 
viscosity binder 

Gap Graded Mixes RHMA-G 

Currently the workhorse mix in CA 
Normally used in thicknesses from 30 to 60 

mm 

2929 

Thickness reduction allowed when this mix 
is employed 

HOT MIXES RHMA-O 

Widely used in California as surface 
course 

3 

RHMARHMA 
ApplicationsApplications 

Open-Graded 

3030 

Free draining with reduced splash 
and spray 
Does not add any structural value 
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HOT MIXES RHMA-O-HB 

Widely used in Arizona as surface 
course 

3 

RHMARHMA 
ApplicationsApplications 

Open-Graded High Binder 

3131 

Also used in Caltrans as surface 
course 

Not as free draining, but improved 
durability 

AR USAGE GUIDELINES Section 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

A 

B 

DESIGN 

PRODUCTION & EQUIPMENT

DESIGN 

PRODUCTION & EQUIPMENT 

3232 

C 

D 

CONSTRUCTION

SAMPLING & TESTING

CONSTRUCTION 

SAMPLING & TESTING 

Design Guide-Contents Design 

1. Introduction 
2. Asphalt Rubber 

Rubberized Asphalt Concrete Technology Center (RACTC) 

www.rubberizedasphalt.com 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

3333 

3. AR Design Considerations 
4. AR Materials Issues 
5. AR Construction Issues-HMA 

& Chip Seals 
6. Pre-construction meeting 
7. Environmental considerations 
8. Current/Future Developments 
9. References 

Caltrans Design Guide Design 

1. Introduction 
2. Asphalt rubber product design, 

selection and use 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

3434 

3. Production of AR binders and 
mixtures 

4. Construction and inspection 
guides 

5. References 

www.dot.ca.gov/ 

Where and Why Used? 

1 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

3535 

1. Replaces conventional 
mixes where paving 
temperatures and haul
distances are favorable 

2. More resistant to cracking
and fatigue 

Particularly Reflection Cracking 

AR Design Considerations Design 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

BINDER DESIGN1 

3636 

STRUCTURAL 
DESIGN 

2 
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Asphalt Rubber Blend Profile Design 

Developed to evaluate compatibility 
between materials used 

Checks for stability of the blend over 

4 

RARACC US USAAGGE GE GUUIIDDELIELINNESES 

37 37

Checks for stability of the blend over 
time 

Should be required for each project 

Binder Design Design 4 

RARACC USUSAAGGE GE GUUIIDDELIELINNESES 

A MINUTES OF REACTION SPEC. LIMITS @ 45 
S MINUTES 
P TEST 45 90 240 360 1,440 (CALTRANS 7/2002)

H 
A 

VISCOSITY, CP L HAAKE@ 190C 2400 2800 2800 2800 2100 1500 - 4000 
T 

RESILIENCE@ 
25C (% 

R REBOUND) 27 -­ 33 -­ 23 18 Minimum 
U R & B 
B SOFTENING PT., 
B C (ASTM D36) 59.0 59.5 59.5 60.0 58.5 52 - 74 

E 
R CONE PEN @ 25C 

(ASTM D217) 39 -­ 46 -­ 50 25 – 70 

38 38

                                                                               

                                                           

 

                                      

Asphalt Rubber Tests Design 

CONE PENETRATION 

RESILIENCE 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

3939 

R&B SOFTENING POINT 

FIELD VISCOSITY 

Cone Penetration Design 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

4040 

ASTM D 217 

Resilience Design 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

4141 

ASTM D 5329 
Formerly ASTM D 3407 

R&B Softening Point Design 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

4242 

ASTM D 36 
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Field Viscosity Design 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

4343 

Haake Viscometer 

Old style – New Digital Model available 

Pavement Structural Design 4 

When RHMA-G is used as overlay material 
» Design for conventional HMA thickness 
» Determine RHMA-G overlay thickness 

according to FPRM 
» RHMA-G overlay thickness generally half 

th t f th HMA l thi k 

4444 

that of the HMA overlay thickness 
New pavements 

» Caltrans does not reduce thickness for the 
use of RHMA in new pavement 
construction 

AR Binder Production 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

1. Overview of process 

4545 

2. Hold over and 
reheating issues 

3. Documentation 

4. Sampling & Testing
requirements 

AR Blending Schematic Production 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

GROUND 
RUBBER 

HEAT 

ASPHALT 
STORAGE 

TANK 

4646 

HEAT 
TANK BLENDER 

Reaction Vessel 

AR BINDER Process Production 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

4747 

CRM Supply 

Adding CRM to 
Weigh Hopper 

Blending Unit 

AR Binder Process Production 

AC Storage Tank 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

4848 

Heat Tank 
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Holdover and Preheating Issues 

1. Heating must be discontinued 
4 hrs after 45 minute reaction 

Production Set Up 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

Caltrans Specs 

4949 

period 
2. Two reheat cycles are allowed 
3. Specification compliance 
4. Restoring viscosity 

Certificate of compliance 
AR binder design 
AR binder production log 

Documentation 

Uses for High Viscosity Binders- Hot mixes 

1. Most effective in gap-graded and open-graded 
mixes 

2. Most effective in relatively thin surface lifts 
(max 60 mm) 

3 Gap graded is used as structural layer 

INCREASES COST SO USE WHERE MOST EFFECTIVE 

5050 

3. Gap-graded is used as structural layer, 
equivalent to DG 

4. Open-graded is used as surface friction course 
5. Increased resistance to rutting, fatigue and 

reflective cracking a function of binder content 
6. Not suitable for DGAC 

AR Hot Mixes Production 

 Similarities to conventional DGAC 
 Mix production 
 Importance of temperature 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

RHMA - G 

5151 

 Sampling and testing 
requirements 

 Construction 

AR Good Practices Construction 

1. Same as DGAC 
2 Quality Control 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

5252 

2. Quality Control 
3. Inspection 

Segregation 
Smoke 
Appearance 

Troubleshooting 

Production 
Delivery 
Placement 
Compaction 

Good Practices 

Preparation for Paving Construction 

Crack Sealing 

Patching 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

Minimal Application-Excess will work through overlay and cause fat spots 

5353 

Tack Coat 

AR Delivery Equipment Construction 

1. Release agents 
2. Plant production 
3. Mix delivery 

ITEMS TO WATCH FOR 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

5454 

4. Placement 
5. Compaction 
6. Balanced 

production 
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AR Placement Construction 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

5555 

Minimum Handwork and Raking 

Hot Mix Compaction Construction 4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

5656 

1. Good practices 
2. Temperature requirements 
3. Factors affecting compaction 
4. Test strips and rolling patterns 
5. Finishing 

Factors that Affect Compaction Construction 

For all AC and RHMA 
mixes: 

1. Lift thickness 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

5757 

2. Air temperature 
3. Pavement/base temp. 
4. Mix temperature 
5. Wind velocity 
6. Sunlight or lack thereof 

SAMPLING AND TESTING Construction 

QC TESTING REQUIREMENTS 
 Tests 
 Frequency 

QA TESTING REQUIREMENTS 

4 

RAC USAGE GUIDELINESRAC USAGE GUIDELINES 

STANDARD PRACTICES AS PER HMA 

5858 

QA TESTING REQUIREMENTS 
 Tests 
 Frequency 

 Field GO NO-GO Test 

VISCOSITY OF BINDER CONTENT 

AR Benefits 

 Improved durability as surface 
layer 

 Resistance to fatigue cracking 
 Resistance to reflection cracking 

5 

BENEFITSBENEFITS 

5959 

g 
 Resistance to aging 
 Can be used in reduced thickness 
 Reduced noise 
 Lower life cycle costs 
 Environmental 

Improved Performance 5 

BENEFITSBENEFITS 

Cracking resistance 

6060 

Durability-aging resistance 
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Increased Cracking Resistance 5 

BEBENENEFTFTIS IS

61 61

8” of Conventional 
Overlay After 

Twelve Years of 
Performance 

5” of Asphalt 
Rubber Overlay 

After Twelve Years 
of Performance 

Reduced Noise 

IMPORTANT IN URBAN ENVIRONMENTS 

5 

BEBENENEFITFITS S

62 62

Wayside 
Close proximity 
Noise intensity 

Methods of Measuring Noise 

 

 

 

 

 

 
 

LCCA Study by Hicks and Epps 

 Establish strategies for analysis 
period 

 Establish M&R activity timing 

5 
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65 65

 Estimate agency costs 
 Estimate user and non-user costs 
 Develop expenditure streams 
 Compute net-present value 
 Analyze results 

LCCA Results Deterministic Approach 

Scenario Present Worth ($/yd) 

Preservation – Chip Seal 

 Conventional 18.39 
 AR 15.87 2.25 

5 
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66 66

Preservation – Thin HMA 
 Conventional 20.69 

 AR 17.33 3.36 

Structural Overlay 
 Conventional 21.97 

 AR 14.63 7.34 

How Is Noise Controlled ? 

Vehicle & Tire Emissions 

5 

BENEFITSBENEFITS 

At the Source 

Through Distance 

6363 

3 dBA Reduction for Each Doubling of Distance 
25ft=70dBA, 50ft=67dBA, 100 ft=64 

Berms, Walls, and Combination of Both 
Through Obstructions 

Noise Levels By 

104.9 Random Transverse (Wisconsin Method) 

102.5 Uniform Transverse (ADOT Method-3/4”) 

SURFACE TYPE-CPX MEASUREMENT 

5 

BENEFITSBENEFITS 

6464 

99.1 Longitudinal (ADOT Method-3/4”) 

95.5 Whisper Grind (Industry Method) 

91.8 ARFC (ADOT Method) 
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LCCA Results Probabilistic Model 

Scenario % of times 
savings result 

5 

BENEFITSBENEFITS 

6767 

Preservation - chip seal 86 

Preservation - thin HMA 82 

Structural Overlay 86 

Environmental Benefits 

1. Reduces landfill problems 
2. Tire stockpiles 

5 

BENEFITSBENEFITS 

6868 

3. Value added products 
4. Recycling of  wastes 
5. Noise abatement 

Linear tire fill 

RAC Limitations 

 Increased initial costs must be 
offset by improved performance 

 Not amenable to raking 

5 

LIMITATIONSLIMITATIONS 

6969 

 Higher temperatures for placement 
and compaction 

 Environmental issues - air quality
and odor concerns 

 Knowledge of users and good HMA
practices 

Cost Considerations 

HOT MIX 
could be cheaper with high oil price 

Offset if used in thinner layers 

5 

LIMITATIONSLIMITATIONS 
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CostCost 

Offset by increased service life 

Construction Considerations 

Control of temperature is most important 
Handwork is more difficult 
Material is stickier 

5 

LIMITATIONSLIMITATIONS 

7171 

Cold or wet weather 
Considerable handwork 
Long haul 
Temperature considerations 

Climatic 

Cold Weather Paving 

5 

LIMITATIONSLIMITATIONS 

7272 

Nighttime Paving 
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Implementation 

 Educating users 
 Benefits of AR 
 Identifying best places to use AR 
 Understanding the Limitations 

6 

IMPLEMENTATIONIMPLEMENTATION 

7575 

 Understanding the Limitations 
 Successes and no failures 

Conclusions 

 AR has been used since the 1960’s in chip 
seals and thin hot mix overlays 

 AR design and construction guides are 
now available 

6 

7676 

now available 

 AR has proven to be a cost effective 
treatment for pavement maintenance and 
rehabilitation 

 Despite the many successes, its use is
still limited to a few states 

Environmental Concerns 

ENVIRONMENTAL - AIR QUALITY 
Smoke issue in parts of CA 
Can be controlled 

HEALTH & SAFETY 
No increased risk per numerous 

5 

LIMITATIONSLIMITATIONS 
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No increased risk per numerous 
studies 

RECYCLING OF AR MIXES 
Stockpile uniformity – per 
conventional HMA 
No indication of problems with Air 
Quality 

Frequently Asked Questions ? 

1. Is the use of AR technically
sound and cost effective? 

2. AR be used in cold weather 
cli ates? 

YES 

YES 

5 

LIMITATIONSLIMITATIONS 

7474 

climates? 

3. Can AR be rehabilitated 
and/or recycled? 

4. Why isn’t AR more widely
used by other agencies? 

YES 

Education 

?? 
7878 

Contact details see next page 

 
 

  

  

Conclusions 

 Good standard practices and 
understanding of the materials are 
required for design, production, and 
construction of AC and RHMA 

6 

7777 

pavements. 

 AR is a cost effective treatment for 
pavement maintenance and 
rehabilitation 
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Questions ? 

7979 

R. Gary Hicks

rghicks@csuchico.edu

http://www.cp2info.org/center

R. Gary Hicks 

rghicks@csuchico.edu 

http://www.cp2info.org/center 

The Beginning
Keeping roads good with asphalt paving materials 
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Civil Engineering Applications 
Using Tire-Derived Aggregate (TDA) 
Selected California Projects 

Presented By: 

Civil Engineering Applications 
Using Tire-Derived Aggregate (TDA) 
Selected California Projects 
Presented for The California State 
University, Chico, California 
Pavement Preservation Center 

Presented By: 

Joaquin Wright, Principal 

TDA Presentation Summary 
 Beneficial Properties ofBeneficial Properties of
 

Pavement Preservation Center TTireire DeriDerivveedd AAggrggregegatate (Te (TDDAA) in) in CivCivil Engineering il Engineering 

, 


thth AApplicpplicatioationsns
AAppril 1ril 177 2009 2009

- Beneficial properties of TDA TTTTiiiire Derire Derire Derire Derived vedvedved AggregatAggregatAggregatAggregate (Te (Te (Te (TDA) DA)DA)DA) has hashashas propertpropertpropertpropertiiiieeees ts ts ts thhhhatatatat  cicicicivivivivillll 
engiengiengiengineers, neers,neers,neers, publpublpublpubliiiic ccc worksworks worksworks didididirectrectrectrectors & contors & contors & contors & contractractractractors need ors needors needors need

-Construction management aspects of building with TDA LLLLiiiightghtghtghtweiweiweiweightghtghtght
 
Free DrainFree DrainFree DrainFree Drainiiiinnnngggg////HigHigHigHighhhh PermeabPermeabPermeabPermeabilityilityilityility-Embankment projects 
 


Slide repair projects 
Low earth pressureLow earth pressureLow earth pressureLow earth pressure
 

- G dG dG dG d h hhh llll iiii llll iiiiSlide repair projects GGGGoooooooodddd tttthhhhermermermermaaaallll iiiinsunsunsunsullllatatatatiiiionononon 

DurableDurableDurableDurable- Retaining wall backfill projects  
 
ComComComComppppressibleressibleressibleressible
 

-Vibration Attenuation projects MMMMaaaay be cheapesty be cheapest y be cheapesty be cheapest solutionsolutionsolutionsolution

HelHelHelHelpppp solsolsolsolvvvveeee sisisisignignignigniffffiiiicantcantcantcant envienvienvienvironmronmronmronmententententalalalal problproblproblproblememememssss - Retaining wall backfill projects 
Conserve natConserve natConserve natConserve natuuuuralralralral aggregataggregataggregataggregate resources e resourcese resourcese resources

-Landfill Applications 

Uses for Uses for TTiirere Derived Derived AggregateAggregate Uses for Uses for TTiirere Derived Derived AggregateAggregate 
(TDA) (TDA) (TDA) (TDA)

 Lightweight TDA for Retaining Walls  TDA in Landfill Applications 
 Lightweight Embankment Fill  Lightweight TDA for slide repair 

Per f or at ed 
Type A TDA l andf il l  gas 

pipe Soil 

Ref use 

LFG TRENCH WITH TDA 

 TDA for vibration attenuation 

6.0" SOLID PIPE 

TYPE A TDA 

36" MIN. Ø BOREHOLE 

6.0" PERFORATED 
PIPE (TYP) 

LFG WELL WITH TDA 
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• Pre–Construction 

• Construction 

CM Aspects for TDA Projects 

• Design and Overall Project Understanding 
Develop Comprehens ve Understanding 

• Communication w th team for Des gn, Construction, and Construction 
Management expectations 

• Del very methods and rates 
Material quality/ve ification 
Stockpile location 

• Regulatory Agency Outreach 
Education and Communication 

Pre- Construction Activities 

• Local Water Board 
• Local F re Department 
• nteragency Agreements Ca Trans/C WMB 

• Construction Understanding 
• Communication w th team at k ck off meeting, TDA Construction, when, 

where and team expectations 
• P acement techniques 

Rates of Delivery, number of suppliers 
q/a of material 
Advantageous changes in techniques 
Documentation of wo k 

• As-builts 

Construction Activities 

Documentation of changes 
• Data retr eva  methods and ver cation 
• Draw ngs of TDA ocation, sensors etc., future work 

Embankment Fill Application DIXONEmbankment Fill Application DIXON 
LANDINGLANDING 

Lightweight Embankment Fill 
Dixon Landing S880 On Ramp 

Dixon Landing Embankment Fill 
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660,000 Tires 
Savings to the State $240,000 
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Confusion Hill EmbankmentConfusion Hill Embankment 
ProjectProject Confusion Hill Backfill ProjectConfusion Hill Backfill Project 

Confusion Hill ExistingConfusion Hill Existing 
alignmentalignment Confusion Hill bridgesConfusion Hill bridges 

Confusion Hill TDAConfusion Hill TDA 
Embankment fillEmbankment fill 

Light Weight TDA Fill forLight Weight TDA Fill for 
“Slip outs”“Slip outs” 

Lightweight Fill for “Slip Out” 
Road Slide Repair 

Mendocino and Sonoma 
Counties 
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General view of tda slide repairGeneral view of tda slide repair Marina Drive slide repairMarina Drive slide repair 

Marina Drive slide repairMarina Drive slide repair Geysers road slide repairGeysers road slide repair 

Geysers road slide repairGeysers road slide repair Geysers road slide repairGeysers road slide repair 

dxcheng
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Geysers road slide repairGeysers road slide repair Sonoma Mountain RoadSonoma Mountain Road 
slide repairslide repair 

Sonoma Mountain RoadSonoma Mountain Road 
slide repairslide repair 

Sonoma Mountain RoadSonoma Mountain Road 
slide repairslide repair 

Sonoma Mountain RoadSonoma Mountain Road 
slide repairslide repair 

Sonoma Mountain RoadSonoma Mountain Road 
slide repairslide repair 
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Sonoma Mountain RoadSonoma Mountain Road 
slide repairslide repair 

Sonoma Mountain RoadSonoma Mountain Road 
slide repairslide repair 

Light Weight Backfill behindLight Weight Backfill behind 
retaining wallsretaining walls 

Light Weight ApplicationLight Weight Application 
Wall 119 and 207Wall 119 and 207 

Lightweight Backfill Behind 
Retaining Walls 
Riverside, Ca 

Wall 119 and 207 

Wall 119 Riverside, Ca 

Back cut of slope prior to retaining wall foundationBack cut of slope prior to retaining wall foundation 
installation 

Wall 119 Riverside, Ca 

Wall foundation installed 
rebar cage under construction 

Strain Gauge Installation 
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Wall 119 Riverside, Ca 

Grinding rebar Preparation for 
strain Gauge Installation 

Spot welding strain gauge to rebar 

Wall 119 Riverside, Ca 

Spot welding strain gauge 

Installed strain gauges (typical) 

Wall 119 Riverside, Ca 

Installation of strain gauge cover 

Covers installed and sealed 

Wall 119 Riverside, Ca 
Installed strain gauge (typical) 

Double rebar install (typical) 

Wall 119 Riverside, Ca 
Placement of foundation soil Compaction of foundation soil 

Unloading TDA 

Wall 119 Riverside, Ca 
Installed TDA 

Typical Station 

Pressure cell installed 
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Wall 119 Riverside, Ca 

TDA placement 
TDA placed and compacted 

Data collection during construction 

Wall 119 Riverside, Ca 
Final lifts of TDA, notice Geotextile wrap on both sides of TDA 

TDA compaction 

Wall 119 Riverside, Ca 
Final geo-textile wrap 

Wall 119 Riverside, Ca 
Cover soil delivery, placement, and compaction 

Wall 119 Riverside, Ca 

Completed cover soil installation, 2 feet 

Typical gravel/soil section 

Road way backfill 

Wall 119 Riverside, Ca 

86,000 TIRES86,000 TIRES 
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Wall 207 Riverside, Ca 

150,000 Tires150,000 Tires 

Wall 119 & 207 Riverside, Ca 
As- Builts! 

Vibration Attenuation 
Conventional Vibration 
Mitigation Technology 

$800+/ft 

TDA VibrationTDA Vibration 
Mitigation $150/ftMitigation $150/ft 

VTAVTA--VasonaVasona LineLine 
Extension 2001Extension 2001 

100,000 TIRES100,000 TIRES 
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Why use TDA in landfillWhy use TDA in landfill Use of TDA in Landfills systems?systems? 
• Landfill Gas Pipe Protection • • High Permeability/Free High Permeability/Free Draining Draining
• Landfill Bio-Reactor System •• CompressibleCompressible
• Drainage Layers in Landfill Covers • • Lightweight Lightweight

Compressible Compressible

• Landfill Gas Extraction Trenches •• Cost savingsCost savings • Daily and Intermediate Alternative 

Cover
	 •• RecyclingRecycling (100(100 Tires = 1.5 Tires = 1.5 cy) cy)

        

  

 
 

    

  
  

  

 

  

  
    

  

Landfill GasLandfill Gas CollectionCollection LFG TDA Trenches LFG TDA TrenchesTrenches, Replace GravelTrenches, Replace Gravel 
Per f or ated
	

Type A TDA 

Typical Construction Typical Construction
l andf  il l  gas 

pipe Soil w/Type Aw/Type A TDATDA ••		 TTyypical expical excavcavaattiioon n && rreelocatlocatiionon 

ofof rreeffuuse se
••		 TTyypical pical eqequipmuipmentent,, End DumEnd Dumpp, ,

Ref use 

LFG TRENCH WITH TDA ••		 TTyype Ape A ffoor r GGrravavelel ReplacemReplacementent ExExcavcavaattoorr,, SkSkip loaderip loader,, AirAir 
mmonitonitoor r

••		 OOvverersizsizee AugAugeer r ffoor r VerVertticalical 
WWeellslls 

6.0" SOLID PIPE ••		 GGeo-eo-ttexexttile separile separatator or betbetwween een
TYPE A TDA TTDDA A and Soil or and Soil or FineFine MMaatteerriialal
36" MIN. Ø BOREHOLE 

6 .0 " PERFORATED
	
PIPE ( TYP)
	

LFG WELL WITH TDA 

  
        

  
  

LFG TDA TrenchesLFG TDA Trenches LFG TDA TrenchesLFG TDA Trenches 
Typical ConstructionTypical Construction Typical Construction Typical Construction

••		 RemRemoove refve refuussee//ssoil placoil placee pipepipe ••		 GGeo-eo-ttexexttile separile separatatoror betbetwweeneen 
bedding,bedding, placplace pipe,e pipe, ccoverover wwiitthh TTDDAA TTDDAA and Soil orand Soil or FineFine MMaatteerriial al

••		 Geo-tGeo-textextile sile separateparator or betbetwween een TTDDAA 
andand SSooil il or or FineFine MatMateerialrialandand SoSoil il or or Fine Fine MatMateeririal al
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LFG TDA Trenches 
Typical Construction
LFG TDA Trenches 
Typical Construction 

• Geo-textile separator between 
TDA and Soil or Fine Material

• Replace cover material, fill 
operations as usual, draw from

• Geo-textile separator between 
TDA and Soil or Fine Material 

• Replace cover material, fill 
operations as usual, draw from 
system when appropriatesystem when appropriate 

What is Type A TDA? 
Type A TDA Typical, Three inch minus, 

• 1 Ton 1.4 cubic yards 

• 1 Ton 100 tires (PTE) 

• In Place Density  45 58 lb/ft³• In Place Density  45 58 lb/ft 

• Permeability › 1 cm/sec for many 
applications 

Uses Drainage material, septic leach fields, 
Vibrations dampening layers under light rail 
tracks. Gas collection media, Leachate 
collection material 

Dana Humphrey, 2005 

What is Type B TDA? 
Type B TDA Typical, 12 inch minus, 

• 1 Ton 1.5 cubic yards 

• 1 Ton 100 tires (PTE) 

• In Place Density 45 50 lb/ft³• In Place Density 45 50 lb/ft 

• Permeability › 1 cm/sec for many 
applications 

Uses Lightweight fill for embankments, 
Lightweight fill behind retaining walls, Gas 
collection media, Leachate collection 
material 

Dana Humphrey, 2005 

Size of TDASize of TDA 

Dana Humphrey, 2005 

3” 

TDA Civil Applications 
• Lightweight Embankment Fill • Lightweight Backfill Behind Retaining 

Walls 

• Lightweight fill for road slide repairs 

•Vibration Attenuation 
•Landfill Applications 

Questions ?Questions ? 
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Applications of Waste Tire Products inApplications of Waste Tire Products in 
Civil EngineeringCivil Engineering

Applications of Waste Tire Products inApplications of Waste Tire Products in 
Civil EngineeringCivil Engineering 

Introduction to Civil Engineering Design

CSU, Chico
Introduction to Civil Engineering Design 

CSU, Chico 

 BackgroundBackground 
 Benefits of Using TDABenefits of Using TDA 
 Civil Engineering ApplicationsCivil Engineering Applications 

 Lightweight FillLightweight Fill 
Retaining Wall BackfillRetaining Wall Backfill 

IntroductionIntroduction 

 Retaining Wall BackfillRetaining Wall Backfill 
 Drainage Filter MaterialDrainage Filter Material 
 Rubberized Asphalt Paving MaterialsRubberized Asphalt Paving Materials 
 OthersOthers 

 Challenges and BarriersChallenges and Barriers 
 Other Courses Related to Waste TireOther Courses Related to Waste Tire 

ApplicationsApplications 

Tire Composition ProblemsProblems 
Millions of used tires are already piled up inMillions of used tires are already piled up in 

huge stockpiles:huge stockpiles: 
both legally …both legally … 

ProblemsProblems 

… and illegally… and illegally 

Environmental IssuesEnvironmental Issues 

Tire fires are an environmental nightmare! 

dxcheng
Text Box
29



  

 

 

    

      

Environmental IssuesEnvironmental Issues 

Tire fires release heavy metals and otherTire fires release heavy metals and other 
hazardous compounds that run into streamshazardous compounds that run into streams 
and seep into shallow wellsand seep into shallow wells 

Arsenic 

Chromium 

Lead 

Manganese 

Nickel 

Mercury 

Cadmium 

Oil 

Environmental IssuesEnvironmental Issues 

Toxic runoff from a tire fire canToxic runoff from a tire fire can 
result in the death of all life in aresult in the death of all life in a 
nearby creeknearby creek 

Use of Waste Tires in CaliforniaUse of Waste Tires in California 

 40.2 million reusable and waste tires are40.2 million reusable and waste tires are 
generated each year and an estimated 1.5generated each year and an estimated 1.5 
million waste tires have been illegally dumpedmillion waste tires have been illegally dumped 
or stockpiledor stockpiled 

 CE applications of waste tires in CaliforniaCE applications of waste tires in California 
include:include: 
Tire Derived Aggregate (TDA)Tire Derived Aggregate (TDA) 

Rubberized Hot Mix Asphalt (RHMA)Rubberized Hot Mix Asphalt (RHMA) 

OthersOthers 

Tire Shredding ProcessTire Shredding Process 

ECOTIRE scrap tire recyclingECOTIRE scrap tire recycling 

Tire Derived Aggregate (TDA)Tire Derived Aggregate (TDA) Benefits of TDABenefits of TDA 

 TDA has properties that civilTDA has properties that civil 
engineers need:engineers need: 
 LightweightLightweight 

 Low lateral earth pressureLow lateral earth pressure Low lateral earth pressureLow lateral earth pressure 

Good thermal insulationGood thermal insulation 

Good drainage/hydraulicGood drainage/hydraulic 
conductivityconductivity 

 CompressibleCompressible 
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Benefits of Benefits of TDATDA 

Can Can use lots use lots of tires!!! of tires!!!
75 75 tires per tires per C.Y. of TDA C.Y. of TDA fill fill
100 tires 100 tires per per tonton 
20002000 tires tires pper er lane mile lane mile ofof20002000 tires tires perper lanlanee milemile ofof           

rubberized asphalt pavementrubberized asphalt pavement 
662,700 662,700 tires tires for Dfor Diixon Landxon Landinging 

EEmmbanbankkmenmentt, M, Milpitas, ilpitas, CCAA 
83,700 83,700 tires for 300 tires for 300 ft Retainingft Retaining 

Wall 119, Route Wall 119, Route 91, CA91, CA 

RanRange of ge of Civil Civil EnEngingineerineering g ApplicApplicationationss 

 Rubberized Asphalt Rubberized Asphalt Paving Paving MaterialsMaterials 

 Lightweight fill Lightweight fill for highway for highway embankmentsembankments 

 Retaining wall backfillRetaining wall backfill 

 VibrationVibration dampingdamping layerslayers bbeneatheneath railrailVibrationVibration damdamppiningg layerslayers beneathbeneath railrail 
lines lines

 Insulation Insulation layer layer to limit to limit frost penetrationfrost penetration 
in roadwaysin roadways 

 Landfill and environmental Landfill and environmental applicationapplication 

Benefits of Rubberized Asphalt ConcreteBenefits of Rubberized Asphalt Concrete 

Improves traction 

Improves durability 

Reduces noise 

R d  ib  iReduces vibration 

Lowers maintenance needs 

Reduces the spray/splash when raining 

Uses waste tire chips (2000 waste tires per lane 
mile) 

Reduced Noise and VibrationReduced Noise and Vibration 

Reduced Splash/Spray effectReduced Splash/Spray effect 
Civil engineering Applications in theCivil engineering Applications in the 

United StatesUnited States 

 The fastest growing use forThe fastest growing use for 
scrap tiresscrap tires 

 A i l 60 illi tiA i l 60 illi ti Approximately 60 million tiresApproximately 60 million tires 
per year are used in CEper year are used in CE 
applicationsapplications 
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Lightweight Fill for Highway EmbankmentsLightweight Fill for Highway Embankments 

 Tire shreds are viable inTire shreds are viable in 
this application due tothis application due to 
their light weight.their light weight. 

 For most projects, usingFor most projects, using 
tire shreds as atire shreds as a 
li ht i ht fill t i l ili ht i ht fill t i l ilightweight fill material islightweight fill material is 
significantly cheaper thansignificantly cheaper than 
other alternativesother alternatives 

 Highway embankment inHighway embankment in 

Virginia used 1.7 millionVirginia used 1.7 million 

tires!tires! 

Retaining Wall BackfillRetaining Wall Backfill 

 The weight of the tireThe weight of the tire 
shreds allowsshreds allows 
construction ofconstruction of 
thinner, less expensivethinner, less expensive 
wallswalls 
 TDA redTDA red TDA can reduceTDA can reduce 

problems with waterproblems with water 
and frost build upand frost build up 
behind the wall,behind the wall, 
because TDA is freebecause TDA is free 
draining and is a gooddraining and is a good 
thermal insulator.thermal insulator. 

Vibration Damping Layers Beneath Rail LinesVibration Damping Layers Beneath Rail Lines 

TDA is a good 
way to dampen 
the annoying 
vibrationsvibrations 
caused by 
passing trains 

Insulation Layer to Limit Frost Penetration inInsulation Layer to Limit Frost Penetration in 
RoadwaysRoadways 

 Placing a tire shred layer under the roadPlacing a tire shred layer under the road 
can prevent the subgrade soils fromcan prevent the subgrade soils from 
freezingfreezinggg 

 In addition, the high permeability of tireIn addition, the high permeability of tire 
shreds allows water to drain fromshreds allows water to drain from 
beneath the roads, preventing damagebeneath the roads, preventing damage 
to road surfaces.to road surfaces. 

Landfill and Environmental ApplicationLandfill and Environmental Application 

 Daily and Intermediate 
Alternative Cover 

 Landfill Gas Pipe Protection 

 Drainage Layers in LandfillDrainage Layers in Landfill 
Covers 

 Leachate Collection and 
Removal System 

 Landfill Gas Extraction 
Trenches 

Barriers to Using Recycled Materials: 
Civil Engineering Aspects 

 Engineering properties not wellEngineering properties not well 
establishedestablished 

 Lack of long term performanceLack of long term performance 
datadata 

 Lack of design standards orLack of design standards or 
manualmanual 

 Civil engineers are risk adverseCivil engineers are risk adverse 

dxcheng
Text Box
32



rmancermance

 

            

  

  

  

Barriers in Using Recycled Materials: 
Environmental Concerns 

 Chemical composition is complexChemical composition is complex 

 Long term environmental effects unknownLong term environmental effects unknown 

 Public perceptionPublic perception –– it is a waste, so it mustit is a waste, so it must 
be bad!be bad! 

 Convoluted regulatory approval processConvoluted regulatory approval process 

 Environmental regulators are risk adverseEnvironmental regulators are risk adverse 

Barriers to Using Recycled Materials: 
Construction Issues 

 New procedures and equipment mayNew procedures and equipment may 
be requiredbe required 

 Difficult to estimate “inDifficult to estimate “in--place” costplace” cost 

 Supply is uncertainSupply is uncertain –– both quantity &both quantity &Supply is uncertainSupply is uncertain both quantity &both quantity & 
qualityquality 

 Sometimes more expensive thanSometimes more expensive than 
conventional constructionconventional construction 

 Contractors are risk adverseContractors are risk adverse 

Overcoming BarriersOvercoming Barriers 

 Lab studies to determine engineering propertiesLab studies to determine engineering properties 

 Lab studies to determine environmental impactsLab studies to determine environmental impacts 

 Pilot construction projects (full or nearly full scale)Pilot construction projects (full or nearly full scale) 

 Monitor long term engineering and environmentalMonitor long term engineering and environmental 
perfoperfoperformanceperformance 

 Modify specifications, etc. as neededModify specifications, etc. as needed 

 Develop national and/or regional standardsDevelop national and/or regional standards 

 EducationEducation –– address concerns head on and focusaddress concerns head on and focus 
on the benefitson the benefits 

TDA Sizing and ApplicationsTDA Sizing and Applications 

Type A (Less than 3 inches)Type A (Less than 3 inches) 
-- drainage, insulation,drainage, insulation, 
vibration dampingvibration damping 

Type B (Less than 12Type B (Less than 12 
inches)inches) -- lightweight filllightweight fill 

Types of Rubberized Hot Mix AsphaltTypes of Rubberized Hot Mix Asphalt 

RHMARHMA--OO –– Open Graded Asphalt ConcreteOpen Graded Asphalt Concrete 

RHMARHMA--GG –– Gap Graded Asphalt ConcreteGap Graded Asphalt Concrete 

RHMARHMA--DD –– Dense Graded Asphalt ConcreteDense Graded Asphalt Concrete 

RHMARHMA--OO RHMARHMA--GG RHMARHMA--DD 

Guidelines AvailableGuidelines Available 

 ASTM D6270 “Civil EngineeringASTM D6270 “Civil Engineering 
Applications of Scrap Tires”Applications of Scrap Tires” 

 FHWA guidelines to limit heating inFHWA guidelines to limit heating in 
fillsfills 

 EPA studies on environmental impactsEPA studies on environmental impacts 

dxcheng
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Successful TDA Successful TDA Embankment Embankment ProjectProject 

DixDixoon Landing n Landing InIntertercchangehange 

 PROBLEM: EmbankPROBLEM: Embankmementnt 
Constructed on Bay MudConstructed on Bay Mud 

Typical Cross SectionTypical Cross Section 

 SOLUTION:SOLUTION: Use TDA for the coreUse TDA for the core 
of thof the eme embanbankkmmeennt t

 CHEAPEST SOLUTION:CHEAPEST SOLUTION: savedsaved 
$230,00$230,0000 

Preventing Embankment Preventing Embankment HeatingHeating 

 No TNo TDDA A contaminated with contaminated with ggaasoline, soline, oil,oil, 
grease, etc.grease, etc. 

 Limit Limit fine sized Tfine sized TDDAA 

 Max TMax TDDA A layer layer thickness thickness is is 3 meters (10 3 meters (10 ft)ft) 

 Minimize access Minimize access of fill of fill to water to water & & airair 

Unloading TDAUnloading TDA 

Spreading with BulldozerSpreading with Bulldozer Compacting with 10Compacting with 10--ton Rollerton Roller 
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Unit CostsUnit Costs 

 Placement costs of TDAPlacement costs of TDA 
(including geotextile)  = $3.74/yd(including geotextile)  = $3.74/yd33 

 Purchase & delivery costs of TDAPurchase & delivery costs of TDA 
= $23.66/yd= $23.66/yd33 /y/y 

 InIn--place cost for TDA = $27/yd3place cost for TDA = $27/yd3 

 InIn--place cost for lightweight aggregateplace cost for lightweight aggregate 
= $50/yd= $50/yd33 

Cost SavingsCost Savings 

 Cost savings to CALTRANS with TDACost savings to CALTRANS with TDA 
provided at no cost by CIWMB =provided at no cost by CIWMB = 
$477,000$477,000 

 Cost savings to state less purchaseCost savings to state less purchase 
price of TDA = $230,000price of TDA = $230,000 

Sample ProblemsSample Problems 

 If we need 5000 ydIf we need 5000 yd33 of the Compactedof the Compacted 
Fill, what is the TDA volume that isFill, what is the TDA volume that is 
needed from the borrowing pit? Theneeded from the borrowing pit? Theneeded from the borrowing pit? Theneeded from the borrowing pit? The 
expansion factor is 1.5 for this problem.expansion factor is 1.5 for this problem. 

Roadmap for CIVL Curricula Related to Waste TireRoadmap for CIVL Curricula Related to Waste Tire 
ApplicationsApplications 

Contracts, 
Specs, and 
Technical 

Writingg g Mechanics g g 

ConclusionsConclusions 

 Barriers to using recycled materials can beBarriers to using recycled materials can be 
overcomeovercome 

 TDA has properties that engineers needTDA has properties that engineers need 

 Civil ineering lications the fastestCivil ineering lications the fastest Civil engineering applications are the fastestCivil engineering applications are the fastest 
growing use for scrap tires in U.S.growing use for scrap tires in U.S. 

 Certain specifications and guidelines areCertain specifications and guidelines are 
availableavailable 

 Manageable Environmental effectsManageable Environmental effects 

THANK YOUTHANK YOU 

QUESTIONS? 
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MATERIAL MODELS FOR CRUMBMATERIAL MODELS FOR CRUMB 
RUBBER AND TDARUBBER AND TDA 

California State University, ChicoCalifornia State University, Chico 

Waste Tire Products for CEWaste Tire Products for CE 
ApplicationsApplications 

Whole TiresWhole Tires 

Tire Shreds (TDA)Tire Shreds (TDA) 

Crumb Rubber/Tire BuffingsCrumb Rubber/Tire Buffings 

Whole TiresWhole Tires TIRE DERIVED AGGREGATE (TDA)TIRE DERIVED AGGREGATE (TDA) 

Pieces of shredded tires that are generally 
between 25mm (1 in.) and 300mm (12 in.) in 
largest dimension. 

Definition: 

Small Shred Size Large Shred Size 

Crumb Rubber SampleCrumb Rubber Sample Rubber Tire Buffings 
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Side by Side ComparisonSide by Side Comparison 

 Crash BarriersCrash Barriers 

 Retaining wallsRetaining walls 

CIVIL ENGINEERING APPLICATIONS:CIVIL ENGINEERING APPLICATIONS: 
Whole TiresWhole Tires 

 FencesFences 

 CulvertsCulverts 

 Others?Others? 

 Subgrade and Embankment FillSubgrade and Embankment Fill 

 Backfill for Wall and BridgeBackfill for Wall and Bridge 
AbutmentsAbutments 

 Subgrade Insulation for RoadsSubgrade Insulation for Roads 

CIVIL ENGINEERING APPLICATIONS:CIVIL ENGINEERING APPLICATIONS: 
Tire Derived Aggregate (TDA)Tire Derived Aggregate (TDA) 

gg 

 Lateral Edge DrainsLateral Edge Drains 

 Vibration Damping Layer Beneath RailVibration Damping Layer Beneath Rail 
LinesLines 

 Landfill Daily Cover and DrainageLandfill Daily Cover and Drainage 

 Septic System Drain FieldsSeptic System Drain Fields 

 Rubberized AsphaltRubberized Asphalt 
ConcreteConcrete 

 RubberizedRubberized 

CIVIL ENGINEERING APPLICATIONS:CIVIL ENGINEERING APPLICATIONS: 
Crumb Rubber/Tire BuffingsCrumb Rubber/Tire Buffings 

RubberizedRubberized 
Portland CementPortland Cement 
ConcreteConcrete 

 Running TracksRunning Tracks 

 Others?Others? 

Engineering Properties of TDAEngineering Properties of TDA 
(After Humphrey, 2003)(After Humphrey, 2003) 

1.1. GradationGradation 

2.2. Specific Gravity and Absorption CapacitySpecific Gravity and Absorption Capacity 

3.3. CompressibilityCompressibility 

4.4. Resilient ModulusResilient Modulus 

5.5. Time Dependent Settlement of TDA FillsTime Dependent Settlement of TDA Fills 

6.6. Lateral Earth Pressure CharacteristicsLateral Earth Pressure Characteristics 

7.7. Shear StrengthShear Strength 

8.8. Hydraulic Conductivity (Permeability)Hydraulic Conductivity (Permeability) 

9.9. Thermal ConductivityThermal Conductivity 

Mechanics of Materials BackgroundMechanics of Materials Background 

 Continuum MechanicsContinuum Mechanics 
 Uniform distribution of matterUniform distribution of matter 

 No voidsNo voids 

 Cohesive (all portions are connected together,Cohesive (all portions are connected together, 
and have no breaks, cracks, or separations)and have no breaks, cracks, or separations)and have no breaks, cracks, or separations)and have no breaks, cracks, or separations) 

 Crumb Rubber and TDACrumb Rubber and TDA 
 Discrete materialDiscrete material 

 Contains air voidsContains air voids 

 “Cohesionless”“Cohesionless” 

 Similar properties to sands and gravelsSimilar properties to sands and gravels 
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Continuum MechanicsContinuum Mechanics 

 Deformable bodies develop both Normal (tensionDeformable bodies develop both Normal (tension 
and compression) and Shear Stresses when actedand compression) and Shear Stresses when acted 
on by applied loadson by applied loads 

 Brittle materials fail in tension perpendicular toBrittle materials fail in tension perpendicular to 
the maximum tensile stressthe maximum tensile stressthe maximum tensile stressthe maximum tensile stress 

 Ductile materials fail in shear parallel to theDuctile materials fail in shear parallel to the 
maximum shear stressmaximum shear stress 

 Poisson’s ratio relates the transverse contractionPoisson’s ratio relates the transverse contraction 
to the longitudinal elongation (or vice versa) 0.25<to the longitudinal elongation (or vice versa) 0.25< 
 < 0.34 for most CE materials< 0.34 for most CE materials 

TDA STRENGTHTDA STRENGTH 

TDA can support compressive but not tensile stressesTDA can support compressive but not tensile stresses 
and typically fails in shearand typically fails in shear 

The Shear Strength of TDA is affected by five factors:The Shear Strength of TDA is affected by five factors: 
11 Size and shape of the tire shredsSize and  shape  of  the tire shreds1.1. Size and shape of the tire shredsSize and shape of the tire shreds 

2.2. The density (packing) of the sample at the beginning of theThe density (packing) of the sample at the beginning of the 
testtest 

3.3. Magnitude of the compressive normal loadingMagnitude of the compressive normal loading 

4.4. The orientation of the tire shreds in the specimenThe orientation of the tire shreds in the specimen 

5.5. “Cohesion”“Cohesion” 

Material Model: ElastoplasticMaterial Model: Elastoplastic 

Unload and Load 
along same path 

More General Material ModelMore General Material Model 

Nonlinear Inelastic ModelNonlinear Inelastic Model 

More Realistic General ModelMore Realistic General Model 

Energy is lost in unloading and reloadingEnergy is lost in unloading and reloading 
process (hysteresis)process (hysteresis) 

 

Energy Dissipated = Heat 

 

Closer Look at ElasticityCloser Look at Elasticity 

 Linear Elastic BehaviorLinear Elastic Behavior-- makes things easymakes things easy 

 True up to Elastic LimitTrue up to Elastic Limit 

 

 
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Poisson EffectPoisson Effect 

 After Yielding, values of engineering andAfter Yielding, values of engineering and 
true stress deviate appreciablytrue stress deviate appreciably 

Eng. stress (compression) 

True stress 

 

Eng. stress (tension) 

 

Possible Material ModelsPossible Material Models 

Hookean Material, x =Ex 

Hookean 

Linear Elastic 

E = Spring Constant 

x 

Hencky MaterialHencky Material 

Nonlinear 

Spring 

In either case, energy is conserved if Loading 

and Unloading curves coincide 

x 

NonNon--Linear Elastic (Rubber)Linear Elastic (Rubber) 

 Nonlinear load pathNonlinear load path 

 Still loads and unloads along same pathStill loads and unloads along same path 

 

 

Anelastic BehaviorAnelastic Behavior 

 Does not load and unloadDoes not load and unload 
along the same pathalong the same path 

 Thermal energyThermal energy-- DissipatesDissipates 
to the surroundings withoutto the surroundings without 
damaging materialdamaging material 

 

 Useful for vibration dampingUseful for vibration damping 

 ExamplesExamples 
 Mounts for motors and otherMounts for motors and other 

rotating machineryrotating machinery 
 Subbase under railroads (TDASubbase under railroads (TDA 

application)application) 

 Just think about applications for earthquakes if we could getJust think about applications for earthquakes if we could get 
concrete to behave this way by adding waste tire rubberconcrete to behave this way by adding waste tire rubber 

 

 Named viscous because of fluidNamed viscous because of fluid--likelike 
behaviorbehavior 

 Material is viscous if stress determinesMaterial is viscous if stress determines 
strainstrain raterate 

Viscous MaterialsViscous Materials 

 i.e. strain rate is a function of stressi.e. strain rate is a function of stress 
dd/dt =/dt = xx = g(= g(xx))

 

Strain is not recovered upon removal 

of stress 

Viscous MaterialsViscous Materials 

 If stress is a linear function of the strain rate, then we call it aIf stress is a linear function of the strain rate, then we call it a 
Newtonian fluid.Newtonian fluid. 

 Use linear dashpot to model behavior:Use linear dashpot to model behavior: 

x 

Newtonian 

 Damping constant 

x =x 

Ideal Viscous 
(Newtonian) 

=Damping constant 

In this model, we consider x to be the force on the system 

while x is the speed of the piston. Therefore  = Damping constant 

x 
 

 
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xx xx//EE + + xx//

  

  

x x xx

Linear Maxwell ModelLinear Maxwell Model 

 Linear spring Linear spring and dashpot and dashpot in in series,series, 
ththerefore Ferefore Fspringspring=F=Fdadashpshpot ot

 Strain rate Strain rate composed composed of two partsof two parts 
11 StrainStrain rate rate in spring in spring  == //EE 

E 
 

11.. StrainStrain raterate inin springspring,, xx xx//EE 

2.2. Strain rate Strain rate in in dashpot,dashpot,   x x==x//x

Add them using superposition to get 
total strain rate of system 

  == 

 
 

Graphical Linear Maxwell Graphical Linear Maxwell ModelModel 
Constant StressConstant Stress 
 Constant stress Constant stress ggiivvees a s a nearly instantaneousnearly instantaneous 

spspringring disp displacement placement pllus us a constant straina constant strain--raterate 
from the dashpotfrom the dashpot 

 

x = x = Constant 
o 

t (time) 

E 

 

When Force and Speed are Not Linearly RelatedWhen Force and Speed are Not Linearly Related 

 We have a NonWe have a Non--Newtonian or QuasiNewtonian or Quasi--Viscous case.Viscous case. 

 Also referred to as a “Stoke’s” MaterialAlso referred to as a “Stoke’s” Material 

x Stokes 

Quasi-viscous 
(Stokes) 

x 
 

Viscoelastic MaterialsViscoelastic Materials 

 Materials that posses viscous and elasticMaterials that posses viscous and elastic 
propertiesproperties 

 Many materials are viscoelasticMany materials are viscoelastic 
Examples:Examples:Examples:Examples: 

 Structural Metals and Rock at highStructural Metals and Rock at high 
temperaturestemperatures 

 Plastics at room temperaturePlastics at room temperature 

Use combinations of springs and 

dashpots to model viscoelastic materials 

Kelvin ModelKelvin Model 

 Spring and dashpot are in parallelSpring and dashpot are in parallel 

 Strains are equal, but forces are notStrains are equal, but forces are not 

 Stress components:Stress components: 
springspring == EExx 

dashpotdashpot == xx 

Therefore, by superpositionTherefore, by superposition 

totaltotal == EE ++  

E  

 

 

Kelvin RelaxationKelvin Relaxation 

 When the spring relaxes, energy isWhen the spring relaxes, energy is 
dissipated in the dashpotdissipated in the dashpot 
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More General ModelMore General Model (Burgers Fluid)(Burgers Fluid) 

 Combine Maxwell andCombine Maxwell and 
Kelvin model in SeriesKelvin model in Series 
Some permanentSome permanent 

deformationdeformation 

E1 

 

Some perfect elasticitySome perfect elasticity 

Some vibration dampingSome vibration damping 

 

E2   Many additional springMany additional spring--
dashpot combinationsdashpot combinations 
possiblepossible 

General Model BehaviorGeneral Model Behavior 

 

Energy Dissipated = Heat 

 

General ModelGeneral Model- Kelvin Model inKelvin Model in 
Series with Nonlinear DashpotSeries with Nonlinear Dashpot 

 

 

Potential ApplicationsPotential Applications 

 Energy DissipationEnergy Dissipation 

 Earthquake Energy AbsorptionEarthquake Energy Absorption 

 Vibration MitigationVibration Mitigation 

 Machinery MountsMachinery Mounts 

 Train and Truck Traffic LoadsTrain and Truck Traffic Loads 

Vibration Mitigation Application- Vasona 
Light Rail Line and Test Track 

TDA used as 
subbase beneath 
train track ballast 

Goal: Reduce 
vibration for local 
residence and 
businesses 

Case History VTA Light Rail ProjectCase History VTA Light Rail Project 

 Reduce ground borne vibrations thatReduce ground borne vibrations that 
affect adjacent businesses andaffect adjacent businesses and 
residencesresidences 

 12” of Type A Tire Shreds below 12” of12” of Type A Tire Shreds below 12” of 
subballastsubballast and 12” of ballast for 1591and 12” of ballast for 1591 
feet of trackfeet of track 

 Tests indicated a significant reduction inTests indicated a significant reduction in 
vibration with TDA sectionvibration with TDA section 
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Test Track CrossTest Track Cross--SectionSection TDA Test Track ConstructionTDA Test Track Construction 

Test Track ConstructionTest Track Construction Finished Test TrackFinished Test Track 

Vibration Sensor Mounted Under GroundVibration Sensor Mounted Under Ground Measuring DevicesMeasuring Devices 

 Strain gages toStrain gages to 
measure strains in railmeasure strains in rail 

 Dial gage to measureDial gage to measureDial gage to measureDial gage to measure 
deflectionsdeflections 
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Rail Line Cross Section DrawingRail Line Cross Section Drawing Rail Line Construction PicturesRail Line Construction Pictures 

ResultsResults - VibrationVibration Tie DeflectionsTie Deflections 

 Elastic Deflections in ties less than 0.2 in. Which is acceptableElastic Deflections in ties less than 0.2 in. Which is acceptable 

 Minor permanent deflection may mean more frequentMinor permanent deflection may mean more frequent 
releveling of the ties.releveling of the ties. 

Cost SavingsCost Savings 

 Cost of conventional track = $100 perCost of conventional track = $100 per 
tracktrack--ftft 
 Cost of track with TDA vibrationCost of track with TDA vibration 

mitigation = $121 per trackmitigation = $121 per track--ftft 
 Cost of floating slab vibration mitigationCost of floating slab vibration mitigation 

= $600= $600--1000 per track1000 per track--ftft 
 Cost savings = $479Cost savings = $479--$879 per track$879 per track--ftft 
 Total savings = $1 to $2Total savings = $1 to $2--millionmillion 

Summary 

 Presented practical material models 
applicable to TDA for vibration 
mitigation 

 TDA can save money in these 
applications 

 More data and studies are needed to 
calibrate these material models 
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THANK YOUTHANK YOU 

Questions?Questions?Questions?Questions? 

ReferencesReferences 

 Elastic and Inelastic Stress AnalysisElastic and Inelastic Stress Analysis, Irving H., Irving H. 
Shames, Francis A. Cozzarelli. Prentice Hall,Shames, Francis A. Cozzarelli. Prentice Hall, 
Englewood Cliffs, New JerseyEnglewood Cliffs, New Jersey 

 Civil Engineering Applications Using TireCivil Engineering Applications Using Tire 
Derived AggregateDerived Aggregate. Presented by. Presented Dr. Danaby Dr. Dana 
Humpherey. Sponsored by: CaliforniaHumpherey. Sponsored by: California 
Integrated Waste Management BoardIntegrated Waste Management Board 

 E Wall System at Kembla Grange: 
http://www.azom.com/details.asp?Articl 
eID=3069 
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Shear Strength of Tire DerivedShear Strength of Tire Derived 
Aggregate (TDA)Aggregate (TDA) 

California State University, ChicoCalifornia State University, Chico 

Background InformationBackground Information 

 At the end of 2005, the U.S. generatedAt the end of 2005, the U.S. generated 
approximately 300 million scrap tiresapproximately 300 million scrap tires 
 Historically, these scrap tires took up space inHistorically, these scrap tires took up space in 

landfills or provided breeding grounds forlandfills or provided breeding grounds for 
mosquitoes and rodents when stockpiled ormosquitoes and rodents when stockpiled orq pq p 
illegally dumpedillegally dumped 
 Fortunately, markets now exist for 82% of theseFortunately, markets now exist for 82% of these 

scrap tiresscrap tires--up from about 17% in 1990up from about 17% in 1990 
 These marketsThese markets--both recycling and beneficial useboth recycling and beneficial use--

continue to growcontinue to grow 
 The remaining scrap tires, however, are stillThe remaining scrap tires, however, are still 

stockpiled or landfilledstockpiled or landfilled 

Background InformationBackground Information 

Waste tires were used as follows:Waste tires were used as follows: 
 155 million (52%) were used as fuel (TDF)155 million (52%) were used as fuel (TDF) 
 49 million (16%) were recycled or used in civil49 million (16%) were recycled or used in civil 

engineering projectsengineering projects 
 30 million (10%) were converted into ground rubber30 million (10%) were converted into ground rubbergg

and recycled into productsand recycled into products 
 7.4 million (2.5%) were converted into ground rubber7.4 million (2.5%) were converted into ground rubber 

and used in rubberand used in rubber--modified asphaltmodified asphalt 
 6.9 million (2.3%) were exported6.9 million (2.3%) were exported 
 6.1 million (2.0 %) were recycled into6.1 million (2.0 %) were recycled into 

cut/stamped/punched productscut/stamped/punched products 
 3 million (1%) were used in agricultural and3 million (1%) were used in agricultural and 

miscellaneous usesmiscellaneous uses 

Scrap Tire MarketsScrap Tire Markets 
 The 3 largest scrap tire markets are:The 3 largest scrap tire markets are: 

 Tire derived fuelTire derived fuel 

 Civil engineering applicationsCivil engineering applications 

 Ground rubber applications/ rubberized asphaltGround rubber applications/ rubberized asphalt 
concreteconcreteconcreteconcrete 

 Both recycling and beneficial use of scrap tires hasBoth recycling and beneficial use of scrap tires has 
expanded greatly in the last decade through increasedexpanded greatly in the last decade through increased 
emphasis on recycling and beneficial use by state, localemphasis on recycling and beneficial use by state, local 
and Federal governments, industry, and otherand Federal governments, industry, and other 
associationsassociations 

 Unfortunately, even with all of the reuse and recyclingUnfortunately, even with all of the reuse and recycling 
efforts underway, not all scrap tires are being usedefforts underway, not all scrap tires are being used 
beneficiallybeneficially 

Civil Engineering ApplicationsCivil Engineering Applications 

 The civil engineering market encompasses a wideThe civil engineering market encompasses a wide 
range of uses for scrap tiresrange of uses for scrap tires 

 Scrap tire material typically replaces other materialScrap tire material typically replaces other material 
currently used in construction such as lightweightcurrently used in construction such as lightweight 
fill i l d i ilfill i l d i ilfill materials, drainage aggregate, or even soilfill materials, drainage aggregate, or even soil 

 A considerable amount of tire shreds for civilA considerable amount of tire shreds for civil 
engineering applications come from stockpileengineering applications come from stockpile 
abatement projectsabatement projects 

 Tires that are reclaimed from stockpiles are usuallyTires that are reclaimed from stockpiles are usually 
dirtier than other sources of scrap tires and aredirtier than other sources of scrap tires and are 
typically rough shreddedtypically rough shredded 

Tire Derived Aggregate (TDA) 

Definition: 
Pieces of processed tires that have a 
consistent shape and are generally 
between 25mm (1 in.) and 300mm (12 in.) 
in sizein size. 

Small Shred Size Large Shred Size 
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Crumb Rubber Sample RubberRubber BuffingsBuffings 

Size ComparisonSize Comparison 

Rubber Buffings: 

Crumb Rubber: 

Civil Engineering ApplicationsCivil Engineering Applications 

Subgrade Fill and EmbankmentsSubgrade Fill and Embankments 

Backfill for Retaining Walls and BridgeBackfill for Retaining Walls and Bridge 
AbutmentsAbutments 

Subgrade Insulation for RoadsSubgrade Insulation for Roadsgg

Lateral Edge DrainsLateral Edge Drains 

Vibration Damping Layer Beneath Rail LinesVibration Damping Layer Beneath Rail Lines 

Landfill ApplicationsLandfill Applications 

Septic System Drain FieldsSeptic System Drain Fields 

SubgradeSubgrade Fill and EmbankmentsFill and Embankments 

 Tire shreds can be used to construct embankmentsTire shreds can be used to construct embankments 
on weak, compressible foundation soilson weak, compressible foundation soils 

 Tire shreds are viable in this application due to theirTire shreds are viable in this application due to their 
light weightlight weight 

 U i ti h d li ht i h fill i lU i ti h d li ht i h fill i l Using tire shreds as a lightweight fill material mayUsing tire shreds as a lightweight fill material may 
be significantly cheaper than alternativesbe significantly cheaper than alternatives 

 Subgrade fill and embankment applicationsSubgrade fill and embankment applications 
include: protecting roads from erosion, enhancinginclude: protecting roads from erosion, enhancing 
the stability of steep slopes along highways, andthe stability of steep slopes along highways, and 
reinforcing shoulder areasreinforcing shoulder areas 

Backfill for Walls and Bridge AbutmentsBackfill for Walls and Bridge Abutments 

 The light weight of the tire shredsThe light weight of the tire shreds 
reduces horizontal pressures and allowsreduces horizontal pressures and allows 
for construction of thinner, lessfor construction of thinner, less 
expensive wallsexpensive walls 

Ti h d l d blTi h d l d bl Tire shreds can also reduce problemsTire shreds can also reduce problems 
with water and frost build up behindwith water and frost build up behind 
walls because tire shreds are freewalls because tire shreds are free 
draining and provide good thermaldraining and provide good thermal 
insulationinsulation 
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Engineering Properties of TDA 
(After Humphrey, 2003) 

1.1. GradationGradation 

2.2. Specific Gravity and Absorption capacitySpecific Gravity and Absorption capacity 

3.3. CompressibilityCompressibility 

4.4. Resilient ModulusResilient Modulus 

5.5. Time Dependent Settlement of TDA FillsTime Dependent Settlement of TDA Fills 

6.6. Lateral Earth PressureLateral Earth Pressure 

7.7. Shear StrengthShear Strength 

8.8. Hydraulic Conductivity (Permeability)Hydraulic Conductivity (Permeability) 

9.9. Thermal ConductivityThermal Conductivity 

Mechanics of Materials BackgroundMechanics of Materials Background 

 Continuum MechanicsContinuum Mechanics 
 Uniform distribution of matterUniform distribution of matter 

 No voidsNo voids 

 Cohesive (all portions are connected together,Cohesive (all portions are connected together, 
and have no breaks, cracks, or separations)and have no breaks, cracks, or separations)and have no breaks, cracks, or separations)and have no breaks, cracks, or separations) 

 Crumb Rubber and TDACrumb Rubber and TDA 
 Discrete MaterialDiscrete Material 

 Contains air voidsContains air voids 

 Possesses cohesionPossesses cohesion 

 Similar Properties to sands and gravelsSimilar Properties to sands and gravels 

Continuum MechanicsContinuum Mechanics 

 Deformable bodies develop both normal (tensionDeformable bodies develop both normal (tension 
and compression) and shear stresses when actedand compression) and shear stresses when acted 
on by applied loadson by applied loads 

 Brittle materials fail in tension perpendicular toBrittle materials fail in tension perpendicular to 
the maximum tensile stressthe maximum tensile stressthe maximum tensile stressthe maximum tensile stress 

 Ductile materials fail in shear parallel to theDuctile materials fail in shear parallel to the 
maximum shear stressmaximum shear stress 

 Poisson’s ratio relates the transverse contractionPoisson’s ratio relates the transverse contraction 
to the longitudinal elongation (or vice versa) 0.25<to the longitudinal elongation (or vice versa) 0.25< 
 < 0.34 for most CE materials< 0.34 for most CE materials 

CRUMB RUBBER STRENGTHCRUMB RUBBER STRENGTH 

 Crumb Rubber can support compressionCrumb Rubber can support compression 
but not tension stresses and typically failsbut not tension stresses and typically fails 
in shearin shear 

 We will consider three factors affectingWe will consider three factors affecting We will consider three factors affectingWe will consider three factors affecting 
the Shear Strength of Crumb Rubber:the Shear Strength of Crumb Rubber: 

1.1. Size and shape of the rubber piecesSize and shape of the rubber pieces 
2.2. The density (packing) of the sample at theThe density (packing) of the sample at the 

beginning of the testbeginning of the test 
3.3. Magnitude of the compressive normal loadingMagnitude of the compressive normal loading 

1. Size and Shape of the Particles 

 Our crumb rubber sample is “uniformlyOur crumb rubber sample is “uniformly 
graded” i.e. all the particles are nearlygraded” i.e. all the particles are nearly 
the same size and are approximatelythe same size and are approximately 
cubical in shapecubical in shape 

 TDA (Tire shreds) are also fairlyTDA (Tire shreds) are also fairly 
uniformly graded but are irregularlyuniformly graded but are irregularly 
shapedshaped 

 The following plots show typicalThe following plots show typical 
gradation curves for TDA, crumb rubber,gradation curves for TDA, crumb rubber, 
and rubber buffingsand rubber buffings 

TDA Gradation 

3” Maximum Size:3” Maximum Size: 
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TDA Gradation 
12” Maximum Size:12” Maximum Size: 

Crumb Rubber Gradation 

Grain Size Analysis 
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Rubber Buffing Gradation 

Grain Size Analysis 
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2. Effects of Density or Packing 

 The preparation of the sample may influenceThe preparation of the sample may influence 
the shear stress/strain behaviorthe shear stress/strain behavior 

 Initially loose samples will decrease in volumeInitially loose samples will decrease in volume 
as the sample is shearedas the sample is sheared 

 Initially densely packed samples will “Dilate”Initially densely packed samples will “Dilate” 
or expand as the sample is shearedor expand as the sample is sheared 

 Need to measure displacement perpendicularNeed to measure displacement perpendicular 
to the direction of loading to determine whatto the direction of loading to determine what 
you haveyou have 

2. Effects of Density or Packing Effects of Density or Packing 

For Uniform Spheres: 
(e = void ratio, defined as 
volume of voids/ volume of solids) 
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3. Magnitude of the compressive normal 
loading 

 As As ththe ne noormrmal al forcforce is e is ininccreased onreased on ththee 
sample, sample, the shear the shear stress of the stress of the samplesample 
increases increases

 ThThe relatione relationshship ip betweenbetween th the e nnoormrmalal 
stress and the stress and the shear stress shear stress for for a granulara granular 
material like crumb material like crumb rubber and rubber and TDA TDA isis 
ggiivveen by Mohr-n by Mohr-Coulomb failure Coulomb failure criteria: criteria:

= c + = c + tantan 

      

= c + tan 

 shear stress on the failure planeshear stress on the failure plane 

 normal stress on the failure planenormal stress on the failure plane 

 C th h i i t t ( 0 f tC th  h  i  i  t  t  (  0  f  t C = the cohesion intercept (=0 for mostC = the cohesion intercept (=0 for most 
granular materials)granular materials) 

  = angle of internal friction (slope of the= angle of internal friction (slope of the 
line relating shear strees to normal stressline relating shear strees to normal stress 

  

 
     

We are interested in Shear Strength 

Can be determined in the Lab using one ofCan be determined in the Lab using one of 
two common tests:two common tests: 

Triaxial TestTriaxial Test 

Direct Shear TestDirect Shear Test 

Triaxial Test Machine 

Example Failure Envelope from Triaxial 
Test 

Principal stresses at failure for drained test: 
3 = confining pressure 1 = 3 + (d)f 

Direct Shear Test Machine 
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Shear Box Direct Shear Test Machine 

Direct Shear Test Schematic Showing Direct Shear Equipment 

Crumb Rubber Sample in the Direct Shear 
Box Example direct shear test curves 

Example failure envelope
(dry sand, note c is zero)

 
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Proving Ring Calibration Data 
Advantages and Disadvantages of 
Direct Shear Test 

 Disadvantages:Disadvantages: 
 Soil is forced to fail along the plane of split ofSoil is forced to fail along the plane of split of 

the shear box, instead of along a natural weakthe shear box, instead of along a natural weak 
planeplane 

 The distribution of shear stress is not uniformThe distribution of shear stress is not uniform The distribution of shear stress is not uniform,The distribution of shear stress is not uniform, 
but assumed to be uniformbut assumed to be uniform 

 Advantages:Advantages: 
 Simple to performSimple to perform 

 Good for testing shear strength alongGood for testing shear strength along 
contacting surfaces of different materials (e.g.,contacting surfaces of different materials (e.g., 
soil and foundation materials)soil and foundation materials) 

Shear Strength 

 A direct shear apparatus or a triaxialA direct shear apparatus or a triaxial 
shear apparatus can be used to measureshear apparatus can be used to measure 
the shear strength of tire shredsthe shear strength of tire shreds 
 However apparatuses large enough forHowever apparatuses large enough forHowever, apparatuses large enough forHowever, apparatuses large enough for 

TDA are rare, so tests are generallyTDA are rare, so tests are generally 
completed on 1completed on 1--in or smaller tire shredsin or smaller tire shreds 
 The triaxial test shouldn't be used for tireThe triaxial test shouldn't be used for tire 

shreds with protruding steel beltsshreds with protruding steel belts 

Shear Strength 
Shear stress vs. horizontal deformation for Pine State 
Recycling tire shreds tested in direct shear box 
(Humphrey, et al., 1992) 

Shear Strength 
Comparison of failure envelopes of TDA at low normal 
stress levels (less than about 2000 psf)(less than about 2000 psf) 

References: 
(21)Humphrey, et al, 1992 
(9)Cosgrove, 1995 
(20)Benda, 1995 

Shear Strength 

 These failure envelopes are nonThese failure envelopes are non--linear andlinear and 
concave downconcave down 

 Tests on 0.5Tests on 0.5--in and 1in and 1--in tire shreds at higherin tire shreds at higher 
stress levels produce failure envelopes that arestress levels produce failure envelopes that are 
approximately linearapproximately linear 

 For high stress tests, using a failure criteria ofFor high stress tests, using a failure criteria of 
15% axial strain, Ahmed (1993) obtained15% axial strain, Ahmed (1993) obtained 
cohesion intercepts from 572 to 689 psf andcohesion intercepts from 572 to 689 psf and 
friction angles from 15.9 to 20.3 degreesfriction angles from 15.9 to 20.3 degrees 
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SummarySummary 

 In orderIn order to determine the strengthto determine the strength 
properties rubber tire particles,properties rubber tire particles, lab lab tests tests
need to need to be conductedbe conducted 

 The most The most aapppppppproro
 ppppriate methodriate method is is the directthe direct
shear testshear test
 

 LikeLike soil, the shearsoil, the shear strength strength of rubberof rubber 
particles increasesparticles increases as normalas normal stress stress
increases increases

 Under normalUnder normal loading, loading, TDA TDA develops andevelops an 
appareapparent cohent cohesion sion

THANK YOUTHANK YOU 

http://www.cp2info.org/centerhttp://www.cp2info.org/center 
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Contracts Specifications and 
Technical Writing

Contracts Specifications and 
Technical Writing 

OutlineOutline 

 Module 1:Module 1: 

ASTM International StandardsASTM International Standards 

 Module 2:Module 2:Module 2:Module 2: 

Specifications and Special ProvisionsSpecifications and Special Provisions 

Module 1: OutlineModule 1: Outline 

 Background of ASTMBackground of ASTM 

 What is ASTMWhat is ASTM 

 Why we need ASTM standardsWhy we need ASTM standards Why we eed ASTM standardsWhy 

rnationalr

nwe need ASTM standards 

 ASTM standards for using waste tires inASTM standards for using waste tires in 
CE applicationsCE applications 

 SummarySummary 

Background of ASTMBackground of ASTM 
 Originally known as the American Society forOriginally known as the American Society for 

Testing and Materials, now ASTM InteTesting and Materials, now ASTM Inte national 
 The organization's headquarters is inThe organization's headquarters is in WestWest 

Conshohocken, PennsylvaniaConshohocken, Pennsylvania, about 5, about miles5 miles 
northwest of Philadelphianorthwest of Philadelphiapp
 A group ofA group of scientistsscientists andand enginen eersgineers, led by, led by 

Charles Benjamin DudleyCharles Benjamin Dudley formed thform eed the AmericanAmerican 
Society for Testing and MaterialsSociety for Testing and Materials inin 18981898 toto 
address the frequentaddress the frequent railrail breaksbreaks plaguing theplaguing the 
fastfast--growinggrowing railroadrailroad industryindustry 

What is ASTM?What is ASTM? 
 ASTM International is one of the largest voluntaryASTM International is one of the largest voluntary 

standards developing organizations in the worldstandards developing organizations in the world 

 ASTM’s members, representing producers, users,ASTM’s members, representing producers, users, 
consumers, government, and academia from overconsumers, government, and academia from over 
100 countries, develop technical documents that100 countries, develop technical documents that, p, p 
are a basis for manufacturing, management,are a basis for manufacturing, management, 
procurement, codes, and regulationsprocurement, codes, and regulations 

 Committees develop more than 12,000 ASTMCommittees develop more than 12,000 ASTM 
standards that can be found in the 77standards that can be found in the 77--volumevolume 
Annual Book of ASTM StandardsAnnual Book of ASTM Standards 

ASTM SectionsASTM Sections 
1.1. Iron and Steel ProductsIron and Steel Products 
2.2. Nonferrous Metal ProductsNonferrous Metal Products 
3.3. Metals Test Methods and Analytical ProceduresMetals Test Methods and Analytical Procedures 
4.4. ConstructionConstruction 
5.5. Petroleum Products, Lubricants, and Fossil FuelsPetroleum Products, Lubricants, and Fossil Fuels 
6.6. Paints, Related Coatings, and AromaticsPaints, Related Coatings, and Aromatics 
7.7. TextilesTextiles7.7. TextilesTextiles 
8.8. PlasticsPlastics 
9.9. RubberRubber 
10.10. Electrical Insulation and ElectronicsElectrical Insulation and Electronics 
11.11. Water and Environmental TechnologyWater and Environmental Technology 
12.12. Nuclear, Solar, and Geothermal EnergyNuclear, Solar, and Geothermal Energy 
13.13. Medical Devices and ServicesMedical Devices and Services 
14.14. General Methods and InstrumentationGeneral Methods and Instrumentation 
15.15. General Products, Chemical Specialties, and End UseGeneral Products, Chemical Specialties, and End Use 

ProductsProducts 
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Section 4Section 4 - ConstructionConstruction 
 VVoolume 04.01lume 04.01 -- CCement, Lime; ement, Lime; GyGypsum psum
 VVoolume 04.02lume 04.02 -- Concrete and Aggregates Concrete and Aggregates
 VVoolume 04.03lume 04.03 -- RRoad oad and Paving Mateand Paving Materials; Vehicle-rials; Vehicle-PavPavement ement

SySystems stems
 VVoolume 04.04lume 04.04 -- RRoofing and Waterproofing oofing and Waterproofing
 VVoolume 04.05lume 04.05 -- RRoofing, Waterproofing, and Bituminous oofing, Waterproofing, and Bituminous

Materials Materials
 VoVollume 04.06ume 04.06 - T- Thhermaermall Insu Insullatatiion; Envon; Enviironmentaronmentall Acoust Acoustiicscs 
 VVoolume 04.07lume 04.07 -- Building Building Seals Seals and Sealants; and Sealants; Fire Standards;Fire Standards; 

Dimension StoneDimension Stone 
 VVoolume 04.08lume 04.08 -- Soil and Rock (I): Soil and Rock (I): D D 420 420 to D to D 57795779 
 VVoolume 04.09lume 04.09 -- Soil and Rock (II): Soil and Rock (II): D D 57805780 -- latest; Geosynthetics latest; Geosynthetics
 VVoolume 04.10lume 04.10 -- Wood Wood
 VVoolume 04.11lume 04.11 -- Building ConstructionBuilding Construction 
 VVoolume 04.12lume 04.12 -- Building Building Constructions (II): E Constructions (II): E 1672 1672 -- llatest; atest;

PropertyProperty Management Sy Management Systemsstems 

Section 9Section 9 - RRubber ubber

 VolumeVolume 09.01 09.01 -- Rubber, Natural andRubber, Natural and 
SyntheSynthetictic -­-- General Test Methods;General Test Methods; 
CarbonCarbon Blac Blackk 

 VV ll 0909 0202 R bR bbb  PP  dd VVoollume ume 0909..0202 -- RRuubbbber er PProrodducuctts,s, 
IndustrialIndustrial -- SSpecifications and pecifications and ReRelated lated
Test Methods: Test Methods: Gaskets; Gaskets; TiresTires 

  

  

    
  

    

Why Why do we do we need ASTM?need ASTM? 

 ASTM ASTM InternatioInternationnaal l has no role inhas no role in 
requiring requiring or or enforcing compliancenforcing compliance withe with 
its staits stanndadardsrds 

 They may They may become become mandatory mandatory whenwhen 
referenced by referenced by an an external external contract,contract, 
corporation, or corporation, or governmegovernmentnt 

Why Why do we do we need ASTM?need ASTM? 

 Other Other governmgovernmeents (local and nts (local and worldwide)worldwide) 
also have also have referencreferenced ed ASTM standardsASTM standards 

 Corporations doing Corporations doing internatiinternatioonnaal businessl business 
may choose may choose to referencto reference e an an ASTM standardASTM standard 

ASTM MembershipASTM Membership 
 Membership in the organization is open toMembership in the organization is open to 

anyone with an interest in its activitiesanyone with an interest in its activities 

 Standards are developed within committees,Standards are developed within committees, 
and new committees are formed as needed,and new committees are formed as needed, 
upon request of interested membersupon request of interested members 

 As of 2007, there are more than 30,000As of 2007, there are more than 30,000 
members, including over 1100 organizationalmembers, including over 1100 organizational 
members, from more than 120 countriesmembers, from more than 120 countries 

ASTM Spec for Waste TiresASTM Spec for Waste Tires 

ASTM D6270ASTM D6270 

Standard Practice forStandard Practice for 

U f S Ti i Ci il E i iU f S Ti i Ci il E i iUse of Scrap Tires in Civil EngineeringUse of Scrap Tires in Civil Engineering 

ApplicationsApplications 
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ASTM D6270:ASTM D6270: Significance and UseSignificance and Use 

This Standard covers the followingThis Standard covers the following 
scrap tire products:scrap tire products: 
tire chips or tire shreds comprised oftire chips or tire shreds comprised of 

pieces of scrap tirespieces of scrap tires 

tire chip/soil mixturestire chip/soil mixtures 

tire sidewallstire sidewalls 

whole scrap tireswhole scrap tires 

used in civil engineering applicationsused in civil engineering applications 

ASTM D6270:ASTM D6270: Significance and UseSignificance and Use 

Tire derived products are used in the following CETire derived products are used in the following CE 
applications:applications: 
 lightweight embankment filllightweight embankment fill 
 lightweight retaining wall backfilllightweight retaining wall backfill 
 drainage layersdrainage layersg yg y 
 thermal insulation layer to limit frostthermal insulation layer to limit frost 

penetration beneath roadspenetration beneath roads 
 insulating backfill to limit heat loss frominsulating backfill to limit heat loss from 

buildingsbuildings 
 replacement for soil or rock in other fillreplacement for soil or rock in other fill 

applicationsapplications 

ASTM D6270:ASTM D6270: Significance and UseSignificance and Use 

Uses of whole scrap tiresUses of whole scrap tires 

and tire sidewalls include:and tire sidewalls include: 
 fill when whole tires arefill when whole tires are 

compressed into balescompressed into bales 
 retaining wallsretaining walls 
 drainage culvertsdrainage culverts 

ASTM D6270:ASTM D6270: ApparatusApparatus 

ASTM D6270:ASTM D6270: ApparatusApparatus ASTM D6270:ASTM D6270: BenefitsBenefits 

 1/3 to 1/2 of the dry density of typical soil1/3 to 1/2 of the dry density of typical soil 

 8 times greater thermal resistivity than typical8 times greater thermal resistivity than typical 
soilsoil 

 Lateral earth pressures reduced by 50%Lateral earth pressures reduced by 50% 

 High hydraulic conductivityHigh hydraulic conductivity 
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ASTM D6270:ASTM D6270: Construction UsesConstruction Uses 

 Two different sizes are commonly used (Type A: <3in,Two different sizes are commonly used (Type A: <3in, 
Type B: <12in)Type B: <12in) 
 Large tire shreds should be compacted by a trackedLarge tire shreds should be compacted by a tracked 

bulldozer, sheepsfoot roller, or smooth drumbulldozer, sheepsfoot roller, or smooth drum 
ib llib llvibratory rollervibratory roller 

 Should be covered with a sufficient thickness of soilShould be covered with a sufficient thickness of soil 
 Where pavement will be placed over the tire shredsWhere pavement will be placed over the tire shreds 

and in drainage applications, the tire shreds shouldand in drainage applications, the tire shreds should 
be wrapped completely by a geotextile materialbe wrapped completely by a geotextile material 

ASTM D6270:ASTM D6270: CalculationsCalculations 

Density of tire shred solids 

Resilient modulus 

Coefficient of lateral earth 
pressure at rest 

Poisson’s ratio 

ASTM D6270:ASTM D6270: Use of Scrap Tires in CivilUse of Scrap Tires in Civil 
Engineering ApplicationsEngineering Applications 

ASTM D6270:ASTM D6270: Use of Scrap Tires in CivilUse of Scrap Tires in Civil 
Engineering ApplicationsEngineering Applications 

ASTM D6270:ASTM D6270: Use of Scrap Tires in CivilUse of Scrap Tires in Civil 
Engineering ApplicationsEngineering Applications ASTM D6270:ASTM D6270: Embankment FillEmbankment Fill- IntroductionIntroduction 

 Shredding of scrap tires produces chunks ofShredding of scrap tires produces chunks of 
rubber ranging in size from large shreds torubber ranging in size from large shreds to 
smaller chipssmaller chips 

 Tire shreds and tire chips have both been usedTire shreds and tire chips have both been used 
li ht i ht fill t i l f dli ht i ht fill t i l f das lightweight fill materials for roadwayas lightweight fill materials for roadway 

embankments and backfills behind retainingembankments and backfills behind retaining 
wallswalls 

 The shreds or chips can both be used byThe shreds or chips can both be used by 
themselves or blended with soilthemselves or blended with soil 
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ASTM D6270:ASTM D6270: Embankment FillEmbankment Fill- IntroductionIntroduction 

 Tire shreds normally range in size from 12 in toTire shreds normally range in size from 12 in to 
3 in3 in 

 Tire chips are usually sized from a maximum ofTire chips are usually sized from a maximum of 
3 in down to a minimum of 1/2 in3 in down to a minimum of 1/2 in 

ASTM D6270:ASTM D6270: Embankment FillEmbankment Fill--ApplicationApplication 

Embankments containing tire shreds or chipsEmbankments containing tire shreds or chips 
are constructed by completely surrounding theare constructed by completely surrounding the 
shreds or chips with a geotextile fabric andshreds or chips with a geotextile fabric and 
placing at least 3 ft of natural soil between theplacing at least 3 ft of natural soil between the 
top of the scrap tires and the roadwaytop of the scrap tires and the roadwaytop of the scrap tires and the roadway.top of the scrap tires and the roadway. 

ASTM D6270:ASTM D6270: Embankment FillEmbankment Fill-
Performance RecordPerformance Record 

 At least 15 states have utilized scrap tireAt least 15 states have utilized scrap tire 
shreds or chips as a lightweight fill material forshreds or chips as a lightweight fill material for 
the construction of embankments or backfillsthe construction of embankments or backfills 

 Some projects have used tire shreds or chips asSome projects have used tire shreds or chips as 
b k i l hil h jb k  i  l  hil  h  jembankment material, while other projectsembankment material, while other projects 

have blended tire chips with soilhave blended tire chips with soil 

 In 2004, more than 70 successful projects haveIn 2004, more than 70 successful projects have 
been constructed on state, local, or privatebeen constructed on state, local, or private 
roadsroads 

ASTM D6270:ASTM D6270: Embankment FillEmbankment Fill-
Performance RecordPerformance Record 

 Aside from problems with puncturing of rubber tiresAside from problems with puncturing of rubber tires 
on haul vehicles by the exposed steel in tire chips oron haul vehicles by the exposed steel in tire chips or 
shreds, there have been no other constructionshreds, there have been no other construction­-
related problems on scrap tire embankment projectsrelated problems on scrap tire embankment projects 
 Adequate compaction, which is always a primeAdequate compaction, which is always a prime 

concern on any embankment project, is of evenconcern on any embankment project, is of evenconcern on any embankment project, is of evenconcern on any embankment project, is of even 
greater concern on a tire shred or chip embankmentgreater concern on a tire shred or chip embankment 
project, where it is known that some consolidationproject, where it is known that some consolidation 
will occurwill occur 
 Some cracking of the roadway above a tire shred orSome cracking of the roadway above a tire shred or 

chip embankment is possible because of longchip embankment is possible because of long­-termterm 
settlement or differential settlementsettlement or differential settlement 

ASTM D6270:ASTM D6270: Embankment FillEmbankment Fill- Performance RecordPerformance Record 

As of 2004, at least 15 statesAs of 2004, at least 15 states 
had completed scrap tirehad completed scrap tire 
embankment projects, onlyembankment projects, only 
six states (North Carolina,six states (North Carolina, 
Oregon, Vermont, Virginia,Oregon, Vermont, Virginia, 
Wisconsin, and Maine) hadWisconsin, and Maine) hadWisconsin, and Maine) hadWisconsin, and Maine) had 
prepared specifications orprepared specifications or 
some provisions for this usesome provisions for this use 

ASTM D6270:ASTM D6270: Material CharacteristicsMaterial Characteristics 

 Specific GravitySpecific Gravity 
 Water Absorption CapacityWater Absorption Capacity 
 GradationGradation 
 Compacted Dry DensityCompacted Dry Density 
 CompressibilityCompressibilityp yp y 
 Resilient ModulusResilient Modulus 
 Coefficient of Lateral Earth PressureCoefficient of Lateral Earth Pressure 
 Poisson’s RatioPoisson’s Ratio 
 Shear StrengthShear Strength 
 Hydraulic ConductivityHydraulic Conductivity 
 Thermal ConductivityThermal Conductivity 
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ASTM D6270:ASTM D6270: EmbankEmbankment Fill-ment Fill PProperties roperties

 Specific Gravity: 1.1 Specific Gravity: 1.1 to to 1.31.3 

 Compacted Unit Compacted Unit Weight: 20 Weight: 20 lb/ftlb/ft33 to 45 to 45 lb/ftlb/ft33 

 FricFrictiontion An Angle: 1gle: 199°° tto 25°o 25° 

 CCoheohesion vsion vaaluelue: : 160 lb/ft160 lb/ft22 to 240 to 240 lb/ftlb/ft22 

 YoungYoung''s Mods Modulus: ulus: 112 112 lb/inlb/in22 to 181 to 181 lb/inlb/in22 

 Permeability: Permeability: 1.5 1.5 to 15 cm/secto 15 cm/sec 

ASTM D6270:ASTM D6270: EmbankEmbankment Fill-ment Fill- MMix Design ix Design

 TTiire re chips chips can be mixed or can be mixed or blended blended with soilwith soil 
 As As the pthe peercentagrcentagee of soil of soil is increased, is increased, the the unit weigunit weightht 

of the blend of the blend increasesincreases 
 Mix ratios Mix ratios are usually are usually preparprepared ed on on a volumetric ba volumetric baasissis 
 A A maximum maximum 50:50 tire chip50:50 tire chip to soil to soil ratio is ratio is sugsugggeestedsted 

so so that that tire chip usage tire chip usage is not reduced is not reduced too greatltoo greatlyy 
 If If the unit weigthe unit weight ht of the fill of the fill is not a is not a concern, concern, then eventhen even 

small small percentages percentages (10 to 25 percent) (10 to 25 percent) of tire of tire chips canchips can 
bbee bbllended into ended into the soil. the soil. TThhis is could could impimprove therove the 
compcompactibactibility of the ility of the fillfill 

 

                  

  

ASTM D6270:ASTM D6270: Construction Construction Practices and theirPractices and their 
CharacteristicsCharacteristics 

 Lightweight Embankment Lightweight Embankment Fill: Fill: LowLow­-
Compacted Dry Compacted Dry DensityDensity 

 Insulating Layer: Insulating Layer: Thermal ResistanceThermal Resistance 

 Retaining Wall Retaining Wall Backfill: Low-Backfill: Low-Compacted DryCompacted Dry 
Density, HighDensity, High--Hydraulic Conductivity, Hydraulic Conductivity, LowLow­-
Thermal ConductivityThermal Conductivity 

 Drainage Application: Drainage Application: High-High-HydraulHydrauliicc 
ConductivityConductivity 

ASTM D6270:ASTM D6270: EmbEmbaankment Fillnkment Fill-- CConstruction onstruction
Procedures, Material Procedures, Material Handling:Handling: 

 ThThe e nnuummber ber of tires of tires to be to be procprocessed inessed intoto 
shreds or shreds or chips chips is directly is directly related related to to thethe 
intended intended volume volume of the tire of the tire chip portion chip portion of theof the 
eemmbankbankmementnt 

 ItIt is is estimated estimated tthat hat eevery very cubic cubic yyard ard oof f vvolumeolume ItIt isis estimatedestimated thatthat everyevery cubiccubic yardyard ofof volumvolumee 
will will require about 75 require about 75 automobile automobile tires tires thatthat 
hhave ave beenbeen shshredded inredded into shto shreds reds or cor chhips anips andd 
compacted into compacted into an an embankmentembankment 

  

    

      
    

                

        

ASTM D6270:ASTM D6270: EmbankEmbankment Fill-ment Fill- CConstruction onstruction
ProcProcedures, Site edures, Site PreparationPreparation:: 

 The The site of the site of the embankmentembankment s shhoouulldd be be prepared iprepared inn 
essentially the same essentially the same manner manner as though as though commoncommon 
earth earth were bwere beeinging used for  used for fill fill materialmaterial 

 If If there is there is a higa highh water water tabtablle or e or swampswampyy area that will area that will 
be be at that the base base oe off ththe e embanembankkmenment, t, iit mayt may bebe 
advisable to advisable to construcconstruct t a drainage blanketa drainage blanket 

 If If there is there is a natural flow a natural flow of of runoff runoff through through the areathe area 
where the where the embankment isembankment is to be  to be constructed,constructed, 
proprovviissiioonnss sshhoouulldd be made be made toto pipipe thpe the rune runooff ff benbeneatheath 
the embankmentthe embankment 

ASTM D6270:ASTM D6270: EmbEmbaankment Fillnkment Fill-- CConstruction onstruction

Procedures, Mixing:Procedures, Mixing: 

 WhWhenen tire sh tire shreds reds or cor chhips ips are to are to be be blenblended orded or 
mixed mixed with with soil, the mixing soil, the mixing should should bebe 
performed volumetrically, performed volumetrically, using using bucket loadsbucket loads 
fromfrom a frona front t enend loader d loader anand blend blendindingg ththee 
mmaatteerriiaalls ts tooggeetthheerr  aas ws weellll  aas ps poossssiibbllee  wwiitthh  tthheematematerialsrials togethtogetheerr asas wellwell asas possiblepossible withwith thethe 
bucketbucket 

 As another As another option option to the to the mixing mixing of of tire shredstire shreds 
or chips or chips and soil, and soil, alternate layers of alternate layers of the the tiretire 
shreds shreds or chips or chips and and the soil can be the soil can be constructedconstructed 
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ASTM D6270:ASTM D6270: EmbankEmbankment Fill-ment Fill- CConstruction onstruction
ProcProcedures, Placedures, Placiningg 

 Tire Tire chips should be chips should be spspread across read across a geotextilea geotextile 
blanket using blanket using a a tracked bulldozertracked bulldozer 

 A A minimuminimum m 2 foot laye2 foot layer orr or lift should  lift should be be spreadspread 
out over thout over the e geotextilegeotextile 

AA dd dd ii 33 ff liftlift thithi kk AA re recommecommennddeedd max maxiimum mum 33 ffoooott liftlift thithicckknessness 
can still can still be spread be spread and and compactedcompacted 

ASTM D6270:ASTM D6270: EmbEmbaankment Fillnkment Fill-- CConstruction onstruction
Procedures, Compaction:Procedures, Compaction: 

 Compaction may be achieved by at least three Compaction may be achieved by at least three passes passes ofof 
the the tracked bulldozer over tracked bulldozer over the the layer of layer of tire chipstire chips 

 The The chip particles align chip particles align themthemselves with selves with each other each other andand 
settle fairly readilysettle fairly readily 

 The The weight of the bulldozer weight of the bulldozer ppaassing over the ssing over the tire chiptire chipss 
is enough is enough to to readily readily cocompmpact act the layer of chipthe layer of chipss 
 For larger chips For larger chips or or thickerthicker 

layers, layers, as many as as many as 15 passes15 passes 
of a bulldozer of a bulldozer may be requiredmay be required 
to achieve compactionto achieve compaction 

  

      

acac oo aa  tt ee  cc   ee baba ee tt ustust  bbee  

    

- -

          
  

ASTM D6270:ASTM D6270: EmbEmbaankment Fillnkment Fill-- CConstruction onstruction
ProceduresProcedures 

 The The top top layer of a layer of a tire chip embankmenttire chip embankment 
should should be kept be kept at least 3 at least 3 ft below ft below the the base base oror 
subbase subbase layer layer of the pavement that of the pavement that will will be be onon 
top of the top of the embankmentembankment 
 EEacach lh layeayer r oof f aa ttiriree cchihipp eemmbabanknkmmeenntt m mustust bebe

fully compacted before the fully compacted before the 
ayeaye pp 

next layer next layer is placedis placed 
 WhWhenen ththe top e top layer of tire layer of tire cchhips ips hhaas beens been fullyfully 

compacted, the compacted, the sides and sides and top of the top of the tire tire chipschips 
should be should be fully wrappefully wrapped d anand end enccllosed by thosed by thee 
geotextilegeotextile 

ASTM D6270:ASTM D6270: EmbEmbaankment Fillnkment Fill-- CConstruction onstruction
ProceduresProcedures 

 A A minimuminimum m of 3 ft of 3 ft of compacteof compactedd soil shouldsoil should bebe 
placplaced ed onon top of th top of the e geotextile geotextile anand tire d tire cchhipsips 

 The soil The soil should should be compacted be compacted in in thinner thinner layerslayers 
6 6 in. to 12 in. in. to 12 in. in thicknessin thickness 

 The tire chip The tire chip embankment embankment will will experienceexperience 
further deflection dufurther deflection durinringg plac placememenent ant andd 
compaction compaction of the soil coverof the soil cover 

ASTM D6270:ASTM D6270: Embankment FillEmbankment Fill- Unresolved IssuesUnresolved Issues 

 The first and most pressing unresolved issue isThe first and most pressing unresolved issue is 
to determine the cause or causes of theto determine the cause or causes of the 
exothermic reactions that resulted in threeexothermic reactions that resulted in three 
scrap tire embankment fires that occurredscrap tire embankment fires that occurred 
during 1995during 1995 
 Other tire shred or tire chip embankmentOther tire shred or tire chip embankment 

projects, especially the thick fills, includingprojects, especially the thick fills, including 
those that have caught on fire, should be morethose that have caught on fire, should be more 
closely monitored, possibly by installingclosely monitored, possibly by installing 
temperature probes and gas sampling wellstemperature probes and gas sampling wells 

ASTM D6270:ASTM D6270: Embankment FillEmbankment Fill- Unresolved IssuesUnresolved Issues 

 The pH of any water leaching from scrap tireThe pH of any water leaching from scrap tire 
fills should be measuredfills should be measured 

 Laboratory investigations should also beLaboratory investigations should also be 
undertaken under varying conditions andundertaken under varying conditions and 
temperatures to pinpoint under whichtemperatures to pinpoint under whichtemperatures to pinpoint under whichtemperatures to pinpoint under which 
conditions exothermic reactions may beconditions exothermic reactions may be 
initiatedinitiated 
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Some ASTSome ASTMM Standards R Standards Reelevlevaant nt to to Waste TWaste Tiiresres 
in CE in CE ApAppplicationslications 

 ASTM D422:ASTM D422: Particle Size Analysis Particle Size Analysis of of Soils Soils

 ASTM D575:ASTM D575: Test Methods for Test Methods for Rubber Rubber Properties Properties
in Compressionin Compression 

 ASTM D698:ASTM D698: Test Methods for Test Methods for Compaction Compaction
CharacteristicsCharacteristics ooff SSoiloil UUsingsing StandardStandard EffortEffortCharacteristicsCharacteristics ofof SoilSoil UsingUsing StandardStandard EffortEffort 

 ASTM D5084: Measurement of Hydraulic 
Conductivity of Saturated Porous 
Materials Using a Flexible Wall Permeameter 

 ASTM D3080:ASTM D3080: Direct Shear Test of Direct Shear Test of Soils Soils UnderUnder 
Consolidated Drained ConditionsConsolidated Drained Conditions 

ASTM D422:ASTM D422: Particle Particle Size Analysis Size Analysis of Soilsof Soils 

The following is the quantitative determination of 
the distribution of particle sizes in soils: 

Distribution of particle sizes larger than 75 μm is  
determined by sievingdetermined by sieving 

Distribution of particle sizes smaller than 75 μm 
is determined by a sedimentation process, using a 
hydrometer to secure the necessary data. 

  

    
 

 
 

 
 

   
  

  
 

ASTM D575:ASTM D575: Test MethTest Methods ods for Rubberfor Rubber 
Properties in CompressionProperties in Compression 

Covers two test methods that are useful in comparing 
stiffness of rubber materials in compression 

Can be used by rubber technologists to aid in 
development of materials for compressive applications 

Compression Test of Specified Deflection: The force 
required to cause a specified deflection is determined 

Compression Test of Specified Force: A specified mass or 
compressive force is placed on the specimen and the 
resulting deflection is measured 

ASTM D698:ASTM D698: Test MethTest Methods ods for Compafor Compacctiontion 
Characteristics of Characteristics of Soil Using Soil Using Standard EffortStandard Effort 

A soil at a selected water content is placed in three layers 
into a mold of given dimensions 

Each layer is compacted by blows of a rammer dropped from 
one foot high 

The resulting dry unit weight is determinedg y g 

The procedure is repeated for a sufficient number of water 
contents to establish a relationship between the dry unit 
weight and the water content for the soil 

When plotted the data represents a relationship known as 
the compaction curve 

The values of optimum water content and standard 
maximum dry unit weight are determined from the curve. 

   
     

     

ASTM D5084: Measurement of Hydraulic Conductivity of 
Saturated Porous Materials Using a Flexible Wall Permeameter 

 Apply to one-dimensional, laminar flow of 
water within porous materials such as soil 
and rock 
 Hydraulic conductivity of porous materials 

generally decreases with an increasinggenerally 
amount of 

decreases 
air in the pores 

with an 
of the material 

increasing 

 Assume that Darcy's law is valid and that 
the hydraulic conductivity is unaffected by 
hydraulic gradient 

ASTM D5084: Measurement of Hydraulic Conductivity of 
Saturated Porous Materials Using a Flexible Wall Permeameter 

 Validity of Darcy's law may be evaluated by 
measuring the hydraulic conductivity of the 
specimen at three hydraulic gradients; if all 
measured values are similar (within about 25%), 
then Darcy's law may be taken as valid
 

y y 
When the hydraulic gradient acting on a test 
specimen is changed, the state of stress will also 
change, and, if the specimen is compressible, the 
volume of the specimen will change 
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ASTM D3080:ASTM D3080: Direct Shear Test of SoilsDirect Shear Test of Soils 
Under Consolidated Drained ConditionsUnder Consolidated Drained Conditions 

Test method consists of placing the test specimen 

in the direct shear device 

P d  i  d  l  i  li  dPredetermined normal stress is applied 

Measures the shearing force and horizontal 

displacements as the specimen is sheared 

SummarySummary 

 Discussed the origin, background, andDiscussed the origin, background, and 
purposes of ASTM standardspurposes of ASTM standards 
 Reviewed ASTM standards for use ofReviewed ASTM standards for use of 

waste tires in civil engineeringwaste tires in civil engineeringwaste tires in civil engineeringwaste tires in civil engineering 
applicationsapplications 
 Discussed the application of TDA inDiscussed the application of TDA in 

embankment fill according to ASTMembankment fill according to ASTM 
D6270D6270 

QuestionsQuestions ?? 

The BeginningThe Beginning
Keeping roads good with asphalt rubber paving materialsKeeping roads good with asphalt rubber paving materials

The BeginningThe Beginning 
Keeping roads good with asphalt rubber paving materialsKeeping roads good with asphalt rubber paving materials 

http://www.cp2info.org/centerhttp://www.cp2info.org/center 

CIVL 402 Contract Spec and 
Technical Writing

CIVL 402 Contract Spec and 
Technical Writing 

Rubberized Hot Mix AsphaltRubberized Hot Mix Asphalt 

Module 2: OutlineModule 2: Outline 

 Standard SpecificationsStandard Specifications 

 Standard Special ProvisionsStandard Special Provisions 

 Asphalt rubber definitionsAsphalt rubber definitions 

 Asphalt rubber binderAsphalt rubber binder 

 Asphalt rubber binder designAsphalt rubber binder design 

 Types of mixesTypes of mixes 

 CautionsCautions 

Plans and SpecificationsPlans and Specifications 

Plans andPlans and 
specificationsspecifications 
describe howdescribe how 

to build ato build ato build ato build a 
projectproject 
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Plans and SpecificationsPlans and Specifications 

 Plans Plans
Provide layout Provide layout and dimensionsand dimensions 

 SpecificationsSpecifications 
DescribeDescribe project project sspecific pecific requirements requirements ffor: or:

Types of SpecificationsTypes of Specifications 

 ProprietaryProprietary  PerformancePerformance--BasedBased 

 Method Method (PBS)(PBS) 

 QQCC/Q/QA A  Performance (e.g.,Performance (e.g., 
DescribeDescribe projectproject specificspecific requirementsrequirements for:for: 

 MaterialsMaterials 

 WorkmanshipWorkmanship 

 General & special General & special provisionsprovisions 

Q /Q /Q  Q

 Warranty/Guarantees)Warranty/Guarantees) End Result End Result
  DesigDesignn//BBuilduild PerformancePerformance--RelatedRelated 

(PRS) (PRS)  DesDesiigngn/Bu/Buiilldd/O/Operateperate 

     

  

    

    
  

SpecificationsSpecifications 

Intuitive (Method,Intuitive (Method, 
End Result)End Result) 

PerformancePerformance-- RelatedRelated 
SpecificationsSpecifications 

PerformancePerformance-- BasedBased 
SpecificationsSpecifications 

PerformancePerformance 
SpecificationsSpecifications 

UnknownUnknown 

Relation to PerformanceRelation to Performance 

KnownKnown 

Statistical Methods in SpecificationsStatistical Methods in Specifications 

These can be statistically based:These can be statistically based: 
MethodMethod 

QC/QAQC/QA 

End ResultEnd ResultEnd ResultEnd Result 

PRS and PBSPRS and PBS 

Proprietary SpecificationsProprietary Specifications 

 Brand/Product/Process/ManufacturerBrand/Product/Process/Manufacturer 
SpecificSpecific 
 (e.g., Patented Products or Processes)(e.g., Patented Products or Processes) 

 Difficult to use in Competitive BiddingDifficult to use in Competitive Bidding 
ProcessProcess 
“or equivalent” commonly used“or equivalent” commonly used 

Method SpecificationsMethod Specifications 

 Detailed description of materials andDetailed description of materials and 
procedures to be used to construct finalprocedures to be used to construct final 
productproduct 

 ProceduralProcedural ProceduralProcedural 

 PrescriptivePrescriptive 

 Require continuous onRequire continuous on--site inspectionsite inspection 

 Historically, most commonly used methodHistorically, most commonly used method 
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   Pay Pay Factors /Factors / Method ofMethod of 
PayPayment ment

 TTrainingraining, Certification,, Certification, 
and Accreditationand Accreditation 

QC/QA SpecificationsQC/QA Specifications 

 35 state35 states s

 Commonly usedCommonly used 

 Falls betweenFalls between m meeththod od anand end end d resultresult 
specificationsspecifications 

Elements of QC/QA SpecificationsElements of QC/QA Specifications 

  Acceptance:Acceptance: DefinitionsDefinitions 
Lot and Sublotot 

 
 Lot and Subl

MaterialsMaterials 
 SaSampmplinlingg 

 Construction ProcessConstruction Process  TestingTesting 

 ConstructionConstruction 

EquipmentEquipment 

 Mix DMix Deesigsign n

 

  

End Result SpecificationsEnd Result Specifications 

 Specify minimum Specify minimum in-in-place material place material properties properties
(e.g., density)(e.g., density) 

 DoDo NOTNOT ssppecifecifyy construction  construction methodsmethods -pp yy 
Contractor freedom and IContractor freedom and Innovnnovaationtion 

 May May or may not include material or may not include material spspecificationsecifications 

 GainingGaining p pooppuularity larity (use)(use) 

Statistically BasedStatistically Based 
End Result End Result SpecificationsSpecifications 

 ConConssider BOTH ider BOTH AgenAgenccyy or or OwnOwneerr and and
Producer or Producer or ContractorContractor risk risk

 Require Require bothboth QC anQC and QAd QA 

 Third partyThird party -- IndIndeeppeennddeent Assurancent Assurance?? 

 Very common Very common todaytoday 

 

PerformPerformaancncee--Related anRelated and d PerformPerformanancce-e-BasedBased 
SpecificationsSpecifications 

 Commonly used in equipment Commonly used in equipment and and machinerymachinery 
manufacturingmanufacturing industries industries 

 Being Being introduced to constrintroduced to construction uction as as well as otherwell as other 
InIndusdusttriesriesInIndusdusttries ries

 FHWA strongFHWA strongly ly supsupppoortingrting develop developmment ofent of 
perfoperforrmanmanccee--related specsrelated specs 

 HMAHMA -- WWesTrack esTrack

 PCCPCC -- ERES/Illinois ERES/Illinois

PerformPerformaancncee--Related anRelated and d PerformPerformanancce-e-BasedBased 
SpecificationsSpecifications 

 Require functional Require functional spec’s for spec’s for materials materials and and inin­-
place propertiesplace properties 

 TTiigghht quality t quality control/control/quality quality assurance assurance (QC/(QC/QA)QA) 
requiredrequiredrequired required

 Must have depMust have depeendabndable le relationshiprelationships s bbeetweentween 
material material properties and properties and actual pavementactual pavement 
perfoperforrmanmanccee -- KKEY! EY!

­
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Elements of the “Ideal” Performance BasedElements of the “Ideal” Performance Based 
SpecificationSpecification 

 Reproducible test methodsReproducible test methods 

 Well defined construction variabilityWell defined construction variability 

 Existence of robust relationships between testsExistence of robust relationships between tests 
(measured properties) and pavement(measured properties) and pavement 
performanceperformance 

 Definable and measurable pavementDefinable and measurable pavement 
performanceperformance 

Performance SpecificationsPerformance Specifications 

 Specify minimum level of performanceSpecify minimum level of performance 
over a specified periodover a specified period 

 Examples:Examples: 
Less than 5% fatigue cracking after 10Less than 5% fatigue cracking after 10Less than 5% fatigue cracking after 10Less than 5% fatigue cracking after 10 
years of serviceyears of service 

Rut depths less than 13 mm (1/2 in) afterRut depths less than 13 mm (1/2 in) after 
15 years of service15 years of service 

 WarrantiesWarranties 

AR DefinitionsAR Definitions 

Asphalt Rubber Definition: ASTM D8Asphalt Rubber Definition: ASTM D8 

A blend of asphalt cement, reclaimed tireA blend of asphalt cement, reclaimed tire 
rubber and certain additives in which therubber and certain additives in which the 
rubber component is at least 15% by weight ofrubber component is at least 15% by weight ofrubber component is at least 15% by weight ofrubber component is at least 15% by weight of 
the total blend and has reacted in the hotthe total blend and has reacted in the hot 
asphalt cement sufficiently to cause swelling ofasphalt cement sufficiently to cause swelling of 
the rubber particles.the rubber particles. 

DefinitionsDefinitions 

Related Specification: ASTM D 6114Related Specification: ASTM D 6114 

Standard Specification for Asphalt RubberStandard Specification for Asphalt Rubber 
BinderBinder 

High viscosity material (usually fieldHigh viscosity material (usually field­-
blended) that typically requires agitationblended) that typically requires agitation 
to keep CRM particles dispersedto keep CRM particles dispersed.. 

Asphalt Rubber BinderAsphalt Rubber Binder 

Components:Components: 
Crumb Rubber Modifier (CRM)Crumb Rubber Modifier (CRM) 

Scrap Tire RubberScrap Tire RubberScrap Tire RubberScrap Tire Rubber 

High Natural Rubber Content ScrapHigh Natural Rubber Content Scrap 
RubberRubber 

Asphalt CementAsphalt Cement 

Extender oilExtender oil -- CaltransCaltrans 

Caltrans Specifications for High ViscosityCaltrans Specifications for High Viscosity 
(Field Blend) AR Binders(Field Blend) AR Binders 

 Asphalt modifier: Extender oil at 1 to 6% byAsphalt modifier: Extender oil at 1 to 6% by 
mass of asphalt (For chip seal binders, CT maymass of asphalt (For chip seal binders, CT may 
continue to require minimum 2.5% extendercontinue to require minimum 2.5% extender 
oil)oil) 

A h lt d il 78A h lt d il 78 82% b l f82% b l f Asphalt + extender oil: 78Asphalt + extender oil: 78--82% by total mass of82% by total mass of 
AR binderAR binder 

 Total CRM: 18Total CRM: 18--22% by total mass of AR binder,22% by total mass of AR binder, 
of which:of which: 
 Scrap tire CRM = 73Scrap tire CRM = 73--77% of total CRM77% of total CRM 

 High natural CRM = 23High natural CRM = 23--27% of total CRM27% of total CRM 
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Crumb Rubber Modifier (CRM)Crumb Rubber Modifier (CRM) 

 CRM is produced from grinding whole scrap tires,CRM is produced from grinding whole scrap tires, 
tread buffings, and other waste rubber products. CRMtread buffings, and other waste rubber products. CRM 
comes in a variety of grades and size designationscomes in a variety of grades and size designations 
from various suppliers and/or sourcesfrom various suppliers and/or sources 

 CRM gradation and content affects not only AR binderCRM gradation and content affects not only AR binder 
properties but also influences the voids structure ofproperties but also influences the voids structure ofproperties, but also influences the voids structure ofproperties, but also influences the voids structure of 
RHMARHMA--G mixesG mixes 

 Gradation limits used by Caltrans and ADOT are broadGradation limits used by Caltrans and ADOT are broad 
and allow considerable variation; changes are beingand allow considerable variation; changes are being 
consideredconsidered 

 Check project special provisions to verify CRMCheck project special provisions to verify CRM 
gradation limits in effect for specific projectsgradation limits in effect for specific projects 

Crumb Rubber Modifier (CRM)Crumb Rubber Modifier (CRM) 

SCRAP TIRE 
1/16” +/- in Size 

HIGH NATURAL 
RUBBER 

1/32” +/- in Size 

Crumb Rubber Modifier (CRM)Crumb Rubber Modifier (CRM) 

 High natural rubber CRM is used to improveHigh natural rubber CRM is used to improve 
adhesion and flexibility, chip seal aggregateadhesion and flexibility, chip seal aggregate 
retention, and to compatibilize asphalt andretention, and to compatibilize asphalt and 
CRM interactionsCRM interactions 

 It has a high natural rubber content (40It has a high natural rubber content (40--48%48% 
by mass) and may be made from scrap tires orby mass) and may be made from scrap tires or 
other nonother non--tire sourcestire sources 

 Caltrans also requires that “high natural” beCaltrans also requires that “high natural” be 
used in binders for RHMA mixesused in binders for RHMA mixes 

Asphalt CementsAsphalt Cements 

 Asphalt cements come in a variety of gradesAsphalt cements come in a variety of grades 
and designationsand designations 

 ARAR--4000 was used to make asphalt rubber in4000 was used to make asphalt rubber in 
the pastthe past 

 Caltrans adopted the Performance Graded (PG)Caltrans adopted the Performance Graded (PG) 
system in 2006system in 2006 

 Do not use modified asphalts as the baseDo not use modified asphalts as the base 
asphalt cement for CRM modificationasphalt cement for CRM modification 

PG Asphalt CementsPG Asphalt Cements 

 For high mountain and high desert areas,For high mountain and high desert areas, 
use PG 58use PG 58--22 as the base asphalt22 as the base asphalt 

 For other areas (coastal, inland valleys,For other areas (coastal, inland valleys, 
l d th t i d d t)l d th t i d d t)low and south mountain, and desert) uselow and south mountain, and desert) use 
PG 64PG 64--16 as base asphalt16 as base asphalt 

AdditivesAdditives 

 Extender oils: aid in the interaction of theExtender oils: aid in the interaction of the 
crumb rubber and asphalt by providingcrumb rubber and asphalt by providing 
aromatics which are absorbed by the rubber,aromatics which are absorbed by the rubber, 
and help with dispersion by chemicallyand help with dispersion by chemically 
suspending the rubber in the asphalt. Requiredsuspending the rubber in the asphalt. Requiredsuspending the rubber in the asphalt. Requiredsuspending the rubber in the asphalt. Required 
by Caltransby Caltrans 

 AntiAnti--stripping agents: used to improvestripping agents: used to improve 
adhesion of binder to aggregateadhesion of binder to aggregate 
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Asphalt Rubber Asphalt Rubber Blend Design Blend Design SubmittalsSubmittals 

 SuSupppplielierr a annd d ideidenntifictificaatiotionn (or (or type) of scrap type) of scrap titirere 
and hiand higghh naturalnatural CRM CRM

 TypiTypicalcal ggrradatiadatioon n ofof each  each type oftype of CRM CRM materi materialal used used 
inin ththee aaspsphhaalt lt rruubbbbeer r bbinindeder r ddeessignignin in thethe asphalasphaltt rubberrubber bibindernder designdesign 

 PercentagPercentagee of scrap  of scrap titire and re and hihigghh natural natural CRM byCRM by 
total mass of the total mass of the asphaltasphalt--rubber blrubber blend end

 If If CRCRM frM froomm mo morree th thaann oonnee susupppplielierr is uis usseedd,, ininfofo willwill 
be requibe required for each red for each CRM supplCRM suppliieer r usedused 

 Laboratory test resulLaboratory test resultts s for for test parameters shown intest parameters shown in 
ththee sp speecciaial pl prroovvisioisionnss 

Asphalt Rubber Asphalt Rubber Blend Design Blend Design SubmittalsSubmittals 

 BBaase asphalse asphalt t PPGG bi binder gnder grrade, ade, supplsuppliier, ander, and 
CeCerrttificificaattee o off CoCompmplialianncce e

 PercentagPercentage ofe of the  the combicombinned bled blend end of of asphalasphalt t andand 
asphalasphalt modit modiffiier er by totalby total mass ofmass of asphal asphalt t rubberrubber 
bibinder nder

 AA h h lt lt difi difi t t lli i iid d ttifi ifi tti i dd AAspsphhaaltlt mo modifidifier er ttype, suppype, supplilier, er, ididenentifitificacatition, anon, andd 
test results test results demonstratindemonstratingg conf conformance ormance to specsto specs 

 PPercentagercentage ofe of asphal asphalt t modimodiffiier er by by mass ofmass of asphal asphaltt 
 DDeesignsign p prrooffileile 
 Minimum interaction Minimum interaction time time and and temperaturetemperature 
 MaMateteriariall SaSafefety Dty Daatata ShSheeeetts fos for er evveerrythythiinngg 

  
  

  
    

  

    

  

 

   

 

    

Asphalt Rubber Blend Asphalt Rubber Blend Design Design ProfileProfile 

 AA designdesign p prrofofile is ile is developdevelopeed d to to evaevalluuaate thte the e
compcompaattibibility ility bbeetweentween ma materiaterialls us ussed, ed, compcomplialiannce ofce of 
component interaction component interaction propproperties, erties, aannd to checkd to check forfor 
stastabbility ofility of ththe Ae ARR bbllenend d over timeover time 

 A 24A 24--hour desihour desiggn n pprofrofile will bile will bee rereqquired for uired for each each pprorojject,ect,

Asphalt RAsphalt Ruubber Blend Desigbber Blend Designn
 
Example Design ProfileExample Design Profile
 

MMiinutenutes os off ReReaacctitioon n SpSpeecc.. LiLimimitsts @ @ 45 45
minutes minutes

TESTEST T 4545 9090 240 240 360 360 1,440 1,440 ((CCaalltratranns 12/2005)s 12/2005)

ViscViscoositysity,, cPcP 

2 02 000 28002800 28002800 28002800 2 02 000 0000 000000
g p  g p q  q p  p j  j Haake@ Haake@ 119900 CC

for for hot mix hot mix and spray applications and spray applications
Haake@ Haake@ 190190 ººCC 22440000 2800 2800 2800 2800 2800 2800 221100 00 15150000 ­- 44000000

 
ResiliencResilience@e@ 25 25ººCC 

PreviouPreviouss AARR b bllenend d designdesigns s mamay by bee va validalidatted ed withwith (% R(% Reboebound) und) 2727 -­-- 3333 -­-- 2323 18 M18 Miininimum mum
cucurrenrrenttly aly avvaailailabblle e mamateriaterialls s and may be and may be submitted submitted for for (ASTM D (ASTM D 5329) 5329)

more than one more than one projectproject R & R & B SofB Softteennining g PPtt.,., 5252 –– 774 4
ººCC ( (ASTM D36)ASTM D36) 59.059.0 59.559.5 59.559.5 60.060.0 58.558.5 ((125125--165165ºFºF) )

CCoone ne PPeen @n @ 2255ººCC 
(ASTM D217)(ASTM D217) 3939 -­-- 4646 -­-- 5050 2525 –– 770 0

  

  

Types of Rubberized Asphalt Concrete (RHMA) HotTypes of Rubberized Asphalt Concrete (RHMA) Hot 
MixesMixes 

 DenseDense--graded (limited usage bygraded (limited usage by 
Caltrans)Caltrans) 

 GapGap--gradedgraded 

 OpenOpen--gradedgraded 

 OpenOpen--graded (High Binder, HB)graded (High Binder, HB) 

Aggregate Gradation ComparisonAggregate Gradation Comparison 

Open GradedOpen Graded Gap GradedGap Graded Dense GradedDense Graded 
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DenseDense--Graded Mixes (RHMAGraded Mixes (RHMA--D)D) 

 Early useEarly use 
 Limited performance improvements vs. costLimited performance improvements vs. cost 

 Inadequate void space to accommodateInadequate void space to accommodate 
sufficient AR binder to modify mix behaviorsufficient AR binder to modify mix behavior 

 Discontinued use with high viscosity (fieldDiscontinued use with high viscosity (field 
blend) bindersblend) binders 

 Suitable for use with no agitation CRMSuitable for use with no agitation CRM­-
modified binders (terminal blend) such as MBmodified binders (terminal blend) such as MB 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

RHMARHMA--G is the most commonly used RHMA mixG is the most commonly used RHMA mix 
typetype 

PurposePurpose –– Structural mix that providesStructural mix that provides 
increased resistance to:increased resistance to: 
 RuttingRutting 

 FatigueFatigue 

 Reflective crackingReflective cracking 

 Oxidative agingOxidative aging 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

Standard Special Provisions for RHMAStandard Special Provisions for RHMA--G with highG with high 
viscosity (field blend) AR binder are currentlyviscosity (field blend) AR binder are currently 
being updated to address PG binderbeing updated to address PG binder 
implementation.implementation. 

Revi i i l de:Revi i i l de:Revisions include:Revisions include: 
 Remove test methods from body of SSP, developRemove test methods from body of SSP, develop 

corresponding CT Lab Procedures for CRM sieve analysiscorresponding CT Lab Procedures for CRM sieve analysis 
and measuring rotational viscosity of AR binderand measuring rotational viscosity of AR binder 

 Format SSP for inclusion in Section 39 of CaltransFormat SSP for inclusion in Section 39 of Caltrans 
Standard SpecificationsStandard Specifications 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

 Adjustments to Hveem Mix Design Method (CTAdjustments to Hveem Mix Design Method (CT 
367), including:367), including: 
 Modify (coarsen) aggregate gradationModify (coarsen) aggregate gradation 

requirements, particularly for 600requirements, particularly for 600 μμm sieve,m sieve, toto 
facilitate achieving minimum VMA (18%)facilitate achieving minimum VMA (18%) 

 Add maximum VMA limit of 23%Add maximum VMA limit of 23% 

 Test 3 briquettes at each binder content, useTest 3 briquettes at each binder content, use 
average values for calculations and plotsaverage values for calculations and plots 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

 Adjustments to Hveem Mix Design Method, cont’dAdjustments to Hveem Mix Design Method, cont’d 

Design air voids content may range from 3 to 5%Design air voids content may range from 3 to 5% 
based on traffic index and climate, and asbased on traffic index and climate, and as 
designated by the Engineer in project specialdesignated by the Engineer in project special 
provisionsprovisionspp

Still requires minimum AR binder content of 7.0%Still requires minimum AR binder content of 7.0% 
by weight of dry aggregate to provide durabilityby weight of dry aggregate to provide durability 
(Must have sufficient binder content to provide(Must have sufficient binder content to provide 
expected performance benefits)expected performance benefits) 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

Adjustments to Hveem Mix Design Method, cont’dAdjustments to Hveem Mix Design Method, cont’d 
Use Caltrans Laboratory Procedures LPUse Caltrans Laboratory Procedures LP--1 through1 through 

LPLP--4 for volumetric calculations4 for volumetric calculations 

Report Voids Filled with Asphalt (VFA) and DustReport Voids Filled with Asphalt (VFA) and Dust 
Proportion for information onlyProportion for information onlyProportion for information onlyProportion for information only 

Plot average unit weight, stability, % air voids, VMA,Plot average unit weight, stability, % air voids, VMA, 
and VFA, versus asphalt rubber binder contentand VFA, versus asphalt rubber binder content 
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OpOpenen-Graded MixesGraded Mixes 
(RHMA(RHMA-O, RHMAO, RHMA-OO--HB)HB) OpenOpen--Graded Mixes (RHMAGraded Mixes (RHMA--O)O) 

 SSttaanndadard Srd Sppeciaeciall ProvisionProvisionss ffoor Rr RHMAHMA--OO and  and RHMA-RHMA-OO­  RHMRHMAA--OO is is designed to designed to provide a free-provide a free -drainingdraining
HB HB are also currently are also currently beingbeing uuppdadated to ted to incorpincorporaoratte PG e PG surface surface (reduced(reduced splash, spray, andsplash, spray, and 
bbiinder impnder impllementaementattiion on

hydrophydroplaninglaning) that ) that maintains gmaintains good frictional ood frictional
 Changes are similarChanges are similar to thoseto those for RHMAfor RHMA--G, bG, buut t withwith lessless

impimpaactct onon mixmix ddesign esign mmethethoodd
characteristicscharacteristics in wetin wet or dror dryy conditionsconditions

impimpaact ct on on mix mix design design methodmethod 
yy

 Such mixes are notSuch mixes are not considconsidered to be ered to be structuralstructural 	 Effects Effects of of CRM gradatiCRM gradation and on and content icontent inn bibinder have nder have
relarelatively little eftively little efffeectct onon voids voids strustructucturre e ofof opopenen-- elements elements and and no thicknessno thickness reduction appliesreduction applies 
graded mixes graded mixes  RHMRHMAA--O O is typis typ
 iicallycally ppllacedaced inin thin lifts,thin lifts,

nominally nominally 24 to24 to 30 mm30 mm thickthick
 

  

  
  

  

  

OpenOpen--Graded Mixes (RHMAGraded Mixes (RHMA--O)O) RHMARHMA--O Mix DesignO Mix Design

 RHMRHMA-A-O mixture desigO mixture designn isis pperformed erformed
 DoDo not use open-not use open-graded mixes graded mixes where where there is there is aa according toaccording to California California TestTest 368, with asphalt368, with asphalt 

sigsignnificant amount ificant amount of stopof stop andand ggoo traffic ortraffic or rubber rubber binder contentbinder content set at set at 1.2 times1.2 times thethe 
turning vehicles, such turning vehicles, such as cias cityty streets streets or in por in paarking rking optimum bitumenoptimum bitumen contencontent for the t for the designated designated

PG binder PG binder grade gradelotslots 

 TheseThese porous low moporous low modulus pdulus paavveementsments are are  A A checkcheck test is used totest is used to verify thatverify that binder drainbinder drain 
suscepsusceptibtibllee to to tire scuffs from simultaneous tire scuffs from simultaneous down down is not excessivis not excessive e
braking braking and turning motiand turning motions, andons, and to damagto damagee  If If longlong hauls hauls are anticipated, drain downare anticipated, drain down 
from leaking from leaking vehicle fluidsvehicle fluids should also bshould also be e checkedchecked in the labin the labooratory forratory for 
 Caltrans Caltrans does not usedoes not use RRHMAHMA--O in snow countryO in snow country the the expected haul timeexpected haul time 

  

              

  

–

            

OpenOpen--Graded Mixes Graded Mixes (RHMA(RHMA--OO--HBHB)) SSP – SSP Standard Special Standard Special ProvisionsProvisions 

 RHMRHMA-A-OO--HBHB mixes havmixes have e highighher ber biinder nder  Standardized language used with Standardized language used with construction construction
contents (1.6contents (1.6 times detimes demand formand for PG asphalt PG asphalt contracts to contracts to amend,amend, supplement, andsupplement, and 
instead ofinstead of 1.2)1.2) incorporate the Caltransincorporate the Caltrans Standard Standard
 HB pHB providesrovides impimproved friction roved friction coursecourse SpSpecificationsecifications 

durabdurability ility aandnd ppeerformance rformance ddueue toto thicker thicker AARR  StandardStandard SpecialSpecial PProvisions rovisions aare re always always beingbeingdurabdurabilityility andand perfoperforrmanmancce e due due toto thicker thicker AR AR  StandardStandard SpecialSpecial ProvisionsProvisions areare alwaysalways beibeinng g
bbiinder films nder films created created and updated and updated to reflect new to reflect new
 Drain Drain down checkdown check is more critical for higis more critical for highh understanding ofunderstanding of materials, workmanship, and materials, workmanship, and

bibinndder mier mixesxes newnew pprroducts or poducts or prrocedures. ocedures.
 RHMRHMA-A-OO--HBHB does not drain as does not drain as freely as RHMAfreely as RHMA­

O due toO due to highighherer bbiinder content, bnder content, buutt still still drains drains
more more freely than DGAC freely than DGAC

­

­
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OpenOpen--Graded MixesGraded Mixes 

 RHMARHMA--O and RHMAO and RHMA--OO--HB provide safetyHB provide safety 
benefits, and also have proved to:benefits, and also have proved to: 
 Provide smooth rideProvide smooth ride 
 Significantly reduce tire noiseSignificantly reduce tire noise 

 Joint Caltrans/ADOT/FHWA studies are inJoint Caltrans/ADOT/FHWA studies are in 
progress to measure and document noiseprogress to measure and document noise 
reduction over a tenreduction over a ten--year periodyear period 

SSPSSP –– RHMARHMA--OO 

1.1. GeneralGeneral 

2.2. MaterialsMaterials 

3.3. Proportioning and mix designProportioning and mix design 

4.4. Review of RHMA mix designReview of RHMA mix design 

5.5. Contractor QC, sampling, and testingContractor QC, sampling, and testing 

SSPSSP –– RHMARHMA--OO 

6.6. Equipment for production of asphaltEquipment for production of asphalt­-
rubber binderrubber binder 

7.7. Proportioning of binder, aggregatesProportioning of binder, aggregates 

8.8. Spreading and compactingSpreading and compacting 

9.9. Measurement and paymentMeasurement and payment 

CautionCaution 

 The specifications and mix design methods discussed inThe specifications and mix design methods discussed in 
this presentation apply to use of high viscosity asphaltthis presentation apply to use of high viscosity asphalt 
rubber binders (field blend) in gaprubber binders (field blend) in gap-- and openand open--gradedgraded 
RHMA mixesRHMA mixes 

 No agitation binders (low viscosity, terminal blend) shouldNo agitation binders (low viscosity, terminal blend) should 
never be directly substituted for high viscosity binders innever be directly substituted for high viscosity binders in 
any RHMA mixany RHMA mix 

 The two different types of CRMThe two different types of CRM--modified binders havemodified binders have 
very different viscosity ranges and behave very differentlyvery different viscosity ranges and behave very differently 
from each other in asphalt concrete hot mixesfrom each other in asphalt concrete hot mixes 

SummarySummary 

 Introduction of plans and specifications forIntroduction of plans and specifications for 
construction projectsconstruction projects 

 Caltrans specifications for RHMACaltrans specifications for RHMA--G, RHMAG, RHMA­-
O and RHMAO and  RHMA  OO HBHBO, and RHMAO, and RHMA--OO--HBHB 

 Caltrans SSPsCaltrans SSPs 

QuestionsQuestions ?? 

The BeginningThe Beginning
Keeping roads good with asphalt rubber paving materialsKeeping roads good with asphalt rubber paving materials

The BeginningThe Beginning 
Keeping roads good with asphalt rubber paving materialsKeeping roads good with asphalt rubber paving materials 

http://www.cp2info.org/centerhttp://www.cp2info.org/center 

69 



  

   

  

ByBy 

Waste Tire Applications in 
Geotechnical Engineering 
Waste Tire Applications in 
Geotechnical Engineering 

y
CP2 Center

And 
CSU Chico

y 
CP2 Center 

And 
CSU Chico 

CIVL 411 Soil MechanicsCIVL 411 Soil Mechanics 

 BackgroundBackground 
 Benefits of Using Waste Tire MaterialsBenefits of Using Waste Tire Materials 
 Physical Properties of Tire Chips orPhysical Properties of Tire Chips or 

Tire ShredsTire Shreds 

OutlineOutline 

Tire ShredsTire Shreds 
 Waste Tire Applications inWaste Tire Applications in 

Geotechnical EngineeringGeotechnical Engineering 
 Sample Case StudiesSample Case Studies 
 SummarySummary 

BackgroundBackground BackgroundBackground 

Tire fires are an environmentalTire fires are an environmental 
nightmarenightmare Tire Fire in Westley, CA burned three months. 

Took seven years to clean up. 

Cost about 20 millions dollars. 
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Tire fires release heavy metals andTire fires release heavy metals and 
other hazardous compoundsother hazardous compounds 

 ArsenicArsenic 

 ChromiumChromium 

 LeadLead 

 ManganeseManganeseManganeseManganese 

 NickelNickel 

 MercuryMercury 

 CadmiumCadmium 

 Pyrolytic OilPyrolytic Oil 

Tire Derived Aggregate (TDA)Tire Derived Aggregate (TDA) 

Pieces of processed tires that have a 
consistent shape and are generally between 
25mm (1 in.) and 300mm (12 in.) in size. 

Physical Properties of TDAPhysical Properties of TDA 

Lightweight (1/3 soil)Lightweight (1/3 soil) 

Low earth pressure (1/2 soil)Low earth pressure (1/2 soil) 

Good thermal insulation (8 timesGood thermal insulation (8 times((
better)better) 

Good drainage (10 times better)Good drainage (10 times better) 

CompressibleCompressible 

DurableDurable 

The Benefits of Using Waste TiresThe Benefits of Using Waste Tires 

 Help get rid of waste tiresHelp get rid of waste tires 

 Prevent waste tire fires and protectPrevent waste tire fires and protect 
environmentenvironment 

 Preserve valuable aggregatePreserve valuable aggregate 

 Utilize unique engineeringUtilize unique engineering 
properties of waste tire materialsproperties of waste tire materials 

Geotechnical Engineering ApplicationsGeotechnical Engineering Applications 

 Backfill for retaining walls andBackfill for retaining walls and 
bridge abutmentsbridge abutments 

 Lightweight embankment fillLightweight embankment fillg gg g 
and subgrade filland subgrade fill 

 Subgrade insulation for roadsSubgrade insulation for roads 

 Slope repairSlope repair 
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 Tire shreds can be used to constructTire shreds can be used to construct 
embankments on weak, compressible foundationembankments on weak, compressible foundation 
soilssoils 

 Tire shreds are viable in this application due toTire shreds are viable in this application due to 

Subgrade Fill and EmbankmentsSubgrade Fill and Embankments 

Tire shreds are viable in this application due toTire shreds are viable in this application due to 
their light weighttheir light weight 

 For most projects, using tire shreds as aFor most projects, using tire shreds as a 
lightweight fill material is significantly cheaperlightweight fill material is significantly cheaper 
than other alternativesthan other alternatives 

 Subgrade fill and embankments includeSubgrade fill and embankments include 
protecting roads from erosion, enhancing theprotecting roads from erosion, enhancing the 
stability of steep slopes along highways, andstability of steep slopes along highways, and 
reinforcing shoulder areasreinforcing shoulder areas 

 The light weight of the tire shreds reducesThe light weight of the tire shreds reduces 
horizontal pressure and allows forhorizontal pressure and allows for 
construction of thinner, less expensive wallsconstruction of thinner, less expensive walls 

 Tire shreds can also reduce problems withTire shreds can also reduce problems with 
water and frost build up behind walls,water and frost build up behind walls, 

Backfill for Walls and Bridge AbutmentsBackfill for Walls and Bridge Abutments 

p ,p , 
because tire shreds are free draining andbecause tire shreds are free draining and 
provide good thermal insulationprovide good thermal insulation 

 In cold climates, excess water is releasedIn cold climates, excess water is released 
when subgrade soils thaw in the springwhen subgrade soils thaw in the spring 

 Placing a 6 to 12Placing a 6 to 12--inch thick tire shred layerinch thick tire shred layer 
under the road can prevent the subgradeunder the road can prevent the subgrade 

Subgrade Insulation for RoadsSubgrade Insulation for Roads 

soils from freezingsoils from freezing 

 In addition, the high permeability of tireIn addition, the high permeability of tire 
shreds allows water to drain from beneathshreds allows water to drain from beneath 
the roads, preventing damage to roadthe roads, preventing damage to road 
surfacessurfaces 

Slope RepairSlope Repair 
 When a road landslide occurs:When a road landslide occurs: 

 Often it is necessary to excavate theOften it is necessary to excavate the slidingsliding 
road materialroad material down to more stable soildown to more stable soil 

 Then rebuild the slope and road in shallow,Then rebuild the slope and road in shallow, 
compacted sections called liftscompacted sections called lifts 

 Drainage improvements are usually made toDrainage improvements are usually made to 
h l i i bilih l i i bilithe slope to increase its stabilitythe slope to increase its stability 

 TDA has properties that civil engineers, publicTDA has properties that civil engineers, public 
works directorsworks directors and contractors need:and contractors need: 

••Lightweight TDA requires less excavationLightweight TDA requires less excavation 

••More cost effective design can be utilizedMore cost effective design can be utilized 

Case Study for Retaining Wall BackfillCase Study for Retaining Wall Backfill 

Wall 119, Riverside, CA 
PROBLEM: Widening the West bound 
side of Route 91 using TDA, is it as 
effective as typical backfill soil? YES!!!effective as typical backfill soil? YES!!! 

Instrumentation: Installation of four 
types of gauges, strain gauge, pressure 
cell, temperature sensor, and tilt meter 

Wall 119, Retaining Wall ConstructionWall 119, Retaining Wall Construction 
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Wall 119, Strain Gauge InstallationWall 119, Strain Gauge Installation Pressure Cell InstallationPressure Cell InstallationWall 119,Wall 119, 

Wall 119, Temperature Sensor InstallationWall 119, Temperature Sensor Installation Wall 119, Tilt Meter InstallationWall 119, Tilt Meter Installation 

Wall 119, TDA PlacementWall 119, TDA Placement Wall 119, TDA CompactionWall 119, TDA Compaction 

73 



  

  

    

  

  

  

Wall 119, CompletedWall 119, Completed Case Study for Lightweight Embankment fillCase Study for Lightweight Embankment fill 

Dixon Landing InterchangeDixon Landing Interchange 

 PROBLEM: EmbankmentPROBLEM: Embankment 
Constructed on Bay MudConstructed on Bay Mud 

 SOLUTION: Use TDA for the coreSOLUTION: Use TDA for the core 
of the embankmentof the embankment 

 CHEAPEST SOLUTION: savedCHEAPEST SOLUTION: saved 
$230,000$230,000 

Dixon Landing Interchange, Cross SectionDixon Landing Interchange, Cross Section Dixon Landing Interchange, Dumping TDADixon Landing Interchange, Dumping TDA 

Dixon Landing Interchange, Spreading TDADixon Landing Interchange, Spreading TDA Dixon Landing Interchange, Compacting TDADixon Landing Interchange, Compacting TDA 
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Subgrade Insulation for RoadsSubgrade Insulation for Roads 

Witter Farm Road, Orono, Maine 

PROBLEM: Frost in cold climates cause 
heaving of the road and can crack the asphalt, 
when the ice melts the water weakens the road 
subbase leading to rutting of the gravel and 
cracking of the asphalt 

SOLUTION: Use TDA as subgrade, because it 
has eight-times better insulating material then 
gravel and is more permeable 

Witter Farm Road, Typical Cross SectionWitter Farm Road, Typical Cross Section 

Witter Farm Road, Placing and Compacting TDAWitter Farm Road, Placing and Compacting TDA on or winter of 1996/7oWitter Farm Road, Frost Penetrati fWitter Farm Road, Frost Penetrati n for winter of 1996/7 

Case Study for Slope RepairCase Study for Slope Repair 

Marina Drive, Ukiah, CA 

PROBLEM: Road slide damaged the 
d ki i blroad making it unusable 

SOLUTION: Use TDA as replacement to 
typical backfill soil 

Marina Drive, Damaged Section of RoadMarina Drive, Damaged Section of Road 
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Marina Drive, Damaged Section of RoadMarina Drive, Damaged Section of Road Marina Drive, Damaged Section of RoadMarina Drive, Damaged Section of Road 

Marina Drive, Proposed DrawingMarina Drive, Proposed Drawing Mode of Circular and General FailureMode of Circular and General Failure 

(a) Slope failure (toe circle, slope circle) 
(b) Shallow slope failure 
(c) Base failure (midpoint circle) 

Methods of analysis: 
1. Mass procedure 
2. Method of slices 

Ordinary Method of SlicesOrdinary Method of Slices 
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Need trial and error to find failure surface 
with smallest Fs 

Simplified Bishop’s MethodSimplified Bishop’s Method 
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Sample Student Problem onSample Student Problem on 
Slope Analysis on a Embankment FillSlope Analysis on a Embankment Fill 

Find the factor of safety for the slope inFind the factor of safety for the slope in 
the following embankment:the following embankment: 

Left side analysis using SBMLeft side analysis using SBM 

Left side analysis using SBMLeft side analysis using SBM Right side analysis using SBMRight side analysis using SBM 

Right side analysis using SBMRight side analysis using SBM SUMMARYSUMMARY 

 Introduction of TDAIntroduction of TDA 
applicationsapplications 
 TDA applications inTDA applications in 

geotechnicalgeotechnicalgeotecgeotec 
engineeringengineering 
 Successful TDASuccessful TDA 

projectsprojects 
 Sample problemSample problem 
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THANK YOUTHANK YOU 

The BeginningThe Beginning
Green geotechnical applications with TDAGreen geotechnical applications with TDA

The BeginningThe Beginning 
Green geotechnical applications with TDAGreen geotechnical applications with TDA 

http://www.cp2info.org/centerhttp://www.cp2info.org/center 
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Crumb Rubber 
Concrete 

California State University, ChicoCalifornia State University, Chico 

Has Many Names in the LiteratureHas Many Names in the Literature 

 Crumb Rubber Concrete (CRC)Crumb Rubber Concrete (CRC) 

 Rubber Included Concrete (RIC)Rubber Included Concrete (RIC) 

 Rubberized ConcreteRubberized Concrete 

 RubcreteRubcrete 

 Tire RubberTire Rubber--Filled ConcreteFilled Concrete 

Potential Effects of Adding Rubber to ConcretePotential Effects of Adding Rubber to Concrete 

 Reduces Compressive StrengthReduces Compressive Strength 
 Can Increase DuctilityCan Increase Ductility 
 Increases Toughness (ability to absorb energy)Increases Toughness (ability to absorb energy) 
 May Reduce CrackingMay Reduce Cracking 
 Reduces Unit Weight of the ConcreteReduces Unit Weight of the Concretegg
 Reduces Thermal Expansion/ContractionReduces Thermal Expansion/Contraction 
 May Replace Air Entraining Agent in ColdMay Replace Air Entraining Agent in Cold 

EnvironmentsEnvironments 
 Improves Insulation (but Decreases ThermalImproves Insulation (but Decreases Thermal 

Mass)Mass) 
 Reduces Sound TransmissionReduces Sound Transmission 

Potential Applications of Rubber Included ConcretePotential Applications of Rubber Included Concrete 

 Tire rubber may replace air entraining inTire rubber may replace air entraining in 
cold weather applicationscold weather applications 

 RIC may be more flexible and crackRIC may be more flexible and crack 
resistant for light weight pavingresistant for light weight pavingg g p gg g p g 

 RIC may provide vibration damping andRIC may provide vibration damping and 
sound transmission mitigationsound transmission mitigation 

Mix DesignMix Design 

The mix design should be based on anThe mix design should be based on an 

absoluteabsolute volumevolume method, re mineralmethod

(gra ation). This is(

placing, replacing mineral 

aggregate with tire particles of similar sizeaggregate with tire particles of similar size 

characteristics dcharacteristics gradation). This is 

accomplished by utilizing the specific gravityaccomplished by utilizing the specific gravity 

of the aggregates.of the aggregates. 

Mix Design ParametersMix Design Parameters - RICRIC 

 Type of Rubber ParticlesType of Rubber Particles 

 Size of Rubber Particles and AggregateSize of Rubber Particles and Aggregate 

 Gradation of Rubber ParticlesGradation of Rubber Particles 

 Specific Gravity of Rubber ParticlesSpecific Gravity of Rubber Particles 

 Fineness Modulus (Fine Aggregate)Fineness Modulus (Fine Aggregate) 

 Rubber Content for MixRubber Content for Mix 

 WaterWater--Cement RatioCement Ratio 
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Difficulties Difficulties Interpreting Literature ResultsInterpreting Literature Results Sample of MixSample of Mix DesignsDesigns from Literature from Literature

Author Rubber Type Rubber  Content Method of Mix  Design  Different Different types of tire particles types of tire particles
Kaloush 1mm Crumb 0, 50, 100, 150, 200, Replaced fine aggregate with crumb rubber by  weight, 
et. al. Rubber and 300 #/cuyd increased w/c ratio  Different Different methods of mix methods of mix desigdesignn 
Fedroff By weight of cem ent in mix  adjusted w/c ratio to get 3 to 
et. al. Super fine powder 0, 10, 20, and 30% 5 inches of slump  Different Different pretreatment pretreatment of tire particles of tire particles
Tantala Rep placed 5% and 10% of coarse agg ggreg gate with buff 
et.al. Buff  Rubber 5 and 10% rubber by  volume  Different Different DifferentDifferent  testingtesting testingtesting   ppprocedures proceduresroceduresrocedures

Cyrogenic Ground 
Li et. al. Rubber<2mm 33% Replaced 33% of  fine aggregate by  volume 

Schimiz Fine/Coarse 5% of mix  design by  Lowered both 1. fine aggregate and 2. fine and coarse 
ze et.al. Reclaimed Rubber weight aggregate to get 5% rubber by w eight 

Biel and 3/8" minus rubber 0 to 90% in 15% Replaced fine aggregate with crumb rubber by  volume 
Only general conclusions can be drawn 

Lee droppings increments gave 0 to 25% rubber by v olume in mix 

Eldin Ground tire chips, 0,25,50,75,100% Test specimens replacing either coarse or fine 
from the results published in the 

et.al. fine crumb rubber by volume aggregate literature! 

  

  

  

    

Summary of Engineering Properties of RubberizedSummary of Engineering Properties of Rubberized 
Concrete from the LiteratureConcrete from the Literature 

 Compressive StrengthCompressive Strength 

 Tensile (Split Cylinder) StrengthTensile (Split Cylinder) Strength 

 Flexural (Modulus of Rupture) StrengthFlexural (Modulus of Rupture) Strength 

 Unit WeightUnit Weight 

 Air ContentAir Content Air ContentAir Content 

 StiffnessStiffness 

 DuctilityDuctility 

 ToughnessToughness 

 Coefficient of Thermal ExpansionCoefficient of Thermal Expansion 

 DurabilityDurability 

 Damping characteristicsDamping characteristics 

Rubberized Concrete Compressive StrengthRubberized Concrete Compressive Strength 

 Rubber is weaker and less rigid than theRubber is weaker and less rigid than the 
mineral aggregate that they replace, whichmineral aggregate that they replace, which 
reduces the compressive strengthreduces the compressive strength 

 Increasing rubber content has been found toIncreasing rubber content has been found to 
increase the air content, which also reduces theincrease the air content, which also reduces the 
compressive strengthcompressive strength 

 The bond characteristics between the cementThe bond characteristics between the cement 
paste and the rubber may also reduce thepaste and the rubber may also reduce the 
compressive strengthcompressive strength 

 As always, w/c ratio, unit weight,As always, w/c ratio, unit weight, 
workmanship, and curing affect compressiveworkmanship, and curing affect compressive 
strengthstrength 

Mix Ingredients for Crumb Rubber ConcreteMix Ingredients for Crumb Rubber Concrete 
(Kaloush et. al. 2004)(Kaloush et. al. 2004) 

CrossCross--sectional View of Concrete Samplessectional View of Concrete Samples 
(Kaloush et. al. 2004)(Kaloush et. al. 2004) 

80 



  
    

    
  

    

    

Microscopic View of Crumb Rubber Distribution inMicroscopic View of Crumb Rubber Distribution in 

400 lbs CR/ Cyd. Mix400 lbs CR/ Cyd. Mix (Kaloush et. al. 2004)(Kaloush et. al. 2004) 
Effect of Rubber Content on Compressive StrengthEffect of Rubber Content on Compressive Strength 

(Kaloush et. al. 2004)(Kaloush et. al. 2004) 

Effect of Rubber Content on Concrete Unit WeightEffect of Rubber Content on Concrete Unit Weight 
(Kaloush et. al. 2004)(Kaloush et. al. 2004) 

Effect of Rubber Content on Concrete Air ContentEffect of Rubber Content on Concrete Air Content 
(Kaloush et. al. 2004)(Kaloush et. al. 2004) 

Effect of Rubber Content on Concrete SlumpEffect of Rubber Content on Concrete Slump 
(Kaloush et. al. 2004)(Kaloush et. al. 2004) 

Compressive Stress Strain CurvesCompressive Stress Strain Curves 
(Li et. al. 1998)(Li et. al. 1998) 
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Compressive Strength and StiffnessCompressive Strength and Stiffness 
(Li et. al.1998 )(Li et. al.1998 ) 

Flexural StrengthFlexural Strength 
(Li et. al. 1998)(Li et. al. 1998) 

Typical Concrete Compression StressTypical Concrete Compression Stress--Strain CurvesStrain Curves 
(Tantala et. al. 2002)(Tantala et. al. 2002) 

StressStress--Strain Curves Ordinary ConcreteStrain Curves Ordinary Concrete 
(Tantala et. al. 2002)(Tantala et. al. 2002) 

StressStress--Strain Curves 5% Rubber ConcreteStrain Curves 5% Rubber Concrete 
(Tantala et. al. 2002)(Tantala et. al. 2002) 

StressStress--Strain Curves 10% Rubber ConcreteStrain Curves 10% Rubber Concrete 
(Tantala et. al. 2002)(Tantala et. al. 2002) 
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Maximum Compressive StressMaximum Compressive Stress 
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Compressive Strength vs. Rubber ContentCompressive Strength vs. Rubber Content (Biel(Biel 
et. al. 1994)et. al. 1994) 

Split Cylinder Strength vs. Rubber ContentSplit Cylinder Strength vs. Rubber Content (Biel(Biel 
et. al. 1994)et. al. 1994) 

A Tensile Strength Failure of Ordinary ConcreteA Tensile Strength Failure of Ordinary Concrete 
(Kaloush et.al. 2004)(Kaloush et.al. 2004) 

Tensile Strength Failures Crumb Rubber ConcreteTensile Strength Failures Crumb Rubber Concrete 
(Kaloush et.al. 2004)(Kaloush et.al. 2004) 
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Coefficient of Thermal ExpansionCoefficient of Thermal Expansion - CRCCRC 
(Kaloush et.al. 2004)(Kaloush et.al. 2004) 

Engineering Properties of Tire RubberEngineering Properties of Tire Rubber 
for Concrete Mix Designfor Concrete Mix Design 

 Gradation (Generally Uniformly Graded)Gradation (Generally Uniformly Graded) 

 Specific GravitySpecific Gravity 

 Absorption CapacityAbsorption Capacity 

 Unit WeightUnit Weight 

GradationGradation 

 Generally Uniformly Graded (Same Size)Generally Uniformly Graded (Same Size) 

 Max Size Varies According to ManufacturingMax Size Varies According to Manufacturing 

 Test According to ASTM D 422Test According to ASTM D 422 

Crumb Rubber SampleCrumb Rubber Sample 

GSD Crumb RubberGSD Crumb Rubber 

Grain Size Analysis 
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Tire Buffings SampleTire Buffings Sample 
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GSD Tire BuffingsGSD Tire Buffings 

Grain Size Analysis 
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Specific Gravity and Absorption CapacitySpecific Gravity and Absorption Capacity 

Tire shredTire shred Specific gravitySpecific gravity WaterWater ReferenceReference 

typetype BulkBulk SaturatedSaturated 
surface drysurface dry 

ApparentApparent AbsorptionAbsorption 
capacity (%)capacity (%) 

Glass beltedGlass belted -------- -------- 1.141.14 3.83.8 Humphrey et al. (1992)Humphrey et al. (1992) 

Glass beltedGlass belted 0.980.98 1.021.02 1.021.02 44 Manion & HumphreyManion & Humphrey 
(1992)(1992) 

Steel beltedSteel belted 1.061.06 1.011.01 1.101.10 44 Manion & HumphreyManion & Humphrey 
(1992)(1992) 

MixtureMixture 1.061.06 1.161.16 1.181.18 9.59.5 Bressette (1984)Bressette (1984) 

MixtureMixture 
(Pine State)(Pine State) 

-------- -------- 1.241.24 22 Humphrey et al. (1992)Humphrey et al. (1992) 

MixtureMixture 
(Palmer)(Palmer) 

-------- -------- 1.271.27 22 Humphrey et al. (1992)Humphrey et al. (1992) 

MixtureMixture 
(Sawyer)(Sawyer) 

-------- -------- 1.231.23 4.34.3 Humphrey et al. (1992)Humphrey et al. (1992) 

MixtureMixture 1.011.01 1.051.05 1.051.05 44 Manion & HumphreyManion & Humphrey 
(1992)(1992) 

MixtureMixture -------- 0.88 to 1.130.88 to 1.13 -------- -------- Ahmed (1993)Ahmed (1993) 

Patented Concrete Mix DesignPatented Concrete Mix Design 

 100 parts by weight of cement100 parts by weight of cement 

 100100--200 parts by weight of sand200 parts by weight of sand 

 200200--400 parts by weight of coarse aggregates400 parts by weight of coarse aggregates 

 1515--30 parts by weight of shredded particulates30 parts by weight of shredded particulatesp y g pp y g p 
comprising rubber, fibers and steel obtained fromcomprising rubber, fibers and steel obtained from 
whole waste tireswhole waste tires 

 2020--70 parts by weight of water70 parts by weight of water 

 Fly ashFly ash 

 SuperSuper--plasticizerplasticizer 

Reinforced Concrete LabReinforced Concrete Lab 

 Lab is required of all CE majors as part of aLab is required of all CE majors as part of a 
capstone design class in reinforced concretecapstone design class in reinforced concrete 
designdesign 

 Conducted experiments with varying waterConducted experiments with varying water--
cement ratios of 0.4, 0.55, and 0.7cement ratios of 0.4, 0.55, and 0.7cement ratios of 0.4, 0.55, and 0.7cement ratios of 0.4, 0.55, and 0.7 

 Each of three labs assigned a different rubberEach of three labs assigned a different rubber 
percentage: 10, 20 and 30% by volumepercentage: 10, 20 and 30% by volume 

 Replaced fine aggregate with crumb rubber, andReplaced fine aggregate with crumb rubber, and 
coarse aggregate with rubber buffings bycoarse aggregate with rubber buffings by 
volume assuming a specific gravity of 1 for thevolume assuming a specific gravity of 1 for the 
tire rubber.tire rubber. 

Lab ObjectivesLab Objectives 

Study the effects of adding tire particles toStudy the effects of adding tire particles to 
assigned mix. Try to determine:assigned mix. Try to determine: 

1.1. Compressive StrengthCompressive Strength 

2.2. Modulus of ElasticityModulus of Elasticity2.2. Modulus of ElasticityModulus of Elasticity 

3.3. Poisson’s RatioPoisson’s Ratio 

4.4. Air ContentAir Content 

5.5. Comment on workability/segregationComment on workability/segregation 

ResultsResults 

 Results were generally consistent with theResults were generally consistent with the 
findings in the literaturefindings in the literature 

 Incomplete data sets as they wereIncomplete data sets as they were Incomplete data sets as they wereIncomplete data sets as they were 
assigned the same mix design that wasassigned the same mix design that was 
given in class for ordinary concrete, andgiven in class for ordinary concrete, and 
some results were not recordedsome results were not recorded 
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Concrete Lab Concrete Lab ResultsResults 

Ult. Strength vs. water/cement ratio 
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Load and measuringLoad and measuring 

ForceForceForce Force

 Dial gages Dial gages forfor 

Longitudinal andLongitudinal and 

Transverse strainTransverse strain 

   

            

  

StressStress--Strain CurvesStrain Curves 
Stress vs. Strain for 0.4 
Water/Cement Ratio 
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Other ResultsOther Results 

 Summary of Summary of commecommentsnts 

 NoNo lateral lateral sstrain train ddata, ata, hence, hence, nonoNoNo laterallateral strainstrain data,data, hehencence,, nono 

Poisson’s ratio Poisson’s ratio resultsresults 

 Need anNeed anothotheer r lab lab ccyycclle…e… 

  

SummarSummaryy 

 A A fair amount fair amount of research of research has bhas been een done indone in 
usingusing waste tire  waste tire ppaarticlerticles s in Portland cementin Portland cement   
concrete concrete

 Concrete comConcrete comppppressivressivee stren strenggg gth and th and stiffness stiffness
decreasedecrease dramatically with increasingdramatically with increasing rubrubbbeerr 
content content

	 However, tensileHowever, tensile ststrain, ductility,rain, ductility, andand 
tougtoughness hness havhave e bbeen een shown to increase withshown to increase with 
small small amounts of rubamounts of rubbbeer r ppaarticles rticles

Potential ApplicationsPotential Applications 

 LighLight duty pavint duty pavingg (sidewalks, etc(sidewalks, etc..)) 

 Vibration mitiVibration mitiggationationgg

 Energy absorption Energy absorption (earthquake)(earthquake) 

 Increase freeze/thaw Increase freeze/thaw durabilitydurability 

 Others? Others?
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Environmental Issues of Waste Tires inEnvironmental Issues of Waste Tires in 
Civil EngineeringCivil Engineering

Environmental Issues of Waste Tires inEnvironmental Issues of Waste Tires in 
Civil EngineeringCivil Engineering 

Department of Civil Engineering,Department of Civil Engineering,

California State University, ChicoCalifornia State University, Chico

Department of Civil Engineering,Department of Civil Engineering, 

California State University, ChicoCalifornia State University, Chico 

OutlinesOutlines 

 IntroductionIntroduction 
StockpilesStockpiles 
Tire FiresTire Fires 
 Waste Tire CE ApplicationsWaste Tire CE Applications 
 Environmental Assessment ResearchEnvironmental Assessment Research 
Lab EvaluationsLab Evaluations 
Field TestsField Tests 
 Conclusions and RecommendationsConclusions and Recommendations 

BackgroundBackground 

Tire fires are an environmentalTire fires are an environmental 
nightmarenightmare Tire FiresTire Fires 

The energy content of an averageThe energy content of an average 
passenger car tire is the equivalentpassenger car tire is the equivalent 
of 2 allons of oilof 2 allons of oilof over 2 gallons of oilof over 2 gallons of oil 
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Tire Fire in Westley, CA burned three months, 

Took seven years to clean up, 

Cost about 20 millions dollars. 

Tire fires release heavy metals and other hazardousTire fires release heavy metals and other hazardous 
compounds that run into streams and seep into shallowcompounds that run into streams and seep into shallow 
wellswells 

 ArsenicArsenic 

 ChromiumChromium 

Toxins Released During Tire Fires 

 LeadLead 

 ManganeseManganese 

 NickelNickel 

 MercuryMercury 

 CadmiumCadmium 

 Pyrolytic OilPyrolytic Oil 

Properties of TDA in Civil EngineeringProperties of TDA in Civil Engineering 
ApplicationsApplications 

Civil Engineering ApplicationsCivil Engineering Applications 

 Lightweight FillLightweight Fill 

 Retaining Wall Back FillRetaining Wall Back Fill 

 Embankment Fill and Slope RepairsEmbankment Fill and Slope Repairs 

 Subgrade Insulation LayerSubgrade Insulation Layer 

 Landfill ApplicationsLandfill Applications 

 Septic System Drain FieldSeptic System Drain Field 

 Vibration DampingVibration Damping 

Environmental Concerns of CE ApplicationsEnvironmental Concerns of CE Applications 

 Groundwater ContaminationGroundwater Contamination 

 Fire HazardFire Hazard 

 Long Term PerformanceLong Term Performance 

 Lab Test ResultsLab Test Results 

 Field Test ResultsField Test Results 
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Lab Testing on Tire LeachesLab Testing on Tire Leaches 

 Toxicity Characterization Leaching Procedure 
(TCLP) 

 Extraction Procedure Toxicity (EP Tox) 

 Scrap tires are usually pre-cut into a designatedScrap tires are usually pre cut into a designated 
dimension and submerged into different 
solutions, then the leachate is analyzed 

 Lab tests can be used as an indicator of the types 
of contaminants that a scrap tire may produce 

Minnesota Pollution Control Agency 

Results of the StudyResults of the Study 

 None of the laboratory leachate samplesNone of the laboratory leachate samples 
exceed the EP toxicity criteria or the TCLPexceed the EP toxicity criteria or the TCLP 
criteriacriteria 

 For some samples and some leaching 
conditions, arsenic, cadmium, chromium, 
selenium, and zinc exceeded the 
Recommended Allowable Limits (RALs) set by 
the Minnesota Department of Health for 
drinking water 

Recommendation From the StudyRecommendation From the Study 

 The study recommended that use of 
scrap tires in roadway construction be 
limited to the unsaturated zone 

 The roadway design should limit The roadway design should limit 
infiltration of water through the scrap 
tires and should promote surface water 
drainage away from the scrap tire 
subgrade 

Virginia Department of Transportation Final 
Report on Leachable Metals in Scrap Tires 

 The study consisted of two parts: one-year 
leaching and TCLP testing 

 Leaching for two weeks results in a leachate 
that is approximately seven times more 
concentrated than usual TCLP extracts 

 However, the stronger leach may be wholly or 
partially offset by the use of larger particles 
than the method calls for 

 The concentrations of metals in the leachate 
were well below the TCLP regulatory limits 

Illinois Department of Energy and Natural 
Resources Study 

 Shredded tires were subjected to EP 
toxicity testing by DTC Laboratories Inc. 

 In their results, levels of the organic 
compounds analyzed were below the 
detection limits in all cases 

 None of the metals were above the EP 
toxicity limits for the EP TOX test 
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Conclusions from Lab TestsConclusions from Lab Tests 

 All lab results with various leaching conditions 
showed that higher concentrations of metals 
tend to appear at lower pH (acidic) conditions 

 Higher levels of organics appear under high pH 
(basic) conditions(basic) conditions 

 Both the metallic components and the organics 
were well below the TCLP standards and the EP 
standards 

 In total, these laboratory tests indicate scrap 
tires are not a hazardous waste. 

Field StudiesField Studies 

 Scrap tires cut into various sizes, were 
used in designated positions in the road 

 The soil and  water were sampled  atThe soil and water were sampled at 
various times 

 Studied the impact of scrap tires on the 
environment 

Field Studies for Scrap Tire ApplicationsField Studies for Scrap Tire Applications 

 Impact on AirImpact on Air 
Releases volatile and semi-volatile organic 

compounds (VOC and SVOC) when hot 

However, similar or less than that of asphalt 

Slows down once the asphalt-rubber cools 
to the service temperature 

Latex allergens may also be released from 
tire chips, but it should be a manageable 
amount 

Impact on SoilImpact on Soil 

Minnesota Pollution Control Agency (1991) 
 Field studies did not identify significant 

differences between waste tire areas and 
control areas for soil samples and for a 
biological survey 
N id t d f th t t bl No evidence was reported of the extractables 
found in previous laboratory tests under 
extreme pH conditions 

Impact on SoilImpact on Soil 

Department of Geology, Kent State University 
(1997) 
 Soil-tire mixtures can be safely used as a light-

weight fill material and in situations where 
improvement in drainage characteristics is 
requiredrequired 

Impact on WaterImpact on Water 

 When considering the impact of scrap tires on 
water, three locations for the tire chips are 
traditionally considered. 

a: above ground 
water table 

b: below ground 
water table 

c: surface water 
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Above Groundwater TableAbove Groundwater Table 

Wisconsin Department of Transportation 
Study 

There is little or no likelihood of significant 
leaching of tire chips for substances that 
are of specific public health concern, such 
as lead or barium 

The lead, zinc, and manganese levels were 
elevated 

Above Groundwater TableAbove Groundwater Table 

Chenette Engineering, Inc. 
 Shredded tires were installed in place of crushed 

stone in a replacement on-site disposal system 

 This system was installed in December 1991 and a 
two-year follow-up was reported on in 1993y p p 

 As anticipated, iron and lead started out at 
elevated levels; both metal concentrations 
quickly dropped below Vermont groundwater 
standards 

Above Groundwater TableAbove Groundwater Table 

University of Maine (1997) 

 Better monitored by control wellsBetter monitored by control wells 

 There was no evidence that tire chips increased the 
level of substances above the primary drinking 
water standard 

 There was no evidence that tire chips increased the 
levels of aluminum, zinc, chloride or sulfate, which 
are included in the secondary (aesthetic) drinking 
water standards 

 Iron and magnesium may exceed their secondary 
standards under some cases 

 Results were below the detection limit for all 
compounds 

Below Groundwater TableBelow Groundwater Table 

 Increased the iron concentration at 
three test sites 

 Within the tire chip trench, iron 
content was up to two orders ofp
magnitude higher than the secondary 
drinking water standard 

 The iron did not appear to have 
migrated downward at any of the sites 

Below Groundwater TableBelow Groundwater Table 

 Manganese content was also increased 
by the tire chips 

 Manganese levels consistently 
exceeded the secondary drinkingy g 
water standard in the test well within 
the tire chip trench 

 Unlike iron, the manganese was 
observed to migrate downwards with 
groundwater flow 

Below Groundwater TableBelow Groundwater Table 

 Zinc content was also increased by the 
tire chip installations, however, the 
concentration was well below the 
drinking water standard 

 Chromium concentrations were 
increased by the tire chips, but only at 
the peat site 

The chromium levels were all below 
the primary drinking water standard 
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Conclusions on Groundwater ContaminationConclusions on Groundwater Contamination 

 Iron levels exceeded the Recommended 
Allowable Level (RAL). However, considering that 
iron is a secondary allowable drinking water 
element, it does not pose severe problems to the 
environment 

 Among other metallic and organic compoundsAmong other metallic and organic compounds, 
there seems to be some disagreement; it may 
depend on the local soil pH conditions, the water 
infiltration conditions, and other pedological 
factors 

 A maximum allowable steel content for recycled 
tire rubber should be established 

Biological SurveyBiological Survey 

Minnesota Pollution Control Agency 
Biological Surveys (1990) 
No observable difference in either of the 

study areas when compared to the 
control areas 

Toxicity Characteristics Tests (TCT) 
concluded that future biological surveys 
would likely indicate no observable 
differences at tire sites when compared 
to background sites 

Toxicity SurveyToxicity Survey 

 Abernethy (1994) 
Zinc levels were found to be 0.023~0.025 

mg/L, which is consistent with the 
chemical makeup of tires 

 Nelson (1994) 
Zinc was found to be present at 

potentially toxic levels 

Cadmium, copper and lead were also 
present at levels significantly above 
background sites 

ConclusionsConclusions 

 Generally, recycled rubber derived from scrap 
tires is a safe recyclable material 

 A common concern is that the Fe and Mn levels 
are often elevated. These elements are 

ifi d i th d d i ki tspecified in the secondary drinking water 
standard based on aesthetic reasons (taste) 

 Levels of metallic contaminants tend to 
increase under low pH values, while the level of 
organic compounds increases under high pH 
value 

RecommendationsRecommendations 

 Generally, reasonable to recommend use 
of recycled scrap tires in civil engineering 
applications 

 It is important to recognize that the It is important to recognize that the 
impact of scrap tires on the environment 
varies according to the local water and 
soil conditions, especially pH values 

Environmental Benefits of Waste TireEnvironmental Benefits of Waste Tire 
ApplicationsApplications 

 Prevents pollution and wastePrevents pollution and waste 
generationgeneration 
 Saves money through prevention ofSaves money through prevention of 

waste tire disposalwaste tire disposalwaste tire disposalwaste tire disposal 
 Creates new recycling industriesCreates new recycling industries 
 Reduces landfill disposal andReduces landfill disposal and 

expansionexpansion 
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 SummarySummary 
 EnvironmentalEnvironmental 

AdvantagesAdvantages 

    

THANK YOUTHANK YOU 

The BeginningThe Beginning
Keeping roads good with asphalt rubberKeeping roads good with asphalt rubber

The BeginningThe Beginning 
Keeping roads good with asphalt rubberKeeping roads good with asphalt rubber 

http://www.cp2info.org/centerhttp://www.cp2info.org/center 
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CCIIVL 441 VL 441 Transportation Transportation EngEngiineneeerringing 

AAssphalt Rubberphalt Rubber 

Objectives Objectives

 Module 1: Module 1: IInntroduction troduction of Aspof Asphhalt alt RRuubbbberer 
(AR)(AR) 

 MMooduldulee 2:  2: StructuralStructural Des Desiigngn ooff Rubberi Rubberizzeded 
HoHott MMiixx AsAsphphalaltt ((RHMRHMA)A)Hot Hot MixMix AsphaltAsphalt (RHMA)(RHMA) 

 Module 3: Module 3: ConstructionConstruction 

 Module 4: Module 4: IInnspspectionection 

    

agesages    

  

History of Asphalt History of Asphalt RubberRubber 

 UseUsedd since since thethe 1960’s1960’s 
 Used in Used in chip chip seals, seals, interinter--layers, overlays,layers, overlays, 

wearing wearing courses, courses, and hot mix and hot mix asphaltasphalt 
pavementspavements
 

pavementspavements 
Used Used extensively in extensively in Arizona, California,Arizona, California, 
Florida and Florida and TexasTexas 
 DesignDesign an and d ccoonnsstructructiontion guides nguides nooww 

available available fromfrom som somee agen agencciieses 

Module 1: Introduction OutlineModule 1: Introduction Outline 

 History of History of Asphalt Rubber Asphalt Rubber (AR)(AR) 

 Caltrans Caltrans Experience with RHMAExperience with RHMA 

 AdvanAdvantt ofof RHMARHMA  AdvanAdvanttagesages ofof RHMARHMA 

 PrimPrimary Referencary Referenceses 

 

  

  
  

History of Asphalt RubberHistory of Asphalt Rubber (Cont.)(Cont.) 

Variable results in early yearsVariable results in early years 

Most effective in retarding reflectionMost effective in retarding reflection 
cracking as a thin surface layercracking as a thin surface layer 

Mi f ti f t il if lMi f ti f t il if lMixes perform satisfactorily if properlyMixes perform satisfactorily if properly 
designed and constructeddesigned and constructed 

Caltrans Use of RHMACaltrans Use of RHMA 

 Largest UseLargest Use 
 Thin overlays (RHMAThin overlays (RHMA--G) (Gap Graded)G) (Gap Graded) 
 Mitigate reflective crackingMitigate reflective cracking 
 Reduced thicknessReduced thickness 

 Other UsesOther Uses 
 Friction course (RHMAFriction course (RHMA--O)O) ((Open Graded)Open Graded) 
 Durable sacrificial course (RHMADurable sacrificial course (RHMA--OO--HB)HB) (Open(Open 

Graded, High Binder)Graded, High Binder) 
 PerformancePerformance 

 Successful in all applicationsSuccessful in all applications 
 Problems generally due to construction issuesProblems generally due to construction issues 
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Caltrans RHMA Usage (% of AC Used)Caltrans RHMA Usage (% of AC Used) 

25.00% 

30.00% 

35.00% 

40.00% 
RAC% Compared to AC 

0.00% 

5.00% 

10.00% 

15.00% 

20.00% 

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Rubberized Bonded Wearing Course (RBWC) on IRubberized Bonded Wearing Course (RBWC) on I--55 

MB and HVSMB and HVS 

 10 pilot projects using Rubberized Modified Binder (RMB)10 pilot projects using Rubberized Modified Binder (RMB) 
(1997(1997 -- 2000)2000) 
 Performance:Performance: 8 good, 1 fair*, and 1 poor*8 good, 1 fair*, and 1 poor* 
 HVS SitesHVS Sites –– UC BerkeleyUC Berkeley 

 45 mm RHMA45 mm RHMA--G, Field BlendG, Field Blend 45 mm RHMA45 mm RHMA G, Field BlendG, Field Blend 
 45 mm Type G Modified Binder45 mm Type G Modified Binder 

(MB), Terminal Blend (TB)(MB), Terminal Blend (TB) 
 90 mm Type G (MB), TB90 mm Type G (MB), TB 
 45 mm MB 15%, TB45 mm MB 15%, TB 
 90 mm MB 15%, TB90 mm MB 15%, TB 
 90 mm DGAC Type A (Control)90 mm DGAC Type A (Control) 
 HVS Performance: Exceeding expectationsHVS Performance: Exceeding expectations 

* Not materials related 

RHMA 5RHMA 5--Year Warranty ProjectsYear Warranty Projects 

 5 Projects Constructed in 20025 Projects Constructed in 2002 -- 0404 
44 –– Wet Process (Wet Process (FresnoFresno--33, Ventura33, Ventura--150, Merced150, Merced--140, San140, San 

DeigoDeigo--75)75) 
11 –– MBMB--D (terminal) (LassenD (terminal) (Lassen--395)395) 

 Level Playing FieldLevel Playing Field Level Playing FieldLevel Playing Field 
15% CRM15% CRM 
Open specificationsOpen specifications 
55--YearYear PerformancePerformance WarrantyWarranty CriteriaCriteria includeinclude 

>> RuttingRutting >> CrackingCracking >> DelaminatingDelaminating 
>> BleedingBleeding >> PotholingPotholing 

 RegularRegular ReviewReview andand EvaluationEvaluation 

FresnoFresno--3333 

 FresnoFresno--33 (Firebaugh, 9 test sections, June 04)33 (Firebaugh, 9 test sections, June 04) 

DGAC (90 mm)DGAC (90 mm) 

RHMARHMA--G (45 mm, 90 mm)G (45 mm, 90 mm) 

RUMAC (45 mm, 90 mm)RUMAC (45 mm, 90 mm) 

MBMB--G (45 mm, 90 mm)G (45 mm, 90 mm) 

MBMB--D (45 mm, 90 mm)D (45 mm, 90 mm) 

Performance evaluation sections 
Laboratory performance tests 
Comparison to HVS 

Firebaugh BackgroundFirebaugh Background 

In 2004 Caltrans, with funding provided by the 
California Integrated Waste Management Board 
(CIWMB) launched a full scale experimental design 
and construction project using rubberized asphalts 
as an overlay on existing distressed pavement 
sections. 

The main focus of this project was to observe the 
field performance of various mixes of RHMA with 
different thicknesses, and to evaluate the 
constructability of the RHMA mixes. 
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FresnoFresno--33 (Firebaugh)33 (Firebaugh) FresnoFresno--33 (Firebaugh), Test Sections33 (Firebaugh), Test Sections 

Test Section MixesTest Section Mixes 

(RAC-G) – Rubberized Asphalt Concrete, Gap Graded (Wet Process) 

(RUMAC) - Rubber Modified Asphalt Concrete, Gap Graded (Dry Process) 

(MB-G) - Type-G Modified Binder (terminal blended wet process)* 

(MB-D) - Type-D Modified Binder (terminal blended wet process)* 

* - The project specifications required the MB binders to have at least 15% 
rubber by weight of asphalt. 

FresnoFresno--33 (Firebaugh) Existing Pavement Distresses33 (Firebaugh) Existing Pavement Distresses 

Firebaugh ConstructionFirebaugh Construction 

 Paving began in April 2004 and was 
concluded in June of 2004 

Evaluation of Field Results 

Three rounds of post-construction performance monitoring 
were conducted on the project. FWD (Falling Weight 
Deflectometer) testing was performed during all three 
rounds. 

Within each project, four to nine 152-meter performance 
evaluation sections (PESs) were established for long-termevaluation sections (PESs) were established for long term 
performance monitoring. 
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Evaluation of Field Results 

A condition survey took place during the last round of 
the three round evaluations. 

Detailed pavement condition surveys – Distress 
surveys were conducted according to standard 
Caltrans definitions for distress type, severity, and 
extent. 

The surveys involved measurements of rutting, 
cracking, raveling, flushing, and other distresses as 
well as digital photographs. 

The tests and surveys serve as key components of 
the performance monitoring program. 

Firebaugh Test Section LocationsFirebaugh Test Section Locations 

FirebaughFirebaugh Results 
The bar graph 
compares the 80th 
percentile deflections 
with the tolerable 
value. 

Those that have an 
80th percentile 
deflection greater than 
the tolerable value are 
considered structurally 
inadequate and less 
likely to survive the 10-
year design period. 

SAN DIEGO COUNTY, HIGHWAY 75 

The San Diego 
RAC Warranty 
project is located 
along the two 
southbound lanes 
and shoulders ofand shoulders of 
State Highway 75, 
District 11, San 
Diego County, 
between 
Coronado and 
Imperial Beach, CA. 
The project 
extends 6.4 miles. 

Highway 75 Distressed Pavement San Diego 75, Design Considerations 

 The project area is located within the Caltrans “South Coast” climatic area. 
Precipitation, temperature, and traffic volume data were the key factors 
used to develop a mix design and pavement thickness. 
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Structural Design Considerations 

 Caltrans engineers determined a 60 mm 
gap-graded rubberized asphalt 
concrete (RAC-G) overlay was necessary 
to achieve desired resultsto achieve desired results 

Materials and Mix Design 

 The asphalt rubber binder was an AR­
4000 with 20% CRM (75% scrap tire and 
25% high natural) and 3% extender oil 

San Diego 75, Construction 

Paving took place between April 25 2003 and May 15 2003. 

The Equipment used is shown in the table bellow. 

Field Observations and Results 

 Location 
of PESs 

Field Observations and Results 

The graph indicates 
that three of the four 
PESs have 80th 
percentile deflections 
that clearly satisfy the 
toler ble deflectiontolerable deflection 
criteria. 

The pavement can be 
expected to provide 
good structural 
performance over the 
10-year design period. 

Advantages of ARAdvantages of AR 

 Good durabilityGood durability –– in terms of resistance toin terms of resistance to 
cracking and agingcracking and aging 

 Environmental friendlyEnvironmental friendly –– make valuemake value--added useadded use 
of a waste material, reduce traffic noiseof a waste material, reduce traffic noise 

 VersatilityVersatility –– can be used in most maintenance andcan be used in most maintenance and 
rehabilitation activities, often at reducedrehabilitation activities, often at reduced 
thickness for resistance to reflective crackingthickness for resistance to reflective cracking 

 Longer lasting colorLonger lasting color –– for better contrast withfor better contrast with 
striping and markingstriping and marking 

 Reduced maintenanceReduced maintenance –– for both chip seals andfor both chip seals and 
hot mix asphaltshot mix asphalts 
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Primary ReferencesPrimary References 

 Asphalt Rubber Usage GuideAsphalt Rubber Usage Guide 
 Use of Scrap Tire RubberUse of Scrap Tire Rubber –– State of the Technology andState of the Technology and 

Best PracticesBest Practices 
 Synthesis of Caltrans Rubberized Asphalt ConcreteSynthesis of Caltrans Rubberized Asphalt Concrete 

ProjectsProjects 
 Feasibility of Recycling RubberFeasibility of Recycling Rubber--Modified Paving MaterialsModified Paving Materials 
 Study on Structural Design ConsiderationsStudy on Structural Design Considerations 
 Flexible Pavement Rehabilitation ManualFlexible Pavement Rehabilitation Manual 
 Asphalt Rubber Design and Construction GuidelinesAsphalt Rubber Design and Construction Guidelines 
 RHMARHMA--G SSP Version (12G SSP Version (12--1212--05)05) 
 RHMARHMA--O SSP Version (12O SSP Version (12--1212--05)05) 

http://www.dot.ca.gov/hq/esc/Translab/fpmlab/Caltrans_CIWMB%20Project%20T021%20Deliverables.htm 

Summary of Module 1Summary of Module 1 

 Course Objectives and ContentCourse Objectives and Content 

 History of RHMAHistory of RHMA 

 Caltrans Experience with RHMACaltrans Experience with RHMA Caltrans Experience with RHMACaltrans Experience with RHMA 

 Advantages of RHMAAdvantages of RHMA 

 ReferencesReferences 

Module 2: Structural DesignModule 2: Structural Design 

New Pavements andNew Pavements and 

OverlaysOverlays 

Module 2: OutlineModule 2: Outline 

 TerminologyTerminology 

 Caltrans PracticesCaltrans Practices 

 2005 Study2005 Study 

 Revised Caltrans PracticesRevised Caltrans Practices 

 RHMA Project SelectionRHMA Project Selection 

 Cost AnalysisCost Analysis 

TerminologyTerminology 

 HotHot--mix asphalt (HMA) replaces the termmix asphalt (HMA) replaces the term 
densedense--graded asphalt concrete (DGAC)graded asphalt concrete (DGAC) 

 Caltrans Highway Design Manual (HDM)Caltrans Highway Design Manual (HDM) 

 Caltrans Flexible Pavement RehabilitationCaltrans Flexible Pavement Rehabilitation 
Manual (FPRM)Manual (FPRM) 

 Asphalt Rubber Usage Guide (AR Guide)Asphalt Rubber Usage Guide (AR Guide) 

 MechanisticMechanistic--empirical (Mempirical (M--E) based analysisE) based analysis 
and designand design 

Caltrans PracticeCaltrans Practice – OverlaysOverlays 

 Based on FPRM (2001)Based on FPRM (2001) 

 Uses deflection reduction to aUses deflection reduction to a 
tolerable leveltolerable level 

 Design for HMA overlay thicknessDesign for HMA overlay thickness 
based on TI and existing HMAbased on TI and existing HMA 
layer thicknesslayer thickness 

 Check also for reflective crackingCheck also for reflective cracking 
and ride quality prior toand ride quality prior to 
pavement designpavement design 
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Caltrans PracticeCaltrans Practice OverlaysOverlays 

 When RHMAWhen RHMA--G is used as overlay materialG is used as overlay material 
 Design for conventional HMA thicknessDesign for conventional HMA thickness 

 Determine RHMADetermine RHMA--G overlay thickness accordingG overlay thickness according 
to FPRMto FPRM 

Table 3Table 3 Based on structural equivalenciesBased on structural equivalencies Table 3Table 3 –– Based on structural equivalenciesBased on structural equivalencies 

 Table 4Table 4 –– Based on reflection crack retardationBased on reflection crack retardation 

 RHMARHMA--G overlay thicknessG overlay thickness 

generally half that of the HMAgenerally half that of the HMA 

overlay thicknessoverlay thickness 

DOV 
HMA 

RHMA 

2005 Study2005 Study 

 How should RHMA be used inHow should RHMA be used in 
new pavements?new pavements? 

 Can RHMACan RHMA--G thickness beG thickness be 

RHMA 
HMA 

Base 

Subbase 
increased more than 60 mm?increased more than 60 mm? 

 Does 2:1 thickness reduction forDoes 2:1 thickness reduction for 
RHMARHMA--G provide adequateG provide adequate 
structural equivalency instructural equivalency in 
overlays?overlays? 

Subbase 

Subgrade Soil 

2005 Study2005 Study 

 Joint effort between Caltrans, UCPRC, andJoint effort between Caltrans, UCPRC, and 
MACTECMACTEC 

 Both new pavements and structuralBoth new pavements and structural 
overlaysoverlays 

 Laboratory tests (Cohesiometer)Laboratory tests (Cohesiometer) 

 Theoretical (MTheoretical (M--E) analysis with labE) analysis with lab­-
developed modelsdeveloped models 

Primary FindingsPrimary Findings – New PavementsNew Pavements 

 Limited cohesiometer test results indicateLimited cohesiometer test results indicate 
that Gthat Gff for RHMA and HMA are similar.for RHMA and HMA are similar. 

Primary FindingsPrimary Findings Structural OverlaysStructural Overlays 

 Based on MBased on M--E analysis, the structuralE analysis, the structural 
benefit of the RHMAbenefit of the RHMA--G overlay varies withG overlay varies with 
the thickness placed. The greatest benefitthe thickness placed. The greatest benefit 
occurs in a thin layer of 30 mm to 60 mmoccurs in a thin layer of 30 mm to 60 mm 
thick as compared to HMA of the samethick as compared to HMA of the same 
thickness.thickness. 

 The use of reduced thickness for RHMAThe use of reduced thickness for RHMA--GG 
overlay is valid; however, not to the extentoverlay is valid; however, not to the extent 
previously employed by Caltrans.previously employed by Caltrans. 

SimplifiedSimplified 
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RRecommenecommenddatatiionsons – SStructuratructurall 
OverlaysOverlays 

 Calculate GE for Calculate GE for HMA usingHMA using 
current methodologcurrent methodology y andand 
determine structural determine structural overlayoverlay 

RHMA-G Overlay 

Existing HMA 

DOV 

 Design RHMDesign RHMAA--G G overlay in a overlay in a Base/Subbase 
range range of 30 to 60 mm of 30 to 60 mm toto 
achieve most achieve most structural structural Subgrade Soil 

benbeneefifit t

RHMA RHMA Usage in New PavementsUsage in New Pavements 

RHMA 

HMA 

RHMA 

PCC 
Base 

Subbase 

Subgrade Soil 

PCC 

Base 

Subgrade Soil 

RHMA RHMA Usage in New PavementsUsage in New Pavements 

HMA or OGFC 

RHMA 

RHMA 

Base 

Base 

Subbase 

Subgrade Soil 

Subbase 

Subgrade Soil 

RHMA RHMA Usage in New PavementsUsage in New Pavements 

MaMaterial terial Max Max
TyTyppee ThThiicckknneessssTyTyppe e ThThiicckknneesss s

RHMRHMA-A-GG 60 mm60 mm 

RHMRHMA-A-OO 45 mm45 mm 

RHMRHMA-A-O on O on RRHMA-HMA-GG 45 mm on45 mm on 6060 mmmm 

––

  

 

––

 

  

Revised PracticeRevised Practice New PavementsNew Pavements 

 Place on top of conventional HMA or PCC. DoPlace on top of conventional HMA or PCC. Do 
not place directly over aggregate base (treatednot place directly over aggregate base (treated 
or nonor non­-treated), subbase, or native soil.treated), subbase, or native soil. 

Revised PracticeRevised Practice New PavementsNew Pavements 

 Place gapPlace gap--graded RHMA (RHMAgraded RHMA (RHMA--G) no thicker thanG) no thicker than 
60 mm and open60 mm and open--graded RHMA (RHMAgraded RHMA (RHMA--O) no thickerO) no thicker 
than 45 mm. Up to 45 mm of RHMAthan 45 mm. Up to 45 mm of RHMA--O may be placedO may be placed 
on top ofon top of 

60 mm of RHMA60 mm of RHMA--G.G. 
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Revised PracticeRevised Practice – NNew Pavements ew Pavements

 Do not Do not place place underneathunderneath conventional HMA orconventional HMA or 
open graded open graded friction friction course course (open-(open-ggradradeded 
HMA). HMA).

 Do Do 
hh 

not reduce not reduce 
RRHMHMAA ii 

the overall the overall 
dd PP 

pavement pavement 
hhii kk 

thicknessthickness 
ffwwhhen en RHMRHMAA iis uses usedd. . PPavement tavement thihicckknesses nesses fforor 

rehabrehabilitation ilitation can bcan bee re reduced with duced with RRHMA HMA forfor 
reflective cracking reflective cracking only. only. Reflective cracking Reflective cracking isis 
not an issue not an issue for for new construction.new construction. 

Revised PracticeRevised Practice OOverlays verlays

 Overlay design procedure is Overlay design procedure is now now incorporatedincorporated 
into new into new HDMHDM 
 RReehabhabilitation strategilitation strategiies are divided es are divided into into threethree 

categories:categories: 
 OverlaOverlayyyy 
 Mill aMill annd d OveOverrlalayy 
 Remove and Remove and ReplReplaceace 

 RReehabhabilitation ilitation desigdesignns are s are ggooverned verned bbyy one of the one of the 
followingfollowing three  three criteria:criteria: 
 SSttructuralructural adequacy adequacy 
 RefRefllectiective crackve crackiingng 
 Ride qualityRide quality 

––

ll ll  ii illill hh bb ii

  
      

    

    

    
      

  

        
    

   

Revised PracticeRevised Practice OOverlays verlays

 Overlay procedures for Overlay procedures for flexible flexible over existingover existing 
flexibflexible ple paavementvement 
 SSttructuralructural adequacy adequacy 

 PPrriincinciplple e ofof reduci reducingng de deflection flection to a tolerableto a tolerable 

LLaayeyer Thr Thicicknkneess Equivss Equivaalelennccieies s fofor r ReRefleflecctivtivee CracCrack k 

ReRetardatiotardationn
 

RHRHMMAA--G onG on 
HMAHMA RHRHMAMA--GG 

SAMI-SAMI-RR 
45 mm45 mm 30 mm30 mm 

lleveevell iis sts stillill t thhe e bbasasiiss 

 ThThee r reeququirireedd o ovveerrlalay y ththicicknkneess is ss is dedeteterrmminineedd b by y
didivivididingng ggravelravel equiequivalvaleency (Gncy (GE) E) by gby gravel ravel ffaactor ctor
(G(Gff)) 

 RReefleflecctive tive ccrraacckinkingg (ta (tabblele foforr e eqquuiivavalelennccieies)s) 

 Ride Ride quality quality can can be evaluated be evaluated based on the based on the
pavement’s smoothness pavement’s smoothness

6060 mmmm 3030 mmmm6060 mmmm 3030 mmmm 

75 mm75 mm 45 mm45 mm 

90 mm90 mm 45 mm45 mm 

105 mm 105 mm  45 45 mm, mm, if CW <if CW < 3 mm3 mm  N/AN/A ffoorr CCWW << 3 mm3 mm 
 60 mm,60 mm, ifif CWCW ≥≥ 3 mm,3 mm,  30 mm,30 mm, iif f CCW W ≥≥ 33 mmmm andand 

or ifor if underlying underlying mamatteerial rial undeunderlrlyyiing mateng mateririaall iiss ununtrtreeaatetedd 
 iiss CCTTB,B, LLCCB,B, oorr PPCCCC 45 mm,45 mm, iif f CCW W ≥≥ 33 mmmm andand 
undundeerlying marlying materialterial is CTBis CTB, , LLCBCB, , oror 
PCPCC C

Note: CW = Crack Width 

–

  
  

RHMA Project SelectionRHMA Project Selection – OverlaysOverlays 

 Overlay projects are the best candidates for theOverlay projects are the best candidates for the 
use of RHMA mixes because existing pavementuse of RHMA mixes because existing pavement 
helps satisfy cover requirementshelps satisfy cover requirements 

RHMA Project SelectionRHMA Project Selection ––OverlaysOverlays 

 If existing pavement is structurally sound andIf existing pavement is structurally sound and 
surface cracking is the predominant distress,surface cracking is the predominant distress, 
RHMARHMA--G thickness may be reduced up to halfG thickness may be reduced up to half 
of the designed HMA thickness for controllingof the designed HMA thickness for controlling 
reflective crackingreflective crackinggg 
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RHMRHMA Project A Project SelectionSelection 
MMill & ill & OOvverlay erlay wwiithth RHMRHMA A

 Projects Projects in which a in which a certain certain amount of the amount of the existingexisting 
HMA surface is HMA surface is to to be removed be removed and replaced areand replaced are 
valid candidates for valid candidates for RRHHMAMA 

 Follow the mill and overlay pFollow the mill and overlay procedure rocedure in HDM,in HDM, 
check for: check for:
 SSttructuralructural adequacy adequacy 

 RefRefllectiective crackve crackiingng 

 Ride quality Ride quality (sufficient)(sufficient) 

Cost AnalysisCost Analysis IInitial Cost nitial Cost

 2008 2008 unit unit costs: costs: $96/ton for HMA vs. $96/ton for HMA vs. $115/ton for$115/ton for 
RHMRHMA. A.

 Costs Costs for for bbooth HMA th HMA and Rand RHHMA will MA will bbee hig highher iner in 
2009.2009. 

 In In ggeeneral, neral, initial costs are initial costs are highighh; ; however,however, 
reduced layer reduced layer thickness thickness results in results in lower lower costscosts 

 Experienced contractors Experienced contractors anand d engineers help keepengineers help keep 
cost cost of Rof RHHMA MA low and quality low and quality highighh 

––

  

  
    

––

    

        

––

Cost AnalysisCost Analysis LCCALCCA 

 LCCALCCA –– life cycle cost analysislife cycle cost analysis 

 Available information indicates that RHMAAvailable information indicates that RHMA 
is (in general) costis (in general) cost­-effective in the majorityeffective in the majority( g )( g  )  j yj y 
of cases when compared to conventionalof cases when compared to conventional 
HMA rehabilitation and maintenanceHMA rehabilitation and maintenance 
strategies.strategies. 

Cost AnalysisCost Analysis LCCALCCA 

 Caltrans has developed a LCCA procedure basedCaltrans has developed a LCCA procedure based 
on the RealCost Model developed by FHWAon the RealCost Model developed by FHWA 
 Caltrans procedure has typical M&R schedule forCaltrans procedure has typical M&R schedule for 

CaliforniaCalifornia 
 By various climate region (e.g., coast, valley,By various climate region (e.g., coast, valley, 

desert, and mountain) and for Districtsdesert, and mountain) and for Districts 
 By surface type (e.g., HMA, RHMA)By surface type (e.g., HMA, RHMA) 
 By M&R design lifeBy M&R design life 

Cost AnalysisCost Analysis LCCALCCA 

 Caltrans procedure also includes overallCaltrans procedure also includes overall 
rehabilitation construction unit cost for variousrehabilitation construction unit cost for various 
strategiesstrategies 

 The Caltrans LCCA procedure was ready for useThe Caltrans LCCA procedure was ready for use 
by the end of June 2006by the end of June 2006 

Summary of Module 2Summary of Module 2 

 Caltrans PracticesCaltrans Practices 

 2005 Study2005 Study 

 Revised Caltrans PracticesRevised Caltrans Practices 

 RHMA Project SelectionRHMA Project Selection 

 Cost AnalysisCost Analysis 
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Module 3: Module 3: ConstructionConstruction 

Manufacture, Delivery,Manufacture, Delivery, 
Placement, and Placement, and Compaction Compaction

Module 3: OutlineModule 3: Outline 

 Construction OverviewConstruction Overview 

 Surface PreparationSurface Preparation 

 ManufactureManufacture 

 Mi Mi DD lili ((HH li li )) MiMix x DDeelilivery very (H(Hauaulilingng)) 

 PlacPlacememenent t

 ComComppacaction tion

 Specifications/SSPsSpecifications/SSPs 

  
   

    

    

    

    

 SSeealal crack crackss 
 Remove and Remove and replreplace ace ffaaiilled pavemented pavement 

 IImmpprovrove smoothnesse smoothness 
 Fill Fill rruuts,ts, le levevel,l, rreestostorree oorr a addjujust pst prrooffileile 

 Assure Assure bond with underlying bond with underlying layerslayers 

Construction OverviewConstruction Overview Surface PreparationSurface Preparation 

FOCUS: RHMA FOCUS: RHMA surface surface coursescourses GOAL: Provide surface conditions that 
 RHMARHMA--GG, RHMA-, RHMA-OO,, a and nd RHMA-RHMA-OO--HBHB promote performance of the new RHMA surface. 
 RRHHMA MA ppllaaccement very siement very similamilar to r to typtypiicacal denl densse-e-gragraded AC ded AC

overlaoverlays, exys, excepceptt:: Same Same activities as activities as for HMA: for HMA:

T iT i  TT lll  l i  i hhi  i h  h l  l d  d ii AddressAddress eexistingxisting ddistressistress Address Address existing existing distress distress
 ypypiicacalllly requy requiires res hihigghher per pllacement anacement andd comp compactactiion on  

temperaturestemperatures 

 For RFor RHHMAMA-G-G,, u usse e vviibratory bratory mmoode for breakdowde for breakdown n paspassseess an and d
get 95% of requget 95% of requiirred ed ccoommppaction during action during breakdownbreakdown 

 Not amNot amenable enable to to handworkhandwork 

 GoodGood prac practiticcees s areare rereqquuiirreedd for RHMA for RHMA production andproduction and 
construction, construction, as for HMA.as for HMA. 

    

  

  

  

Surface LevelingSurface Leveling 

 TechniquesTechniques 
 Cold milling, cold planing, grindingCold milling, cold planing, grinding 

 Leveling course (HMA)Leveling course (HMA) 

 Rut fillerRut filler 

Clean and SweepClean and Sweep 

 To promote good bonding, mill or grindTo promote good bonding, mill or grind 
surface, and remove debris from repairedsurface, and remove debris from repaired 
areas prior to placing overlayareas prior to placing overlay 

 Wash if necessaryWash if necessary 

M k f i d b f l iM k  f  i  d  b  f  l  i Make sure surface is dry before overlayingMake sure surface is dry before overlaying 
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Apply TackApply Tack 

Purpose is to bond pavement layers together. 
Paving grade asphalt binder preferred for 
RHMA. 

ManufactureManufacture 

 Primary difference from normal AC plantPrimary difference from normal AC plant 
operations is onoperations is on--site manufacture of highsite manufacture of high 
viscosity asphalt rubber binder.viscosity asphalt rubber binder. 

AR Binder Production ProcessAR Binder Production Process 

Asphalt 
Storage Tank 

Ground 
Rubber 

Blending 
Schematic 

Heat 
Tank Blender 

Reaction Vessel 

CRM comes in nominal 2,000 lbCRM comes in nominal 2,000 lb 
“Supersacks”“Supersacks” 

CRM is weighed in hopperCRM is weighed in hopper CRM is blended with hot asphalt cementCRM is blended with hot asphalt cement 
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AR Blending Equipment & Interaction TankAR Blending Equipment & Interaction Tank RHMA Mix ProductionRHMA Mix Production 

 Asphalt rubber binder feed is substituted forAsphalt rubber binder feed is substituted for 
normal asphalt cement feed, interlocked andnormal asphalt cement feed, interlocked and 
metered into the AC plantmetered into the AC plant 

 Little impact on AC plant operationsLittle impact on AC plant operations 

M h AR bi d l b dM h AR bi d l b d More than one AR binder plant can be used toMore than one AR binder plant can be used to 
maintain RHMA production at normal tph ratemaintain RHMA production at normal tph rate 

 Primary differences from HMA are in mixing andPrimary differences from HMA are in mixing and 
discharge temperaturesdischarge temperatures 

 Aggregate mixing temperature range 300Aggregate mixing temperature range 300 ­-
325325ºFºF 

 AR binder added at ≈ 375ºFAR binder added at ≈ 375ºF 

Mix Delivery (Hauling)Mix Delivery (Hauling) 

 RHMA mix temperature is critical for placementRHMA mix temperature is critical for placement 
and compactionand compaction 

 Trucks hauling RHMA mixes must be tarped for aTrucks hauling RHMA mixes must be tarped for a 
long haullong haul 

 Spread temperature 280Spread temperature 280--325325ºF per CaltransºF per Caltrans 

 Minimum temperature for start of breakdownMinimum temperature for start of breakdown 
rolling is 275ºF per Caltransrolling is 275ºF per Caltrans 

 Generous compared to other specifications: GreenGenerous compared to other specifications: Green 
Book requires higher temperaturesBook requires higher temperatures 

Mix DeliveryMix Delivery 

As for HMA, to promote quality,As for HMA, to promote quality, 
smoothness, and uniform compaction,smoothness, and uniform compaction, 
must balance all aspects of:must balance all aspects of:pp

 Mix production (AC plant)Mix production (AC plant) 

 Mix delivery (trucking)Mix delivery (trucking) 

 Paving operations (non stop)Paving operations (non stop) 

 Compaction (keep up with the paver)Compaction (keep up with the paver) 

Mix SegregationMix Segregation 

 Aggregate (particle size) segregationAggregate (particle size) segregation 
 RHMARHMA--G may look segregated due to low fine’sG may look segregated due to low fine’s 

contentcontent –– mix texture may look coarse andmix texture may look coarse and 
somewhat open.somewhat open. 

 Sample, test binder content and gradationSample, test binder content and gradation 
to verifyto verify 

 Segregation causes nonSegregation causes non--uniform gradation anduniform gradation and 
compaction, may yield interconnected air voidscompaction, may yield interconnected air voids 

 Sources include mix loading/unloading and paverSources include mix loading/unloading and paver 
operationoperation 
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Mix SegregationMix Segregation 

 Techniques to reduce aggregate (particleTechniques to reduce aggregate (particle 
size) segregationsize) segregation 

Better mix gradationsBetter mix gradations –– not much  helpnot much help 
for RHMAfor RHMA--G or RHMAG or  RHMA--OOfor RHMAfor RHMA G or RHMAG or RHMA OO 

Improved loading and unloadingImproved loading and unloading 
practicespractices 

Use material transfer vehicleUse material transfer vehicle –– notnot 
always feasiblealways feasible 

Thermal SegregationThermal Segregation 

 Often accompanies particle sizeOften accompanies particle size 
segregationsegregation 

 Results in nonResults in non--uniform compactionuniform compaction 

 Sources include:Sources include: 
Processes that result in uneven coolingProcesses that result in uneven cooling 

(hauling, windrows)(hauling, windrows) 

Managing paver wingsManaging paver wings 

Delays in mix delivery and/or placementDelays in mix delivery and/or placement 

Thermal SegregationThermal Segregation 

 Techniques to reduce thermalTechniques to reduce thermal 
segregationsegregation 
Minimize time between loading andMinimize time between loading andMinimize time between loading andMinimize time between loading and 

placementplacement 

Truck insulation and tarpingTruck insulation and tarping 

Proper paving proceduresProper paving procedures 

Material transfer vehicleMaterial transfer vehicle 

Issues Related to Haul TrucksIssues Related to Haul Trucks 

 Types and characteristicsTypes and characteristics 
 End dumpEnd dump 
 Belly (bottom) dumpBelly (bottom) dump –– do not use windrows whendo not use windrows when 

site temperatures are marginally coldsite temperatures are marginally cold 
 Horizontal discharge (live bottom)Horizontal discharge (live bottom) Horizontal discharge (live bottom)Horizontal discharge (live bottom) 

 InsulationInsulation –– tarps requiredtarps required 
 Cleaning (truck bed)Cleaning (truck bed) –– NO SOLVENTS!NO SOLVENTS! 

 Soap for surfactantSoap for surfactant 
 Truck maintenanceTruck maintenance 

 Primary goalPrimary goal –– Avoid segregation!Avoid segregation! 

Truck Loading PracticesTruck Loading Practices 

 What makes a mix prone to segregation?What makes a mix prone to segregation? 
Range of particle sizes, limited finesRange of particle sizes, limited fines 

Preferred practice for end dump trucks: 

Truck Loading PracticesTruck Loading Practices 

2 1 

Short 

1 
Long 

3 12 

2 1 
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Truck Loading PracticesTruck Loading Practices 

Preferred practice for belly dump trucks: 

5 42 13 

Placement (Laydown)Placement (Laydown) 

 PurposePurpose –– Place mix smoothly at a uniformPlace mix smoothly at a uniform 
specified thickness conforming to planspecified thickness conforming to plan 
slopes and grades at temperatures above aslopes and grades at temperatures above a 
specified minimumspecified minimum 
 EquipmentEquipment –– same as for HMAsame as for HMA 
Tractor unit (paver)Tractor unit (paver) 
Screed unitScreed unit 
 Paver operationPaver operation -- same as for HMAsame as for HMA 
 JointsJoints –– good practices essentialgood practices essential 

Paver OperationPaver Operation 

Use good practices!Use good practices! 
References:References: 

 National HighwayNational Highway National HighwayNational 

ng Hand 2000ng 

ma tainmHighway 

Institute (NHI) HMAInstitute (NHI) HMA 

Construction CourseConstruction Course 

 HMA Pavi bookHMA Pavi Handbook 2000 

 Caltrans Construction ManualCaltrans Construction Manual 

HandworkHandwork 

 Minimize as much as feasibleMinimize as much as feasible 

 Coarse gradation, stiff binder makeCoarse gradation, stiff binder make 
handwork difficulthandwork difficult 

 High temperatures necessary to inHigh temperatures necessary to aintain High temperatures necessary to maintainHigh temperatures necessary to maintain 
RHMA workabilityRHMA workability 

 Typically yields coarse, open and roughTypically yields coarse, open and rough 
looking appearance due to limited fineslooking appearance due to limited fines 

 Minimize raking and lutingMinimize raking and luting 

 Do not broadcast excess materialDo not broadcast excess material 

JointsJoints 

 Use good practicesUse good practices 

 Difficult to feather RHMA mix due to limited finesDifficult to feather RHMA mix due to limited fines 

 Assume compaction reduces machine placementAssume compaction reduces machine placement 
thickness bythickness by ≈≈ ¼¼--inch per inchinch per inch 

 For hand placement, use 3/8For hand placement, use 3/8--inch per inchinch per inch 
differencedifference 

 Some raking unavoidableSome raking unavoidable 

 Minimize as possibleMinimize as possible 

 Rake excess to hot side, not cold sideRake excess to hot side, not cold side 

Joint OverlapJoint Overlap 

Typical Overlap on 
Longitudinal Joints 

Thickness of 

25-35 mm 

Compacted 
Mat 

Uncompacted 
Mat 

Rolldown 
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CompactionCompaction 

Adequate compaction is required to achieveAdequate compaction is required to achieve 
good pavement performancegood pavement performance 
 Improves resistance to ruttingImproves resistance to rutting 
 Reduces moisture/air penetration andReduces moisture/air penetration and 

related environmental damagerelated environmental damage 
Oxidative aging (embrittlement, raveling)Oxidative aging (embrittlement, raveling) 
Moisture damage (stripping)Moisture damage (stripping) 
 Improves fatigue resistanceImproves fatigue resistance 
 Reduces low temperatureReduces low temperature 

cracking potentialcracking potential 
 Improves durabilityImproves durability 

CompactionCompaction 

Key factors influencing compaction include:Key factors influencing compaction include: 
 Lift thicknessLift thickness 
 Air temperatureAir temperature 
 Base temperatureBase temperature 
 Spread temperature of RHMA mixSpread temperature of RHMA mix Spread temperature of RHMA mixSpread temperature of RHMA mix 
 Wind velocity, humidity, & other site factorsWind velocity, humidity, & other site factors 
 Sunlight or lack thereofSunlight or lack thereof 
 Mix properties including binder contentMix properties including binder content 

Temperature is the key to achieving RHMATemperature is the key to achieving RHMA 
compaction!compaction! 

Compaction Temperature (RHMA)Compaction Temperature (RHMA) 

 When air temperature isWhen air temperature is ≥55ºF,≥55ºF, 
Minimum temperature for startingMinimum temperature for starting 

breakdown rolling is 280breakdown rolling is 280ºFºF 
Breakdown must be completed before matBreakdown must be completed before mat 

temperature drops below 260ºFtemperature drops below 260ºFtemperature drops below 260ºFtemperature drops below 260ºF 
 When air temperature isWhen air temperature is ≥ 65º,≥ 65º, 
Minimum temperature for startingMinimum temperature for starting 

breakdown rolling is 275breakdown rolling is 275ºF.ºF. 
Breakdown must be completed before matBreakdown must be completed before mat 

temperature drops below 250ºFtemperature drops below 250ºF 

Compaction TemperatureCompaction Temperature 

 Specify the same temperatures for RHMASpecify the same temperatures for RHMA--OO 
and RHMAand RHMA--OO--HB mixes as for RHMAHB mixes as for RHMA--GG 

 Working at the minimum temperatures mayWorking at the minimum temperatures mayg pe ayg pe ay 
cause problems with achieving adequatecause problems with achieving adequate 
compaction of RHMAcompaction of RHMA--G mixesG mixes 

Compaction TemperatureCompaction Temperature 

 Suggest applying the higher temperatureSuggest applying the higher temperature 
range for openrange for open--graded RHMAgraded RHMA 
 Based on experience of others, may still beBased on experience of others, may still be 

marginally low to provide desired performancemarginally low to provide desired performance 

 Primary problems with low temperaturePrimary problems with low temperature 
placement of openplacement of open--graded mixes are ravelinggraded mixes are raveling 
and delaminatingand delaminating 

Time Available for CompactionTime Available for Compaction 

Time for 

50 

40 

Mix Temp °C (°F) 

120 (248)150 (302)Base 
Temp (°C) 

10 
Mat to 
Cool to 

80 °C 
(176ºF) 

Mat 
Thick 
(mm) 

0 50 100 150 

30 

20 

10 

0 

0 

-10 
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Compaction RequirementsCompaction Requirements 

 Caltrans has implemented compactionCaltrans has implemented compaction 
requirements for RHMArequirements for RHMA--G mixesG mixes 
Acceptance based on pavement coresAcceptance based on pavement coresAcceptance based on pavement coresAcceptance based on pavement cores 

Proposed lower limit is 91% of maximumProposed lower limit is 91% of maximum 
theoretical density (equivalent totheoretical density (equivalent to 
maximum 9% inmaximum 9% in--place air voids)place air voids) 

 No compaction requirements for openNo compaction requirements for open--
graded RHMA mixes, present or futuregraded RHMA mixes, present or future 

Compaction EquipmentCompaction Equipment 

 Roller typesRoller types 
 Static steel wheel rollersStatic steel wheel rollers 
 PneumaticPneumatic--tired rollerstired rollers –– do not use with RHMAdo not use with RHMA 
 Vibratory steel wheel rollersVibratory steel wheel rollers –– required forrequired for 

breakdownbreakdown 
 Rolling sequenceRolling sequence 

 BreakdownBreakdown –– immediately behind paver inimmediately behind paver in 
vibratory modevibratory mode 

 IntermediateIntermediate 
 FinishFinish 

Compaction EquipmentCompaction Equipment Roller PatternRoller Pattern 

 Selection of compaction equipmentSelection of compaction equipment 
 Width of pavingWidth of paving 
 Width of roller(s)Width of roller(s) –– for RHMA needfor RHMA need 

enough breakdown rollers to coverenough breakdown rollers to covergg
placement widthplacement width 
 Number of passes neededNumber of passes needed 
 Nuclear gauges for relative densityNuclear gauges for relative density 
 Cores for correlation of gauges with inCores for correlation of gauges with in­-

place density, i.e. air voids contentplace density, i.e. air voids content 

Specifications/SSPsSpecifications/SSPs 

 Specifications for RHMASpecifications for RHMA--G, RHMAG, RHMA--O, and RHMAO, and RHMA­-

OO--HB can be found in Section 39 of CaltransHB can be found in Section 39 of Caltrans 

standard specifications.standard specifications. 

 F ll i i j i l i iF ll  i  i  j  i  l  i  i Follow requirements in project special provisionsFollow requirements in project special provisions 

to assure use of appropriate versionto assure use of appropriate version 

Summary of Module 3Summary of Module 3 

 Construction OverviewConstruction Overview 

 Surface PreparationSurface Preparation 

 ManufactureManufacture 

 Mi D li (H li )Mi D li (H li ) Mix Delivery (Hauling)Mix Delivery (Hauling) 

 PlacementPlacement 

 CompactionCompaction 

 Specifications/SSPsSpecifications/SSPs 
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Module 4: Inspection Module 4: Inspection GuideGuide 

OOpperationeration,, Production Production,, and andpp 
Trouble ShootingTrouble Shooting 

Hot Hot Mix Asphalt Plant OperationsMix Asphalt Plant Operations 

Plant operations Plant operations duringduring RHM RHMAA mimix prox prodductiuctioonn 
are are essentially essentially the same the same as for standard as for standard HMAHMA 
production. production. CT 109 requirements CT 109 requirements apply.apply. 

DifferencesDifferences 

 Production and monitoProduction and monitoring of ring of the the asphaltasphalt 
rubber rubber bibinndder foer for wet r wet proproccesesss mimixesxes.. 

 Plant mixing Plant mixing temperatures of temperatures of 300300--325325ºF mayºF may 
bbee sligslightly htly highighher than usual.er than usual. 

  

            

  

 

 

  
 

AR Binder ProductionAR Binder Production 

RReequired Documentationquired Documentation 

Asphalt Rubber Asphalt Rubber Blend Blend Design Design Example Design PExample Design Prrofile ofile

 ARAR Binder DesigBinder Designn Profile,  Profile, includingincluding 
MMiinutenutes os off ReReaacctitioon n SpSpeecc.. LiLimimitsts @ @ 45 45

minutes minutes

Component iComponent iddentientiffiicatication on and and proportiproportions ons TESTEST T 4545 9090 240240 360 360 1,440 1,440 ((CCaalltratranns 12/2005)s 12/2005)

CRMCRM g gradatiradatioons ns ViscViscoositysity,, cPcP 
Haake@Haake@ 1 190º90ºCC 

ARAR tetestst rreesusultslts sshhoowinwingg ccoompmplialiannccee wwithith 2400 2400 2800 2800 2800 2800 2800 2800 2100 2100 15001500 -- 40004000ARAR testtest resulresulttss showing showing ccoompmplialiannccee withwith 
spspeeccificificaattioionns s ResiliencResilience@e@ 25 25ººCC 

 
(% R(% Reboebound) und)

Certificates Certificates of Compof Compliance for compliance for components onents 27 27 -­-- 3333 -­-- 2323 18 M18 Miininimum mum
(ASTM D (ASTM D 5329) 5329)

Asphalt CementAsphalt Cement R &R & B SofB Softteenniningg 5252 –– 774 4
PtPt..,, ººCC ( (

Asphalt Modifier Asphalt Modifier (Extender (Extender Oil) Oil)
ASTM D36) ASTM D36) 59.059.0 59.559.5 59.559.5 60.060.0 58.558.5 ((125125--165165ºFºF) )

Scrap TiScrap Tire CRM re CRM CCoone ne PPeen @n @ 2255ººCC 
 (ASTM D217) (ASTM D217) 39 39 -­-- 4646 -­-- 5050 2525 –– 770 0
High Natural High Natural CRMCRM 

    

  

  
  

  

AR Binder ProductionAR Binder Production 

Inspection itemsInspection items 
 Batch sheets or production logs for AR binderBatch sheets or production logs for AR binder 

that show the amounts (typically by mass) ofthat show the amounts (typically by mass) of 
the components used. Check proportions of:the components used. Check proportions of: 
Asphalt CementAsphalt CementAsphalt CementAsphalt Cement 
Extender oilExtender oil 
Scrap tire CRMScrap tire CRM 
High natural CRMHigh natural CRM 

AR Binder ProductionAR Binder Production 

The AR binder production logs or viscosityThe AR binder production logs or viscosity 
testing logs should indicate when the CRM wastesting logs should indicate when the CRM was 
added.added. 

Before adding AR binder to the aggregate:Before adding AR binder to the aggregate: 
 Verify minimum AR interaction time of 45Verify minimum AR interaction time of 45 

minutes has elapsedminutes has elapsed 
 Verify AR binder viscosity meets or exceeds theVerify AR binder viscosity meets or exceeds the 

minimum 1500 cPs requirement at 375minimum 1500 cPs requirement at 375ºFºF 
 Continue to monitor viscosity hourly duringContinue to monitor viscosity hourly during 

RHMA mix productionRHMA mix production 
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AR Binder ProductionAR Binder Production 

As long as interaction time andAs long as interaction time and 
viscosity meet or exceed minimumviscosity meet or exceed minimum 
requirements, the AR binder may berequirements, the AR binder may be 
added to the aggregate, even ifadded to the aggregate, even if 
viscosity differs from values shownviscosity differs from values shownviscosity differs from values shownviscosity differs from values shown 
in the design profile.in the design profile. 

The design profile serves as a guide, not as a specification.The design profile serves as a guide, not as a specification. 
If viscosity during production differs from design profile byIf viscosity during production differs from design profile by 
400 cPs or more for corresponding interaction interval,400 cPs or more for corresponding interaction interval, 
obtain a binder sample for compliance testing.obtain a binder sample for compliance testing. 

RHMA Mix ProductionRHMA Mix Production 

Required DocumentationRequired Documentation 
 RHMA Mix Design including:RHMA Mix Design including: 
Individual and combined aggregate gradationsIndividual and combined aggregate gradations 
Results of individual and combined aggregateResults of individual and combined aggregate 

quality testsquality testsq yq y 
Aggregate source(s) and blend proportionsAggregate source(s) and blend proportions 
Theoretical maximum specific gravity/densityTheoretical maximum specific gravity/density 
Design AR binder contentDesign AR binder content 
Design air voids contentDesign air voids content 
Design Voids in Mineral Aggregates (VMA)Design Voids in Mineral Aggregates (VMA) 
Hveem StabilityHveem Stability 

RHMA Mix ProductionRHMA Mix Production 

 Verify AC plant complies with CTVerify AC plant complies with CT 
109 requirements109 requirements 
 Check aggregate binsCheck aggregate bins 
 Sample aggregate cold feed or hotSample aggregate cold feed or hotSample aggregate cold feed or hotSample aggregate cold feed or hot 

bins as appropriate and verifybins as appropriate and verify 
gradation. Test Sand Equivalent asgradation. Test Sand Equivalent as 
requiredrequired 
 Verify RHMA mixing and dischargeVerify RHMA mixing and discharge 

temperaturestemperatures 

RHMA Mix ProductionRHMA Mix Production 

 Visually inspect the RHMA mix in the haulVisually inspect the RHMA mix in the haul 
truck before it leaves the planttruck before it leaves the plant 

 Sample and test RHMA mix according to theSample and test RHMA mix according to the 
project special provisions.project special provisions.project special provisions.project special provisions. 

 Tests include gradation, AR binder content,Tests include gradation, AR binder content, 
maximum theoretical specific gravity, labmaximum theoretical specific gravity, lab­-
compacted air voids, and Hveem stabilitycompacted air voids, and Hveem stability 

 Verify that haul trucks are tarped.Verify that haul trucks are tarped. 

RHMA Mix ProductionRHMA Mix Production 

 Maintain inspector's log of pertinentMaintain inspector's log of pertinent 
information, including but not limited to:information, including but not limited to: 
List of samples obtainedList of samples obtained 

Plant test results (aggregates and mix)Plant test results (aggregates and mix)Plant test results (aggregates and mix)Plant test results (aggregates and mix) 

Quantities of AR binder and RHMA mixQuantities of AR binder and RHMA mix 

Binder production temperatures andBinder production temperatures and 
viscosity measurements, etc.viscosity measurements, etc. 

Other required informationOther required information 

Inspection at Paving SiteInspection at Paving Site 

Before Overlay Placement:Before Overlay Placement: 
 Verify surface preparation is completeVerify surface preparation is complete 
Cracks treated or sealed?Cracks treated or sealed? 
Damaged areas repaired?Damaged areas repaired?g pg p 
Milling properly completed (if applicable)?Milling properly completed (if applicable)? 
Surface clean and swept?Surface clean and swept? 
Tack coat properly applied?Tack coat properly applied? 

 Verify ambient and pavementVerify ambient and pavement 
temperatures are at least 55temperatures are at least 55ºF and risingºF and rising 
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Inspection at Paving SiteInspection at Paving Site 

 EquipmentEquipment 
Verify that paver and rollers meet sizeVerify that paver and rollers meet size 

requirements, are in good working condition, andrequirements, are in good working condition, and 
qualified operators are onqualified operators are on--sitesite 

Verify sufficient steelVerify sufficient steel--wheeled rollers are availablewheeled rollers are available 
for breakdown and intermediate compactionfor breakdown and intermediate compactionfor breakdown and intermediate compaction.for breakdown and intermediate compaction. 

Breakdown rollers must have vibratory capabilityBreakdown rollers must have vibratory capability 
 Delivery method: Do not use windrows if ambientDelivery method: Do not use windrows if ambient 

temperature is marginally cold.temperature is marginally cold. 

Inspection at Paving SiteInspection at Paving Site 

Caltrans requirements for RHMACaltrans requirements for RHMA--G, ambientG, ambient 
temperature between 55 and 65temperature between 55 and 65ºFºF:: 

 RHMARHMA--G spread temperature 290G spread temperature 290--325325ºFºF 

 Minimum temperature for breakdown rolling isMinimum temperature for breakdown rolling is 
280280ºFºF 

 VVibratory mode is required for RHMAibratory mode is required for RHMA--GG 
breakdownbreakdown 

 Complete breakdown before RHMA matComplete breakdown before RHMA mat 
temperature drops below 260temperature drops below 260ºFºF 

Inspection at Paving SiteInspection at Paving Site 

 Less stringent forLess stringent for ambient temperatureambient temperature ≥≥ 6565ºFºF 

 Other jurisdictions recommend minimum 290ºFOther jurisdictions recommend minimum 290ºF 
for breakdown rolling or completion thereoffor breakdown rolling or completion thereof 

 Compaction requirements have beenCompaction requirements have been 
implemented for RHMAimplemented for RHMA G mixes with acceptanceG mixes with acceptanceimplemented for RHMAimplemented for RHMA--G mixes, with acceptanceG mixes, with acceptance 
based on coresbased on cores 

Inspection at Paving SiteInspection at Paving Site 

Caltrans placement temperature requirements forCaltrans placement temperature requirements for 
RHMARHMA--O and RHMAO and RHMA--OO--HB ambient temperatureHB ambient temperature 
between 55 and 65between 55 and 65ºF are the sºF are the same as for RHMAame as for RHMA--G.G. 

Other jurisdictions do not recommend placing RHMAOther jurisdictions do not recommend placing RHMA--Other jurisdictions do not recommend placing RHMAOther jurisdictions do not recommend placing RHMA 
O at temperatures <65O at temperatures <65ºF.ºF. 

For openFor open--graded RHMA mixes, use static mode forgraded RHMA mixes, use static mode for 
breakdown compaction.breakdown compaction. Do not use vibratory mode.Do not use vibratory mode. 
Percent compaction is not a requirement for openPercent compaction is not a requirement for open­-
graded mixes.graded mixes. 

Inspection at Paving SiteInspection at Paving Site 

During RHMA placement:During RHMA placement: 
 Collect load tickets and track tonnage placedCollect load tickets and track tonnage placed 
 Measure placement thickness and calculateMeasure placement thickness and calculate 

yieldyield 
 Observe coordination between RHMA deliveryObserve coordination between RHMA delivery 

and placementand placement –– record if trucks or paver arerecord if trucks or paver are 
waitingwaiting 
 Note any rejected loads of RHMANote any rejected loads of RHMA 
 Observe delivery operationsObserve delivery operations -- are goodare good 

practices being used?practices being used? 

Inspection at Paving SiteInspection at Paving Site 

 Record if windrows are used.Record if windrows are used. 
 Monitor RHMA temperatures at spread andMonitor RHMA temperatures at spread and 

during breakdown and intermediate compaction.during breakdown and intermediate compaction. 
 Observe paver operationsObserve paver operations –– note discrepanciesnote discrepancies 

from good practice that might impact quality offrom good practice that might impact quality offrom good practice that might impact quality offrom good practice that might impact quality of 
joints or ride (smoothness).joints or ride (smoothness). 
 Joints at proper locations?Joints at proper locations? 
 Observe raking, luting, handwork. BroadcastingObserve raking, luting, handwork. Broadcasting 

of excess mix or overof excess mix or over--raking will damage theraking will damage the 
appearance of the finished pavement.appearance of the finished pavement. 
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Inspection at Paving SiteInspection at Paving Site 

 Observe compaction operationsObserve compaction operations –– notenote 
discrepancies from good practice that mightdiscrepancies from good practice that might 
impact inimpact in--place densityplace density 
Breakdown roller(s) following immediatelyBreakdown roller(s) following immediately 

behind paver?behind paver?papa 
Breakdown roller(s) using vibratory mode?Breakdown roller(s) using vibratory mode? 
Sufficient breakdown rollers operating toSufficient breakdown rollers operating to 

keep up with paver?keep up with paver? 
Intermediate static roller(s) keeping up?Intermediate static roller(s) keeping up? 
Finish rollers effective?Finish rollers effective? 

Inspection at Paving SiteInspection at Paving Site 

Rules of Thumb for RHMARules of Thumb for RHMA--G compaction:G compaction: 

 Need to get 95% of minimum required densityNeed to get 95% of minimum required density 
with breakdown coverage to achieve adequatewith breakdown coverage to achieve adequate 
compaction.compaction. 

 Mix temperature is critical for adequateMix temperature is critical for adequate 
compaction of RHMAcompaction of RHMA--G materialsG materials 

 Check the appearance of the finished surface for rollerCheck the appearance of the finished surface for roller 
marks, scuffs, gouges, or other irregularitiesmarks, scuffs, gouges, or other irregularities 
 Check smoothness as required in project specialCheck smoothness as required in project special 

provisionsprovisions 

After PavingAfter Paving 

 Visually evaluate quality of paving joints and identifyVisually evaluate quality of paving joints and identify 
any areas that may need to be sealed.any areas that may need to be sealed. 
 Identify core locations for compaction acceptanceIdentify core locations for compaction acceptance 

TroubleshootingTroubleshooting 

 If any type of RHMA mix problem isIf any type of RHMA mix problem is 
suspected, obtain samples immediatelysuspected, obtain samples immediately 
and test for compliance with projectand test for compliance with project 

i l i ii l  i  ispecial provisions.special provisions. 

 Log full description of problem andLog full description of problem and 
related activities and report to the RE.related activities and report to the RE. 

TroubleshootingTroubleshooting 

Possible Problems to Watch For:Possible Problems to Watch For: 

 Segregation:  Particle size segregation may be difficult toSegregation:  Particle size segregation may be difficult to 
identify in coarse graded RHMAidentify in coarse graded RHMA--G mixtures. May appearG mixtures. May appear 
segregated even if not, due to small percentage of finessegregated even if not, due to small percentage of fines 
included.included. 
 When in doubt, sampleWhen in doubt, sample 

 ID and record affected truckloads and correspondingID and record affected truckloads and corresponding 
placement areasplacement areas 

 Size segregation is often accompanied by temperatureSize segregation is often accompanied by temperature 
segregationsegregation 

TroubleshootingTroubleshooting 

 Temperature segregation may be identified usingTemperature segregation may be identified using 
a heat gun or infrared cameraa heat gun or infrared camera 
To measure actual mix temperature withoutTo measure actual mix temperature without 

surface effects, use a 6surface effects, use a 6--inch long thermometerinch long thermometer 
 Indicate hot and cold spots in the mix that canIndicate hot and cold spots in the mix that canIndicate hot and cold spots in the mix that canIndicate hot and cold spots in the mix that can 

cause differences in compactioncause differences in compaction 
Can see areas in haul trucks and pavers where mixCan see areas in haul trucks and pavers where mix 

is not circulating and has cooledis not circulating and has cooled 
Shows when material from paver wings is dumpedShows when material from paver wings is dumped 

into the hopper and where it comes out behind theinto the hopper and where it comes out behind the 
screedscreed 
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TroubleshootingTroubleshooting 

 SmokeSmoke 
Blue smoke means that the mix is too hot and plantBlue smoke means that the mix is too hot and plant 

operating temperature needs to be adjustedoperating temperature needs to be adjusted 
White smoke is steamWhite smoke is steam -- too much moisture in the mix.too much moisture in the mix. 

May make mix tender and interfere with compaction.May make mix tender and interfere with compaction. 
Aggregate needs to be dried longer before mixing withAggregate needs to be dried longer before mixing withAggregate needs to be dried longer before mixing withAggregate needs to be dried longer before mixing with 
the AR binder.the AR binder. 

TroubleshootingTroubleshooting 

 Stiff appearance: Too cool or possiblyStiff appearance: Too cool or possibly 
somewhat low AR binder content. Checksomewhat low AR binder content. Check 
temperature and get a mix sample fortemperature and get a mix sample for 
further testing if needed.further testing if needed. 

 Dull, flat appearance: Low AR binderDull, flat appearance: Low AR binder 
content and/or excessive fines. Localizedcontent and/or excessive fines. Localized 
areas may indicate insufficient mixing orareas may indicate insufficient mixing or 
segregation. Get sample and test forsegregation. Get sample and test for 
gradation and AR binder content.gradation and AR binder content. 

TroubleshootingTroubleshooting 

 Slumped and shiny appearance typically indicatesSlumped and shiny appearance typically indicates 
high AR binder content.high AR binder content. 
RHMARHMA--O and especially RHMAO and especially RHMA--OO--HB may lookHB may look 

this way and still meet specificationsthis way and still meet specifications 
Old descriptive term is “wormy”Old descriptive term is “wormy” –– mix seems tomix seems toOld descriptive term is wormyOld descriptive term is wormy mix seems tomix seems to 

almost crawl while watchedalmost crawl while watched 
Some complying RHMASome complying RHMA--G mixes may also beG mixes may also be 

wormywormy 
Visually check for binder drain down in the haulVisually check for binder drain down in the haul 

truck bed, sample and test for AR binder contenttruck bed, sample and test for AR binder content 
and gradationand gradation 

Summary of Module 4Summary of Module 4 

 Monitor AR binder production and viscosityMonitor AR binder production and viscosity 
resultsresults 

 Sample AR binder and individual componentSample AR binder and individual component 
materials for verification and acceptancematerials for verification and acceptancepp

 Observe RHMA temperature and compactionObserve RHMA temperature and compaction 
operationsoperations 

 Compaction acceptance can be based on coreCompaction acceptance can be based on core 
samplessamples 

QuestionsQuestions ?? 

The BeginningThe Beginning
Keeping roads good with asphalt paving materialsKeeping roads good with asphalt paving materials

The BeginningThe Beginning 
Keeping roads good with asphalt paving materialsKeeping roads good with asphalt paving materials 

http://www.cp2info.org/centerhttp://www.cp2info.org/center 
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TDA in Foundation EngineeringTDA in Foundation Engineering 

Foundation EngineeringFoundation EngineeringFoundation Engineering

CSU, Chico

Foundation Engineering 

CSU, Chico 

Prepared for the CIWMBPrepared for the CIWMB 

 BackgroundBackground 

 Civil Engineering ApplicationsCivil Engineering Applications 

 Full Scale Test of TDA as RetainingFull Scale Test of TDA as Retaining 

IntroductionIntroduction 

Wall BackfillWall Backfill 

 Case StudyCase Study 

 ConclusionConclusion 

Basic InformationBasic Information 

 Each year, the U.S. generated approximately 300Each year, the U.S. generated approximately 300 
million scrap tiresmillion scrap tires 

 Historically, these scrap tires took up space inHistorically, these scrap tires took up space in 
landfills or provided breeding grounds forlandfills or provided breeding grounds for 
mosquitoes and rodents when stockpiled or illegallymosquitoes and rodents when stockpiled or illegally 
d dd ddumpeddumped 

 Fortunately, markets now exist for 82% of theseFortunately, markets now exist for 82% of these 
scrap tiresscrap tires--up from about 17% in 1990up from about 17% in 1990 

 These marketsThese markets--both recycling and beneficial useboth recycling and beneficial use--
continue to growcontinue to grow 

 The remaining scrap tires, however, are stillThe remaining scrap tires, however, are still 
stockpiled orstockpiled or landfilledlandfilled 

 Scrap tires may be recycled by:Scrap tires may be recycled by: 
 Cutting, punching, or stamping them into variousCutting, punching, or stamping them into various 

rubber products after removal of the steel beadrubber products after removal of the steel bead 
 Recycled products include:Recycled products include: 

 Floor mats, belts, gaskets, shoe soles, dockFloor mats, belts, gaskets, shoe soles, dock 
bumpers seals muffler hangers shims andbumpers seals muffler hangers shims and 

Whole Tires and Cut, Stamped, andWhole Tires and Cut, Stamped, and 
Punched ProductsPunched Products 

bumpers, seals, muffler hangers, shims, andbumpers, seals, muffler hangers, shims, and 
washerswashers 

 Whole tires may be recycled or reused as:Whole tires may be recycled or reused as: 
 Highway crash barriers, for boat bumpers atHighway crash barriers, for boat bumpers at 

marine docks, and for a variety of agriculturalmarine docks, and for a variety of agricultural 
purposespurposes 

Scrap Tire MarketsScrap Tire Markets 

 The 3 largest scrap tire markets are:The 3 largest scrap tire markets are: 
 Tire derived fuelTire derived fuel 
 Civil engineering applicationsCivil engineering applications 
 Ground rubber applications/ rubberized asphaltGround rubber applications/ rubberized asphalt 

concreteconcreteconcreteconcrete 

 Both recycling and beneficial use of scrap tires hasBoth recycling and beneficial use of scrap tires has 
expanded greatly in the last decade throughexpanded greatly in the last decade through 
increased emphasis by state, local and Federalincreased emphasis by state, local and Federal 
governments, industry, and other associationsgovernments, industry, and other associations 

 Unfortunately, even with all of the reuse andUnfortunately, even with all of the reuse and 
recycling efforts underway, not all scrap tires can berecycling efforts underway, not all scrap tires can be 
used beneficiallyused beneficially 

Tire Derived FuelTire Derived Fuel 

 Tires can be used as fuel either in shredded formTires can be used as fuel either in shredded form -- knownknown 
as tire derived fuel (TDF)as tire derived fuel (TDF) -- or whole, depending on theor whole, depending on the 
type of combustion devicetype of combustion device 

 Scrap tires are typically used as a supplement toScrap tires are typically used as a supplement to
traditional fuels such as coal or woodtraditional fuels such as coal or wood 

 In 2003 130 million scrap tires were used as fuel (aboutIn 2003 130 million scrap tires were used as fuel (about In 2003, 130 million scrap tires were used as fuel (aboutIn 2003, 130 million scrap tires were used as fuel (about 
45% of all generated)45% of all generated) -- up from 25.9 million (10.7% of allup from 25.9 million (10.7% of all 
generated) in 1991generated) in 1991 

 There are several advantages to using tires as fuel:There are several advantages to using tires as fuel: 
 Tires produce the same amount of energy as oil and 25%Tires produce the same amount of energy as oil and 25%

more energy than coalmore energy than coal 
 The ash residues from TDF may contain a lower heavy metalsThe ash residues from TDF may contain a lower heavy metals 

content than some coalscontent than some coals 
 Results in lower NOx emissions when compared to many U.S.Results in lower NOx emissions when compared to many U.S.

coals, particularly the highcoals, particularly the high--sulfur coalssulfur coals 
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Civil Engineering ApplicationsCivil Engineering Applications 

 The civil engineering market encompasses a wide rangeThe civil engineering market encompasses a wide range 
of uses for scrap tiresof uses for scrap tires 

 In almost all applications, scrap tire material replacesIn almost all applications, scrap tire material replaces 
some other material currently used in construction suchsome other material currently used in construction such 
as lightweight fill materials, like expanded shale oras lightweight fill materials, like expanded shale or 
polystyrene insulation blocks, drainage aggregate, orpolystyrene insulation blocks, drainage aggregate, or 
even soil filleven soil filleven soil filleven soil fill 

 A considerable amount of tire shreds for civilA considerable amount of tire shreds for civil 
engineering applications come from stockpile abatementengineering applications come from stockpile abatement 
projectsprojects 

 Tires that are reclaimed from stockpiles are usuallyTires that are reclaimed from stockpiles are usually 
dirtier than other sources of scrap tires and are typicallydirtier than other sources of scrap tires and are typically 
rough shreddedrough shredded 

 Rough tire shreds can be used as embankment fill and inRough tire shreds can be used as embankment fill and in 
landfill projectslandfill projects 

Tire Derived Aggregate (TDA)Tire Derived Aggregate (TDA) 

Definition: 
Pieces of processed tires that have a 
consistent shape and are generally between 
1 and 12 inches in size1 and 12 inches in size 

Civil Engineering ApplicationsCivil Engineering Applications 

 Civil engineering applications include:Civil engineering applications include: 
 Subgrade Fill and EmbankmentsSubgrade Fill and Embankments 

 Backfill for Retaining Walls and Bridge AbutmentsBackfill for Retaining Walls and Bridge Abutments 

 Subgrade Insulation and Lateral Edge Drains forSubgrade Insulation and Lateral Edge Drains for 
RoadsRoads 

 Vibration Damping Layer Beneath Rail LinesVibration Damping Layer Beneath Rail Lines 

 Landfill ApplicationsLandfill Applications 

 Septic System Drain FieldsSeptic System Drain Fields 

Subgrade Fill and EmbankmentsSubgrade Fill and Embankments 

 Tire shreds can be used to construct embankmentsTire shreds can be used to construct embankments 
on weak, compressible foundation soilson weak, compressible foundation soils 

 Tire shreds are viable in this application due toTire shreds are viable in this application due to 
their light weighttheir light weightg t gg t  g  

 For most projects, using tire shreds as aFor most projects, using tire shreds as a 
lightweight fill material is significantly cheaperlightweight fill material is significantly cheaper 
than other alternativesthan other alternatives 

 Subgrade fill and embankment applicationsSubgrade fill and embankment applications 
include: protecting roads from erosion,include: protecting roads from erosion, 
enhancing the stability of steep slopes alongenhancing the stability of steep slopes along 
highways, and reinforcing shoulder areashighways, and reinforcing shoulder areas 

Backfill for Retaining Walls andBackfill for Retaining Walls and 
Bridge AbutmentsBridge Abutments 

 The lower weight of the tire shreds reducesThe lower weight of the tire shreds reduces 
lateral earth pressures and allows forlateral earth pressures and allows for 
construction of thinner, less expensiveconstruction of thinner, less expensive 
wallswallswallswalls 

 Tire shreds can also reduce problems withTire shreds can also reduce problems with 
water and frost build up behind wallswater and frost build up behind walls 
because tire shreds are free draining andbecause tire shreds are free draining and 
provide good thermal insulationprovide good thermal insulation 

Subgrade Insulation for RoadsSubgrade Insulation for Roads 

 In cold climates, excess water is released whenIn cold climates, excess water is released when 
subgrade soils thaw in the springsubgrade soils thaw in the spring 

 Placing a 6 to 12Placing a 6 to 12--inch thick tire shred layer underinch thick tire shred layer under 
the road can prevent the subgrade soils fromthe road can prevent the subgrade soils fromp gp g 
freezingfreezing 

 In addition, the high permeability of tire shredsIn addition, the high permeability of tire shreds 
allows water to drain from beneath the roads,allows water to drain from beneath the roads, 
preventing damage to road surfacespreventing damage to road surfaces 
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Landfills Landfills

 Landfill construction and opLandfill construction and operation is a eration is a ggrowingrowing 
market market application for tire application for tire shredsshreds 
 Scrap Scrap tire shreds tire shreds can replace other can replace other constructionconstruction 

materials materials that would have that would have to be to be purchasedpurchased 
 For InstanceFor Instance,, scra scrapp tires  tires mamayy be used  be used as aas a

liglightweightweight bht b
,, 

aackfill ckfill 
pp 

in in ggaas ventings venting
yy 

//collectioncollection 
systems, in systems, in leachate coleachate collection llection systems, and insystems, and in 
opoperational linerserational liners 
 TThhey may also ey may also bbee used in  used in landfill landfill capcapppinging andand 

closures, and closures, and as a material as a material for daily for daily covercover 

Septic Septic System Drain FieldsSystem Drain Fields 

 Some statesSome states——Alabama, Florida, Alabama, Florida, Georgia,Georgia, 
South Carolina, South Carolina, and Virgand Virginia—inia—allow tireallow tire 
shreds to shreds to be used in be used in construction construction of of draindrain 
fifieeldlds s ffor sepor septtiic systemsc systems 

 TiTirere--derived derived material replaces traditional material replaces traditional
stone bstone baackfill ckfill material, material, bbuut t reduces thereduces the 
expenexpensse e anand d llaabobor tor to bu build the ild the drain fieldsdrain fields 

 Tire Tire chips chips can also can also hold hold more water thanmore water than 
stone and can be transported more stone and can be transported more easily easily duedue 
to to their ligtheir light weight weightht 

  
  

    

Other Civil Other Civil Engineering Engineering ApplicationsApplications 

 Playground surface Playground surface materialmaterial 

 Gravel substituteGravel substitute 

 DraiDrainage nage around buiaround buillddiing ng foundatifoundations andons and 
bbuuildinilding fg foouunndadationtion in insusulalationtion 

 Erosion control/rainwatErosion control/rainwateer r runoff runoff barriers barriers (whole(whole 
tires) tires)

 Wetlands/marsh estabWetlands/marsh establishlishmmenent (wht (whoole le tires)tires) 

 Crash barriers Crash barriers around around racerace tracks  tracks (whole (whole tires)tires) 

Engineering Properties Engineering Properties of of TDATDA 
(After Humphrey, 2003)(After Humphrey, 2003) 

1.1. GradationGradation 

2.2. Specific Gravity and Specific Gravity and Absorption Absorption capacitycapacity 

3.3. CompressibilityCompressibility 

44 RR ili ili t t M M d d ll44.. RResesiliilienentt MMoodduullusus 

5.5. Time Time Dependent Settlement Dependent Settlement of TDA Fillsof TDA Fills 

6.6. Lateral Earth Lateral Earth PressurePressure 

7.7. Shear StrengthShear Strength 

8.8. Hydraulic Conductivity (Permeability)Hydraulic Conductivity (Permeability) 

9.9. Thermal ConductivityThermal Conductivity 

GradationGradation 

 Generally uniformly graded (same size)Generally uniformly graded (same size) 

 Max size varies according to manufacturingMax size varies according to manufacturing 

 Test according to ASTM D 422Test according to ASTM D 422 

GradationGradation 

 12” Maximum Size:12” Maximum Size: 
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Specific Gravity and Absorption CapacitySpecific Gravity and Absorption Capacity 

Tire shredTire shred Specific gravitySpecific gravity WaterWater ReferenceReference 

typetype BulkBulk Sat. surf.Sat. surf. 
drydry ApparentApparent 

AbsorptionAbsorption 
capacitycapacity 

(%)(%) 

Glass beltedGlass belted -------­ -------­ 1.141.14 3.83.8 (1)(1) 

Glass beltedGlass belted 0.980.98 1.021.02 1.021.02 44 (2)(2) 

Steel beltedSteel belted 1.061.06 1.011.01 1.101.10 44 (2)(2) 

MixtureMixture 1.061.06 1.161.16 1.181.18 9.59.5 (3)(3) 

Mixture (Pine State)Mixture (Pine State) -------­ -------­ 1.241.24 22 (1)(1) 
MixtureMixture 
(Palmer)(Palmer) -------­ -------­ 1.271.27 22 (1)(1) 

MixtureMixture 
(Sawyer)(Sawyer) -------­ -------­ 1.231.23 4.34.3 (1)(1) 

MixtureMixture 1.011.01 1.051.05 1.051.05 44 (2)(2) 
MixtureMixture -------­ 0.88 to 1.130.88 to 1.13 -------­ -------­ (4)(4) 

Compacted Unit WeightCompacted Unit Weight 

 Loose 21.3 to 30.9 pcf (no compaction)Loose 21.3 to 30.9 pcf (no compaction) 

 50 to 60% of Standard 38.3 to 40.1 pcf50 to 60% of Standard 38.3 to 40.1 pcf 

 Standard 39.5 to 40.7 pcfStandard 39.5 to 40.7 pcf 

 Modified 41 2 to 42 7 pcfModified 41 2 to 42 7 pcf Modified 41.2 to 42.7 pcfModified 41.2 to 42.7 pcf 

 Range of dry compacted = 38 to 43 pcfRange of dry compacted = 38 to 43 pcf 

 Soil typically 125 pcfSoil typically 125 pcf 

 Data also available for TDA/Soil mixturesData also available for TDA/Soil mixtures 

Compressibility (3 Reasons)Compressibility (3 Reasons) 

1.1. Settlement that will occur during andSettlement that will occur during and 
in the first month or two afterin the first month or two after 
placement of fillplacement of fill 

2.2. InIn--place unit weight of fill varies withplace unit weight of fill varies with 
compaction effortcompaction effort 

3.3. Deflections caused by temporaryDeflections caused by temporary 
loading (e.g. wheel loads) may need toloading (e.g. wheel loads) may need to 
be consideredbe considered 

CompressibilityCompressibility 

Definition: The susceptibility of aDefinition: The susceptibility of a 
material to volume change due tomaterial to volume change due to 
changes in stresschanges in stress 

Due to its porosity and high rubber content,Due to its porosity and high rubber content, 
TDA is highly compressible under loadedTDA is highly compressible under loaded 
conditions.conditions. 
TDA can compress by as much as 50% underTDA can compress by as much as 50% under 
high normal loads.high normal loads. 

Lateral Earth PressureLateral Earth Pressure 

 Lateral earth pressure is the pressure exertedLateral earth pressure is the pressure exerted 
by a fill material on the wall of a structure like aby a fill material on the wall of a structure like a 
retaining wallretaining wall 
 It can be determined by coefficients of lateralIt can be determined by coefficients of lateral 

earth pressure, which are calculated by dividingearth pressure, which are calculated by dividingp y gp y g 
horizontal stress by vertical stresshorizontal stress by vertical stress 
 Poisson's ratio,Poisson's ratio, μμ, relates horizontal, relates horizontal 

deformation to vertical deformationdeformation to vertical deformation 
 The following table lists values for theThe following table lists values for the 

coefficient of lateral earth pressure andcoefficient of lateral earth pressure and 
Poisson's ratio:Poisson's ratio: 

Lateral Earth PressureLateral Earth Pressure 

Particle sizeParticle size 
range (in.)range (in.) 

TireTire shredshred 
typetype Source of tireSource of tire shredshredss KKoo μμ ReferenceReference 

22 MixedMixed SawyerSawyer 
EnvironmentalEnvironmental 0.440.44 0.300.30 (1)(1) 

33 MixedMixed Palmer ShreddingPalmer Shredding 0.260.26 0.200.20 (2)(2) 

Pine StatePine State 22 MixedMixed Pine StatePine State 
RecyclingRecycling 0.410.41 0.280.28 (2)(2) 

11 GlassGlass F & B EnterprisesF & B Enterprises 0.470.47 0.320.32 (2)(2) 

-------- -------- -------- -------- 0.3 to0.3 to 
0.170.17 (3)(3) 

22 MixedMixed Maust TireMaust Tire 
RecyclesRecycles 0.40.4aa 0.30.3 (4)(4) 

Notes: a. For vertical stress less than 25 psi. 
References: 

(1) Manion and Humphrey (1992); Humphrey and Manion (1992) 
(2) Humphrey, et al. (1992, 1993); Humphrey and Sandford (1993) 
(3) Edil and Bosscher (1992, 1994) 
(4) Drescher and Newcomb (1994) 
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Shear StrengthShear Strength 

 A direct shear apparatus andA direct shear apparatus and ASTM D 3080ASTM D 3080 or aor a 
triaxial shear apparatus can be used totriaxial shear apparatus can be used to 
measure the shear strength of tire shredsmeasure the shear strength of tire shreds 
 When testing tire shreds, larger sample sizesWhen testing tire shreds, larger sample sizes 

have to be used than are necessary for otherhave to be used than are necessary for other 
soils This is due to the larger particle size ofsoils This is due to the larger particle size ofsoils. This is due to the larger particle size ofsoils. This is due to the larger particle size of 
tire shredstire shreds 
 Large triaxial shear apparatuses only haveLarge triaxial shear apparatuses only have 

limited availability, so tests are generallylimited availability, so tests are generally 
completed on 1completed on 1--in or smaller tire shredsin or smaller tire shreds 
 The triaxial shear apparatus also shouldn't beThe triaxial shear apparatus also shouldn't be 

used for tire shreds with protruding steel beltsused for tire shreds with protruding steel belts 

PermeabilityPermeability 

The permeability of tire shreds is muchThe permeability of tire shreds is much 
greater than most granular soils, withgreater than most granular soils, with 
experimental values ranging from 0.58experimental values ranging from 0.58 
cm/s to 23.5 cm/s.cm/s to 23.5 cm/s. Often times theOften times the 
permeability of TDA exceeds the flowpermeability of TDA exceeds the flowpermeability of TDA exceeds the flowpermeability of TDA exceeds the flow 
capacity of the test equipment!capacity of the test equipment! 

The table in the next slide lists hydraulicThe table in the next slide lists hydraulic 
conductivity (permeability) values for tireconductivity (permeability) values for tire 
shreds:shreds: 

Summary of reported hydraulic conductivities of TDA 

Particle sizeParticle size 
(in.)(in.) Void ratioVoid ratio Dry densityDry density 

(pcf)(pcf) 

HydraulicHydraulic 
conductivityconductivity 

(cm/sec)(cm/sec) 
ReferenceReference 

2.52.5 29.029.0 5.3 to 23.55.3 to 23.5 Bressette (1984)Bressette (1984) 
2.52.5 37.937.9 2.9 to 10.92.9 to 10.9 
22 29.329.3 4.9 to 59.34.9 to 59.3 
22 38.138.1 3.8 to 22.03.8 to 22.0 

1.51.5 -------­ -------­ 1.4 to 2.61.4 to 2.6 Hall (1990)Hall (1990)1.51.5 1.4 to 2.61.4 to 2.6 ( )( ) 
0.750.75 -------­ -------­ 0.8 to 2.60.8 to 2.6 

22 0.9250.925 40.240.2 7.77.7 Humphrey, et al.Humphrey, et al. 
22 0.4880.488 52.052.0 2.12.1 ((19921992,, 19931993)) 
33 1.1141.114 37.537.5 15.415.4 
33 0.5830.583 50.150.1 4.84.8 

1.51.5 0.8330.833 38.838.8 6.96.9 
1.51.5 0.4140.414 50.450.4 1.51.5 
1.51.5 0.6530.653 0.580.58 Ahmed (1993)Ahmed (1993) 
1.51.5 0.6930.693 42.042.0 7.67.6 Lawrence, et al.Lawrence, et al. 
1.51.5 0.3280.328 53.653.6 1.51.5 (1998)(1998) 
33 0.8570.857 41.741.7 16.316.3 
33 0.5460.546 50.150.1 5.65.6 

Thermal ConductivityThermal Conductivity 

 The thermal conductivity of tire shreds is lowerThe thermal conductivity of tire shreds is lower 
than typical soils and varies depending on the sizethan typical soils and varies depending on the size 
of the tire shredsof the tire shreds 

 As particle size increases, and more air canAs particle size increases, and more air can 
circulate in the voids thermal conductivitycirculate in the voids thermal conductivitycirculate in the voids, thermal conductivitycirculate in the voids, thermal conductivity 
increases, and the tire shreds become lessincreases, and the tire shreds become less 
effective as insulatorseffective as insulators 

 For insulation projects, tire shreds with aFor insulation projects, tire shreds with a 
maximum size of 3 inches should be usedmaximum size of 3 inches should be used 

 The following slide gives thermal conductivity asThe following slide gives thermal conductivity as 
a function of density and void ratio:a function of density and void ratio: 

Apparent thermal conductivities of air dried tire shreds 

SampleSample 
DensityDensity 

Void RatioVoid Ratio 
Apparent thermalApparent thermal 

conductivityconductivity SurchargeSurcharge 
(pcf)(pcf) (Mg/m(Mg/m33)) (Btu/hr(Btu/hr--ftft--°°F)F) (W/m(W/m--°°C)C) 

117.6117.6 1.881.88 0.410.41 0.2950.295 0.5100.510 nonenone 
gravelgravel 121.6121.6 1.951.95 0.360.36 0.3260.326 0.5630.563 halfhalf 

123.0123.0 1.971.97 0.340.34 0.3450.345 0.5960.596 fullfull 
38.538.5 0.620.62 0.850.85 0.1200.120 0.2070.207 nonenone 

F&BF&B--gg 43.343.3 0.690.69 0.640.64 0.1130.113 0.1950.195 halfhalf 
45.445.4 0.730.73 0.560.56 0.1140.114 0.1970.197 fullfull 
39.139.1 0.630.63 0.850.85 0.1450.145 0.2510.251 nonenone 

F&BF&B--ss 42.842.8 0.690.69 0.690.69 0.1300.130 0.2250.225 halfhalf 
45.345.3 0.730.73 0.600.60 0.1340.134 0.2320.232 fullfull 
39.739.7 0.640.64 0.9980.998 0.1590.159 0.2750.275 nonenone 

PalmerPalmer 45.145.1 0.720.72 0.760.76 0.1190.119 0.2060.206 halfhalf 
48.548.5 0.780.78 0.630.63 0.1250.125 0.2160.216 fullfull 
39.239.2 0.630.63 0.970.97 0.1580.158 0.2730.273 nonenone 

Pine StatePine State 45.445.4 0.730.73 0.70.7 0.1390.139 0.2400.240 halfhalf 

49.649.6 0.790.79 0.560.56 0.1140.114 0.1970.197 fullfull 
36.036.0 0.580.58 1.131.13 0.1840.184 0.3180.318 nonenone 

SawyerSawyer 41.041.0 0.660.66 0.870.87 0.1480.148 0.2560.256 halfhalf 
43.743.7 0.700.70 0.760.76 0.1560.156 0.2700.270 fullfull 

Why Use TDAWhy Use TDA 

 Tire Derived Aggregate (TDA) has properties that 
civil engineers, public works directors & contractors 
need 
Light weight 
High permeability 
L thLow earth pressure 
Good thermal insulation 
Durable 
Compressible 
May be cost effective 

 Help solve significant environmental problem 
 Conserve natural aggregate resources 
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What is Type A TDA? 
Type A TDA - Typical,  Three  
inch minus, 
1 Ton  =  1.4  cubic  yards  
1 Ton = 100 tires (PTE) 
In Place Density = 45-58 lb/ft3 
Permeability › 1 cm/sec 

Uses - Drainage material, septic leach fields, 
vibrations dampening layers under light rail 
tracks, gas collection media, leachate 
collection material 

What is Type B TDA? 

Type B TDA - Typical, 12 inch minus, 

•1 Ton = 1.5 cubic yards 

•1 Ton = 100 tires (PTE) 

•In Place Density = 45-50 lb/ft³In Place Density  45 50 lb/ft 

•Permeability › 1 cm/sec for many 
applications 

Uses - Lightweight fill for embankments, 
lightweight fill behind retaining walls 

Dana Humphrey, 2005 

 
 

ASTM D 6270 Fill ASTM D 6270 Fill TypesTypes ASTM D 6270ASTM D 6270--98 Fill 98 Fill Types Types

Class II Fills: Class I Fills: 
-TDA placed in layers less than 1m (~3’) thick. -TDA placed in layers ranging from 1m (~3’) to 3m 

(~10’) thick. Have a maximum of 50% (by weight) passing the 38 
mm ((~1.5”) ) sieve. Have a maximum of 25% ( y(by weig )ght) pp assing g the 38 

mm (1.5”) sieve. 
Have a maximum of 5% (by weight) passing the 4.75 

Have a maximum of 1% (by weight) passing the 4.75 mm (~.19”) sieve. 
mm (~.19”) sieve. 

Sample applications of Class II Fills are retaining wall 
back fills, embankment fills, and slope repairs. Sample Applications of Class I Fills are typically utilized in 

landfill leachate and gas control applications. 

-

  
                

–UMaine Test WallUMaine Test Wall- IntroductionIntroduction 

 World’s 2World’s 2ndnd largest retaining wall test facilitylargest retaining wall test facility 
(16 ft high, 15 by 15 ft plan area, surcharge of(16 ft high, 15 by 15 ft plan area, surcharge of 
750 psf)750 psf) 

 Used tire shreds that were 3Used tire shreds that were 3--in. max and hadin. max and had 
l f te l belts nd 1 5l f te l belts nd 1 5 in ndin ndno removal of steel belts and 1.5no removal of steel belts and 1.5--in. max andin. max and 

had most of the steel belts removedhad most of the steel belts removed 

 Tire shreds placed in 8Tire shreds placed in 8--in. lifts and compactedin. lifts and compacted 
with 2300with 2300--lb rollerlb roller 

Full Scale TestingFull Scale Testing – UMain Test WallUMain Test Wall 
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Construction of UMain Test WallConstruction of UMain Test Wall Interior of UMaine Test WallInterior of UMaine Test Wall 

Loading TDA FillLoading TDA Fill Compacting TDACompacting TDA 

Surcharge BlocksSurcharge Blocks 

FullyFully 
LoadedLoaded 
F ilitF ilitS h FacilityFacilitySurcharge 

blocks 

Removable 
backwall 
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AtAt--rest stress distribution at 35.9 KPa surchargerest stress distribution at 35.9 KPa surcharge Stress at 35.9 KPa surcharge and 0.01H rotationStress at 35.9 KPa surcharge and 0.01H rotation 

AfterAfter 
removedremoved 
backwallbackwall 

CloseClose--up of TDAup of TDA 

Removing TDA after TestRemoving TDA after Test Benefits of TDA as BackfillBenefits of TDA as Backfill 

 Lower pressure on wallLower pressure on wall 

 Lateral earth pressure coefficient is notLateral earth pressure coefficient is not 
constant, but varies with depthconstant, but varies with depth 

 Results in nearly constant at rest lateralResults in nearly  constant at  rest lateral Results in nearly constant at rest lateralResults in nearly constant at rest lateral 
earth pressure as seen in previous slideearth pressure as seen in previous slide 

 Less rebar and/or thinner retaining wallLess rebar and/or thinner retaining wall 

 Get rid of waste tiresGet rid of waste tires 
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TDA ApplicationsTDA Applications 

Lightweight Backfill Behind RetainingLightweight Backfill Behind Retaining 
Walls, Riverside, CAWalls, Riverside, CA 

Case Study for Retaining Wall BackfillCase Study for Retaining Wall Backfill 

Wall 119, Riverside, CA 
PROBLEM: Widening the westbound 
side of Route 91 using TDA, is it as 
effective as typical backfill soil?effective as typical backfill soil? 

Case History Route 91 Retaining WallCase History Route 91 Retaining Wall 

 Retaining Wall 12’ tall, with 9.8’ of TDARetaining Wall 12’ tall, with 9.8’ of TDA 
enclosed in a geotextile membrane toenclosed in a geotextile membrane to 
prevent soil intrusionprevent soil intrusion 

TestingTesting 

Measurement: Installation of four types 
of gauges, strain gauges, pressure cells, 
temperature sensor, and a tilt meter 

Wall 119, Retaining Wall ConstructionWall 119, Retaining Wall Construction Gauge InstallationGauge InstallationWall 119, StrainWall 119, Strain 

125 



Wall 119, Pressure Cell InstallationWall 119, Pressure Cell Installation Wall 119, Temperature Sensor InstallationWall 119, Temperature Sensor Installation 

Wall 119, Tilt Meter InstallationWall 119, Tilt Meter Installation Wall 119, TDA PlacementWall 119, TDA Placement 

Wall 119, TDA CompactionWall 119, TDA Compaction Wall 119, CompletedWall 119, Completed 
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Project SummaryProject Summary 

 Used 1130 cubic yards of type B tireUsed 1130 cubic yards of type B tire 
shreds for 262 foot long fill.shreds for 262 foot long fill. 

 This equates to 76,500 PTE (passengerThis equates to 76,500 PTE (passenger 
ti i l t )ti i l t )tire equivalents)tire equivalents) 

 Find more data atFind more data at www.usetda.comwww.usetda.com 

SummarySummary 

 BackgroundBackground 

 TDA has properties that engineers needTDA has properties that engineers need 

 Full scale testing wall with TDA as backfillFull scale testing wall with TDA as backfill 
materialmaterialmaterialmaterial 

 Case studiesCase studies 

 Can use a lot of waste tiresCan use a lot of waste tires 

THANK YOUTHANK YOU 

QUESTIONS? 

http://www.cp2info.org/centerhttp://www.cp2info.org/center 

QUESTIONS? 
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CIVIL 575 Solid and Hazardous WasteCIVIL 575 Solid and Hazardous WasteCIVIL 575 Solid and Hazardous WasteCIVIL 575 Solid and Hazardous Waste 
ManagementManagementManagementManagement 

Teaching Modules 

 Part One: Applications of Tire Derived 
Aggregates in Landfills 

 Part Two: Environmental Engineering 
Considerations in the Use of TDA in 
Sanitary Landfills 

BackgroundBackground 
In California, nearly 40.2 million waste tires are generatedIn California, nearly 40.2 million waste tires are generated 
each yeareach year 
The California EPAThe California EPA 
estimates that 1.5 millionestimates that 1.5 million 
of these tires are illegallyof these tires are illegally 
dumped or stockpileddumped or stockpiled 

 It is necessary to findIt is necessary to find 
applications for theseapplications for these 
tires in order avoid thetires in order avoid the 
potential dangers theypotential dangers they 
pose to human health aspose to human health as 
well as the environmentwell as the environment 

dumped or stockpileddumped or stockpiled 

Tire Derived AggregatesTire Derived Aggregates 

Tire Derived Aggregates (TDA) are derived from 
rubber tires that have been processed into a 
consistent size and shape, generally between 1” and 
12" in size. 

Benefits of using TDA in Engineering ApplicationsBenefits of using TDA in Engineering Applications 

 Tire Derived Aggregate (TDA) has properties thatTire Derived Aggregate (TDA) has properties that 
civil engineers, public works directors &civil engineers, public works directors & 
contractors needcontractors need 
 LightweightLightweight 

 Free Draining/High PermeabilityFree Draining/High Permeability 

 Low earth pressureLow earth pressure 

 Good thermal insulationGood thermal insulation 

 DurableDurable 

 CompressibleCompressible 

 Maybe cheapest solutionMaybe cheapest solution 

Conserve natural aggregate resourcesConserve natural aggregate resources 

Help solve a significant environmental problemHelp solve a significant environmental problem 

TDA Type A PropertiesTDA Type A Properties 

 Typical SizeTypical Size –– One to three inchesOne to three inches 
 Unit WeightUnit Weight –– 1 ton = 1.4 cubic yards1 ton = 1.4 cubic yards 
 1 ton of type A = 100 passenger car tires1 ton of type A = 100 passenger car tires 
 High Permeability, 1 cm/secHigh Permeability, 1 cm/secHigh Permeability, 1 cm/secHigh Permeability, 1 cm/sec 

 UsesUses -- Drainage material, septic leach fields,Drainage material, septic leach fields,
Vibrations dampening layers under light railVibrations dampening layers under light rail
tracks. Gas collection media, Leachatetracks. Gas collection media, Leachate 
collection material.collection material. 

Dana Humphrey, 2005Dana Humphrey, 2005 

128 



  
  

   

      
    

  
  

    

      
  

High PermeabilitHigh Permeability, y, 1 1 cm/seccm/sec 

 UsesUses -- Lightweight fill Lightweight fill for embankments, for embankments,
Lightweight fill behind retaining walls, Lightweight fill behind retaining walls, GasGas 
collection collection media, Leachate collectionmedia, Leachate collection 
mmaaterialterial 

Dana HumpDana Humphreyhrey,, 2005 2005

TDA Type B PropertiesTDA Type B Properties 

 Typical SizeTypical Size –– TTwelve inches welve inches or lessor less 
 Unit WeightUnit Weight – – 11 ton ton = 1.5 cubic = 1.5 cubic yards yards
 1 1 ton ton of type of type B = 100 B = 100 passenger passenger car tires car tires
 High PermeabilitHigh Permeability, y, 1 1 cm/seccm/sec

ASTM D 6270 TDA SpecificationsASTM D 6270 TDA Specifications 
CCllass I ass I tirtiree shrshreeds ds shall hashall havve e a a maximum maximum of 50 of 50 perperccenentt 
(b(by wy weeighightt) passing ) passing the the 1-1-1/2 inch (38 1/2 inch (38 mm) mm) squarsquare e mesh mesh
siesievvee,, and  and a a maximum maximum of 5 of 5 perperccenent t passipassingng the Nothe No.. 4  4
(4.75mm) sie(4.75mm) sievvee 

CCllaass ss I FI Fills ills aarre e typtypiiccaally ully uttilizilizeedd inin la lannddfill fill leleaacchhaattee 
andand ggas as ccononttrrol ol

CCllass II ass II

andand gagas s coconnttrrooll 

tirtiree shrshreeds shall hads shall havvee a a maximum maximum of of 25 25 perperccenentt 
(b(by wy weeighightt) passing ) passing the the 1-1-1/2 inch (38 1/2 inch (38 mm) mm) squarsquare e mesh mesh
sisieevve e and and a maxa maxiimum mum ofof 1 per1 perccenent t passipassing ng the Nothe No.. 4 (4.75  4 (4.75
mm) siemm) sievvee 

CCllaass ss II II fills fills aarree u usseedd wh wheenn TDTDA A is is ppllaacceedd in  in lalayyeerrs s
rraangngiinng g ffrrom om 1m 1m (~3’) to 3m (~10’) thi(~3’) to 3m (~10’) thicck.) k.)

  

  

    

ASTM StandardsASTM Standards 

ASTM 6270 as a basic guidelines 
 A report A report by by GeoSyntecGeoSyntec ConsulConsultants, Intants, Inc. c. for for the the CalCaliifforniorniaa 

Integrated Waste Management Board Integrated Waste Management Board suggests that suggests that TDATDA 
used used for gas for gas colcollleectiction on shoulshouldd have a  have a maximaximum mum didimensimension,on, 
mmeeasureasuredd iin anyn any d diirerecctitioon,n, of 12of 12--in. and in. and conform to conform to the this the this
schedule:schedule:

ASTM ASTM RecommendationsRecommendations 

 “It “It is the is the respresponsibonsibility ility of the desigof the designn engengiineerneer 
to determine the appropriateness to determine the appropriateness of of usingusing 
scrapscrap tires in any ptires in any paarticular rticular apappplication and lication and toto 
select apselect appplicablicable le tests tests and spand specifications ecifications toto 
facilitate construction facilitate construction and environmentaland environmental schedule: schedule:
pprrotection.”otection.” 

 ASTM ASTM D6270 advises D6270 advises that tire that tire derivedderived 
aggregate projectsaggregate projects not not be greater be greater than 3mthan 3m 
(10’) in (10’) in thicknessthickness 

 At At this time, ASTMthis time, ASTM does not recommenddoes not recommend thethe 
use of use of tire derived aggrtire derived aggregates below egates below the the waterwater 
table table

      

          
    

        

    
                  

        

TDA in Landfill ApplicationsTDA in Landfill Applications 

Landfill Operations/Drainage LayersLandfill Operations/Drainage Layers 

Leachate Collection and Removal SystemLeachate Collection and Removal System 

Leachate Recirculation TrenchesLeachate Recirculation Trenches 

Landfill Gas Extraction SystemsLandfill Gas Extraction SystemsLandfill Gas Extraction SystemsLandfill Gas Extraction Systems 

Landfill Gas Pipe ProtectionLandfill Gas Pipe Protection 

Operations/Drainage LayerOperations/Drainage Layer 
In landfills, the geomembrane, or impermeable layer,In landfills, the geomembrane, or impermeable layer, 
prevent water which has drained through the landfill, orprevent water which has drained through the landfill, or 
leachate, from passing into the soil and groundwaterleachate, from passing into the soil and groundwater 

 The Operations Layer separates waste and providesThe Operations Layer separates waste and provides 
protection to the underlying landfill containment system asprotection to the underlying landfill containment system as 
well as allowing leachate to drain into a removal systemwell as allowing leachate to drain into a removal systemwell as allowing leachate to drain into a removal systemwell as allowing leachate to drain into a removal system 

TDA is an ideal candidate for use in an operation layerTDA is an ideal candidate for use in an operation layer 
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Operations/DrainageOperations/Drainage LayerLayer 

 ThThe Code e Code of of Federal Federal Requirements (TitleRequirements (Title 
40, Part 40, Part 258) 258) requires MSW landfills to requires MSW landfills to
install ainstall a leachate leachate draindrainage layer:age layer: 
“New “New MSWLF MSWLF units and lateral units and lateral

expansions shall be constructed”…. expansions shall be constructed”…. WithWith 
a a composite liner… composite liner… and a leachateand a leachate 
collection system that collection system that is is designed designed andand 
constructed to constructed to maintain lessmaintain less than than aa 3030--cmcm 
depth ofdepth of leachateleachate over the over the liner.”liner.” 

TDA as an TDA as an Operations/Operations/DDrairainnagagee layer layer

A fuA full scll scaallee bbiioorreeaaccttoor r lalannddfill fill wwaas s ccoonnsstrtruucctteed d inin YYoolo lo
ccooununttyy.. TThhe objece objecttiivve of e of the prthe projecoject was t was to managto manage e
mumunniicciippaal sol solid wlid waaststee ffoorr a  a rraappiid d dedeccoompmpoositiositionn oof f oorrgaganniic c
wwaaststee,, ma maximuximum m lalannddfill fill gagas ges genneerraatiotionn aanndd ccapturapturee, a, annd d
minimum longminimum long­-term enterm envivirroonmennmental tal ccoonsequencnsequences es

      
      

  
  

  
    

  
  

    

  
      

  
        

        

  
  

    

  
  

    

  
  

              

                
  

TDA as anTDA as an Operations/DrainageOperations/Drainage layerlayer 

Three of the bioreactor cells constructed at Yolo countyThree of the bioreactor cells constructed at Yolo county 
landfill had a baseliner design which utilized TDAlandfill had a baseliner design which utilized TDA 

This composite liner systemThis composite liner system 
was constructed in 1999 andwas constructed in 1999 and 
was designed to exceed thewas designed to exceed thegg
Code of Federal RequirementsCode of Federal Requirements 
(Title 40, Part 258) and Title 27(Title 40, Part 258) and Title 27 
of the CCR, which require MSWof the CCR, which require MSW 
landfills to install alandfills to install a leachateleachate 
drainage layer. and Title 27 ofdrainage layer. and Title 27 of 
the CCR.the CCR. 

1.5 million waste tires were1.5 million waste tires were 
used in this projectused in this project 

TDA as anTDA as an Operations/DrainageOperations/Drainage layerlayer 

The TDA was placed in a 2 foot layer above 6 inches of peaThe TDA was placed in a 2 foot layer above 6 inches of pea 
gravel at the Yolo County landfillgravel at the Yolo County landfill 

The TDA proved to be a cheap alternative to aggregates,The TDA proved to be a cheap alternative to aggregates, 
while effectively utilizing a waste product with beneficialwhile effectively utilizing a waste product with beneficial 
physical properties in landfill applicationsphysical properties in landfill applicationsphysical properties in landfill applicationsphysical properties in landfill applications 

TDA as a Leachate collection mediaTDA as a Leachate collection media 

Due to TDA’s high permeability, it makes an excellentDue to TDA’s high permeability, it makes an excellent 
medium for the collection of leachatemedium for the collection of leachate 

TDA has been usedTDA has been used 
as a sump fill materialas a sump fill material 
where leachate drainswhere leachate drains 
to a low point filledto a low point filled 
with TDA.The highwith TDA. The high 
voids in the TDAvoids in the TDA 
allows largeallows large 
quantities of leachatequantities of leachate 
to drain and collectto drain and collect 
for removalfor removal 

Leachate Collection SystemLeachate Collection System 

The Yolo County bio reactor utilizes TDA in a leachateThe Yolo County bio reactor utilizes TDA in a leachate 
collection sumpcollection sump 

The voids in the TDA allows the leachate to flow into theThe voids in the TDA allows the leachate to flow into the 
depression for collection and removaldepression for collection and removal 
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UtilizinUtilizing g TDTDA A inin a L a Leacheachaatte e RecirRecircculaulattionion SSyyststemem 

In In 2002,2002, the the AAuudubon dubon CCounounttyy S Saanitarnitaryy Landfill,  Landfill, in Ain Auudubon, dubon, IA, IA,
coconstrucnstructteed a d a lleachaeachatte e rerecciircrcuullatatiioonn t trreenncch h

TThe he sysyststem is em is usedused as an as- as an as-needneededed r reecircircculaulattion ion ooff lleachaeachatete back back
ininttoo the the landfill’landfill’s s fill fill ararea ea thrthroough the rugh the reecircircculaulattion ion trtrench,ench, when thewhen the 
head lehead levveels ls of of thethe leachaleachattee ststororaagge lae laggoon aroon are e eleelevvaatteded t too critical criticalgg gg 
lelevveels ls during during the wet monthe wet montthshs 

TDTDA A wwaas us uttilizilizeedd ttoo b baacckfill kfill aannd d
iinsulnsulaate a te a perperffororaatted ed pipipe pe llocaocatedted 
inside inside an ean exxcacavvaatteed trd trench.ench. TThhee 
trtrench ench wwaas es exxcacavvaatteed d within thewithin the 
wwaaststee b boouunndadarriieess ooff th thee fafaccilityility 

UtilizinUtilizing g TDTDA A inin a L a Leacheachaatte e RecirRecircculaulattionion SSyyststemem 

TThhe trench e trench wwaas es exxcacavvaated ted in thein the 
eexxistinistingg w waaste to ste to aallow thllow the e oovvererffllowow 
lealeacchhaatete to to ddraraiin bacn backk i into nto thethe 
lalanndfdfill ill

TDA with a nominal TDA with a nominal sizsizee of 3 of 3 
ttoo 4 4 inches  inches wwaas bs baackfckfilledilled in  in 33 
ttoo 5 f 5 foot oot lalayyersers 

TThe he TDTDA insulaA insulatteedd the pthe piippee 
frfromom damdamage asage as well  well asas 
insuring the insuring the leachaleachattee drdrained ained
frfreely eely thrthrough the pipeough the pipe 

  

     

        
    

      

    
  

      

                    
  

 

  

UtilizinUtilizing g TDTDA A inin a L a Leacheachaatte e RecirRecircculaulattionion SSyyststemem 

TThhee Me Metrtroo P Paarrk Eak East Lst Laannddfill fill inin M Miittcchheellvillellville, , IA cIA coonnsstrtruucctteed d aa 
lleeachaachate rte reecicirrccululaattiioon n trtrench ench sysystem stem iinn 2003 2003 

TThhe sye syststem em is an is an asas--needed needed rreciecirrccululaattiioon ofn of l leachaeachate te backback 
ininttoo ththee la lannddfill’fill’s s wwaaststee fill  fill aarreea a whwheenn th thee h heeaadd le levveels ls oof f ththe e
lleachaeachate storte storagage le laaggoon oon arare ele eleevvaatted to peak led to peak leevvelelss duriduring ng
the wthe weet mont montthshs 

A A 4 i4 innch dich diameter perameter perffororaatted pied pipe pe was was iinnsulsulaated wited with th 2 feet2 feet 
ooff 33 t too 4 4 in incchh n noominminaal l sizsizee TDTDA A aannd d bbaacckfillekfilled d with with
uncuncoompacmpactted cled claayy 

Leachate Recirculation SystemLeachate Recirculation System 

 As nAs needed, leaceeded, leachate hate is pumped is pumped from from thethe 
holding lagoon and holding lagoon and injected into theinjected into the 
existing waste existing waste through through thethe leachateleachate 
recirculation trenchrecirculation trench 

Picture: Leachate Storage 
Lagoon 

Utilizing TDA in aUtilizing TDA in a Leachate Toe Drain 

 In 2002, the Des Moines County Regional Sanitary Landfill, inIn 2002, the Des Moines County Regional Sanitary Landfill, in 
Burlington IA, constructed aBurlington IA, constructed a leachateleachate toe draintoe drain 

 This structure utilized TDA as drainage media to collectThis structure utilized TDA as drainage media to collect 
leachateleachate from the toe of the landfillfrom the toe of the landfill 

 A collection trench was excavated at the bottom of theA collection trench was excavated at the bottom of the A collection trench was excavated at the bottom of theA collection trench was excavated at the bottom of the 
landfill lift and a 4” HDPE perforated pipe was placed in thelandfill lift and a 4” HDPE perforated pipe was placed in the 
base of the trenchbase of the trench 

 The trench was backfilled with 1,004 tons of 4” to 6” nominalThe trench was backfilled with 1,004 tons of 4” to 6” nominal 
sized TDAsized TDA 

 24” of24” of uncompacteduncompacted soil was placed above the TDA forsoil was placed above the TDA for 
vegetative growth to control erosionvegetative growth to control erosion 

Utilizing TDA in aUtilizing TDA in a Leachate Toe Drain 

Excavated trench at base of lift awaiting placementExcavated trench at base of lift awaiting placement 
of perforated 4 inch pipe and TDA fillof perforated 4 inch pipe and TDA fill 
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Utilizing TDA in aUtilizing TDA in a Leachate Toe Drain 

 A geotextile was placed on top of the TDA to serve as aA geotextile was placed on top of the TDA to serve as a 
filter. Two feet of uncompacted soil will be placed on topfilter. Two feet of uncompacted soil will be placed on top 
of the liner to allow vegetative growthof the liner to allow vegetative growth 

Landfill GasLandfill Gas 

 A product of the decomposition ofA product of the decomposition of 
organic material in an anaerobicorganic material in an anaerobic 
condition is methane gascondition is methane gas 

Methane, as a green house gas, isMethane, as a green house gas, is 
21 more times potent than carbon21 more times potent than carbon 
dioxidedioxide 

If allowed to collect inIf allowed to collect in 
concentrations greater than 5%,concentrations greater than 5%, 
methane gas has the potential tomethane gas has the potential to 
spontaneously combustspontaneously combust 

It is necessary to vent and collectIt is necessary to vent and collect 
the methane gasthe methane gas 

Federal Landfill Gas GuidelinesFederal Landfill Gas Guidelines 

 The Code of Federal Requirements (Title 40, PartThe Code of Federal Requirements (Title 40, Part 
258.23) requires MSW landfills to ensure that the258.23) requires MSW landfills to ensure that the 
concentration of methane gas does not exceed theconcentration of methane gas does not exceed the 
lower explosive limit for methane at the facilitylower explosive limit for methane at the facility 
property boundary.property boundary.p p y yp p  y  y  

Landfill Gas Collection SystemsLandfill Gas Collection Systems 

 TDA’s properties make it an excellentTDA’s properties make it an excellent 
candidate for the use in gas collectioncandidate for the use in gas collection 
applicationsapplications 

 TDA has a high permeability, due to theTDA has a high permeability, due to the 
voids in the material creating an idealvoids in the material creating an idealvoids in the material, creating an idealvoids in the material, creating an ideal 
medium in which methane can easily passmedium in which methane can easily pass 
throughthrough 

1.5 cubic yards of TDA1.5 cubic yards of TDA 

utilizes 100 waste tiresutilizes 100 waste tires 

 The high permeability of theThe high permeability of the 
TDA makes it an ideal materialTDA makes it an ideal material 
for the insulation of the gasfor the insulation of the gas 
collection pipescollection pipes 

Landfill Gas Collection TrenchesLandfill Gas Collection Trenches 

 Vertical trenches passingVertical trenches passing 
through the impermeablethrough the impermeable 
landfill cap allows methane gaslandfill cap allows methane gas 
to vent out of the landfill into ato vent out of the landfill into a 
collection systemcollection system 

Gas Collection System, TrenchGas Collection System, Trench--lessless 

Methane is allowed to vent through the non permeableMethane is allowed to vent through the non permeable 
cap at  the toe, located at the bottom of the lift.TDA iscap at  the toe, located at the bottom of the lift.TDA is 
placed atop the toe to allow the methane to enter aplaced atop the toe to allow the methane to enter a 
perforated collection pipeperforated collection pipe 

TDA type B is recommendedTDA type B is recommended 
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Landfill Gas Collection system ProtectionLandfill Gas Collection system Protection 

Landfill gas can be collected in horizontal collection pipes.Landfill gas can be collected in horizontal collection pipes. 
These pipes are perforated to allow the gas to pass through.These pipes are perforated to allow the gas to pass through. 
TDA is placed on op of the pipes to allow gas to passTDA is placed on op of the pipes to allow gas to pass 
through while preventing solid waste from clogging andthrough while preventing solid waste from clogging and 
damaging the pipedamaging the pipe 

Landfill Gas Pipe ProtectionLandfill Gas Pipe Protection 

Gas collection wellheads protected by TDA type BGas collection wellheads protected by TDA type B 

Gas Collection System ProtectionGas Collection System Protection 

Gas collection system protected by TDA type BGas collection system protected by TDA type B 

TDA as an Alternative Daily Cover 

 After every day of operation, it is necessary that landfillsAfter every day of operation, it is necessary that landfills 
apply a cover material to contain the wasteapply a cover material to contain the waste 
 This is necessary to:This is necessary to: 

 Improve the access to the landfillImprove the access to the landfill 
 Reduce the amount of trash that can blow awayReduce the amount of trash that can blow away 

Red the risk of disease (birds nimals and insects feedingRed the risk of disease (birds nimals and insects feeding Reduce the risk of disease (birds, animals and insects feedingReduce the risk of disease (birds, animals and insects feeding 
on waste)on waste) 

 Reduce odorsReduce odors 
 Reduce the chances of fireReduce the chances of fire 

Questions ? Environmental Engineering Considerations in the Use ofEnvironmental Engineering Considerations in the Use of 
TDATDA inin Sanitary LandfillsSanitary Landfills 

D f Ci il E i iD f Ci il E i iDepartment of Civil EngineeringDepartment of Civil Engineering 

California State University, ChicoCalifornia State University, Chico 
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OverviewOverview 
Use of TDA in lieu of sand or gravel aggregateUse of TDA in lieu of sand or gravel aggregate 
 Life cycle assessment of GHG emissionsLife cycle assessment of GHG emissions 
 Engineering aspects of TDA versus aggregateEngineering aspects of TDA versus aggregate 
 Water quality aspectsWater quality aspects 
 Landfill impacts and potential marketLandfill impacts and potential market 

Use of TDA for alternative daily cover (ADC)Use of TDA for alternative daily cover (ADC) 
 Life cycle assessment of GHG emissionsLife cycle assessment of GHG emissions 
 Limitations of TDA as coverLimitations of TDA as cover 

Use of whole tires in landfillsUse of whole tires in landfills 

Use of Tire Derived Aggregate (TDA) inUse of Tire Derived Aggregate (TDA) in 
Lieu of Sand or Gravel AggregatesLieu of Sand or Gravel Aggregates 

TDA can be used in lieu of sand or gravel for:TDA can be used in lieu of sand or gravel for: 

 leachateleachate collection systemscollection systems leachateleachate collection systems,collection systems, 

 the primary drainage layer for a liner systemthe primary drainage layer for a liner system 

 the drainage layer within the final coverthe drainage layer within the final cover 
system, andsystem, and 

 the media for landfill gas venting systemsthe media for landfill gas venting systems 

Surface water drainage 

Gas drainage 

Potential Uses of TDA in Lieu of Aggregates: 

 Surface water drainage, 

 Gas drainage, 

 Leachate drainage and collection 

Leachate drainage/collection 

Landfill Sand Protective Cover Installation 

Landfill Gravel Protective Cover InstallationLandfill Gravel Protective Cover Installation TDA Being Placed in a Leachate Collection System 
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Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
EmissionsEmissions forfor TDA TDA and and Virgin Virgin AggreAggregategate 

Figure 1 shows Figure 1 shows GHG GHG sources sources and sinksand sinks 
assocassociated withiated with ththe me maaterial terial life life ccyyccle.le. 

Figure 1: GHG Sources and Sinks Associated with 

the Material Life Cycle 

    

    

 

Life Life Cycle Assessment Cycle Assessment of Energof Energyy Consump Consumpttion ion andand 
GHG EmissionsGHG Emissions for TDA for TDA and and Virgin Virgin AggregateAggregate 

Waste management Waste management decisions decisions eeffect GHG emissions ffect GHG emissions by by thethe 
enenergy conergy conssuummppttionion aassociassociatted ed withwith recyclinrecycling.g. 

TThhisis energyenergy incluincluddesesThiThiss energyenergy ininclucludesdes 

 Processing of Processing of recycled recycled materials;materials; 
 TraTrannsportisportinngg m maateteririaallss 

Life Life Cycle Assessment Cycle Assessment of Energyof Energy Consump Consumpttion and GHG Emissionsion and GHG Emissions 
for Tfor TDDA A and Virgin aggregatand Virgin aggregatee 

Recycling: Recycling:

 Recycled Recycled materials are usmaterials are used in place ed in place of virginof virgin 
inpinpuuts in ts in the manufacturingthe manufacturing p process.rocess. 

 Material can be recycled Material can be recycled in in two ways:two ways: 

 Closed loopClosed loop——mamaterial is terial is recycled into recycled into ththe e sasame me
prodproducuctt 

 Open loopOpen loop——mamaterial is terial is recycled recycled ininto other products to other products

  

      

        
    

          

        

      
        

    

Life Life Cycle Assessment Cycle Assessment of Energof Energyy Consump Consumpttion ion andand 
GHG EmissionsGHG Emissions for for TDA and Virgin TDA and Virgin Aggregate Aggregate

Recycling:Recycling: 

 IItt is uis ussuuaally ally assussumed med ththaatt recycling  recycling decreases decreases GHGGHG 
emissions emissions dudue to lower e to lower energyenergy requ requiremirements ents compcompaarred ed toto 
manufacture manufacture from vifrom virgirginn i innputs.puts. 

 TThhis mais may ny noot at alwalways ys bbee tru truee, , hhoowever, wever, espespeeciacially lly withwith 
open loop open loop recycling.recycling. 

 AAss a a resuresult, a lt, a liflife cycle ae cycle annaallysis ysis shshouould ld bbe e ppeerfrformed ormed to to
determine energy determine energy requrequiremirements ents aannd d GHG GHG emissions duemissions duee 
to recycling to recycling processes.processes. 

Life Life Cycle Assessment Cycle Assessment of Energy of Energy ConsConsumpumpttion and GHG Emissions ion and GHG Emissions for for TTDDAA 
and Virgin and Virgin AggregatAggregatee 

 BecaBecauusse e TTDDAA is ais ann op openen--looploop recycled marecycled materiateriall, a, a life life cyclecycle 
assessment for assessment for energy energy consconsumption and umption and GHG GHG emissionsemissions 
shoulshouldd be be peperformrformeedd to dto deetermintermine e how the uhow the usse e of of TTDDAA 
compcompaarres to es to conventionaconventionall aaggregaggregatteses——sandsand and  and gravegravell— —
commoncommonlyly uussed ed in in lalannddffill ill designdesign..commonlycommonly useusedd inin lalanndfdfillill design.design. 

 TheThe anal analyyssiiss ccaan ben be ddiivividededd iinto nto twtwo o parts:parts: 

 PPrrocess enerocess energygy rreeqquuirirementementss andand GHG emissionsGHG emissions 

 TTrranspanspororttaattion enerion energygy rreeqquuirirementements s and GHG and GHG emissions emissions
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Life Cycle Life Cycle AssessmentAssessment ofof EnEnergy Consumptiergy Consumptionon and and GHG GHG
Emissions Emissions for TDA for TDA and Virgin and Virgin Aggregate Aggregate

Process energyProcess energy emissions emissions

1. 1. Virgin AggregateVirgin Aggregate 

	 TheThe EPA estimates that,EPA estimates that, nationwide, thenationwide, the average average
combustioncombustion energy to prenergy to produce virgin aggregateoduce virgin aggregate 
from crushed stonefrom crushed stone is is 0.0486 0.0486 million million Btu/Ton Btu/Ton

	 ThisThis gives gives total process emissionstotal process emissions of 0.0009of 0.0009 
MTMTCE/CE/TTonon 

 
  

    

  
 
 

 
    

  
   

 

   

 

Life Cycle Life Cycle AssessmentAssessment ofof EnEnergy Consumptiergy Consumptionon and and GHG GHG Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumptionon and and GHG GHG
Emissions Emissions for TDA for TDA and Virgin and Virgin Aggregate Aggregate Emissions Emissions for TDA for TDA and Virgin and Virgin Aggregate Aggregate

Process energy emissions Process energy emissions
2. TDA 2. TDA Process EnergProcess Energy y EmissionsEmissions 
 Tire Tire shred shred process data wereprocess data were calculated assumingcalculated assuming the the tiretire 

shredder isshredder is anan electric electric 225225 kWkW Saturn shredder,Saturn shredder, oneone of the of the
Energy Consumption Total Process mostmost commonly ucommonly ussed modelsed models (M. (M. HiHinsleynsley, personal, personal Material For Aggregate Production Energy Emissions

commucommunnicaicattionion)). T. Thhisis tire tire shshrereddddeer prodr producuceess approxiapproximmateatellyy 
Material For Aggregate Production Energy Emissions 

(million BTU/Ton) (MTCE/Ton) 
7 tons/hr7 tons/hr ofof TDA.TDA. 

Virgin aggregate1 0.0486 0.0009 
(crushed stone)  AAt t 70% loa70% loadd withwith 10% a10% additiondditionaal l ininppuut t ffoor conr conveyors veyors aannd d

screenscreeners,ers, ththee shshredder will conredder will conssuummee aapppprroxoximaimattely 25ely 25 kkW­W
hr/ton, or 85,325 Btu/ton, hr/ton, or 85,325 Btu/ton, or or 0.08530.0853 million million Btu/ton.Btu/ton. Tire Shreds2 0.0853 0.0014 

 ThisThis gives total processgives total process emissions emissions of 0.0014 MTCE/Tonof 0.0014 MTCE/Ton 

    
  

  

  

 
    

 
  

   

 

   

 

Life Cycle Life Cycle AssessmentAssessment ofof EnEnergy Consumptiergy Consumptionon and and GHG GHG Life Cycle Life Cycle Assessment Assessment ofof EnEnergy Consumptiergy Consumptionon and and GHG GHG
Emissions Emissions for TDA for TDA and Virgin and Virgin Aggregate Aggregate Emissions Emissions for TDA for TDA and Virgin and Virgin Aggregate Aggregate

TTrraannspsportaortation energytion energy emissions emissions

TTrranspansportation Energortation Energyy EmissionsEmissions 
 TThhe e EEPA PA estimaestimatestes thathat t the athe averaveragge combe combuusstiontion energy to energy to

transport onetransport one tonton--mile mile 
of material of material in diesel in diesel trucks trucks is 0.00623is 0.00623
million million BBtutu
Btu. Energy million million Btu. Consumption for Total Transport

Material 
En

A
ergy 
ggregate T

Consum
ransport 

ption for 
E
To
nergy Emissi

tal Transport 
ons 

(million BTU/Ton-mile) (MTCE/Ton-mile) 

	 This gives This gives transportation transportation emissionsemissions of 0.00012 MTCE/Tonof 0.00012 MTCE/Ton­- Virgin aggregate1 0.00623 0.00012 
milemile (crushed stone) 

 Transportation emissions Transportation emissions per per tonton--mile amile arre e aassussumed med to to bbee Tire Shreds3 0.00623 0.00012 

the samethe same for both virginfor both virgin aggregate aggregate and TDA and TDA as shownas shown in thein the 
ffoollowinllowing tag tabblle.e. 

­
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Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
Emissions Emissions for TDA for TDA and Virgin and Virgin AggregateAggregate 

 Since TDA Since TDA has has a higher process a higher process energy requirementenergy requirement 
than virgin than virgin aggregate aggregate per per ton ton of of material pmaterial produced, it roduced, it isis 
concluded that transpconcluded that transportation ortation emissions emissions will will bbee the the 
decisive decisive factor as factor as to whether to whether the the use of Tuse of TDDA A will will havehave 
moremore oror lessless ofof anan envenviironmentalronmental iimpmpactact tthanhan vvirgirgiinnmoremore oror lessless ofof anan environmentalenvironmental impimpaactct thanthan virginvirgin 
agagggrregegate ate ppeer r ton of pton of prroduction.oduction. 

 FigFiguure 2 re 2 shows shows the relationshipthe relationship bbeetween tween GHG emissionsGHG emissions 
and and haul distance to the haul distance to the landfill landfill for bfor booth virgth virginin 
agagggrregegate ate and and TTDDA A pprroduced onsite oduced onsite (at the landfill) (at the landfill) andand 
hauled.hauled. 
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Figure 2:
Total Energy Emissions per Ton of Material Versus Haul Distance for Virgin 

Aggregate and
TDA (Hauled and Produced Onsite) 
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Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
Emissions Emissions for TDA for TDA and Virgin and Virgin AggregateAggregate 

 FigFiguure 2 re 2 shows shows that, on that, on a weiga weight ht bbaasis, Tsis, TDDA should A should bbee 
pproduced roduced onsite onsite or or as close to the as close to the landfill landfill as as ppoossibssiblle e ifif 
it it is to be is to be used as used as an altean alternative rnative to virgin aggregate.to virgin aggregate. 
Indeed, agIndeed, agggregregate ate will will likely likely pproduce roduce less less emissionsemissions 
than onsite than onsite TDA up TDA up to to a a haulhaul distance of 5 miles on adistance of 5 miles on a 
weigweight bht baasis.sis. 

 Otherwise, the use of Otherwise, the use of TDA TDA could easily could easily produce produce moremore 
GHG emissions GHG emissions than than virgin virgin aggregate.aggregate. 

Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
Emissions Emissions for TDA for TDA and Virgin and Virgin AggregateAggregate 

 TTDDA, A, however, has a much lower however, has a much lower spspecific ecific weigweight thanht than 
stone or stone or sand aggregate, sand aggregate, thus thus a lower a lower weight of weight of TDATDA 
will will bbee used in  used in apappplications lications than the virgthan the virgin in agagggregregates.ates. 

γaggregate  105 lb/ft3 

γ 3 
TDA  25 lb/ft

 
 

  
  

   
 

 

   
 

 
 =

 
 

Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
Emissions Emissions for TDA for TDA and Virgin and Virgin AggregateAggregate 

 The emission The emission data data for for proceprocessing and ssing and transportation transportation areare 
converted converted to a volume to a volume basis basis in in the the following tables and following tables and plottedplotted 
inin F Fiigugure re 3.3. 

Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
Emissions Emissions for TDA for TDA and Virgin and Virgin AggregateAggregate 

Process Energy Process Energy EmissiEmissions Based ons Based on Volumeon Volume 

Energy Consumption Total Process 
For Aggregate Produc

3 
tion Energy Emiss

3
ions

Material (million BTU/ft3) (MTCE/ft3) 

Virgin aggregate1 0.00255 0.0000427 
(crushed stone) 

Tire Shreds2 0.00106 0.0000175 

1. γ  105 lb/ft3 

2. γ = 25 lb/ft3 
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Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
Emissions Emissions for TDA for TDA and Virgin and Virgin AggregateAggregate 

Transportation Energy Transportation Energy EmEmissions Based on issions Based on VolumeVolume 

Energy Consumption for Total Transport 
Aggregate Trans

3 
port Energy Emiss

3
ions 

Material (million BTU/ft3-mile) (MTCE/ft3-mile) 

Virgin aggregate1 0.0003271 0.0000063 
(crushed stone) 

Tire Shreds2 0.0000779 0.0000015 

1. γ  105 lb/ft3 

2. γ  25 lb/ft3 
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Figure 3:
Total Energy Emissions per Cubic Foot Versus Haul Distance for Virgin Aggregate and

TDA (Hauled and Produced Onsite) 
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Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
Emissions Emissions for TDA for TDA and Virgin and Virgin AggregateAggregate 

 FigFiguure re 3 shows that, 3 shows that, on a on a vvoolume blume baasis, sis, TTDDA A pproducesroduces 
less GHG emissions less GHG emissions than vthan viirgrgin in agagggregregate ate for for bboothth 
process and transportation process and transportation energyenergy.. 

 These These results results are due solely are due solely toto the  the differences in specificdifferences in specific 
weights between weights between conventionconventional aggregates al aggregates and and TDA,TDA, 
which allows which allows less less TTDDA A to to bbee used in  used in agagggregregateate 
apappplication in lication in landfills.landfills. 

Life Cycle Life Cycle Assessment Assessment of of EnEnergy Consumptiergy Consumption on and and GHGGHG 
Emissions Emissions for TDA for TDA and Virgin and Virgin AggregateAggregate 

 Because Because TTDDA is A is highighhly ly compcompressibressiblle, as e, as will will bbee 
discussed discussed bbeelow, it is plow, it is poossibssiblle that more e that more TTDDA A will will havehave 
to bto bee utilized  utilized in in a ga giiven apven appplication lication than than its its looseloose 
volume. volume. TThhis could occur, for exampis could occur, for examplle, e, in ain a leachate leachate
drainagdrainagee apappplication at lication at the the bboottom of a ttom of a landfill.landfill. 

 A A life life cycle assessment cycle assessment of energof energyy and emissions and emissions shouldshould 
therefore therefore be be performed performed for each for each specific application ofspecific application of 
TTDDA at A at landfills.landfills. 

. 

. 

M 
/ft 3 Virgin Aggregate 

Total Energy Emissions per Cubic Foot Versus HaulTotal Energy Emissions per Cubic Foot Versus Haul 
Distance for Virgin Aggregate and TDADistance for Virgin Aggregate and TDA 

. 

. 

. 

. 

t l
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Onsite TDA 

Hauled TDA 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

Hydraulic ConductivityHydraulic Conductivity 

CompressibilityCompressibility 

Compatibility ith Geosynthetics andCompatibility ith Geosynthetics andCompatibility with Geosynthetics andCompatibility with Geosynthetics and 
LinersLiners 

CombustibilityCombustibility 

Storage IssuesStorage Issues 

Uniformity and QualityUniformity and Quality 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

Hydraulic ConductivityHydraulic Conductivity 

 TDA hydraulic conductivity has beenTDA hydraulic conductivity has beenTDA hydraulic conductivity has beenTDA hydraulic conductivity has been 
measured in a range from 0.0005 to 59.3measured in a range from 0.0005 to 59.3 
cm/sec.cm/sec. 

 This wide range may be attributed toThis wide range may be attributed to 
differences in shred size distribution,differences in shred size distribution, 
composition, and compaction level.composition, and compaction level. 
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Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

Hydraulic ConductivityHydraulic Conductivity 

 The lower range of conductivities hasThe lower range of conductivities hasThe lower range of conductivities hasThe lower range of conductivities has 
been stated to be due to smaller shredsbeen stated to be due to smaller shreds 
under greater vertical stress.under greater vertical stress. 

 Conductivity also decreases significantlyConductivity also decreases significantly 
as the percentage of soil in TDAas the percentage of soil in TDA 
increases.increases. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

CompressibilityCompressibility 

 TDA is highly compressible under loadedTDA is highly compressible under loaded TDA is highly compressible under loadedTDA is highly compressible under loaded 
conditions.conditions. 

 Under high loads, TDA can compress byUnder high loads, TDA can compress by 
as much as 50%.as much as 50%. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

CompressibilityCompressibility 

 The compressibility should be considered inThe compressibility should be considered in 
the use of TDA for the leachate drainage andthe use of TDA for the leachate drainage and 
collection layer in a landfill.collection layer in a landfill. 

 Research has shown that a 12 inch TDAResearch has shown that a 12 inch TDA 
leachate layer could compress 30% under 75leachate layer could compress 30% under 75 
feet of waste, leaving an effective thickness offeet of waste, leaving an effective thickness of 
8.7 inches.8.7 inches. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

Compatibility with Geosynthetics and LinersCompatibility with Geosynthetics and Liners 

 Exposed wire from TDA presents a significantExposed wire from TDA presents a significantp p gp p g 
puncture hazard for any geosynthetic layerpuncture hazard for any geosynthetic layer 
used in a landfill.used in a landfill. 

 It is recommended that a granular cushionIt is recommended that a granular cushion 
layer be used between TDA and geomembranelayer be used between TDA and geomembrane 
layers to provide puncture protection.layers to provide puncture protection. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

CombustibilityCombustibility 

 TDA h flash point f bout 580TDA h flash point f bout 580 ºFºF TDA has a flash point of about 580TDA has a flash point of about 580 ºF.ºF. 

 Under the right conditions, TDA has theUnder the right conditions, TDA has the 
potential to create an internal heatingpotential to create an internal heating 
reaction that could lead to a fire.reaction that could lead to a fire. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

CombustibilityCombustibility 

 Potential f inte nal h tingPotential f inte nal h ting Potential causes of internal heatingPotential causes of internal heating 
reactions:reactions: 

Oxidation of exposed steel beltsOxidation of exposed steel belts 

Oxidation of rubberOxidation of rubber 

Microbial actionMicrobial action 
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Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

CombustibilityCombustibility 

 Conditions that may lead to internal heatingConditions that may lead to internal heating 
reactions in TDA in landfills:reactions in TDA in landfills: 

A to iA to i Access to airAccess to air 

 Access to waterAccess to water 

 Retention of heatRetention of heat 

 Large fill thicknessLarge fill thickness 

 Large amounts of exposed steel beltsLarge amounts of exposed steel belts 

 Smaller TDA sizes and large amounts of granulatedSmaller TDA sizes and large amounts of granulated 
rubber particlesrubber particles 

 Presence of inorganic and organic nutrientsPresence of inorganic and organic nutrients 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

CombustibilityCombustibility 

 ASTM recommends that TDA not be usedASTM recommends that TDA not be used ASTM recommends that TDA not be usedASTM recommends that TDA not be used 
in layers greater than 10 feet thick.in layers greater than 10 feet thick. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

Storage IssuesStorage Issues 

 A major impediment to use of TDA in landfillsA major impediment to use of TDA in landfills 
is the ability to store sufficient quantities tois the ability to store sufficient quantities to 
keep up with landfill construction activities.keep up with landfill construction activities. 

 Landfills will often need to stockpile and storeLandfills will often need to stockpile and store 
TDA in an onsite staging area, and thus mustTDA in an onsite staging area, and thus must 
plan ahead for storage and deploymentplan ahead for storage and deployment 
activities.activities. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

Storage IssuesStorage Issues 

 TDA sed substitute for ggregateTDA sed substitute for ggregate TDA used as a substitute for aggregateTDA used as a substitute for aggregate 
should be stored in piles whereshould be stored in piles where 
Vertical dimension does not exceed 15 ft.Vertical dimension does not exceed 15 ft. 

Length is less than 100 ft.Length is less than 100 ft. 

Width is less than 50 ft.Width is less than 50 ft. 

Volume of pile is less than 75,000 ftVolume of pile is less than 75,000 ft33.. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

Storage IssuesStorage Issues 

 TDA in stored in piles should alsoTDA in stored in piles should also 
 Be located away from potential ignition sourcesBe located away from potential ignition sources Be located away from potential ignition sourcesBe located away from potential ignition sources 

 Be located 50 ft away from combustible materialsBe located 50 ft away from combustible materials 

 Have a 50 ft fire lane between pilesHave a 50 ft fire lane between piles 

 Have a 20 lb Class ABC dry chemical fire extinguiserHave a 20 lb Class ABC dry chemical fire extinguiser 
available within 100 ft radius of storage areaavailable within 100 ft radius of storage area 

 Have the site graded to prevent standing pools of waterHave the site graded to prevent standing pools of water 
and limit stormwater runoff.and limit stormwater runoff. 

Engineering Aspects of TDA Versus AggregateEngineering Aspects of TDA Versus Aggregate 

Storage IssuesStorage Issues 

 Other TDA storage concernsOther TDA storage concerns 
 Use of temperature probes to monitor internalUse of temperature probes to monitor internal Use of temperature probes to monitor internalUse of temperature probes to monitor internal 

temperaturestemperatures 

 Control of wind blown debris and other contaminatesControl of wind blown debris and other contaminates 

 Water truck to cool down piles as necessaryWater truck to cool down piles as necessary 

 Care with moving TDA to avoid contamination withCare with moving TDA to avoid contamination with 
underlying soils.underlying soils. 
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Water Quality Concerns with TDAWater Quality Concerns with TDA 

 The Toxicity Characteristics LeachingThe Toxicity Characteristics Leaching 
Procedure (TCLP) used by ASTM showedProcedure (TCLP) used by ASTM showed 
that TDA was below all regulated metalsthat TDA was below all regulated metalsgg
and organics.and organics. 

 TDA therefore is not classified as aTDA therefore is not classified as a 
hazardous waste at the federal level.hazardous waste at the federal level. 

Water Quality Concerns with TDAWater Quality Concerns with TDA 

 Studies have shown that a low pH traceStudies have shown that a low pH trace 
metals can leach from TDA.metals can leach from TDA. 

 At high pH hydrocarbon oils can leachAt high pH hydrocarbon oils can leach 
from TDA.from TDA. 

Water Quality Concerns with TDAWater Quality Concerns with TDA 

 The pH of landfill leachate is can beThe pH of landfill leachate is can be 
acidic in new landfills, and has beenacidic in new landfills, and has been 
reported to range from from 4.5 to 7.5.reported to range from from 4.5 to 7.5.p gp g 

 It is thus possible that some metals couldIt is thus possible that some metals could 
be leached from TDA used in lechatebe leached from TDA used in lechate 
collection systems.collection systems. 

Water Quality Concerns with TDAWater Quality Concerns with TDA 

 Landfill gas is corrosive, and it is alsoLandfill gas is corrosive, and it is also 
possible that metals could be leachedpossible that metals could be leached 
from TDA where it is used in gasfrom TDA where it is used in gasgg
drainage systems.drainage systems. 

Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

 Daily cover is defined as cover material placedDaily cover is defined as cover material placed 
on the entire surface of the active face at theon the entire surface of the active face at the 
end of each operating day.end of each operating day. 

 It’s purpose is to control:It’s purpose is to control: 
 VectorsVectors 
 FireFire 
 OdorsOdors 
 Windblown litterWindblown litter 
 ScavengingScavenging 

Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

 Commonly used ADC materials inCommonly used ADC materials in 
landfills include:landfills include: 

Tarps (geosynthetic blankets)Tarps (geosynthetic blankets) 
Green wasteGreen waste 
CompostCompost 
Wastewater sludges or biosolidsWastewater sludges or biosolids 
Construction and demolition materialsConstruction and demolition materials 
FoamsFoams 
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 Onsite Production of Daily Cover with Excavator and Dump 
Truck 

Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

 From a landfill operational perspective,From a landfill operational perspective, 
the purpose of the use of ADC instead ofthe purpose of the use of ADC instead of 
soil is tosoil is to 

Save airspace (volume)Save airspace (volume) 

Minimize heavy equipment use byMinimize heavy equipment use by 
minimizing the volume of soil requiredminimizing the volume of soil required 
for operationsfor operations 

Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

TDA has the following major constraintTDA has the following major constraint 
that limit its use as ADC.that limit its use as ADC. 

Life cycle emissions for production andLife cycle emissions for production and 
application as ADC are higher than soil,application as ADC are higher than soil, 
especially if soil is excavated onsite, theespecially if soil is excavated onsite, the 
most common case at landfills.most common case at landfills. 

Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

Life cycle assessment of emissions usingLife cycle assessment of emissions using 
TDA as ADC.TDA as ADC. 

 Daily cover is typically excavated onsiteDaily cover is typically excavated onsite 
at landfills using an excavator, which isat landfills using an excavator, which is 
the most efficient form of excavation, asthe most efficient form of excavation, as 
shown in the following photos.shown in the following photos. 
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Use Use of TDA of TDA for Alternative for Alternative Daily Daily Cover Cover (ADC)(ADC) 

Life Life cycle assessment cycle assessment of emissions of emissions usingusing 
TDA as ADCTDA as ADC.. 

 ThThe life ce life cyyccles les ememissionissions s of of excexcaavationvation 
and and transportation transportation of cover can beof cover can be 
calculated as calculated as follows:follows: 

Use Use of TDA of TDA for Alternative for Alternative Daily Daily Cover Cover (ADC)(ADC) 

A. Energy Consumption for Conventional Cover Excavation 

Caterpillar 345 Series II Excavator, 321 hp, 2.0 yd3 bucket. 
Fuel consumption = 11.0 gallons/hr @ medium load 
Cycle time = 20 seconds 
Production = 360 yd3/hr 
Soil density = 2,500 lb/yd3 (loose) 

 3   3   1 ton



Production     360 yd3 / hr  2,500 lb/yd 3 

 

1 ton


  450 tons/hr

 2,000 lb  

   
Btu Value of Diesel Consumed 

11.0 gal/hr 129,500 Btu/gal
  3,165 Btu/ton

450  tons/hr

Energy Consumption for Soil Cover Excavation 
3,165 Btu/ton

  0.
10 6 

00316 million Btu/ton 

Energy Emissions = 
(0.00316 million Btu/ton)(0.01987 MTCE/million Btu) = 0.000063 MTCE/ton 

  

  
 

  
  

 

 
  

   
 

 
 
 

Use Use of TDA of TDA for Alternative for Alternative Daily Daily Cover Cover (ADC)(ADC) 

Life Life cycle assessment cycle assessment of emissions of emissions usingusing 
TDA as ADCTDA as ADC.. 

Use ofUse of TTDDAA ffoor Ar Allternternaattiveive DDaailyily Cover Cover (A(ADDC) C)

a) Process energy emissions 

Energy Consumption Total Process 
Material For Aggregate Production Energy Emissions 

(million BTU/Ton) (MTCE/Ton) 
Excavated Soil 0.00316 0.000063 
Tire Shreds 0.0853 0.0014 

 The The emission data emission data for for processing andprocessing and b) Transportation energy emissions 

transportation are transportation are shown shown in in the the Energy Consumption for Total Transport 

following following tables and plotted in tables and plotted in Figure 4.Figure 4. Material Aggregate Transport Energy Emissions 
(million BTU/Ton-mile) (MTCE/Ton-mile) 

Excavated Soil 0.00623 0.00012 
Tire Shreds 0.00623 0.00012 
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Figure 4 
Total Energy Emissions Versus Haul Distance for Soil Cover and 

TDA (Hauled and Produced Onsite) 

Hauled TDA 
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Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

Life cycle assessment of emissions using TDA asLife cycle assessment of emissions using TDA as 
ADC.ADC. 

 Figure 4 shows that, on a weight basis, even ifFigure 4 shows that, on a weight basis, even ifFigure 4 shows that, on a weight basis, even ifFigure 4 shows that, on a weight basis, even if 
TDA were produced onsite, it cannot competeTDA were produced onsite, it cannot compete 
with soil excavated onsite, or hauled soil up to awith soil excavated onsite, or hauled soil up to a 
distance of 10 miles from the landfill.distance of 10 miles from the landfill. 
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Use Use of TDA of TDA for Alternative for Alternative Daily Daily Cover Cover (ADC)(ADC) 

Life cycle Life cycle assessment assessment of emof emissions issions using TDA using TDA as ADC.as ADC. 

 TTDDAA,, hhoowever, wever, hhaas s a a mumuch ch lower splower specifecific ic weighweightt th thaan n soil, thsoil, thuus s
ppootenten

li li
ttiaia

titi
lly ally a lower lower weighweightt of  of TTDDA A coucoulld bd be e uussed in ed in AADDC C

appapplilicacatitions.ons. 

γsoil  93 lb/ft3 

γTDA  25 lb/ft3 

Use Use of TDA of TDA for Alternative for Alternative Daily Daily Cover Cover (ADC)(ADC) 

Life Life cycle assessment cycle assessment of emissions of emissions usingusing T TDDA A as ADC.as ADC. 

 TThhee eemission mission data data for for pprocessing androcessing andThThee emissionemission datadata forfor pprrocessingocessing andand 
transportation are convertetransportation are converted d to a vto a voolume lume bbaasis insis in 
the following the following tables tables anand d plotted in Figplotted in Figuure 5.re 5. 
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Use of TDAUse of TDA for Alternativefor Alternative Daily Daily Cover Cover (ADC) (ADC)
c) Process energy emissions per ft3 

Energy Consumption Total Process 
For Aggregate Production Energy Emissions 

Material (million BTU/ft3) (MTCE/ft3) 

Excavated Soil1 0.00255 0.0000427 

Tire Shreds2 0.00106 0.0000175 

1. γ 93 lb/ft3 

 2. γ
lb/

 = 25 lb/ft3 

d) Transportation energy emissions per ft3 

Energy Consumption for Total Transport 
Aggregate Transport Energy Emissions 

Material (million BTU/ft3-mile) (MTCE/ft3-mile) 

Excavated Soil1 0.0003271 0.0000063 

Tire Shreds2 0.0000779 0.0000015

 1. γ = 93 lb/ft3 

2. γ = 25 lb/ft3 
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Figure 5 
Total Energy Emissions per Cubic Foot Versus Haul Distance for Soil Cover and 

TDA (Hauled and Produced Onsite) 

TDA Onsite 
Hauled Soil Cover 
Soil Cover Onsite 
Hauled TDA 

Hauled Soil Cover 

Hauled TDA 

5 10 15 20 25 

Haul Distance, miles 

Onsite TDA 

Onsite Soil Cover 

30 35 

                  
  

        
      

    

Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

Life cycle assessment of emissions using TDA as ADC.Life cycle assessment of emissions using TDA as ADC. 

 Figure 5 shows that, on a volume basis, TDA producesFigure 5 shows that, on a volume basis, TDA produces 
more GHG emissions than soil for onsite production andmore GHG emissions than soil for onsite production andmore GHG emissions than soil for onsite production andmore GHG emissions than soil for onsite production and 
can never compete if with soil cover that is excavatedcan never compete if with soil cover that is excavated 
onsite.onsite. 

 TDA potentially could, however, produce less GHGTDA potentially could, however, produce less GHG 
emissions than hauled soil, especially if the TDA isemissions than hauled soil, especially if the TDA is 
produced onsite or near the landfill.produced onsite or near the landfill. 

Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

Life cycle assessment of emissions using TDA as ADC.Life cycle assessment of emissions using TDA as ADC. 

 These results are due solely to the differences in specific weightsThese results are due solely to the differences in specific weights 
between soil and TDA.between soil and TDA. 

 Because TDA is less dense than soil, it is likely that more TDABecause TDA is less dense than soil, it is likely that more TDA 
would have to be utilized in a given ADC application.would have to be utilized in a given ADC application. 

 This further limits the possibilities on the use of TDA as ADC.This further limits the possibilities on the use of TDA as ADC. 
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Use of TDA for Alternative Daily Cover (ADC)Use of TDA for Alternative Daily Cover (ADC) 

In addition to life cycle emissions, the followingIn addition to life cycle emissions, the following 
characteristics also limit the use of TDA as ADC:characteristics also limit the use of TDA as ADC: 

 It will not control infiltration of rainwater.It will not control infiltration of rainwater. 
 It will not prevent fire hazards.It will not prevent fire hazards. 
 It will not control the migration of landfill gas.It will not control the migration of landfill gas. 
 It is more difficult to apply and compact, requiringIt is more difficult to apply and compact, requiring 

more operating hours of heavy equipment.more operating hours of heavy equipment. 
 Tire shreds will more consume landfill airspace thanTire shreds will more consume landfill airspace than 

compacted soil or other forms of ADC.compacted soil or other forms of ADC. 

Conclusions on the Use of TDA in LandfillsConclusions on the Use of TDA in Landfills 

TDA  Use in Lieu of Virgin AggregatesTDA  Use in Lieu of Virgin Aggregates 

 The use TDA in lieu of stone or sand aggregate in drainageThe use TDA in lieu of stone or sand aggregate in drainage 
systems for water, leachate, or gas is feasible as long as thesystems for water, leachate, or gas is feasible as long as the 
shredding machinery is onsite or close to the landfillshredding machinery is onsite or close to the landfillshredding machinery is onsite or close to the landfill.shredding machinery is onsite or close to the landfill. 
Otherwise GHG emissions can be higher than the use ofOtherwise GHG emissions can be higher than the use of 
virgin aggregates.virgin aggregates. 

 In this case the volume of TDA used replaces the volume ofIn this case the volume of TDA used replaces the volume of 
aggregate that would have been used, and does notaggregate that would have been used, and does not 
consume landfill airspace.consume landfill airspace. 

Conclusions on the Use of TDA in LandfillsConclusions on the Use of TDA in Landfills 

TDA Use a ADCTDA Use a ADC 

 The use TDA as ADC will likely consume more energy andThe use TDA as ADC will likely consume more energy and 
produce more GHG emissions than soil cover excavatedproduce more GHG emissions than soil cover excavated 
onsite or hauled close distances.onsite or hauled close distances. 

 TDA’s physical characteristics preclude it from performingTDA’s physical characteristics preclude it from performing 
as a daily cover should (controlling infiltration, gasas a daily cover should (controlling infiltration, gas 
migration, fire hazards), and they also make it more difficultmigration, fire hazards), and they also make it more difficult 
to spread and compact with machinery.to spread and compact with machinery. 

 TDA used as ADC will consume more landfill airspace thanTDA used as ADC will consume more landfill airspace than 
soil cover or other types of ADC, especially tarps.soil cover or other types of ADC, especially tarps. 

Use of Whole Tires in LandfillsUse of Whole Tires in Landfills 

Use as a Base of Drainage ChannelUse as a Base of Drainage Channel 
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Asphalt Rubber MaterialsAsphalt Rubber Materials 

AR MaterialAR Material 

Specifications and Binder DesignSpecifications and Binder Design 

OutlineOutline 

DefinitionsDefinitions 

Asphalt rubber binderAsphalt rubber binder 

Asphalt rubber binder designAsphalt rubber binder designAsphalt rubber binder designAsphalt rubber binder design 

Types of mixesTypes of mixes 

CautionsCautions 

AR DefinitionsAR Definitions 

Asphalt Rubber Definition:Asphalt Rubber Definition: 
ASTM D 8ASTM D 8 

A blend of asphalt cement,A blend of asphalt cement, 
reclaimed tire rubber andreclaimed tire rubber and 
certain additives in which thecertain additives in which the 
rubber component is at leastrubber component is at least 
15% by weight of the total15% by weight of the total 
blend and has reacted in theblend and has reacted in the 
hot asphalt cement sufficientlyhot asphalt cement sufficiently 
to cause swelling of the rubberto cause swelling of the rubber 
particles.particles. 

AR DefinitionsAR Definitions 
Related Specification:  ASTM D 6114Related Specification:  ASTM D 6114 

Standard Specification for Asphalt Rubber BinderStandard Specification for Asphalt Rubber Binder 

High viscosity materialHigh viscosity materialHigh viscosity materialHigh viscosity material 
(usually field(usually field--blended)blended) 
that typically requiresthat typically requires 
agitation to keep CRMagitation to keep CRM 
particles dispersed.particles dispersed. 

DefinitionsDefinitions 

The Wet Process can produce a wideThe Wet Process can produce a wide 
variety of CRM modified binders fromvariety of CRM modified binders from 
high viscosity (field blend) to no agitationhigh viscosity (field blend) to no agitation 
(terminal blend) types(terminal blend) types( ) yp( ) yp 

Rotational ViscosityRotational Viscosity is the discriminator foris the discriminator for 
appropriate use, although rotationalappropriate use, although rotational 
viscosity of terminal blends is not typicallyviscosity of terminal blends is not typically 
measuredmeasured 

May be blended in field or at terminalMay be blended in field or at terminal 
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DefinitionsDefinitions 

Wet ProcessWet Process 
Method ofMethod of modifying asphalt cement with scrap tiremodifying asphalt cement with scrap tire 

CRM and other componentsCRM and other components 

 Most widely used approach (AZ, CA, TX, FL,Most widely used approach (AZ, CA, TX, FL, 
others)others)others)others) 

 Thoroughly mix CRM & other components withThoroughly mix CRM & other components with 
hot (400hot (400--425ºF) asphalt cement425ºF) asphalt cement 

 Interact at 350Interact at 350--375ºF for designated period375ºF for designated period 
(typical minimums 45(typical minimums 45--60 minutes)60 minutes) 

 CRM particles swell, exchange oils with asphaltCRM particles swell, exchange oils with asphalt 
binderbinder 

DefinitionsDefinitions 

Terminal Blends are:Terminal Blends are: 
 Low viscosity, no agitationLow viscosity, no agitation 

 TypicallyTypically ≤≤ 10% CRM content, some @10% CRM content, some @ 
15%15% 

 May include polymers and/or otherMay include polymers and/or other 
modifiersmodifiers 

 Content in hot mixes is similar to neatContent in hot mixes is similar to neat 
asphalt cementasphalt cement 

High Viscosity (Field Blend) vs. No Agitation (TerminalHigh Viscosity (Field Blend) vs. No Agitation (Terminal 
Blend)Blend) DefinitionsDefinitions 

Dry ProcessDry Process 
Substitutes CRM for 1 to 3% of aggregate in hot mixSubstitutes CRM for 1 to 3% of aggregate in hot mix 
 Not considered to modify binder, although some asphaltNot considered to modify binder, although some asphalt­-

CRM interaction may occur in place over timeCRM interaction may occur in place over time 
 CRM gradations have ranged from coarse (1/4”) to fineCRM gradations have ranged from coarse (1/4”) to fine 

(#80)(#80)(#80)(#80) 
 Mixed performance historyMixed performance history –– limited current uselimited current use 

 May be related to mix designMay be related to mix design –– need to account forneed to account for 
long term absorption without starting out too richlong term absorption without starting out too rich 

 Not widely used in CANot widely used in CA 

Asphalt Rubber BinderAsphalt Rubber Binder 

Components:Components: 
Crumb Rubber Modifier (CRM)Crumb Rubber Modifier (CRM) 

Scrap Tire RubberScrap Tire Rubber 

High Natural Rubber Content ScrapHigh Natural Rubber Content Scrap 
RubberRubber 

Asphalt CementAsphalt Cement 

Extender oilExtender oil -- CaltransCaltrans 

Caltrans Specifications for High ViscosityCaltrans Specifications for High Viscosity 
(Field Blend) AR Binders(Field Blend) AR Binders 

 Asphalt modifier: Extender oil at 1 to 6% byAsphalt modifier: Extender oil at 1 to 6% by 
mass of asphalt (For chip seal binders, CT maymass of asphalt (For chip seal binders, CT may 
continue to require minimum 2.5% extendercontinue to require minimum 2.5% extender 
oil)oil) 

A h lt d il 78A h lt d il 78 82% b l f82% b l f Asphalt + extender oil: 78Asphalt + extender oil: 78--82% by total mass of82% by total mass of 
AR binderAR binder 

 Total CRM: 18Total CRM: 18--22% by total mass of AR binder,22% by total mass of AR binder, 
of which:of which: 
 Scrap tire CRM = 73Scrap tire CRM = 73--77% of total CRM77% of total CRM 

 High natural CRM = 23High natural CRM = 23--27% of total CRM27% of total CRM 
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Crumb Rubber Modifier (CRM)Crumb Rubber Modifier (CRM) 
 CRM is produced from grinding whole scrap tires,CRM is produced from grinding whole scrap tires, 

tread buffings, and other waste rubber products;tread buffings, and other waste rubber products; 
CRM comes in a variety of grades and sizeCRM comes in a variety of grades and size 
designations from various suppliers and/ordesignations from various suppliers and/or 
sourcessources 

 CRM gradation and content affects not only ARCRM gradation and content affects not only ARg yg y 
binder properties, but also influences the voidsbinder properties, but also influences the voids 
structure of RHMAstructure of RHMA--G mixesG mixes 

 Gradation limits used by Caltrans and ADOT areGradation limits used by Caltrans and ADOT are 
broad and allow considerable variation; changesbroad and allow considerable variation; changes 
are being consideredare being considered 

 Check project special provisions to verify CRMCheck project special provisions to verify CRM 
gradation limits in effect for specific projectsgradation limits in effect for specific projects 

Crumb Rubber Modifier (CRM)Crumb Rubber Modifier (CRM) 

SCRAP TIRE 
1/16” +/- in Size 

Tire Processing 
Video Clips 

Clip 1 

HIGH NATURAL 
RUBBER 

1/32” +/- in Size 

Clip 2 

Clip 3 

Crumb Rubber Modifier (CRM)Crumb Rubber Modifier (CRM) 

 High natural rubber CRM is used to improveHigh natural rubber CRM is used to improve 
adhesion and flexibility, chip seal aggregateadhesion and flexibility, chip seal aggregate 
retention, and to compatibilize asphalt andretention, and to compatibilize asphalt and 
CRM interactionsCRM interactions 

 It has a high natural rubber content (40It has a high natural rubber content (40--48%48% 
by mass) and may be made from scrap tires orby mass) and may be made from scrap tires or 
other nonother non--tire sourcestire sources 

 Caltrans also requires that “high natural” beCaltrans also requires that “high natural” be 
used in binders for RHMA mixesused in binders for RHMA mixes 

Asphalt CementsAsphalt Cements 

 Asphalt cements come in a variety ofAsphalt cements come in a variety of 
grades and designationsgrades and designations 
 ARAR--4000 was used to make asphalt rubber4000 was used to make asphalt rubber 

in the pastin the past 
 Caltrans adopted the PerformanceCaltrans adopted the Performance 

Graded (PG) system in 2006Graded (PG) system in 2006 
 Do not use modified asphalts as the baseDo not use modified asphalts as the base 

asphalt cement for CRM modificationasphalt cement for CRM modification 

PG Asphalt CementsPG Asphalt Cements 

 For high mountain and high desert areas,For high mountain and high desert areas, 
use PG 58use PG 58--22 as the base asphalt.22 as the base asphalt. 

 For other areas (coastal, inland valleys,For other areas (coastal, inland valleys, 
l d th t i d d t)l d th t i d d t)low and south mountain, and desert) uselow and south mountain, and desert) use 
PG 64PG 64--16 as base asphalt.16 as base asphalt. 

AdditivesAdditives 

 Extender oils:Extender oils: 
Aid in the interaction of the crumbAid in the interaction of the crumb 

rubber and asphalt by providingrubber and asphalt by providing 
aromatics which are absorbed by thearomatics which are absorbed by the 
rubberrubberrubberrubber 

Help with dispersion by chemicallyHelp with dispersion by chemically 
suspending the rubber in the asphaltsuspending the rubber in the asphalt 
(required by Caltrans)(required by Caltrans) 

 AntiAnti--stripping agents:stripping agents: 
 Improve adhesion of binder to aggregateImprove adhesion of binder to aggregate 
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Asphalt & Rubber InteractionsAsphalt & Rubber Interactions 

Depend On:Depend On: 

 Asphalt Asphalt Cement Source Cement Source and Gradeand Grade 

 Rubber TyRubber Type/Sope/Souurcerce 

 AmoAmouunntt o off RubberRubber 

 GradatiGradatioonn o off RubberRubber 

 InInteractioteractionn Time Time 

 InInteractioteractionn Temperature Temperature 

Asphalt Rubber Asphalt Rubber Blend Design Blend Design SubmittalsSubmittals 

 SupSuppplier and identification lier and identification (or (or type) of type) of scrap tirescrap tire 
and and highighh natural CR natural CRMM 

 Typical Typical gradation of each gradation of each type of CRM materialtype of CRM material 
usused ied inn ththe ase asphphalalt rubber bit rubber binndder deser desiigngn 

 PercentagPercentagee ofof scrapscrap ttireire aandnd highighh natural natural CRCRMMPercentagePercentage ofof scrapscrap tiretire andand highighh naturalnatural CRMCRM 
byby total mass total mass of the asphaltof the asphalt--rubber blend rubber blend

 If If CRCRM M from more from more than one than one supsuppplier is lier is used, infoused, info 
will will bbee required for  required for each CReach CRM supM suppplier lier usedused 

 Laboratory test resultLaboratory test results for test parameterss for test parameters 
shown shown in the spin the special ecial pprovisionsrovisions 

tt tt tt   

Asphalt Rubber Asphalt Rubber Blend Design Blend Design SubmittalsSubmittals 

 Base asphalt Base asphalt PG binder PG binder grade, supplier, grade, supplier, andand 
Certificate of Certificate of ComplianceCompliance 

 Percentage Percentage of of the combined the combined blend of asphalt blend of asphalt andand 
asphalt modifier asphalt modifier byby total mass  total mass of asphalt of asphalt rubberrubber 
binder binder

 AA hh ltlt difidifi llii iidd ifiifi ii AAspsphhaaltlt mo modifidifier er ttypype, supe, suppplilier, er, ididenentifitificacatition,on, 
and and test results test results demonstrating conformance todemonstrating conformance to 
specsspecs 

 Percentage Percentage of asphalt modifier of asphalt modifier by by mass of mass of asphaltasphalt 
 Design profileDesign profile 
 Minimum Minimum interaction time interaction time and temperatureand temperature 
 Material Material Safety Safety Data Sheets for Data Sheets for everythingeverything 

Asphalt Rubber Blend Asphalt Rubber Blend Design Design ProfileProfile 

 A design A design profile profile is developed tois developed to 
Evaluate the compatibility betweenEvaluate the compatibility between 

materials materials
Check compliance of component Check compliance of component interactioninteraction 

propertiesproperties 
Check Check for for stability of stability of the AR the AR blend over blend over timetime 
 For For hot hot mix and spray mix and spray applications, applications, a a 24­24-

hour design profile will hour design profile will be be requiredrequired 

  

 

    

    

Asphalt RAsphalt Ruubber Blend Desigbber Blend Designn
 
Example Design ProfileExample Design Profile
 

MMiinutenutes os off ReReaacctitioon n SpSpeecc.. LiLimimitsts @ @ 45 45
minutes minutes

TESTEST T 4545 9090 240 240 360 360 1,440 1,440 ((CCaalltratranns 12/2005)s 12/2005)

ViscViscoositysity,, cPcP 
Haake@Haake@ 1 190º90ºCC 2400 2400 2800 2800 2800 2800 2800 2800 2100 2100 15001500 -- 4000 4000

ResiliencResilience@e@ 2525ResiliencResilience@e@ 2525 ººCCCC 
(% R(% Reboebound) und) 2727 -­-- 3333 -­-- 2323 18 M18 Miininimum mum
(ASTM D(ASTM D 5329) 5329)

R & R & B SofB Softteennining g PPtt.,., 52 –52 – 774 4
ººCC ( (ASTM D36) ASTM D36) 59.059.0 59.559.5 59.559.5 60.060.0 58.558.5 ((125125--165165ºFºF) )

CCoone ne PPeen @n @ 2255ººCC 
(ASTM D217)(ASTM D217) 3939 -­-- 4646 -­-- 5050 2525 –– 770 0

Types of Types of RHMARHMA 

 Dense-Dense-graded graded (limited usage by(limited usage by 
Caltrans) Caltrans)

 GapGap--gradedgraded 

 OpenOpen--gradedgraded 

 OpenOpen--graded graded (High Binder, HB)(High Binder, HB) 
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Aggregate Gradation ComparisonAggregate Gradation Comparison 

Open GradedOpen Graded Gap GradedGap Graded Dense GradedDense Graded 

DenseDense--Graded Mixes (RHMAGraded Mixes (RHMA--D)D) 

 Early useEarly use 

Limited performance improvements vs. costLimited performance improvements vs. cost 

 Inadequate void space to accommodateInadequate void space to accommodate 
sufficient AR binder to modify mix behaviorsufficient AR binder to modify mix behavior 

 Discontinued use with high viscosity (fieldDiscontinued use with high viscosity (field 
blend) bindersblend) binders 

 Suitable for use with no agitation CRMSuitable for use with no agitation CRM­-
modified binders (terminal blend) such as MBmodified binders (terminal blend) such as MB 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

RHMARHMA--G is the most commonly used RHMA mixG is the most commonly used RHMA mix 
typetype 

PurposePurpose –– Structural mix that providesStructural mix that provides 
increased resistance to:increased resistance to: 
 RuttingRutting 

 FatigueFatigue 

 Reflective crackingReflective cracking 

 Oxidative agingOxidative aging 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

Appropriate use: Most effective in relativelyAppropriate use: Most effective in relatively 
thin surface lifts (max 60 mm) as overlay ofthin surface lifts (max 60 mm) as overlay of 
aged or distressed flexible or rigid pavementsaged or distressed flexible or rigid pavements 
that are structurally sound. May be used asthat are structurally sound. May be used as 
surface course for new construction. Suitablesurface course for new construction. Suitable 
for wide range of traffic volumes and loadings.for wide range of traffic volumes and loadings. 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

 Thickness designThickness design 
 See Module 2 for detailsSee Module 2 for details 

 New pavementsNew pavements 

 OverlaysOverlays 

 Overlay systemsOverlay systems –– two and three layertwo and three layer 
 SAMISAMI--R, not SAMIR, not SAMI--FF 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

Standard Special Provisions for RHMAStandard Special Provisions for RHMA--G with highG with high 
viscosity (field blend) AR binder are currently beingviscosity (field blend) AR binder are currently being 
updated to address PG binder implementation.updated to address PG binder implementation. 

Revisions include:Revisions include: 
 Remove test methods from body of SSP, develop corresponding CTRemove test methods from body of SSP, develop corresponding CT 

Lab Procedures for CRM sieve analysis and measuring rotationalLab Procedures for CRM sieve analysis and measuring rotational 
viscosity of AR binderviscosity of AR binder 

 Format SSP for inclusion in Section 39 of Caltrans StandardFormat SSP for inclusion in Section 39 of Caltrans Standard 
SpecificationsSpecifications 
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GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

 Adjustments to Hveem Mix Design Method (CTAdjustments to Hveem Mix Design Method (CT 
367), including:367), including: 

Modify coarse aggregate gradationModify coarse aggregate gradation 
requirements, particularly for 600requirements, particularly for 600 μμmm 
sieve,sieve, to facilitate achieving minimumto facilitate achieving minimum 
VMA (18%)VMA (18%) 

Add maximum VMA limit of 23%Add maximum VMA limit of 23% 

Test 3 briquettes at each binder content,Test 3 briquettes at each binder content, 
use average values for calculations anduse average values for calculations and 
plotsplots 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

 Adjustments to Hveem Mix Design Method,Adjustments to Hveem Mix Design Method, 
cont’dcont’d 

Design air voids content may range from 3 toDesign air voids content may range from 3 to 
5% based on traffic index and climate, and as5% based on traffic index and climate, and as 
designated by the engineer in project specialdesignated by the engineer in project specialdesignated by the engineer in project specialdesignated by the engineer in project special 
provisionsprovisions 

Still requires minimum AR binder content ofStill requires minimum AR binder content of 
7.0% by weight of dry aggregate to provide7.0% by weight of dry aggregate to provide 
durability (Must have sufficient binder contentdurability (Must have sufficient binder content 
to provide expected performance benefits)to provide expected performance benefits) 

GapGap--Graded Mixes (RHMAGraded Mixes (RHMA--G)G) 

Adjustments to Hveem Mix Design Method, cont’dAdjustments to Hveem Mix Design Method, cont’d 

Use Caltrans Laboratory Procedures LPUse Caltrans Laboratory Procedures LP--1 through1 through 
LPLP--4 for volumetric calculations4 for volumetric calculations 

Report Voids Filled with Asphalt (VFA) and DustReport Voids Filled with Asphalt (VFA) and Dust 
Proportion for information onlyProportion for information onlyp yp y 

Plot average unit weight, stability, % air voids,Plot average unit weight, stability, % air voids, 
VMA, and VFA, versus asphalt rubber binderVMA, and VFA, versus asphalt rubber binder 
contentcontent 

OpenOpen-Graded MixesGraded Mixes 
(RHMA(RHMA-O, RHMAO, RHMA-OO--HB)HB) 

 Standard Special Provisions for RHMAStandard Special Provisions for RHMA--O andO and 
RHMARHMA--OO--HB have incorporated PG binderHB have incorporated PG binder 
implementationimplementation 

 Changes are similar to those for RHMAChanges are similar to those for RHMA--G, butG, but 
with less impact on mix design methodwith less impact on mix design method 

 Effects of CRM gradation and content in binderEffects of CRM gradation and content in binder 
have relatively little effect on voids structurehave relatively little effect on voids structure 
of openof open--graded mixesgraded mixes 

OpenOpen--Graded Mixes (RHMAGraded Mixes (RHMA--O)O) 

 RHMARHMA--O is designed to provide a freeO is designed to provide a free--drainingdraining 
surface (reduced splash, spray, andsurface (reduced splash, spray, and 
hydroplaning) that maintains good frictionalhydroplaning) that maintains good frictional 
characteristics in wet or dry conditionscharacteristics in wet or dry conditionsyy

 Such mixes are not considered to be structuralSuch mixes are not considered to be structural 
elements and no thickness reduction applieselements and no thickness reduction applies 

 RHMARHMA--O is typically placed in thin lifts,O is typically placed in thin lifts, 
nominally 24 to 30 mm thicknominally 24 to 30 mm thick 

OpenOpen--Graded Mixes (RHMAGraded Mixes (RHMA--O)O) 

Appropriate Use:Appropriate Use: 

RHMARHMA--O may be used as an overlay or as aO may be used as an overlay or as a 
surface for new construction where traffic flowsurface for new construction where traffic flow 
is essentially uninterrupted by signalization,is essentially uninterrupted by signalization, 
such as freeways and some rural andsuch as freeways and some rural andsuch as freeways, and some rural andsuch as freeways, and some rural and 
secondary highways.secondary highways. 
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OpenOpen--Graded Mixes (RHMAGraded Mixes (RHMA--O)O) 

 Do not use openDo not use open--graded mixes where there isgraded mixes where there is 
a significant amount of stop and go traffic ora significant amount of stop and go traffic or 
turning vehicles, such as city streets or inturning vehicles, such as city streets or in 
parking lotsparking lots 

 These porous low modulus pavements areThese porous low modulus pavements are These porous low modulus pavements areThese porous low modulus pavements are 
susceptible to tire scuffs from simultaneoussusceptible to tire scuffs from simultaneous 
braking and turning motions, and to damagebraking and turning motions, and to damage 
from leaking vehicle fluidsfrom leaking vehicle fluids 

 Caltrans does not use RHMACaltrans does not use RHMA--O in snowO in snow 
countrycountry 

RHMARHMA--O Mix DesignO Mix Design 

 RHMARHMA--O mixture design is performedO mixture design is performed 
according to California Test 368, with asphaltaccording to California Test 368, with asphalt 
rubber binder content set at 1.2 times therubber binder content set at 1.2 times the 
optimum bitumen content for the designatedoptimum bitumen content for the designated 
PG binder gradePG binder grade 

 A check test is used to verify that binder drainA check test is used to verify that binder drain 
down is not excessivedown is not excessive 

 If long hauls are anticipated, drain downIf long hauls are anticipated, drain down 
should also be checked in the laboratory forshould also be checked in the laboratory for 
the expected haul timethe expected haul time 

OpenOpen--Graded Mixes (RHMAGraded Mixes (RHMA--OO--HB)HB) 

 RHMARHMA--OO--HB mixes have higher binder contentsHB mixes have higher binder contents 
(1.6 times demand for PG asphalt instead of 1.2)(1.6 times demand for PG asphalt instead of 1.2) 

 HB provides improved friction course durabilityHB provides improved friction course durability 
and performance due to thicker AR binder filmsand performance due to thicker AR binder films 

 Drain down check is more critical for high binderDrain down check is more critical for high binder Drain down check is more critical for high binderDrain down check is more critical for high binder 
mixesmixes 

 RHMARHMA--OO--HB does not drain as freely as RHMAHB does not drain as freely as RHMA--OO 
due to higher binder content, but still drainsdue to higher binder content, but still drains 
more freely than DGACmore freely than DGAC 

OpenOpen--Graded MixesGraded Mixes 

 RHMARHMA--O and RHMAO and RHMA--OO--HB provide safetyHB provide safety 
benefits, and also have proved to:benefits, and also have proved to: 
 Provide smooth rideProvide smooth ride 
 Significantly reduce tire noiseSignificantly reduce tire noise 

 Joint Caltrans/ADOT/FHWA studies are inJoint Caltrans/ADOT/FHWA studies are in 
progress to measure and document noiseprogress to measure and document noise 
reduction over a tenreduction over a ten--year periodyear period 

CautionCaution 

 The specifications and mix design methodsThe specifications and mix design methods 
discussed in this presentation apply to use of highdiscussed in this presentation apply to use of high 
viscosity asphalt rubber binders (field blend) inviscosity asphalt rubber binders (field blend) in 
gapgap-- and openand open--graded RHMA mixesgraded RHMA mixes 
 N i i bi d (l i i i lN i i bi d (l i i i l No agitation binders (low viscosity, terminalNo agitation binders (low viscosity, terminal 

blend) should never be directly substituted forblend) should never be directly substituted for 
high viscosity binders in any RHMA mixhigh viscosity binders in any RHMA mix 
 The two different types of CRMThe two different types of CRM--modified bindersmodified binders 

have very different viscosity ranges and behavehave very different viscosity ranges and behave 
very differently from each other in asphaltvery differently from each other in asphalt 
concrete hot mixesconcrete hot mixes 

SummarySummary 

 Material DefinitionsMaterial Definitions 

 Mix Design ProfilesMix Design Profiles 

 Material TestingMaterial Testing 

 RHMARHMA--DD 

 RHMARHMA--GG 

 RHMARHMA--O, and RHMAO, and RHMA--OO--HBHB 
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QuestionsQuestions ?? 

The BeginningThe Beginning
Keeping roads good with asphalt paving materialsKeeping roads good with asphalt paving materials

The BeginningThe Beginning 
Keeping roads good with asphalt paving materialsKeeping roads good with asphalt paving materials 

http://www.cp2info.org/centerhttp://www.cp2info.org/center 
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Appendix C 

University Curricula Chapter Lectures 

Module 1 CIVL  131 Introduction to Civil Engineering Design 

Module 2 CIVL  311 Strength of Materials 

Module 3 CIVL  312 Structural Test Lab 

Module 4-1 CIVL 402 Contracts and Specifications on Rubberized Asphalt Concrete 

Module 4-2 CIVL 402 Contracts Specifications on ASTM Standards 

Module 5 CIVL  411 Soil Mechanics 

Module 6 CIVL  415 Reinforced Concrete 

Module 7 CIVL  402 Environmental Engineering 

Module 8 CIVL  441 Transportation Engineering 

Module 9 CIVL  551 Foundation Engineering 

Module 10 CIVL  575 Solid Waste Management 

Module 11 CIVL  598 Asphalt Paving Materials 

DISCLAIMER 

 
The contents of these chapters are draft. They  are intended for information only.  The purpose of 
these chapters is to support the teaching modules in Appendix B. Please do not cite or reference 
this material in other publications. They reflect the views of the authors only. The content does 
not necessarily reflect the official views or polices of the California Integrated Waste 
Management Board or the State of California. 
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CIVL 131 Introduction to Civil Engineering Design 

1.0 Introduction 
According to the Rubber Manufacturers Association, the U.S. generated approximately 300 
million scrap tires in 2005.  Historically, these scrap tires took up space in landfills or provided 
breeding grounds for mosquitoes and rodents when stockpiled or illegally  dumped.  Fortunately, 
markets now exist for 87% of these scrap tires-up from  about 17% in 1990.  These markets-both 
recycling and beneficial use-continue to grow, and the California Integrated Waste Management 
Board (CIWMB) believes that the largest growing market for scrap tire products is in civil 
engineering applications. The remaining scrap tires, however, are still stockpiled or land-filled. 

Nation wide, of the 300 million waste tires produced, most were used as follows: 

• 	 155 million (52%) were used as fuel (TDF). 

• 	 49 million (16%) were recycled or used in civil engineering projects. 

• 	 30 million (10%) were converted into ground rubber and recycled into products.  

• 	 7.4 million (2.5%) were converted into ground rubber and used in rubber-
modified asphalt. 

• 	 6.9 million (2.3%) were exported. 

• 	 6.1 million (2.0 %) were recycled into cut/stamped/punched products. 

•  3 million (1%) were used in agricultural and miscellaneous uses. 

As can be seen, the three largest scrap tire markets, using about 78%, are:  

• 	 Tire derived fuel 

• 	 Civil engineering applications 

• 	 Ground rubber applications/ rubberized asphalt concrete 

Both recycling and beneficial use of scrap tires has expanded greatly in the last decade through 
increased emphasis on recycling and beneficial use by state, local and Federal governments, 
industry, and other associations.  Unfortunately, even with all of the reuse and recycling efforts 
underway, not all scrap tires are being used beneficially  

California was the single largest contributing state, producing about 40 million of those tires.  It is 
estimated on average each California resident produces about 1.1 tires each year. The California 
Integrated Waste Management Board (CIWMB) is tasked with diverting these scrap waste tires 
from the waste stream to be used in other beneficial applications. Civil engineering applications  
are the largest growing potential market for scrap tires.   
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1.1 Objectives 
This chapter focuses on the materials that were developed to introduce first year engineering 
students to potential applications of scrap tires in civil engineering projects.  It was developed for 
a course that is offered at most colleges and universities with engineering programs, often the 
course is called “Introduction to Engineering”. 

1.2 History 
CIWMB has spent nearly two decades dealing with scrap tire issues in the State of California. 
They have not only been tasked with diverting scrap tires from the waste stream, but have been 
involved with reducing the number of scrap tires that have been stockpiled both legally and 
illegally, and in remediation efforts following devastating tire fires.  CIWMB’s Waste Tire 
Recycling Management Program has increased the annual diversion rate of waste tires from 34 
percent in 1990 to about 75 percent in 2008 (CIWMB 2008).   In addition, the program has 
cleaned up the majority of large tire piles in the state.  

Abandoned waste tires pose potential threats to public health and safety, and to the environment. 
This is particularly true with respect to fire hazards and mosquito-borne diseases such as West 
Nile Virus. CIWMB has also completed remediation efforts at California’s largest tire fire sites 
and worked on expanding the markets for tire-derived products.  

1.3 Waste Tire Civil Engineering Applications 
This module provides a general introduction to the problems related to the generation of waste 
tires in California and gives an overview of their applications in civil engineering projects. 
Benefits and problems encountered in using scrap tires as tire derived aggregate (TDA) and 
rubberized asphalt paving materials are discussed. 

Tires are an engineered product with a complex composition.  They contain steel belts and beads, 
polyester belts and both synthetic and natural rubber.  They are engineered for toughness and 
durability, and are not easily recycled.  Civil engineering projects can use waste tires in a variety 
of ways, from crumb rubber particles, to tire shreds, and to whole tires. 

The use of scrap tire products in civil engineering applications can be broken down into three 
broad categories; tire derived aggregate, rubberized asphalt concrete (RAC) paving materials, and 
the use of whole scrap tires.  TDA has many beneficial properties for certain civil engineering 
applications: 

1.  Lightweight, tire shreds weigh 1/3 to ½ as  much as compacted soil and gravel. 

2.  Lower lateral earth pressure, about ½ or less than traditional backfill material.  

3.  Good thermal insulation characteristics, 8 times greater than gravel. 

4.  High permeability,  greater than granular soils (sands). 

5.  Compressibility, useful for vibration mitigation. 

RAC also has many desirable properties including the following: 

1.  Improves traction compared to traditional asphalt paving. 
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2. 	 Improves durability of pavement section especially in overlays.  Can typically  
use thinner overlays and get superior performance.  Reduces reflection and 
surface tension cracking. 

3. 	 Reduces noise caused by vehicle traffic (noise pollution).  Listen to the video on 
the PowerPoint presentation. 

4. 	 Reduces vibration felt in the vehicles. 

5. 	 Lowers maintenance costs because of longer service life typical of RAC. 

6. 	 Reduces spray/splash when raining.  The video in the PowerPoint presentation 
dramatically demonstrates this effect. 

RAC paving materials can improve the performance of the paving system while lowering 
material requirements due to thinner pavement overlay thicknesses.  RAC paving systems have  
been proven to have lower life-cycle costs.   

 

There are several beneficial applications of TDA in civil engineering projects. TDA can be 
utilized in several types of civil engineering applications: 

1. 	 Lightweight fill for embankments 

2. 	 Retaining wall backfill 

3. 	 Vibration damping layers under rail lines 

4. 	 Insulation layer to limit frost penetration in roadways  

5. 	 Landfill applications including daily cover, gas pipe protection, drainage layers, 
and leachate and gas collection and recovery systems. 

6. 	 Solving slope stability problems by replacing heavier soils, reducing the driving 
force behind slope stability failures. 

 

Utilizing waste tire products in civil engineering applications makes use of the desirable 
characteristics of these products while helping to solve the environmental problems associated  
with their improper disposal.  These civil engineering applications have the potential to utilize 
large quantities of waste tire products.  For instance, about 75 tires are recycled for each cubic 
yard of TDA fill, and 2,000 tires are used per lane mile of RAC pavement.  CIWMB believes that 
civil engineering applications represent the largest potential growth market for utilizing waste 
tires in California. 

Several barriers exist to the mainstream  use of scrap tires in civil engineering applications.  These 
barriers have civil engineering aspects as well as environmental, regulatory, public perception, 
and construction issues. Civil engineers are risk adverse and are used to designing with 
conventional construction materials (soil, concrete, asphalt, timber and steel) that have standards 
and applicable code acceptance.  The engineering properties of TDA are not as well established, 
and there is a lack of both long term performance data and design standards or manuals.  In 
addition, the chemical composition of scrap tire products is complex as tires are engineered for 
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toughness, durability and consumer safety.  The resulting long term environmental effects are 
unknown, and the engineer must overcome public perception – it is a waste, so it must be bad!   

During design, the engineer is faced with a convoluted regulatory approval process, with many 
competing objectives (e.g. the EPA and water quality control regulatory groups).  Environmental 
regulators are risk adverse and need reassurance about the impacts of using recycled products in 
civil engineering applications.   

There are several construction issues to overcome as well.  New procedures and equipment may 
be required as is the case for RAC paving systems, which require more controlled manufacturing, 
transporting and construction procedures.  For TDA, it is often difficult to estimate “in-place” 
cost because of the variations in in-place density achieved and compaction effort to achieve it.  
Also, supply is uncertain – both in quantity & quality as the resulting TDA varies with the 
producer. Sometimes, the use of scrap tires may be more expensive than construction with 
conventional materials.  Finally, like engineers, contractors are risk adverse. 

However, many of the barriers can be overcome using the following strategies: 

�	 Conducting lab studies to determine engineering properties, and environmental 
impacts. 

�	 Undertake additional pilot construction projects (full or nearly full scale) utilizing 
waste tire products in civil engineering applications. 

�	 Monitor long term engineering and environmental performance of these projects. 

�	 Modify specifications, and develop national and/or regional standards, etc. as 
needed to mainstream the use of recycled products in civil engineering 
applications. 

�	 Education by addressing concerns head on and focus on the benefits of utilizing 
these materials. 

2.0 Case Studies 

2.1 Stockpile fires 
Two major tire fires have occurred recently in California, one at Tracy and another in Westley: 

• 	 Tracy - On August 7, 1998, a grass fire ignited an estimated 7 million tires at the 
unlicensed S.F. Royster Tire Disposal Facility in Tracy, California. It was 
extinguished, after 26 months, with water and foam in December, 2000. It was 
just recently  cleaned up at a cost of 40 million dollars over the last 10 years.  

• 	 Westley - On September 22, 1999, lightning ignited stockpiled tires which 
burned until the fire was extinguished on October 26, 1999. An estimated 2 to 3 
million tires burned and it cost an estimated $20 million to clean up.  

Tire fires emit clouds of noxious black smoke, carbon black, volatile organics, semi-volatile 
organics, polynuclear aromatic hydrocarbons, oil, sulfur oxides, nitrogen oxides, carbonoxides, 
and airborne particulates, such as arsenic, cadmium, chromium, lead, zinc, and iron, which pose 
serious environmental problems to air, water and soil. Spraying water on tire fires often increases 
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the production of pyrolytic oil, provides a mode of transportation to carry oils off site, and 
aggravates contamination of soils and water.  

The shape of a tire allows for easy entrance and containment of rainwater. This creates an ideal 
breeding habitat for mosquitoes and other pests.  Tires are non-biodegradable and bulky, and not 
environmentally friendly looking when stored outside in piles. 

2.2 Dixon Landing South 880 Onramp 
CIWMB worked with Caltrans to utilize shredded tires (TDA) as lightweight fill on the Dixon 
Landing/I-880 interchange project in Santa Clara County.  Light weight fill was identified as the 
cheapest option for this on ramp because it was to be built on bay mud, which was too weak to 
support the weight of traditional fill materials.  Also, slope stability and settlement is a major 
concern when construction embankments on weak soils.  TDA was chosen because it weighs one-
third to one-half as much as traditional fill material, and TDA had a much lower delivered cost 
than competing light weight fill materials.  The cross-sections of the fill, both perpendicular and 
parallel to the direction of vehicular travel are shown below: 

Figure 1. Cross Section View of Dixon Landing Embankment Fill Project with Two Layers 
of TDA 
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Figure 2. Dixon Landing TDA Embankment Project Profile 

Tire shreds were placed in two layers, up to 10 feet thick, and were wrapped in geotextile fabric 
and separated by a three foot layer of low permeability soil.  The 10 foot maximum TDA fill 
height was used to minimize internal heating that had lead to spontaneous combustion on earlier 
projects with a greater fill depth back in 1990s. 

One such fire involved a TDA tire fill on Fall Springs Road in Garfield County, Washington in 
October, 1996. The engineers chose to fill a steep ravine with tire shreds instead of building a 
costly bridge.  A few months after the project was completed, the fill began to smolder, followed 
by flames flaring up through cracks in the road surface with oil running out at the bottom of the 
ravine. Heavy equipment along with fire fighting crews were required to excavate the fill to full 
depth. When the ignited tire shreds were exposed to oxygen during excavation, flames erupted 
engulfing the construction equipment.  It cost one million dollars to construct the fill and about 
three million dollars to remove the tire shreds and clean up the site. 

According to ASTM D6270, embankment heating can be prevented by not allowing TDA 
contaminated with gasoline, oil, grease, etc., limiting fine sized TDA, limiting the max TDA layer 
thickness is 3 meters (10 ft), and minimizing access of fill to water & air. 

On TDA construction projects, it is important to note that other than the haul units used to deliver 
TDA shown in Figure 3, no special construction equipment is required to spread and compact 
TDA fills. TDA has a much lower density than traditional fill materials.  This means that haul 
trucks will be volume, not weight limited.  This reduces the total number of trucks required to 
complete a fill project, which maybe an important issue where traffic congestion or limited site 
access is a concern.   
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Figure 3 Unloading TDA from Long Haul Truck 

The material can be spread with bulldozers and compacted with standard (10 ton) rollers as 
shown in the Figures 4 and 5.  ASTM D6270 specifies that TDA be placed in one foot lifts and be 
compacted by passing over each point in the fill a minimum of six times per lift.  Note that 
traditional methods of determining in-place density like the sand cone and nuclear gages do no 
work with TDA. Estimates of in-place density may be obtained by surveying the volume of the 
fill and knowing the total weight of TDA placed. 

Figure 4. Using Bulldozer to Spread TDA 
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Figure 5. Steel Roller was used to compact the TDA 

Unit costs for the Dixon Landing project were as follows: 

Placement costs of TDA (including geotextile)    = $3.74/yd3 

Purchase & delivery costs of TDA            = $23.66/yd3 

In-place cost for TDA    = $27/yd3 

In-place cost for lightweight aggregate  = $50/yd3 

 

Note that light weight aggregate was used for fill against the abutment as no data was available 
on the seismic response of TDA in that application.  Cost savings to CALTRANS with TDA 
provided at no cost by CIWMB was $477,000.  The cost savings to the State less the purchase 
price of TDA was $230,000.  This is the amount that using TDA saved tax payers.  This project 
was completed in August 2001, and has been monitored since with no performance problems to 
date. Figure 6 shows the completed embankment project using TDA. 
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Figure 6. Completed Dixon Landing TDA Light Weight Embankment Fill Project 

3.0 Civil Engineering Waste Tire Education Curricula Roadmap 
This module also covers an introduction to using scrap tires in civil engineering applications. The 
following chart shows a roadmap of how information on utilizing scrap tires was spread out 
through the undergraduate curriculum at CSU, Chico.  Course teaching materials are available for 
each of the topics listed. 
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Intro to CIVL Design 

Transportation 

Transportation 
Engineering 

Structures 

Strength of 
Materials 

Geotechnical 

Soil Mechanics 

Environment 

Environmental 
Engineering 

Contracts, 
Specs, and 
Technical 
Writing 

Asphalt 
Materials 

Structural 
testing lab 

Foundation 
Engineering 

Waste 
Management 

Concrete 
Materials 

Figure 7. Roadmap of Teaching Waste Tire Applications in Civil Engineering 

4.0 Summary and Recommendations 
Although, there still remain barriers, Civil engineering applications are the fastest growing use for 
scrap tires in U.S.  TDA has many desirable properties that make it an ideal material for use in a 
variety of civil engineering applications, while helping to divert waste tires from the waste 
stream.  Although certain specifications and guidelines are available, more research and pilot 
projects are needed to gain confidence in the use of this recycled material.  Long term studies are 
needed to monitor long term performance, and to determine the environmental impacts.  

More work is needed both in terms of getting this material into the hands of educators and to 
incorporate new pilot project and research results that have been recently completed. 
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CIVL 311 Strength of Materials 

1.0 Introduction 
Before an engineer can ever determine how an engineered system will behave, one must first gain 
an understanding of the behavior of the materials from which it is made.  Knowing how materials 
behave helps engineers to choose the best materials for a particular project design, and, perhaps 
more importantly, to choose a project design that is best suited to the available materials.  In the 
earliest engineering projects, materials were limited, so designers made do with what they had.  
For example, the Romans used arches to develop compressive forces in stone structures whose 
connections performed poorly in tension.  As technology has advanced, many new materials have 
become available; however, the high cost of some of these materials makes them a poor selection 
for any project where cost effectiveness is a concern.  As the field of engineering progresses, 
engineers find themselves not only looking at the financial cost of materials, but also at their cost 
to the environment. The challenge for engineers now is to design high quality projects that are 
both economically and environmentally efficient.   

The first step for civil engineers in the design of high quality projects that are economically and 
environmentally efficient is to gain an understanding of low cost, environmentally friendly 
materials that work well for civil engineering applications.  One such material is tire derived 
aggregate (TDA) and other similar products that can be derived from waste automobile tires, such 
as crumb rubber and tire buffings.  As you can probably guess, waste tires are extremely cheap; in 
fact, many people get paid to take them, therefore the only costs are typically for processing and 
shipping, which are often included in the cost of other materials as well.  In addition to being 
cheap, using waste tire products is environmentally friendly, as it helps reduce our ever-growing 
stockpiles of non-biodegradable waste, and waste tire products have many properties that are very 
useful in civil engineering applications.  

1.1 Engineering Properties 
Some of the engineering properties of TDA (and other tire derived products such as crumb rubber 
and tire buffings) that are important for design are:  Gradation: the range and relative frequency 
of the particle sizes, Specific Gravity: the density of the particles in proportion to the density of 
water, Absorption Capacity: the measure of a materials capacity to absorb water, 
Compressibility: The susceptibility of a material to change volume due to changes in stress, 
Resilient Modulus (for linearly elastic materials): area under the elastic curve for (i.e. A measure 
of ability to absorb and return energy) Resilient Modulus (for subgrade materials): a measure of 
elastic modulus defined as amplitude of stress divided by recovered axial strain, Time 
Dependent Settlement of TDA Fills: change in volume verses time with consistent applied 
loading, Shear Strength: resistance to shear stress, Hydraulic Conductivity (Permeability): the 
measure of how easily water moves through the material, Thermal Conductivity: how well heat 
transfers through the material.   

In this chapter we will explore some general ways to examine properties like compressibility, 
settlement, and resilient modulus, that will allow us to gain a better understanding of some of the 
uses of TDA, but we will specifically emphasize how they relate to vibration mitigation, which 
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is the reduction of vibration by means of dissipating energy.  First however, it is important to 
address some of the major differences between TDA and some of the materials which are 
typically analyzed in mechanics of materials classes. 

1.2 Mechanics of Materials background (continuum versus discrete mechanics) 

It is important to understand that the discipline of mechanics of materials can be categorized in 
different ways. One useful categorization to consider is continuum versus discrete mechanics. 
Continuum Mechanics deals with materials that have a uniform distribution of matter, do not 
contain voids, and are cohesive (meaning that all portions are connected together with no breaks, 
cracks, or separations).  Most, if not all, of the work done in typical mechanics of materials 
classes falls into the category of continuum mechanics.  Steel is an example of a material that 
should be analyzed using continuum mechanics. 

Discrete Mechanics is the study of how discrete materials behave. Discrete materials (such as 
soils and TDA for example) are not continuous, often have voids, and typically have minimal 
cohesion. One must keep in mind that TDA is a discrete material and therefore withstands 
compressive forces, but not tensile forces, and it often fails in shear. The shear strength of TDA 
is affected by multiple factors including the orientation of the tire shreds, their size and shape, 
how well they are packed, the magnitude of compressive normal force acting on the TDA, and 
even the apparent cohesion of the tire shreds to one another. 

2.0 Material Models 
One of the ways that engineers deal with complex materials is to make less complex models of 
the materials that behave similar to the material of interest.  In this section we will take a look at a 
few familiar material models that are easily understood.  In the following section we will learn 
how to simulate far more complex material properties by utilizing combinations of the simple 
models we already understand. 

2.1 Linear Elastic Material Model 

The linear elastic material model (Figure 1) behaves like an ideal or Hookean spring (one with  
constant modulus of elasticity).  It can be seen that stress and strain are always proportional to 
one another (the proportionality constant is the familiar Modulus of Elasticity of the material, the 
slope of the stress strain curve), it follows the same path for loading and unloading, (i.e. it 
exhibits elastic behavior) and is the same for every loading cycle.  Further investigation shows  
that simple integration (finding the area beneath the line) allows us to calculate the energy per 
unit volume required for any given strain.  It is important to note that the amount of energy  
returned when the material relaxes is exactly  the same as the amount of energy required for the 
given deformation, therefore no energy is dissipated in the material; it is only stored and then 
returned mechanically.  

σ=εE    E=Δσ/Δε  F=σA ΔL=εLo    V=ALo  

Energy stored per unit volume=∫σδε = area under stress-strain curve =1/2σmaxε  

Total energy  stored=V*∫σδε=∫σΑ∗δεLo=∫FδL 
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Figure 1. Linear Elastic Model 

It is important to remind students that this linear elastic behavior results in two different 
phenomena that make their lives easy in elementary  Mechanics of Materials.  The first is that 
linear behavior gives rise to the nice linear equations that relate loading to stress (think bending 
stress = Mc/I and shear stress in torsion =Tc/J) and loading to deflection (think deflection of an 
axially loaded bar = PL/AE, or angle of twist of a shaft in torsion = TL/JG).  The second key  
thing is that since the loading and unloading curve  coincide and the material returns to its 
original undeformed shape and size following removal of the loading, one does not have to  
consider and keep track of the history of  loading. 

 

Another important elastic property in continuum  mechanics is the relationship between 
longitudinal and transverse strain for uniaxial loading.  For most structural materials this ratio is 

taken as a constant called Poisson’s ratio (ν). It is interesting to note that theoretically Poisson’s 
ratio varies from -1 to 0.5, but for most civil engineering materials it is in the range from 0.3 to 
0.5. Poisson’s ratio of zero implies no transverse strain in either direction, whereas a value of 0.5 
represents an incompressible material or with constant volume in uniaxial compression or 
tension. Typical values for Poisson’s ratio are: nearly  zero for cork, about 0.1 for concrete, 0.27  
to 0.3 for steel, 0.4 for nylon, and 0.45 to 0.5 for rubber!  The students should be reminded of the 

mathematical relationship between the elastic constants, E, G, and ν is G = 1/2E/(1+ ν). 

2.2 Elastoplastic Material Model 

The elastoplastic material model (Figure 2) is an extension of the linear elastic model in that it 
accounts for yielding of the material.  At the yield point it is assumed that the material cannot 
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Energy stored per unit volume =∫σδε = area under stress-strain curve =1/2σmaxε where ε 

less than or equal to εy 

Plastic Portion: σ=εyE=σy 
ε 

εyEnergy dissipated per unit volume=∫σδε= area under plastic stress-strain curve 

=σmax(ε−εy) 

 

 

 

 

   

 

take any additional stress and will continue to stretch without any increase in stress.  Again, the 
area under the curve can be used to determine the energy required/released in loading and 
unloading.  However, it must be noted that the any energy absorbed in the plastic range (beyond 
the yield point) will not be recovered upon unloading and therefore is dissipated as heat by the 
material.  Each time the material is plastically deformed, the plastic portion of the deformation is 
permanent (only the elastic portion is recovered); therefore the next loading cycle begins at a new 
starting strain. This ideal model is very useful for analyzing many metals, such as steel, because 
it is a very simple, often relatively accurate, and generally conservative way of modeling their 
behavior. 

. . 

Figure 2. Elastoplastic Model 
Material yields at (A).  Dashed line represents unloading path if material is released from strain at (B). 

Point (C) represents permanent deformation if material is released after reaching strain at (B). 

If loaded until stress and strain at point (B): Area OABB’= energy input per unit volume, Area CBB’= energy returned per 

unit volume, and Area OABC= energy dissipated per unit volume. 


2.3 Nonlinear Elastic Material Model 

Nonlinear Elastic models (Figure3) describe the behavior of Hencky materials, materials in 
which the required stress increase for a given increase in strain is not constant (variable modulus 
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Damping ratio: η=F/(dL/dt)= Force/elongation-rate  OR η=σ/(dε/dt)= stress/strain-rate 

Total Energy dissipated=∫FδL 

Energy dissipated per unit volume= ∫σδε 

 

 

 

of elasticity, often referred to as the tangent modulus).  It is important, however, to note that these 
materials still load and unload along the same path (hence the term ‘elastic’) and therefore no 
energy is dissipated these materials.   

Energy stored per unit volume=∫σδε = area under stress-strain curve. 

σ 

ε 

Figure 3. Nonlinear Elastic Model 

2.4 Viscous Material Model 

A viscous material is one in which stress determines strain rate. The model used for a viscous 
material is the dashpot, which is a hydraulic piston cylinder device and can also be called a 
damper.  Ideal viscous materials (Figure 4), also known as Newtonian fluids are represented by 
the linear dashpot, which is a dashpot whose stress verses strain rate ratio, defined as its 
damping constant, does not change. Non-ideal viscous materials (Figure 5), known as Stokes 
materials are represented by nonlinear dashpots, simply meaning that the ratio of stress verses 
strain rate varies for different stress levels.  It is important to remember that, for both linear and 
nonlinear dampers, none of the strain is recovered, which means that no mechanical energy is 
recovered, therefore all the mechanical energy that acts on them is dissipated (converted to heat 
energy).  Also, observe for the following equations that energy (force times distance) is 
proportional to how quickly deformation occurs, because force is proportional to strain rate. 
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ΔL (at time T) = FT/k + ∫ F/η dt OR ε (at time T) = σΤ/E + ∫ σ/η dt 
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(a) ση=__ . ε
(b) 

. ε = dε/dt 

  

   

 

η = Constant 

dε/dt=ε. 

σ 

Figure 4. Ideal (Newtonian) Viscous Figure 5. Non-Ideal (Stokes) Viscous 
Material Material 

(a) Illustration of a dashpot  (b) Graphical representation 

Newtonian viscous behavior
 

2.5 More complex Material Models 

Most materials are neither wholly viscous nor wholly elastic.  In fact, many materials can be 
classified as either anelastic, meaning that they load and unload along a different path and 
therefore dissipate energy, but return to the initial shape and size upon unloading, or viscoelastic, 
which means that they posses both viscous and elastic properties, and are therefore capable to 
dissipate energy as well, albeit with permanent deformation.  In reality, virtually all solids are 
viscoelastic, but we generally only call them viscoelastic if they behave too viscously to be 
estimated as elastic or vise versa.  In the following section, we will discuss a few basic types 
viscoelastic behavior and how to model them. 

2.5.1 The Maxwell Model 

Figure 6 illustrates a Maxwell Model of viscoelastic behavior.  The Maxwell model is simply a 
spring and dashpot in series. Because the spring and dashpot are in series, they will always have 
the same force acting on them.  However, the elongation in the spring depends only on the 
present force, whereas the strain in the dashpot is the integral product of force and time. Once 
each portion of the material model has been analyzed separately, they can be combined by 
superposition (i.e. just added together) to get the behavior of the model as a whole.  Due to the 
fact that stress determines the magnitudes of the total spring displacement and the rate of the 
dashpot displacement, when a constant load is initially applied (T=To), the Maxwell model acts 
just like a spring, but for the remainder of the time (T>To) it behaves as a dashpot.  Each time the 
load changes, the spring portion responds instantly by deforming in direct proportion to the load 
and then remains constant, whereas the dashpot simply undergoes a change in strain rate, but 
without recovering any past deformation. Notice that, because the dashpot is in series, the model 
will not return to its original position when it is unloaded, therefore energy is dissipated and not 
all deformation is recovered as shown below: 
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If Force/stress is held constant: ΔL= F/k + (F/η)*Δt OR ε= σ/E + (σ/η)*Δt 

P 

σTan-1 __
η 

ε 

Time (t) 

Constant σ 

. 

. 

O 

A 

P 

Figure 6. Maxwell Material Model 
Graph on left above is general behavior of Maxwell Material subject to constant stress.  Line OA is instantaneous 
elastic deformation, while the line beyond Point (A) represents viscous deformation with respect to time. 

Picture on the right above is an illustration of a typical Maxwell Model with applied load (P).  

2.5.2 The Kelvin Model 

The Kelvin model (Figure 7) represents a spring and dashpot in parallel.  As a result the spring 
and the dashpot always have the same strain, but often different forces.  For any distinct load, the 
Kelvin Model has a corresponding distinct equilibrium position, which is exactly the same as that 
of the spring in the case that the dashpot was not even present.  However, because the dashpot 
always resists strain change in either direction, it will always resist moving toward the new 
equilibrium position and therefore dissipate energy.  It is important to recognize that the Kelvin 
and Maxwell Models both dissipate energy in the dashpot, but, in the Kelvin model, strain in the 
dashpot is recovered when the system is unloaded because the spring is connected in Parallel.  

To further understand the Kelvin model, it is important to look at a couple of important limiting 
cases.  The first such case is a very slowly applied load.  As the rate of increase (or decrease) in 
load magnitude approaches zero, the rate of strain change approaches zero, which means that the 
force in the dashpot approaches zero.  As the force in the dashpot approaches zero, the model 
becomes as if it were a spring only.  Therefore, it can be concluded that very slowly applied loads 
are resisted mostly by the spring and not much energy is dissipated in the dashpot. 

Conversely, a sudden brief load will result in a large force in the dashpot with very little force in 
the spring. This is because the dashpot, whose force is proportional to strain rate, forces the 
system to deform slowly.  The spring, whose resistance is proportional to total strain, regardless 
of strain rate, will never offer much resistance because the system deforms very little under brief 
loading.  In this case, virtually all the energy is dissipated in the dashpot.   
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  Figure 7. Kelvin Model – Area contained by each loop correlates to total energy dissipated by 
one loading cycle. 
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From these two extreme cases, we can see that, in addition to the relative strengths of the spring 
and dashpot, the rate in which loading and unloading occurs is of great significance in 
determining the force in each and the amount of energy stored and dissipated.  

Left:  Strong dashpot and/or quick loading and quick unloading = high viscous resistance   Middle:  Relatively slow loading and 
unloading and/or relatively weak dashpot = low viscous resistance 

Right:  Infinitely slow loading and unloading or infinitely weak (no) dashpot = no viscous force 

2.5.3 The Burgers Fluid Model 

A more general material model is the Burgers Fluid Model (Figure 8), which consists of a 
Kelvin model in series with a Maxwell model.  This is a fairly general model in that it can 
simulate a material’s ability to store and dissipate energy, deform elastically and viscoelasticaly 
and recover some, but not all of the strain caused from loading.  This model includes all the most 
basic material properties in conjunction with each other and can be adjusted to represent a wide 
variety of materials.  For higher accuracy, it may often be necessary to add nonlinear and/or 
elastoplastic springs and non-Newtonian dashpots, but the underlying concepts do not change.  
For example, TDA (and many soils) will slowly compress over time (settlement/consolidation), 
but the farther they compress, the slower the compression progresses until they virtually stop 
compressing.  On a small scale, this is primarily due to a reduction in voids, but viewing the 
material on a larger scale allows us to simplify the analysis by imagining the material as having a 
nonlinear dashpot in series that ‘bottoms out’ at the point where the consolidation reaches its 
limit.  

Just like Maxwell and Kelvin models, it is most natural to deal with Burgers Fluid models in 
terms of force and displacement, but these can easily be generalized to stress and strain to 
represent a material independently of its size.   
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Figure 8. Illustration of Typical Burgers Fluid model 
Linear springs and dashpots are used in this example, but they do not necessarily need to be linear 

2.5.4 We’ve Presented the Models: Now What? 

For engineers, it is important to understand the concepts of these material models.  Although one 
is never likely face a situation in which they are required to analyze a material as a system of 
springs and dashpots in regular engineering practice, they are likely to work with viscoelastic 
materials and it is important to use their knowledge of material mechanics to predict things such 
as deflections, short and long term settlement, energy absorption, etc.  For the remainder of this 
chapter we will examine one way in which engineers are using the knowledge of viscoelastic 
properties to utilize TDA in civil engineering projects.   

3.0 Case Study: Vasona Light-Rail Project 

3.1 What are we looking for? 

Tire Derived Aggregate (TDA), because it is made of viscoelastic particles (rubber), has the 
possible benefit of mitigating vibration. However, to design an experiment to test only whether or 
not vibration is mitigated by TDA would fall far short of answering the bigger question which is, 
“Should we use TDA as subbase under the railway or not?”  To answer the bigger question, it is  
important to weigh the benefits verses the costs.  This raises several smaller questions such as; 
how well does the TDA mitigate the vibration?  How great a benefit is there if the vibration is 
mitigated? How well does the TDA perform structurally compared to the alternative?  What is 
the environmental impact?  Will construction costs increase or decrease?   

To answer these questions, the following experiment was conducted by the California Integrated 
Waste Management Board (CIWMB), the Valley Transit Authority  (VTA), Korve Engineering, 
Wilson, Ihrig  &Associates, and Dr. Dana N. Humphrey (University  of Maine) at the VTA 
maintenance yard in San Jose, CA. 
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3.2 Experiment Design 

A test track was constructed using a minimum of 12 inches of tire shreds as subbase wrapped in 
geotextile and laid horizontally on the south side and horizontally angled up on the North side and 
covered by a minimum of 12” of ballast and 12” of sub-ballast.  The continuous steel rails were 
placed on concrete ties and connected to a control section with 8” of ballast and 8” of sub-ballast.  
Dial gauges with an accuracy of 0.001” were used to measure rail deflection while strain in the 
rails was monitored by strain gauges located at the top and bottom of the rails.  Vibration 
transducers were mounted on spikes placed in the ground near the track in order to monitor 
vibration levels. 

Figure 9. Test track Plans and Construction 
Top Left: Test track cross-section   Top Right: Workers covering TDA subbase with geotextile 

Bottom Left: Finished test track and picture of vibration sensor   Bottom Right: Strain and dial gage setup 

3.3 Results 

Test results showed that using tire shreds beneath the rail line did reduce vibration levels 
significantly.  The tire shred section was also structurally sufficient.  The elastic deformations 
cased by the light-rail were slightly higher than those of the control section, but still within the 
tolerable range. There was however, some permanent deflection of the ties, which means that 
they may need to be re-leveled more frequently.  The most significant train vibrations are in the 
range from 10 to 250 hertz.  Vibrations of 10 to 80 hertz are felt whereas 20 to 250 hertz is in the 
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bottom of the audible range.  The graph shows a reduction in ground borne vibrations in this 
frequency range, and in fact demonstrated an order of magnitude reduction at 63 hertz, with even 
better performance at higher frequencies.  The estimated cost of the track was determined to be 
about $121 per foot, which was higher than the price of $100 per foot for normal track sections 
but much lower than cost for sections of track using an alternative method of vibration mitigation, 
which ranges from $600 to $1000 per foot. 

Figure 10. Vibration Mitigation 
This is a graph comparing the vibrations of the track with TDA subbase to a typical track section.  The 
zero decibel line represents normal vibrations and the two lines represent vibration form their respective 
TDA sections relative to the normal vibration.  This shows TDA subbase reduces vibration significantly.  
The Bel scale is logarithmic, so negative ten decibels means one-tenth the normal vibration and negative 
twenty decibels means one-hundredth the normal vibration, etc. 

3.4 Case Study Conclusion 

When vibration is of no concern, it is best to use conventional track design.  However, when 
vibration is a concern (near houses or businesses for example), TDA can be used to reduce 
vibration for a relatively small cost increase without sacrificing track performance.  In fact, TDA 
worked so well that VTA chose to use tire shreds for several sections of the Vasona Light Rail 
Project where vibration reduction was needed due to close proximity to houses and businesses. 

4.0 Summary and Conclusions 
Some materials, such as TDA, have very complex behavior that is extremely difficult to analyze.  
However, material models, which are completely different, can be calibrated to behave very 
similarly at a macroscopic level.  What this means is that, even though many materials such as 
TDA are not made out of springs and dashpots, their overall behavior can be accurately modeled 
and predicted using combinations of springs and dashpots.  Oftentimes, rather than making an 
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actual spring and dashpot model, test data for a given material is collected and then used to 
formulate and calibrate empirical equations and/or graphs to fit the materials behavior.  The 
empirical approach is often simpler and thus more common, but it is important not to get lost in 
the numbers.  Understanding the concepts of how material models work and the types of 
properties associated with different behaviors will greatly enhance the ability of the engineer to 
understand conceptually how a material will behave.  For example, from looking at the three 
materials in figure 7, it should be apparent that the one represented by the graph on the far right 
would work best for a diving board (it restores mechanical energy, which would help a diver to 
jump high), while the one on the far left would work the best for constructing a wrestling mat (it 
dissipates a lot of energy).  In this example, they may both be required to resist similar forces and 
impact energy, but performance is based on how they handle loads, not just whether or not they 
can withstand them without failing.  

TDA has been discovered as a great subbase under light rails where vibration mitigation is 
needed (and for many other engineering applications) because, like our example with diving 
boards and wrestling mats, engineers are trying to find materials that do not just work, but 
perform well.  TDA is a great material for many applications because of its performance, low 
cost, and positive environmental impact. 
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CIVL 312 Structural Testing Lab 

1.0 Introduction 
The civil engineering market encompasses a wide range of uses for scrap tires.  Scrap tire 
materials typically replace other material currently used in construction such as lightweight fill 
materials, drainage aggregate, or even soil.  A considerable amount of tire shreds for civil 
engineering applications come from stockpile abatement projects. 

Tires that are reclaimed from stockpiles are usually dirtier than other sources of scrap tires and 
are typically rough shredded for these applications.  Many civil engineering applications can 
accommodate this dirtier material. 

California alone generates about 40 million waste tires each year.  To reduce the stockpile of 
waste tires, the CIWMB has increased its efforts to turn these waste tires into useful products.  
One of the major applications of waste tires is the use of tire derived aggregates (TDAs) in civil 
engineering applications. There are two types of TDA, shown in Figure 1, commonly used in 
civil engineering applications, namely, Type A and Type B.  Type A TDA, with particle sizes 
typically less than three inches, is mainly used as a drainage material, in septic leach fields, and 
for vibration dampening beneath railways, etc.  Type B TDA has larger size tire shreds than those 
of Type A TDA.  The particle sizes of Type B TDA are normally up to about 12 inches across. 
The Type B TDA’s are mainly used as lightweight fill material for embankments or as light 
weight backfill for retaining walls. 

Figure 1. Type A TDA (left) and Type B TDA (right) 

The civil engineering applications that use TDA include: 

•  Subgrade fill and embankments 

•  Backfill for retaining walls and bridge bbutments 

•  Subgrade insulation for roads 

•  Lateral edge drains 

•  Vibration damping layer beneath rail lines 

•  Landfill applications 
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•  Septic system drain fields 
Of particular interest in this  module is the use of tire shreds to construct embankments and fills 
over weak, compressible foundation soils.  Tire shreds are viable in this application due to their 
light weight, typically weighing 1/3 to 1/2 that of the soil it replaces.  Using tire shreds as a 
lightweight fill material may be significantly cheaper than other alternatives, especially if scrap 
tires are readily available and light weight fill is not.  Subgrade fill and embankment applications 
include: protecting roads from erosion, enhancing t
and reinforcing roadwa    he stability  of steep slopes along roadways, 

y shoulder areas. The light weight of the tire shreds also reduces 
horizontal pressures and allows for construction of thinner, less expensive retaining walls.  Tire 
shreds can be used to reduce problems with water and frost build up behind walls because tire 
shreds are free draining and provide good thermal insulation. 

To use scrap tire products in civil engineering applications, several material properties need to be 
established. Some of the properties that engineers need include: 

•  Gradation 

•  Specific Gravity and Absorption capacity  

•  Compressibility  

•  Resilient Modulus 

•  Time Dependent Settlement of TDA Fills 

•  Lateral Earth Pressure 

•  Shear Strength 

•  Hydraulic Conductivity (Permeability) 

•  Thermal Conductivity  
 

In this chapter the shear strength of scrap tire products will be investigated.  Since this material 
was developed to be introduced in a materials testing lab, which typically  deals with solid 
materials like steel and wood, the student needs to be introduced the fundamental behavior of 
discrete materials, like TDA.  In courses on Strength, or Mechanics of Materials, students cover 
Continuum  Mechanics, which deal with materials with a uniform distribution of matter.  These 
materials are idealized as possessing no voids and are cohesive, i.e. all portions are connected 
together, and have no breaks, cracks, or separations.  The materials dealt with in this chapter, 
including crumb rubber and TDA are discrete materials, which contain air voids and may or may  
not possess cohesion. They will display mechanical properties similar to the sands and gravels 
that they replace. 

1.1 Objectives 
The objective of this lesson plan is to give students an understanding of the shear strength of 
scrap tire products. They are introduced to civil engineering applications of TDA and to the 
mechanical properties required to design these projects.  In particular, the factors affecting the 
shear strength of TDA will be presented. Determining the shear strength of TDA is not possible 
given the size of the testing equipment available in a normal Materials Testing Lab, so tests will 
be conducted on crumb rubber samples (also a scrap tire product).  A direct shear testing machine 
is used to determine the relationship between shearing strength and normal stress for a crumb 
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rubber sample.  Values of both c and φ in the Mohr-Coulomb failure criteria will be estimated for 

the crumb rubber sample. 

2.0 Factors Affecting the Shear Strength of TDA 
In the study of continuum  mechanics, deformable bodies develop both normal (tension or 
compression) and shear stresses when acted on by applied loads.  Brittle materials fail in tension 
perpendicular to the maximum tensile stress whereas ductile materials fail in shear parallel to the 

maximum  shear stress.  The Poisson’s ratio, ν, relates the transverse contraction to the 

longitudinal elongation (or vice versa) and that the range for ν is 0.25< ν < 0.34 for most civil 
engineering materials. 

Scrap tire products (including TDA, crumb rubber, and tire buffings) are a discrete material and 
can support compression but not tensile stresses and typically fails in shear along a plane of 
weakness. There are four factors that affect the shear strength of crumb rubber and TDA: 

•  Size and shape of the rubber pieces. 

•  The density (packing) of the sample at the beginning of the test. 

•  Magnitude of the compressive normal loading, and 

•  The orientation of the particles in the sample. 

2.1 Size and Shape of the Scrap Tire Rubber 

The crumb rubber sample is “uniformly graded” i.e. all the particles are nearly the same size and 
are approximately cubical in shape.  On the other hand, TDA (Tire shreds) are also fairly 
uniformly graded but are irregularly shaped, being more plate like.  The following plots show 
typical gradation curves for TDA, crumb rubber, and rubber buffings: 

Figure 2. Particle Size and Shape of Tire Buffing (top) and Crumb Rubber (bottom) 
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Figure 3 shows the gradation for Type A TDA from multiple manufacturers and demonstrate that 
the samples are generally uniformly graded (same size).  However, the maximum size varies 
according to manufacturer.  The gradation tests were conducted according to ASTM D 422 
standards. Gradation curves shown in Figure 4 for Type B TDA, are again uniformly graded with 
particle sizes that would be considered as coarse gravel and boulders. 

Figure 3. Gradations of Type A TDAs from Different Manufactures 

Figure 4. Gradations of Type B TDAs from Different Manufactures 
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The following figures show the gradations of crumb rubber and tire buffing used as tire rubber in 
the shear test sample at CSU, Chico. 

Grain Size Analysis 
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Figure 5. Gradation of Crumb Rubber Particle Sample Used in CSU Chico 
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Figure 6. Gradation Curve for Tire Buffings Used in CSU Chico 

2.2 Effect of Density of Tire Rubber 
The second factor influencing the shear strength of granular materials is the density (packing) of 
the sample at the beginning of the test.  The preparation of the sample may influence the shear 
stress/strain behavior of the specimen.  Initially loose samples will decrease in volume as the 
sample is sheared whereas initially densely packed samples will “dilate” or expand as the sample 
is sheared. This phenomena require measuring the displacement perpendicular to the direction of 
loading to determine which behavior the sample exhibits.   
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τ = c + σtanφ 

τ = shear stress on the failure plane 

σ = normal stress on the failure plane 
c = the cohesion intercept (= 0 for granular materials) 

φ = angle of internal friction (slope of the line relating shear stress to normal stress).   
 

 

The relative volume change characteristics of the sample are a function of the void initial ratio, e, 
defined as volume of voids/ volume of solids.  Densely packed samples posses a low void ratio 
and will dilate when sheared whereas loosely packed samples possess a high void ratio and will 
densify when sheared.  For uniform spheres, both loose and densely packed, the following graph 
shows both the change in shear stress and void ratio as a function of the shear displacement of the 
sample: 

Figure 7. Shear Stress and Void Ratio Changes with Horizontal Shear Displacement 

Note that there exists a void ratio, called the critical void ratio, which is the void ratio that either 
type of sample reaches after being sheared.  The critical void ratio is also the transition point 
between the two types of volume change behavior when sheared.  In other words, it is the highest 
void ratio where dilation will occur when the sample is sheared. 

2.3 Normal Force Effect on Shear Strength 
The third factor that influences the shear strength of a granular material is the magnitude of the 
normal force (perpendicular to the applied shear force) loading.  As the normal stress on the 
sample is increased, the shear strength of the sample increases.  The relationship between the 
normal stress and the shear stress for a granular material like crumb rubber and TDA is given by 
Mohr-Coulomb failure criteria: 

Although TDA is a granular material, it possesses apparent cohesion under compressive loading 
similar to cohesive soils.   
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The focus here is on determining the shear strength of scrap tire products.  There are two 
commonly available laboratory tests for accomplishing this: Triaxial Test and Direct Shear Test. 

The triaxial testing machine shown in Figure allows for the application of a confining stress by 
pressurizing the sample with air or water pressure, which surrounds the sample.  Vertical load can 
then be applied to the specimen until failure is reached.  This vertical load produces stress in the 
sample above the confining stress, called the deviatory stress.  This deviatory stress forms the 
diameter of Mohr’s circle, which increases with increasing confining pressure for TDA drained 
test. 

\
 

Figure 8. Typical Triaxial Shear Testing Apparatus 

The results of a triaxial test on a cohesionless material in the drained configuration (meaning no 
pore water pressure can be developed, which is the case for a dry granular material) is shown in 
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the following figure. Note that the line that is tangent to the failure Mohr’s circle passes through 
the origin (zero cohesion) and has a slope equal to the angle of internal friction for the material. 
Combinations of shear and normal stress that have Mohr’s circles that fall below this envelope, 
will not result  in failure of the specimen, values above would represent failure of the sample. 

Figure 9. Example Failure Envelope from Triaxial Test 

The second test procedure common ly done in the lab is the direct shear test.  Figure 10 shows the 
apparatus for the direct shear test: 

Figure 10. Typical Direct Shear Testing Equipment 

 The test equipment consists of a metal shear box in which the sample is placed. T he box can be 
square or circular. Square boxes are usually 2”x2” or 4”x4” squared and 1” high. 
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The box is split horizontally into two halves as shown in Figure 11. 

Figure 11. Shear Box Components of a Direct Shear Apparatus 

Normal force on the sample is applied from the top of the shear box (on the left above).  The 
shear force is applied b y moving the upper halve of the box relative to the lower halve of the box 
as shown below: 

Figure 12. Schematic of Shear Box Set Up and Loading 

During the test, the shear displacement along the shear plane is recorded by a horizontal dial 
gauge, and change in the height of the specimen is measured by a vertical dial gauge (to allow for 
calculation of change in volume). The normal fo rce is applied as a dead loading weight acting 
vertically on the specimen shown in Figure 13.  
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Figure 13. Force and Displacement Measurement of Direct Shear Test 

Illustrated in Figure 14, as one half of the specimen is forced to slide relative to the other half o f 
the specimen, a resisting shear force is developed on the shear surface between the boxes. The 
shear force can be measured by a horizontal proving ring or load cell.  The normal stress is 
calculated from the normal force and the cross sectional area of the shear box.  The shear stress is 
calculated from the shear force and the cross sectional area.  At the initial stage of a test, under a 
given normal stress, shear stress (resistance) will gradually increase with increasing shear 
displacement. The resistant shear stress will reach a maximum, then it will no long increase or 
might even decrease, as indicated in the shear stress versus shear displacement curve below. 
Physically, th is means failure has occurred and the sample is no longer able to support additional 
shear stress. 

Figure 14. Normal Force and Shear Force for Direct Shear Tests 
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For each test at a specific normal stress, the maximum shear stress is recorded and the norm al 
stress and the corresponding shearing stress are plotted as a point on the sigma versus tau 
coordinate system.  For a given soil, multiple direct shear tests are performed at different no rmal 
stresses. The normal stresses and the corresponding maximum shear stress obtaine d from a 

number of tests are plotted on the σ-τ coordinate system as shown in Figure 15: 

Figure 15. Normal Force versus Shear Strength of a Direct Shear Test 

The test data will generally exhibit an approximately linear relationship. Using the least-squares 
method, a best fit line can be determined. This best fit line is the failure line, having an equat ion 
that is defined by the Mohr-Coulomb failure criterion. Therefore, the slope of the line is tan 

φ’(internal angle of friction) and its intersect with the τ axis is c’ (cohesion)  

The following curves in Figure 16 show the shear stress and sample height change versus shear 
displacement plots for both loose and dense granular soil samples.  For loose sand samples, shear 

stress develops and increases to resist sliding until a failure shear stress, τf is reached. After that, 

the curve levels off, and the shear resistance remains approximately at τf. This failure stress (τf) is 
defined as the ultimate shear strength of the sample.  For dense samples, the resisting shear stre ss 
increases to a peak value (called the Peak Shear Strength), decreases some, then approaches a 
constant value which is equal to the ultimate shear strength of the sample.  
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Figure 16. Direct Shear Test Results Comparison between Loose and Dense Sand 

The direct shear test method has some distinct advantages and disadvantages.  Disadvantages 
include the fact that the sample is forced to fail along the plane of the split of the shear box, 
instead of along a plane of natural weakness.  Also, the distribution of shear stress is not uniform, 
but assumed to be uniform across the sample.  Advantages include the fact that the tests are 
simple to perform, and it is a good method for testing the shear strength along contacting surfaces 
of different materials (e.g., TDA and foundation materials). 

2.4 Orientation of TDA Particles 
The fourth factor influencing the shear strength of TDA is the orientation of the particles.  A 
random orientation would have different shear strength characteristics than if the sample were 
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Figure 17. Shear Stress vs. Horizontal Deformation for Pine State Recycling Tire Shreds 
Tested in Direct Shear Box  (Humphrey, 2003) . 

 

 

 

oriented either horizontally or vertically in the shear box.  No data currently exists that compares 
the effects of orientation on the shear strength of TDA. 

3.0 TDA Shear Strength Measurement from Literaure 
It is important to know the engineering properties of the TDA, especially the shear strength of the 
large size Type B TDA, in embankment fill and retaining wall backfill applications.  The shear 
strength of TDA may be determined in the laboratory by conducting direct shear or triaxial tests.  
Results on smaller tire shreds are available in the literature.  However, due to the large size of tire 
shreds of Type B TDA, which are as big as 12 inches across, the direct shear or triaxial tests are 
seldom used due to the size limits of the direct shear boxes or triaxial loading cells that are 
commonly available. The triaxial test shouldn't be used for tire shreds with protruding steel belts 
as it may puncture the membrane containing the sample. 

Estimating the shear strength of 3 inches or larger sized TDA from smaller size tire shred shear 
test data may not be suitable because large tire shreds have different size, shape, and tire particle 
contact patterns than small tire shreds. The following graph compares the shear stress versus 
horizontal deformation for a 2 inch minus TDA with three different normal stresses (250, 500 and 
1000 psf). These curves indicate a loose initial state behavior for the TDA sample with no 
dilation as the rate of shear stress increase decreases with an increase in shear displacement.   

The following graph compares the failure envelopes for tests conducted at low stress levels, less 
than 2000 psf.  In all cases, the failure envelopes were non-linear and concave down.  Therefore, 
tests should be conducted at normal stresses close to what would be encountered in the field if a 
linear failure envelope is to be fit to the data. 
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Figure 18. Comparison of Failure Envelopes of TDA at Low Normal Stress Levels (less than 
about 2000 psf)  

Tests on 0.5-in and 1-in tire shreds at higher stress levels produce failure envelopes that were 
approximately linear.  For high stress tests, using a failure criteria of 15% axial strain, Ahmed 
(1993) obtained cohesion intercepts from 572 to 689 psf and friction angles from 15.9 to 20.3 
degrees. 
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τ = c + σtanφ 

where τ = shear stress on the failure plane 

σ = normal stress on the failure plane 

C = the cohesion intercept (= 0 for granular materials) 

φ = angle of internal friction (slope of the line relating shear stress to normal 
stress). 

 

 

      

      

      

      

 

4.0 Student Lab Assignment Example: Direct Shear Testing of Crumb 
Rubber 
The following document is the lab report developed for introducing students to the shear strength 
of waste tire products.  Direct shear testing of crumb rubber is investigated in this lab exercise. 

4.1 Objective 

To determine the relationship between shearing strength and normal stress for a crumb rubber 

sample using the direct shear testing machine. Values of both c and φ in the Mohr-Coulomb 

failure criteria will be estimated for a crumb rubber sample. 

4.2 Background 

In many engineering problems such as design of foundation, retaining walls, slab bridges, pipes, 

sheet piling, the value of the angle of internal friction and cohesion of the soil involved are 

required for the design. The direct shear test can be used to predict these parameters quickly. This 

laboratory activity covers the laboratory procedures for determining these values for granular 

materials. The Mohr-Coulomb Failure criterion is given as: 

The internal angle of friction, φ is a function of the grain size distribution (gradation), particle 

size and shape, and the method of compaction of the sample.  A densely packed sample will 

dilate when loaded at a higher shear stress than a loosely packed sample, thus increasing the 

internal friction angle. 

4.3 Equipment 

Direct Shear Testing Apparatus 

1. Shear box 

2. Loading frame for vertical and shear loading  

3. Dial gauges. 

4. Proving ring with dial gage. 
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4.4 Description of Equipment 

Figure 19 shows a direct shear test machine, which shows shear box, normal force tray, gauges 

for measuring both horizontal and vertical displacements, calibrated proving ring, and shear 

loading drive assembly. The strain controlled direct shear test machine consists of a shear box, 

loading units for both applying the shear force, and for applying the vertical normal force , 

calibrated proving ring for measuring shear force, dial gauges to measure both shear deformation 

and volume changes. A two piece square shear box is the type that will be used in this lab (see 

Figure 20). 

Figure19. Direct Shear Testing Machine Set Up 
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Figure 20. Disassembled Shear Box Showing (left to right) Normal Force Loading Head, 


Fixed Base, and Sliding Portion of Shear Box 


4.5 Procedure 

1. Measure the inner dimensions of the shear box. They will be needed to calculate stresses. 

2. Back off the sample box spacing and clamping screws and assemble the box with the 

temporary pins provided. 

3. Place the sample in smooth layers (approximately 10 mm thick). If a dense sample is desired 

tamp the specimen. Make the surface of the soil plane, a little below the top surface and place the 

normal load block on top of the sample. 

4. Place the assembled shear box in the testing machine and apply the desired normal force to the 

load tray. Attach the vertical displacement gauge as shown in figure 1.  You should include the 

weight of the normal force block and the upper half of the shear box as part of the sample load. 

5. Remove the shear pin. 

6. Advance the three vertical screws that are located on the side walls of the upper shear box. 

The space between the two halves should be about the size of the sample particles. 

7. Set the loading head by tightening the two horizontal screws located in the top half of the 

shear box. Next, back off the three vertical screws so there is no connection between the upper 

and lower shear boxes. 

8. Attach the dial gauge which measures the shear displacement as shown in Figure 19. 

9. Record the initial reading of the dial gauges and calibration values. 
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1. 	Calculate the normal stress, σ = Normal load        

(L)(B) 
 

 

                  
                     

τ = shear force, S  = S
 
area of the specimen (L)(B) 


 

 

 

 
 

 
 

 

 

10. Before proceeding to test check all adjustments to see that there is no connection between two 

parts except the crumb rubber sample.  You are now ready to start the test. 

11. Apply the shear force to the specimen at a rate between 0.5 and 2mm per minute (you should 

practice this first to get the rate correct) while recording the gauge readings from all three dial 

gages. (use the supplied data sheets) Take readings at 5, 10, 20, 30 etc (increment by 10) 

horizontal displacement units.  Continue loading until proving ring either: 

a. proving ring dial gauge reading reaches a maximum value and then falls off, or 

b. proving ring dial gauge reading reaches a maximum and then remains constant 

12. Repeat the test at least two more times with different normal forces. 

4.6 Calculations for Direct Shear Test RESults 

2. For Table 1, the horizontal, vertical, and proving ring dial gauge readings are obtained from 
the test (Columns 2, 3 and 4). 
 
3. For any  given set of horizontal and vertical dial gauge readings, calculate the shear force  
(Column 6) 
 
 S = (No. of divisions in proving ring dial gauge, i.e., Column 4) x (proving ring  
calibration factor. i.e., Column 5) 
 
4. Calculate the shear stress, τ, as (Column 7) 

Note: A separate data sheet has to be used for each test (i.e., for each normal stress, σ). 

4.7 Graphs for Direct Shear Test Results 

1. For each normal stress, plot a graph of τ (Column 7) vs. horizontal displacement (Column 2) 
(as shown in Figure 21below for the results obtained from Table 1).  On the bottom of the same 
graph paper, using the same horizontal scale, plot a graph of vertical displacement (Column 3) vs. 
horizontal displacement (Column 2).  There will be at least three such plot (one for each value of 
σ). Determine the shear stresses at failure, s, from each τ vs. horizontal displacement graph (as 
shown in Fig 21). 
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             φ = tan-1(s/σ) 
 

11.7

 11.6  

Text figure 

 

 

2. Plot a graph of shear strength, s, vs. normal stress, σ. This graph should be a straight line 
passing through the origin. Figure21 shows such a plot for a sample sand.  The angle of friction 
of the soil can e determined from the slope of the straight line plot of s vs. σ as 

Example failure envelope 
(dry sand, note c is zero) Example direct shear test curves 

τ 

Text figure 

Figure 21. Sample Direct Shear Testing Results on Sand 
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Table 1. Direct Shear Test  
Normal 
Stress 

 
 

(1) 
 

Horizontal 
Displacement  

 
 

(2) 

Vertical 
Displacement  

 
 

(3) 

Load Dial 
Reading 

 
 

(4) 

 Proving Ring 
Calibration Factor 

(5) 

Shear Force 
 
 

(6) 

Shear Stress 
 
 

(7) 

       
       
       
       
       
       
       
       
       
       

 

DIRECT SHEAR TEST DATA SHEET FOR CRUMB RUBBER  

Name ____________________________    Lab Group Number________ 


 
Date of Testing ____________________ 
 


 

Shear box dimensions, L = ______________________  B = _______________________ 


 
Normal load = ____________________  Normal stress = _________________________ 


 
Loading Rate = ____________________  Loading Ring Constant = ____________(low) 


  _____= ___________________ high__  
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Proving Ring constant....... Least count of the dial........ 


Calibration factor.......
 

Leverage factor........
 

Dimensions of shear box 60 x 60 mm
 

Empty weight of shear box........ 


Least count of dial gauge......... 


Volume change....... 


S.No Normal load 

(kg) 

Normal 

stress(kg/cm2) 

load x leverage/Area 

Normal 

stress(kg/cm2) 

load x leverage/Area 

Shear stress 

proving Ring 

reading x 

calibration / 

Area of 

container 

1 

2 

3 

5.0 General Remarks 

1.	 In the shear box test, the specimen is not failing along its weakest plane but along a 

predetermined or induced failure plane i.e. horizontal plane separating the two halves of the 

shear box. This is the main draw back of this test. Moreover, during loading, the state of 

stress cannot be evaluated. It can be evaluated only at failure condition i.e. the Mohr’s Circle 

can be drawn at the failure condition only. Also failure is progressive. 

2.	 Direct shear test is simple and faster to operate. As thinner specimens are used in shear box, 

they facilitate drainage of pore water from a saturated sample in less time. This test is also 

useful to study friction between two materials with one material in lower half of box and 

another material in the upper half of box. 
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3.      	 The angle of shearing resistance of sands depends on state of compaction, coarseness of grains, 

particle shape and roughness of grain surface and grading. It varies between 28o (uniformly  

graded sands with round grains in very loose state) to 46o(well graded sand with angular grains in 

dense state). 

4.      	 The volume change in sandy soil is a complex phenomenon depending on gradation, particle 

shape, state and type of packing, orientation of principal planes, principal stress ratio, stress  

history, magnitude of minor principal stress, type of apparatus, test procedure, method of  

preparing specimen etc. In general loose sands expand and dense sands contract in volume on  

shearing. There is a void ratio at which either expansion contraction in volume takes place.  This 

void ratio is called critical void ratio. Expansion or contraction can be inferred from  the 

movement of vertical dial gauge during shearing. 

5.	       The friction between sand particles is due to sliding and rolling friction and interlocking action. 

The ultimate values of shear parameter for both loose sand and dense sand approximately attain 
the same value so, if  angle of friction value is calculated at ultimate stage, slight disturbance in 
density during sampling and preparation of test specimens will not have much effect.    

6.0 Conclusions and Recommendations 
The following conclusions can be drawn for this teaching module:  

• 	 In order to determine the strength properties rubber tire particles, lab tests need to 
be conducted.  

• 	 The most appropriate method for TDA is the direct shear test as large scale 
triaxial test apparatus are not commonly available. 

• 	 Like soil, the shear strength of rubber particles increases as normal stress 
increases. 

• 	 Under normal loading, TDA develops an apparent cohesion even though it is an  
essentially granular type material that can withstand no tension stress. 

More studies need to be conducted with large scale shear boxes to establish the shear strength 
behavior of large sized type B TDA.  Also, the interface shear strength between the tire shreds 
and concrete and other materials needs to be evaluated.  The effects of tire shred orientation on  
shear strength should be studied as well to gain a better understanding of the shear strength of 
TDA. 
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CIVL 402 Contracts and Specifications on Rubberized Asphalt 

Concrete 


1.0 Introduction 
This is one of the two chapters for Contract Specifications and Technical Writing (CIVL 402) 
course. The main focus of this chapter is on Rubberized Hot Mix Asphalt (RAC) and Rubberized 
Hot Mix Asphalt Concrete (RHMA). This chapter will cover the standard specifications, and 
standard special provisions of Rubberized Hot Mix Asphalt.  It will also cover asphalt rubber 
definitions, asphalt rubber binder, asphalt rubber binder design, types of mixes, and cautions for 
using Rubberized Hot Mix Asphalt. 

Plans and specifications describe how to build a project. Plans provide a layout and dimensions 
for the project. Specifications describe project specific requirements for various things, such as 
materials, workmanship, and general and special provisions.  The different types of specifications 
include: Proprietary, Method, Quality Control/Quality Assurance, End Result, Performance-
Related (PRS), Performance-Based (PBS), Performance (e.g., Warranty/Guarantees), 
Design/Build, and Design/Build/Operate.  For intuitive specifications (Method, End Result), the 
relationship to performance is unknown. While for the following specifications, relationship to 
performance is better known: Performance-Related, Performance-Based, and Performance 
Specifications. 

Method, Quality Control/Quality Assurance, End Result, and PRS/PBS specification methods are 
based on statistical analysis.  Brand/Product/Process/Manufacturer Specific is proprietary 
specifications and is difficult to use in the competitive bidding process.  Method Specifications 
are detailed descriptions of materials and procedures that are used to construct the final product.  
The method specifications are the procedural and prescriptive specifications, which require 
continuous on-site inspection, and historically are the most commonly used specifications.  
Quality Control/Quality Assurance specifications are used in 35 states, and is commonly used as 
it falls between method and end result specifications.  Quality Control/Quality Assurance 
specifications are made up of the following elements: definitions, materials, construction process, 
construction equipment, mix design, acceptance (lot and sublot, sampling, and testing), pay 
factors/method of payment, and training, certification, and accreditation.   

End Result specifications specify minimum in-place material properties (e.g., density), they do 
not specify construction methods – which allows for Contractor freedom and Innovation.  They 
may or may not include material specifications, and are gaining in popularity.  Statistically Based 
End Result Specifications consider both agency or owner and producer or contractor risk, they 
require both Quality Control and Quality Assurance, thus need a third party for inspection, and 
are commonly used today. 

Performance-Related and Performance-Based Specifications are commonly used in equipment 
and machinery manufacturing industries. They are being introduced to construction as well as to 
other industries.  The Federal Highways Administration (FHWA) strongly supports the 
development of performance-related specs such as, HMA – WesTrack and PCC - ERES/Illinois.  
FHWA requires functional specifications for materials and in-place properties.  Tight quality 
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control/quality assurance are also required, and there must be demonstrated dependable 
relationships between material properties and actual pavement performance.  The elements of 
“Ideal” performance based specifications are reproducible test methods, well defined construction 
variability, existence of robust relationships between tests (measured properties) and pavement 
performance, and definable and measurable pavement performance.  Performance specifications 
specify a minimum level of performance over a specified period, for example: less than 5% 
fatigue cracking after 10 years of service, and/or rut depths less than 13 mm (1/2 in) after 15 
years of service.  They also require warranties on all work performed.   

2.0 Asphalt Rubber 
According to ASTM D8, “Asphalt Rubber is a blend of asphalt cement, reclaimed tire rubber and 
certain additives in which the rubber component is at least 15% by weight of the total blend and 
has reacted in the hot asphalt cement sufficiently to cause swelling of the rubber particles.”  The 
ASTM D 6114 Standard specifies that Asphalt Rubber Binder is a High viscosity material 
(usually field-blended) that typically requires agitation to keep CRM particles dispersed.  In 
California, components that make up asphalt rubber binder are crumb rubber modifier, which is 
made of scrap tire rubber and high natural rubber content scrap rubber, and extender oil. Figure 1 
shows the difference between scrap tire rubber and high natural rubber. In terms of percentages, 
California Department of Transportation (Caltrans) specifications for High Viscosity (Field 
Blend) AR Binders, requires extender oil at 1 to 6% by mass of asphalt (For chip seal binders, 
Caltrans may continue to require minimum 2.5% extender oil), asphalt plus extender oil at 78­
82% by total mass of AR binder, total CRM at 18-22% by total mass of AR binder, of which: 
scrap tire CRM = 73-77% of total CRM, high natural CRM = 23-27% of total CRM.  Crumb 
Rubber Modifier (CRM) is produced from grinding whole scrap tires, tread buffings, and other 
waste rubber products.  CRM comes in a variety of grades and size designations from various 
suppliers and/or other sources. CRM gradation and content affect not only AR binder properties, 
but also influence the voids structure of RHMA-G mixes. Gradation limits used by Caltrans and 
ADOT are broad and allow considerable variation; changes in gradation limits are being 
considered. Project specific provisions should also check to verify any CRM gradation limits in 
effect for that project. 
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Figure 1. Difference between Scrap Tire and High Natural Rubber 

High natural rubber CRM is used to improve adhesion and flexibility, chip seal aggregate 
retention, and to insure compatible asphalt and CRM interactions. It has high natural rubber 
content (40-48% by mass) and may be made from truck scrap tires or other non-tire sources. 
Caltrans requires that “high natural rubber” be used in binders for RHMA mixes. 

Asphalt cements come in a variety  of grades and designations.  AR-4000 was used to make 
traditional asphalt rubber in the past. Caltrans adopted the Performance Graded (PG) system in 
2006. Caltrans does not recommend using modified asphalts as the base asphalt cement for CRM 
modification.  For mountainous and high desert areas, use PG 58-22 is recommended as the base 
asphalt. For other areas (coastal, inland valleys, low and south mountains, and desert) the use of 
PG 64-16 as base asphalt is suggested.  Some additives in the rubberized asphalt include extender 
oils, which aid in the interaction of the crumb rubber and asphalt by  providing aromatics which 
are absorbed by the rubber, and help with dispersion by chemically suspending  the rubber in the 
asphalt; extender oils are required by Caltrans.  Anti-stripping agents are used to improve 
adhesion of the binder to the aggregate. 

The Asphalt Rubber blend design requires the following submittals: supplier and identification 
(or type) of scrap tire and high natural CRM, typical gradation of each type of CRM material used 
in the asphalt rubber binder design, and percentage of scrap tire and high natural CRM by  total  
mass of the asphalt-rubber blend.  If CRM from  more than one supplier is used, info will be 
required for each CRM supplier used, including laboratory  test results for test parameters shown 
in the special provisions.  Other asphalt rubber blend design submittals include:  

• 	 base asphalt PG binder grade, supplier, and Certificate of Compliance (COC) 

• 	 percentage of the combined blend of asphalt and asphalt modifier by total mass 
of asphalt rubber binder 

• 	 asphalt modifier type, supplier, identification, and test results demonstrating 
conformance to specs 
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• 	 percentage of asphalt modifier by mass of asphalt, the design profile, minimum  
interaction time and temperature, and material safety data sheets for all materials 

The asphalt rubber blend design profile shown in Table 1 was developed to evaluate the 
compatibility between materials used, compliance of component interaction properties, and to 
check for stability of the AR blend over time.  A 24-hour design profile will be required for each 
project, for both hot mix and spray applications.  Previous AR blend designs may be validated for 
currently available materials and may be submitted for more multiple projects. 

There are four different types of rubberized asphalt hot mixed concrete; Dense-graded (limited 
use by Caltrans), gap-graded, open-graded, and open-graded (high  binder, HB).  Figure 2 shows 
the different gradations used in the RHMA mixes. 

 Table 1: Example of Asphalt Rubber Blend Design Profile 

Reaction Time (Minutes) Spec. Limits @ 45 
minutes (Caltrans 

12/2005) 

TEST 45 90 240 360 1,440 

Viscosity, cP Haake@ 190ºC 2400 2800 2800 2800 2100 1500 - 4000 

Resilience@ 25ºC (% 
Rebound) (ASTM D 5329) 

27 -- 33 -- 23 18 Minimum 

R & B Softening Pt., ºC 
(ASTM D36) 

59.0 59.5 59.5 60.0 58.5 52 – 74 

(125-165ºF) 

Cone Pen @ 25ºC (ASTM 
D217) 

39 -- 46 -- 50 25 – 70 
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Figure 2: Different aggregates used in RHMA mixes. 

3.0 Examples RHMA Types Used by Caltrans 
Dense-Graded mixes (RHMA-D) which saw early use by Caltrans showed variable performance 
improvements vs. cost in large part because it had inadequate void space to accommodate the AR 
binder. Caltrans discontinued this usage with high viscosity (field blend) binders and but they 
may be suitable for use with no agitation CRM-modified binders (terminal blend) such as rubber 
modified binder (MB).   

Gap-Graded mix (RHMA-G) is the most commonly used RHMA mix type.  The Gap-Graded mix 
provides increased resistance to rutting, fatigue, reflective cracking, and oxidative aging.  
Standard special provisions (SSP) for RHMA-G with high viscosity (field blend) AR binder are 
currently being updated to address PG binder implementation.  Some revisions include the 
removal of test methods from the body of SSP; develop corresponding CT lab procedures for 
CRM sieve analysis and measuring rotational viscosity of AR binder, and to format SSP for 
inclusion in section 39 of Caltrans standard specifications.  Adjustments to the Hveem Mix 
Design Method (CT 367) include: modifying (coarsen) aggregate gradation requirements, 
particularly for the 600 µm sieve size, to facilitate achieving minimum VMA (18%); add 
maximum VMA limit of 23%; and test three briquettes at each binder contents and use the 
average values for calculations and plots.  Other adjustments to the Hveem Mix Design Method 
are designing air voids content so they may range from 3 to 5% based on traffic index and 
climate, and as designated by the engineer in the project special provisions.  Also, the Hveem 
Mix Design Method still requires minimum AR binder content of 7.0% by weight of dry 
aggregate to provide durability (must have sufficient binder content to provide the expected 
performance benefits).  The Hveem Mix Design Method requires the use of Caltrans Laboratory 
procedures LP-1 through LP-4 for volumetric calculations, report voids filled with asphalt (VFA) 
and dust proportion for information only, and to plot average unit weight, stability, percent air 
voids, VMA, and VFA versus asphalt rubber binder content. 

Standard specifications for RHMA-O (open graded) and RHMA-O-HB (open graded high binder) 
were also updated to incorporate PG binder implementation.  Changes are similar to those for 
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RHMA-G, but with less impact on mix design methods.  Effects of CRM gradation and content in 
the binder have been found to have relatively little effect on the void structure of open-graded 
mixes. RHMA-O is designed to provide a free-draining surface (reduced splash/spray and 
hydroplaning) while maintaining good frictional characteristics in wet or dry conditions.  Such 
mixes are not considered to be structural elements and no thickness reduction applies.  RHMA-O 
is typically placed in thin lifts, nominally 24 to 30 mm thick.  Open-graded mixes are not to be 
used where there is a significant amount of stop and go traffic or turning vehicles is required, 
such as on city streets or in parking lots.  These porous low modulus pavements are susceptible to 
tire scuffs from braking and turning motions, and to damage from leaking vehicle fluids.  Caltrans 
does not use RHMA-O in snow country.  RHMA-O mixture design is performed according to 
California Test 368, with asphalt rubber binder content set at 1.4 times the optimum bitumen 
content for the designated PG binder grade.  A check test is used to verify that binder drain down 
is not excessive.  If long hauls are anticipated, drain down should be checked in the laboratory for 
the expected haul time.  RHMA-O-HB mixes have higher binder contents (1.6 times demand for 
PG asphalt instead of 1.4).  HB provides improved friction course durability and performance due 
to thicker AR binder films.  A drain down check is more important for high binder mixes.  
RHMA-O-HB does not drain as freely as RHMA-O due to the higher binder content, but still 
drains more freely than DGAC.  Benefits of using RHMA-O and RHMA-O-HB are that they 
provide a smoother ride with significantly reduced tire noise.  Joint Caltrans/ADOT/FHWA 
studies are in progress to measure and document noise reduction changes over a ten-year period. 

The standardized language used with construction contracts to amend, supplement, and 
incorporate the Caltrans Standard Specifications is the Standard Special Provisions (SSP).  
Standard Special Provisions are continually being created and updated to reflect new 
understanding of materials, workmanship, as well as new products or procedures.  SSP for 
RHMA-O is made up of the following sections:  

1) General 

2) Materials 

3) Proportioning and mix design  

4) Review of RHMA mix design 

5) Contractor quality control, sampling, and testing  

6) Equipment for production of asphalt-rubber binder  

7) Proportioning of binder, aggregates  

8) Spreading and compacting  

9) Measurement and payment 

Some precautions for using RHMA mixes by the specifications and mix design methods 
discussed in this presentation should be applied to the use of high viscosity asphalt rubber binders 
(field blend) in gap and open-graded RHMA mixes.  Agitation binders (low viscosity, terminal 
blend) should never be directly substituted for high viscosity binders in any RHMA mix.  The 
two different types of CRM-modified binders have different ranges and behave very differently in 
asphalt concrete hot mixes.        
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4.0 Conclusions 
This teaching module introduced the different types of rubberized hot mix asphalt concrete, 
including RHMA-G, RHMA-O, and RHMA-O-HB. Different specifications including method 
specification, performance based specification, and QC-QA statistical based specification were 
introduced. As an example, the Caltrans standard specifications for Rubberized Hot Mix Asphalt 
were introduced. 

5.0 References 
1. Caltrans Standard Specification, 2008 

2. Caltrans Asphalt Rubber Design Guide, 2003 
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CIVL 402 Contracts Specifications on ASTM Standards 

1.0 Introduction 

1.1 Background 

 

This is the first chapter for the Contract Specifications and Technical Report Writing, (CIVL 402) 
course. The second chapter for the Contract Specifications and Technical Report Writing will be 
presented later as a separate chapter which is about asphalt rubber and rubberized asphalt 
concrete. The main focus of this chapter is on ASTM International standards which are useful in 
developing civil engineering applications for waste tires. This chapter covers the history of 
ASTM standards, what they are used for, and some specific standards related to scrap tire 
products, in particular, ASTM D 6270-98 (Reapproved 2004),  “Standard Practice for Use of 
Scrap Tires in Civil Engineering Applications”. 

 

Standards provide the means that are necessary  to establish uniformity for separate individual 
products. These voluntary standards are actually Standard Specifications that are developed by 
various non-profit associations, government agencies, and manufacturers groups. This allows 
users (e.g. engineers and contractors) to reference published data for each of these products with 
assurance that manufacturers comply with the established standard.  These standards become a 
part of the construction contract only if called out in the plans and specifications.  Plans and 
specifications describe how to build a project.  Plans provide a layout and dimensions for the  
project. Specifications describe project specific requirements for various things, such as 
materials, workmanship, and general and special provisions.   

 

1.2 Objectives 

 

The objective of this chapter is to introduce students to ASTM International standards that relate 
to utilizing scrap tire products in civil engineering applications.  Topics covered include who 
produces standards, what they are used for, how they  are organized, and which ASTM standards 
are pertinent to using scrap tires in civil engineering applications.   
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1.3 History 

 

A group of scientists and engineers, led by Charles Benjamin Dudley formed the American 
Society for Testing and Materials in 1898 to address the frequent rail breaks plaguing the fast-
growing railroad industry.  ASTM is a not-for-profit organization that provides a forum for the 
development and publication of voluntary consensus standards for materials, products, systems, 
and services.  Originally known as the American Society for Testing and Materials, it is now 
called ASTM International.  The organization's headquarters is in West Conshohocken, 
Pennsylvania, which is about 5 miles northwest of Philadelphia.  A complete history  of ASTM 
International is available as a pdf download on their web site 
(http://www.astm.org/HISTORY/index.html ). 

 

ASTM International is currently one of the largest voluntary standards developing organizations 
in the world.  ASTM’s members represent producers, users, consumers, government, and 
academia from over 100 countries, which develop technical documents that are a basis for 
manufacturing, management, procurement, codes, and regulations.  Committees have developed 
more than 12,000 ASTM standards that can be found in the 77 volume Annual Book of ASTM 
Standards. ASTM standards are organized into fifteen different sections as follows: 

1.  Iron and Steel Products 

2.  Nonferrous Metal Products 

3.  Metals Test Methods and Analytical Procedures 

4.  Construction  

5.  Petroleum Products, Lubricants, and Fossil Fuels 

6.  Paints, Related Coatings, and Aromatics 

7.  Textiles 

8.  Plastics 

9.  Rubber 

10.  Electrical Insulation and Electronics 

11.  Water and Environmental Technology  

12.  Nuclear, Solar, and Geothermal Energy  

13.  Medical Devices and Services 

14.  General Methods and Instrumentation 

15.  General Products, Chemical Specialties, and End Use Products 
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Of interests to this chapter are sections 4, Construction, and 9, Rubber (italicized above) as these 
sections contain Standards that pertain to using scrap tire products in civil engineering 
applications. Section 4 on  Construction contains the following sub-sections (among others): 

• 	 Volume 04.01 - Cement, Lime; Gypsum  

• 	 Volume 04.02 - Concrete and Aggregates  

• 	 Volume 04.03 - Road and Paving Materials; Vehicle-Pavement Systems  

• 	 Volume 04.04 - Roofing and Waterproofing  

• 	 Volume 04.05 - Roofing, Waterproofing, and Bituminous Materials  

• 	 Volume 04.06 - Thermal Insulation; Environmental Acoustics  

• 	 Volume 04.07 - Building Seals and Sealants; Fire Standards; Dimension Stone  

• 	 Volume 04.08 - Soil and Rock (I): D 420 to D 5779  

• 	 Volume 04.09 - Soil and Rock (II): D 5780 - latest; Geosynthetics  

• 	 Volume 04.10 - Wood   

• 	 Volume 04.11 - Building Construction  

• 	 Volume 04.12 - Building Constructions (II): E 1672 - latest; Property 
 Management Systems  

 

Volume 04.08 and 04.09 contain construction related standards that are useful in determining the 
properties of scrap tire products, and their use in civil engineering applications.  Volume 9 has the 
following subsections that relate to this topic: 

• 	 Volume 09.01 - Rubber, Natural and Synthetic -- General Test Methods; Carbon Black  

• 	 Volume 09.02 - Rubber Products, Industrial - Specifications and Related Test Methods: 
Gaskets; Tires  

2.0 ASTM Standards 

Many organizations produce standards for a variety of products.  These include various non-profit 
organizations, government agencies, and manufacturers groups.  The most recognized of all 
American standards is the American Society for Testing and Materials (ASTM) International.  
ASTM International covers material specifications, testing requirements for materials, and in 
some cases performance standards.  Although ASTM International has no role in requiring or 
enforcing compliance with its standards, ASTM standards are needed to insure that products meet 
minimum performance requirements. They may become mandatory when referenced by an 
external contract, corporation, or government agency. Other governments (local and worldwide) 
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also reference ASTM standards in their specifications and codes.  Corporations doing business 
internationally may choose to reference an ASTM standard for their products and projects. 

 

Membership in the organization is open to anyone with an interest in its activities. Standards are 
developed within committees, and new committees are formed as needed, upon request of 
interested members. Membership in most committees is voluntary and is initiated by the 
member's own request, not by appointment or invitation. Members are classified as users, 
producers, consumers and "general interest". The later include academics and consultants. Users 
include industry users, who may be producers in the context of other technical committees, and 
end-users such as consumers. To meet the requirements of antitrust laws, producers must 
constitute less than 50% of every committee or subcommittee, and votes are limited to one per 
producer company. Because of these restrictions, there is  a substantial waiting-list of producers 
seeking organizational memberships on the more popular committees. Members can, however, 
participate without a formal vote and their input will be fully considered.  As of 2007, there are 
more than 30,000 members, including over 1100 organizational members, fro

 
m  more than 120 

countries. 

2.1 Listings 

ASTM listings are characterized by designations such as ASTM D 6270-98 (Reapproved 2004), 

“Standard Practice for Use of Scrap Tires in Civil Engineering Applications”.  The letter prefix 

“D” indicates that the standard refers to material category D, Miscellaneous Materials.  The 

following material categories are currently used by ASTM: 


 

A Ferrous metals 

B Nonferrous metals 

C Cementitious, ceramic, concrete, and masonry materials 

D Miscellaneous materials 

E Miscellaneous subjects 

F Materials for specific applications 

G Corrosion, deterioration, and degradation of materials 

ES Emergency  standards 

 

The “98” refers to the year that the edition of the standard was approved, in this case reapproved 
in 2004.   

2.2 Tire Related Documents 

ASTM D 6270-98 is divided into several different parts that are presented in a logical order.  Part 
1 of this standard covers the “Scope” of the standard: 
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“1.1 This practice provides guidance for testing the physical properties and gives data for 
assessment of the leachate generation potential of processed or whole scrap tires in lieu of 
conventional civil engineering materials, such as stone, gravel, soil, sand, or other fill materials.  
In addition, typical construction practices are outlined.” 

 

Part 2 covers “Referenced Documents” which lists other ASTM standards that are used in 
classifying waste tire products, as well as AASHTO and USEPA Standards.  Part 3 Lists 
definitions and terminology pertinent to scrap tire products. Part 4 covers “Significance and Use”.   
This particular standard covers the use of the following scrap tire products in civil engineering 
applications: 

•  tire chips or tire shreds comprised of pieces of scrap tires 

•  tire chip/soil mixtures 

•  tire sidewalls 

•  whole scrap tires 

It covers the use of the first two tire derived pr
CE applications:    oducts listed above that are used in the following 

•  lightweight embankment fill 

•  lightweight retaining wall backfill 

•  drainage layers 

•  thermal insulation layer to limit frost penetration beneath roads 

•  insulating backfill to limit heat loss from buildings 

•  replacement for soil or rock in other fill applications   

 

It goes on to state; “Use of whole scrap tires and tire sidewalls includes construction of retaining 
walls and drainage culverts, as well as use as fill when whole tires have been compressed into 
bales. It is the responsibility of the design engineer to determine the appropriateness of using 
scrap tires in a particular application and to select applicable tests and specifications to facilitate 
construction and environmental protection. This practice is intended to encourage wider 
utilization of scrap tires in civil engineering applications.” Figures 1 and 2 shows the whole tire 
applications as a culvert and retaining wall, respectively.  
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Figure 1 Scrap tire side walls tied together to form a culvert 

Figure 2 Retaining wall constructed of whole waste tires supporting a residential exterior 
deck 

2.3 Materials Characterization 

Part 5 of ASTM D 6270-98 covers “Material Characterization” of the properties of waste tire 
products that are of interest in civil engineering applications.  These material properties along 
with the other Standards referenced are listed below: 

5.1 Specific Gravity and Absorption Capacity, to be determined in accordance with 
ASTM Test Method C127.  However, since the specific gravity of tire shreds is less than 
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one-half that of common earth materials, they permit using a minimum weight of the test 
samples that is one-half the specified value. 

 

5.2 Gradation of tire shreds to be determined according to ASTM Test Method D 422 
with one half the sample weight requirements as discussed above. 

 

5.3 Laboratory Compacted Dry Density, or Bulk Density of Tire Chips and Tire 
Chips/Soil Mixtures with less than 30% retained on the 19.0-mm sieve to be determined 
according Test Method D698 or D 1557. Minimum  mold diameters as a function of tire 
shred size are tabulated, as are other allowable modifications to the standard test 
procedures. 

 

5.4 Compressibility  of Tire Chips and Tire Chips/Soil Mixtures is to be measured in a 
rigid cylinder with a diameter several times greater than the largest particle size.  The 
cylinder can be instrumented to measure the horizontal stress that the tire shreds exert on 
the wall to determine the at rest coefficient of lateral earth pressure, Ko. Because of the 
high compressibility of tire shreds, a ratio of initial specimen thickness to diameter of the 
sample should be greater than one.  Also, the stress at the top and bottom of the sample 
should be measured with the average of the two used as the vertical stress to account for 
friction between the tire shreds and the cylinder wall.  The cylinder wall should be  
lubricated to minimize friction.  A test apparatus as shown below is designed to 
determine the compressibility of tire shreds.   
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Figure 3. Compressibility Measurement and Stress Monitoring Apparatus 

5.5 Resilient Modulus (MR) to be determined according to AASHTO T 274 on particle 
sizes less than 19mm.  

 

5.6 Coefficient of Lateral Earth Pressure at Rest (Ko) and Poisson’s Ratio, μ with the test 
apparatus shown in Figure  ???? above. 

 

5.7 Shear Strength of tire shreds may be determined with direct shear tests according to 
ASTM test Method D 3080 or by  using triaxial shear tests.  The large size of tire shreds 
precludes triaxial testing due to sample size limitations, and the presence of exposed steel 
belts that may puncture the membrane that surrounds the sample.  It is more practical to 
construct large scale shear boxes to accommodate the larger particle size. 

 

5.8 Hydraulic Conductivity (Permeability) of Tire Chips and Tire Chips/Soil Mixtures 
should be measured with a constant head permeameter with a diameter several times the 
maximum particle size.  For maximum particle size of 19mm, ASTM Test Method D 
2434 may be used, for larger particle sizes an apparatus as shown in Figure 4 may be 
employed. 
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Figure 4. Hydraulic Conductivity Measurement for TDA 

5.9 Thermal Conductivity of tire shreds are to be determined by utilizing commercially  
available or custom designed guarded hot plate apparatus. 

2.4 Construction 

Part 6 of ASTM D 6270-98 covers “Construction Practices” which can be summarized as follows: 

6.1 Tire shreds have 1/3 to 1/2 of the dry density of typical soil.  This makes them useful 
for lightweight embankment fill on weak compressible soils where slope stability and/or 
excessive settlement are of concern. 

 

6.2 Tire shreds have a thermal resistivity about eight times greater than typical soil.  
Useful applications include limiting the depth of frost penetration beneath roadways and 
as backfill around basement walls to reduce heat loss. 

 

6.3 Lateral earth pressures reduced by 50% compared to soil backfill combined with low 
compacted dry density, high permeability, and low thermal conductivity; make tire shreds  
an attractive retaining wall backfill material. 

 

6.4 High hydraulic conductivity make tire shreds suitable for drainage applications, 
including French drains, leach fields for septic systems and in land fill applications as 
drainage layers and cover systems. 
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6.5 Covers the two different sizes that are commonly used (Type A: <3in, Type B: <12in) 
and other shredding requirements such as the largest shred should be quarter circle in 
shape and should have one side wall severed from the tread. 

 

6.6 Large tire shreds should be compacted by a tracked bulldozer, sheepsfoot roller, or 
smooth drum vibratory roller with a minimum weight of 10 tons in lifts not to exceed 12 
inches for type A TDA and 3 feet for type B TDA.  A minimum of six passes of the  
compaction equipment is needed at each point in the fill for each lift.  

 

6.7 Tire shreds should be covered with a sufficient thickness of soil to limit deflections 
caused by traffic loading in the overlaying pavement.  For light traffic loads this may 
require only 3 feet of cover whereas heavy traffic loading may require 3 to 7 feet of cover.  
In unpaved applications, only 1 to 2 feet are required.    

 

6.8 Where pavement will be placed over the tire shreds and in drainage applications, the 
tire shreds should be wrapped completely by a geotextile material to prevent the  
infiltration of surrounding soil particles. 

 

6.9 Whole tires and tire sidewalls can be used for retaining walls and for culverts if bound 
together. 

 

6.10 Lists the known causes of internal heating in TDA fills and recommends several 
requirements for minimizing this possibility. 

 

To summarize, the following construction practices make use of the listed desirable 
characteristics of scrap tire products (TDA):  

 

• 	 Lightweight Embankment Fill: Low-Compacted Dry Density  

• 	 Insulating Layer: Thermal Resistance 

• 	 Retaining Wall Backfill: Low-Compacted Dry Density, High-Hydraulic 
Conductivity, Low-Thermal Conductivity  

• 	 Drainage Applications: High-Hydraulic Conductivity  

•   

2.5 Environmental Considerations 

 

Part 7 of ASTM D 6270-98 covers “Leachate” which references the Toxicity Characteristics 
Leaching Procedure (TCLP) of USEPA Method 1311.  The results of this test indicate that tire 
shreds do not have to be classified as a hazardous waste material.  Part 7 also concludes that 
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pending further study, tire shreds should only  be used in applications where they  are placed above 
the ground water table. 

2.6 Standard Calculations 

In general, ASTM D 6270-98 uses standard calculations commonly used in geotechnical and 
transportation engineering as follows: 

2.7 Nonmandatory Information 

The appendix of ASTM D 6270-98 includes what is termed “Nonmandatory Information” which 
includes typical material properties, results of field studies on environmental and drinking water 
studies, and Material Safety Data Sheets for whole tires.  Finally, 30 references related to the use 
of tire shreds in civil engineering applications are cited. 

 

As an example of the information contained in the appendix of ASTM D 6270-98, the following 
two graphs and one table are cited. Figure 5 presents the results of tests conducted with varying 
percentages of tire chips mixed with both Crosby Till and Ottawa Sand using different 
compaction methods. 
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Figure 5. Compaction Density Comparison of TDA Mixed with Crosby Till and Ottawa 
Sand 

Table 1 summarizes the compressibility of different tire shreds in terms of vertical strains 
obtained on initial loading for different vertical stresses and varying initial density states.  
Vertical strains exceeded 50% for loosely compacted materials with higher applied vertical 
stress values! 

Table 1 Compressibility on Under different Initial Loading and Density States 

The hydraulic conductivities of tire shreds with varying percentages of sand at different applied 
vertical stresses are shown in Figure 6.  It is interesting to note the diminishing effect of increased 
vertical stress on the hydraulic conductivity. 
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Figure 6. Tire Shreds Hydraulic Conductivity Reduction with Pressure and Sand 

Percentages  


3.0 Example (or Case Study) 

The application of ASTM D 6270-98 to the construction of embankment fill will now be 
discussed. Shredding of scrap tires produces chunks of rubber ranging in size from large shreds 
to smaller chips.  Tire shreds and tire chips have both been used as lightweight fill materials for 
roadway embankments and backfill behind retaining walls.  The shreds or chips can both be used 
by themselves or blended with soil.  Tire shreds normally range in size from 12 in (Type B TDA 
to 3 in (Type A TDA) as shown in Figure 7: 

220
 



 

 

 

 

 

 Figure 8. Placement of Tire Derived Aggregate with Bulldozer 

 

 

Figure 7. Tire chips are usually sized from a maximum of 3 in down to a minimum of 1/2 in. 

Embankments containing tire shreds or chips are constructed by completely surrounding the 
shreds or chips with a geotextile fabric and placing at least 3 ft of natural soil between the top of 
the scrap tires and the roadway as shown in Figure 8. 

At least 15 states have utilized scrap tire shreds or chips as a lightweight fill material for the 
construction of embankments or backfills (TFHRC, 2004).  Some projects have used tire shreds 
or chips as embankment material, while other projects have blended tire chips with soil.  In 2004, 
more than 70 successful projects have been constructed on state, local, or private roads.   
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Aside from problems with puncturing of rubber tires on haul vehicles by the exposed steel in tire 
chips or shreds, there have been no other construction-related problems on scrap tire embankment 
projects.  Adequate compaction, which is always a prime concern on any embankment project, is 
of even greater concern on a tire shred or chip embankment project, where it is known that some 
consolidation will occur after the fill is completed.  Some cracking of the roadway above a tire 
shred or chip embankment is possible because of long-term settlement or differential settlement 
adjacent to TDA fills. As of 2004, at least 15 states had completed scrap tire embankment 
projects; only six states (North Carolina, Oregon, Vermont, Virginia, Wisconsin, and Maine) had 
prepared specifications or some provisions for this use (TFHRC, 2004). 

 

A summary of material characteristics covered in ASTM D 6270-98 include: 

 

•  Specific Gravity  

•  Water Absorption Capacity  

•  Gradation 

•  Compacted Dry Density  

•  Compressibility  

•  Resilient Modulus 

•  Coefficient of Lateral Earth Pressure 

•  Poisson’s Ratio 

•  Shear Strength 

•  Hydraulic Conductivity 

•  Thermal Conductivity    

 

The values that can be used from ASTM D 6270-98 for embankment fill include: 

•  Specific Gravity: 1.1 to 1.3 

•  Compacted Unit Weight: 20 lb/ft3 to 45 lb/ft3  

•  Friction Angle: 19° to 25°  

•  Cohesion value: 160 lb/ft2 to 240 lb/ft2  

•  Young's Modulus: 112 lb/in2 to 181 lb/in2 

•  Permeability: 1.5 to 15 cm/sec  

Other useful information contained in the Standard related to soil tire chip mix design for 
embankment fill includes: 
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• 	 Tire chips can be mixed or blended with soil 

• 	 As the percentage of soil is increased, the unit weight of the blend increases 

• 	 Mix ratios are usually  prepared on a volumetric basis  

• 	 A maximum  50:50 tire chip to soil ratio is suggested so that tire chip usage is not reduced 
too greatly  

• 	 If the unit weight of the fill is not a concern, then even small percentages (10 to 25 
percent) of tire chips can be blended into the soil. This could improve the compactibility  
of the fill 

The site of the embankment should be prepared in essentially the same manner as though 
common earth were being used for fill material.  However, if there is a high water table or 
swampy area that will be at the base of the embankment, it may be advisable to construct a 
drainage blanket. If there is a natural flow of runoff through the area where the embankment is to 
be constructed, provisions should be made to pipe the runoff beneath the embankment.   When 
tire shreds or chips are to be blended or mixed with soil, the mixing should be performed 
volumetrically, using bucket loads from  a front end loader and blending the materials together as 
well as possible with the bucket.  As another option to the mixing of tire shreds or chips and soil, 
alternate layers of the tire shreds or chips and the soil can be constructed.  A geotextile fabric is 
required to separate the fill materials so fines do not migrate into the TDA fill. 

 

In terms of placing TDA fill, tire chips should be spread across a geotextile blanket using a 
tracked bulldozer with a minimum 2 foot layer or lift thickness shown in Figure 9.  The 
recommended maximum 3 foot lift thickness can still be spread and compacted with standard 
compaction equipment. 

 

Figure 9 Unloading, spreading and compacting TDA fill with a bulldozer. 

Compaction may be achieved by at least three passes of the tracked bulldozer over the layer of 
tire chips. The chip particles align themselves with each other and settle fairly readily. The 
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weight of the bulldozer passing over the tire chips is enough to readily compact the layer of chips.  
For larger chips or thicker layers, as many as 15 passes of a bulldozer may be required to achieve 
compaction.  The top layer of a tire chip embankment should be kept at least 3 ft below the base 
or subbase layer of the pavement that will be on top of the embankment.  Each layer of a tire chip 
embankment must be fully  compacted before the next layer is placed.  When the top layer of tire 
chips has been fully compacted, the sides and top of the tire chips should be fully wrapped and 
enclosed by a geotextile fabric. A minimum of 3 ft of compacted soil should be placed on top of 
the geotextile and tire chips. The soil should be compacted in thinner layers of between 6 in. to 
12 in. in thickness. The tire chip embankment will experience further deflection during 
placement and compaction of the soil cover, which will require more fill material. 

 

Although several successful projects have been constructed using TDA as embankment fill, there 
are still some unresolved issues.  The first and most pressing unresolved issue is to determine the 
cause or causes of the exothermic reactions that resulted in three scrap tire embankment fires that 
occurred during 1995.  Other tire shred or tire chip embankment projects, especially the thick 
fills, including those that have caught on fire, should be more closely monitored, possibly by 
installing temperature probes and gas sampling wells.  The pH of any water leaching from scrap 
tire fills should be also measured.  Laboratory  investigations should also be undertaken under 
varying conditions and temperatures to pinpoint under which conditions exothermic reactions 
(which lead to ignition of the tire scraps) may be initiated. 

 

There are other ASTM Standards that relate to the use of scrap tires products in civil engineering 
applications, some of these include: 

• 	 ASTM D422: Particle Size Analysis of Soils 

• 	 ASTM D575: Test Methods for Rubber Properties in Compression  

• 	 ASTM D698: Test Methods for Compaction Characteristics of Soil Using Standard 
Effort 

• 	 ASTM D5084: Measurement of Hydraulic Conductivity of Saturated Porous 

Materials Using a Flexible Wall Permeameter 


• 	 ASTM D3080: Direct Shear Test of Soils Under Consolidated Drained Conditions 

 

The following is the quantitative determination of which test method is to be used to determine 
the distribution of particle sizes in soils based on ASTM D422, Particle Size Analysis of Soils: 

• 	 Distribution of particle sizes larger than 75 μm is determined by sieving 

• 	 Distribution of particle sizes smaller than 75 μm is determined by a sedimentation 
process, using a hydrometer to secure the necessary  data. 
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ASTM D575 covers “Test Methods for Rubber Properties in Compression” covers two test 
methods that are useful in comparing stiffness of rubber materials in compression.  This Standard 
can be used by rubber technologists to aid in development of materials for compressive 
applications. The two test methods are: 

• 	 Compression Test of Specified Deflection: The force required to cause a specified  
deflection is determined 

• 	 Compression Test of Specified Force: A specified mass or compressive force is placed on 
the specimen and the resulting deflection is measured 

 

ASTM D698 covers “Test Methods for Compaction Characteristics of Soil Using Standard 
Effort”. This test method employs the following procedure: 

• 	 A soil at a selected water content is placed in three layers into a mold of given 

dimensions 


• 	 Each layer is compacted by blows of a rammer dropped from one foot high  

• 	 The resulting dry unit weight is determined  

• 	 The procedure is repeated for a sufficient number of water contents to establish a 

relationship between the dry unit weight and the water content for the soil 


• 	 When plotted the data represents a relationship known as the compaction curve 

• 	 The values of optimum water content and standard maximum dry  unit weight are 

determined from the curve.
  

ASTM D5084: covers “Measurement of Hydraulic Conductivity of Saturated Porous Materials 
Using a Flexible Wall Permeameter”.  This Standard applies to one-dimensional, laminar flow of 
water within porous materials such as soil and rock.  The hydraulic conductivity of porous 
materials generally increases with an increasing amount of air in the pores of the material.  The 
test assumes that Darcy's law is valid and that the hydraulic conductivity is unaffected by  
hydraulic gradient.  The validity of Darcy's law may be evaluated by measuring the hydraulic 
conductivity of the specimen at three hydraulic gradients; if all measured values are similar 
(within about 25%), then Darcy's law may be taken as valid.  When the hydraulic gradient acting 
on a test specimen is changed, the state of stress will also change, and, if the specimen is 
compressible, the volume of the specimen will change as well. 

 

ASTM D3080 covers the “Direct Shear Test of Soils Under Consolidated Drained Conditions.”  
The test method consists of placing the test specimen in the direct shear device to which a 
predetermined normal stress is applied.  The shearing force and horizontal displacements are 
measured as the specimen is sheared.  
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4.0 Summary 

The origin, background, and purposes of ASTM standards have been discussed.  Some of the 
ASTM standards that are useful for utilizing waste tires in civil engineering applications have 
been reviewed, with particular emphasis on ASTM D 6270-98 (Reapproved 2004), “Standard 
Practice for Use of Scrap Tires in Civil Engineering Applications”.  The application of TDA in 
embankment fill according to ASTM D6270 and other sources was presented. 
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CIVL 411 Soil Mechanics 
Waste Tire Applications in Geotechnical Engineering 

1.0 Introduction 

1.1 Background 

California currently generates approximately  40 million waste tires each year.  The California 
Integrated Waste Management Board (CIWMB) is tasked with coming up with ways to divert 
these tires from the waste stream to being recycled into useful products.  They see the use in Civil 
Engineering applications as being the largest growing market for waste tire products. There are 
many benefits of using waste tires as a construction material.  Some of these benefits are that it 
helps get rid of stockpiled waste tires, preventing waste tire fires (which are harmful to the 
environment), preserves valuable aggregate and users can utilize the unique engineering 
properties of waste tires. 

Tires are a non-biodegradable material, which means that when they are disposed of, they will 
never really disintegrate.   If no uses for waste tires were available in the U.S., the stockpiles 
would continue to grow, at virtually the same rate that the tires are produced.  Being non-
biodegradable can be both good and bad.  The upside is that tires can be used for a long time, 
even after they are no longer fit for their primary purpose.  The downside is, if they enter the 
waste stream  instead of recycling them, they must be stockpiled.  Aside from ugliness of waste 
tires, and the wasted space, these stockpiles are not good because they present potential hazards 
to the environment. If they  catch on fire, it is very difficult to extinguish them. This is dangerous 
to people and the environment because tire fires release several heavy metals and hazardous 
compounds into the environment such as Arsenic, Chromium, Lead, Manganese,  Nickel, 
Mercury, Cadmium, and Pyrolytic Oil.  For example, the Westley fire released 250,000 gallons of 
Pyrolytic Oil and resulted in 4 million gallons of contaminated fire fighting water. Over the years, 
we have and continue to successfully reduce the amount of stockpiled waste tires in the U.S. by  
finding creative ways to recycle them.  Using Tire Derived Aggregate for Civil Engineering 
projects is one of these many ways.  Figure 1 shows the waste tires in stockpiles reduced from 1 
billion in 1992 to about 188 million in 2005. In fact, the volume of waste tires used for Civil 
Engineering projects is second only to the volume used for Tire derived fuel. The Figure 2 below 
shows the trends of waste tire reuse in the U.S. 
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Figure 1. Millions of Scrap Tires remaining in U.S. Stockpiles, 1990-2005 

Figure 2. Scrap Tire Recycling and Their Trends in the U.S. 

In addition to reducing waste tire stockpiles, using Tire Derived Aggregate (TDA) reduces 
aggregate use, which can bring economic benefits, especially where aggregate is costly, and also 
reduces the environmental impact of mining for aggregate.  Although TDA may be considered as 
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a ‘substitute’ for aggregate, this does not mean that it cannot work just as well, or even better, 
when properly designed for certain applications.  

1.2 What is Tire Derived Aggregate (TDA) 

Tire Derived Aggregates (TDA) are pieces of processed tires that have a consistent shape and are 
generally between 25mm (1 in.) and 300mm (12 in.) in size.  Tires processed by simply shredding 
them and then removing a portion of the steel for the tire beads and belts with magnets over a 
conveyer belt.  There are two main classifications of TDA: type A and type B.  The following 
figure shows the two types of TDA. Type A TDA is made of shreds less than 3 inches long and is 
well-suited for drainage, insulation, and vibration damping.  Type B TDA is made of shreds less 
than 12 inches long is well-suited for use as lightweight fill.   

Figure 3: Left- Type A TDA  Right- Type B TDA 

2.0 Properties and uses for TDA 
Some of the useful properties of TDA are that it has a low unit weight (1/3 to 1/2 of soil), has low 
lateral earth pressure (1/2 of soil). It also has good thermal insulation (8 times better than 
common soil), and drainage (10 times better than common soil) characteristics. It is compressible, 
and it is durable.  Some of the geotechnical engineering applications for TDA include, backfill for 
retaining walls and bridge abutments, lightweight embankment fill and subgrade fill, subgrade 
insulation for roads, and slope repair. 

2.1 Retaining Wall Backfill 

Tire shreds make excellent backfill material for several important reasons.  First of all, the light  
weight of the tire shreds reduces horizontal pressures on the walls, which allows for construction 
of thinner, less expensive walls.  Additionally, tire shreds can also reduce problems with water 
and frost build-up behind the walls, because they are free draining and provide good thermal 
insulation. 
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2.2 Subgrade Fill and Embankments 

TDA’s low unit weight and low cost compared with other lightweight fill materials make it a 
great material for subgrade and embankments fills. Tire shreds, because of their light weight, 
work well for constructing embankments on weak, compressible soils because they put less 
pressure on the supporting soil, and because TDA is often cheaper than light weight aggregate (or 
in some  cases, free), which can save the user substantial amounts of money.  Example uses 
include, protecting roads from erosion, enhancing the stability  of steep slopes along highways, 
and reinforcing shoulder areas. 

2.3 Subgrade Insulation for Roads 

In cold climates, subgrade materials may freeze and cause frost heave, which can damage road 
surfaces. In addition, there will be a loss of strength after the subgrade soils thaw.  Tire shreds 
are 8 times better than gravel for reducing frost penetration, so, by  placing a 6 to12 inch layer of 
TDA under roads, freezing can be prevented.  Additionally, the high permeability of tire shreds 
allows water to drain freely from beneath roads, preventing damage to road surfaces.  Therefore, 
tire shreds offer protection against frost heave and seasonal strength-loss for roads in cold 
climates. 

2.4 Slope Repair 

When landslides occur, it is often necessary to excavate the sliding road material down to more 
stable soil, and then rebuild the slope and road in shallow, compacted sections called lifts.   
Additionally,  drainage improvements are usually made to increase its stability.  Because, tire 
shreds have great drainage capabilities, they  are lightweight and easy to excavate, and are 
inexpensive, they are desirable for civil engineers, public works directors, and contractors to use 
for designing  and building  quality, cost-effective projects in this application. 

3.0 Case Studies 

3.1 Retaining wall backfill for Wall 119, Riverside, CA 

TDA was used as backfill in a project constructed in summer and fall of 2003 to  widen the West 
bound side of Route 91.  A 12 ft wall was constructed according to Caltrans standard 
specifications utilizing TDA as a backfill material.  The question to be answered was, ‘Is TDA as 
effective as typical backfill soil in this application?’  To answer this question, engineers decided 
to instrument the wall to measure the wall’s performance.  Instrumentation included four types of 
gauges: strain gauge, pressure cell, temperature sensor, and tilt meter.  The strain gauge was used 
to measure strain in the rebar inside the wall.  To measure the stress in the wall, the pressure cell 
was put in place to monitor the amount of pressure the TDA fill exerted on the surface of the 
wall. The Temperature sensor was used to monitor the temperature of the TDA (if it gets to hot it 
could combust), and the tilt meter was used to measure the tilt of the wall.  An analysis of the 
measured data helped engineers conclude that the answer to the question is, ‘Yes, TDA is just as 
effective as typical backfill soil’. Figures 4 and 5 shows the construction of the retaining wall 119 
including TDA backfill construction. 
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Figure 4. Retaining Wall 119 Construction on Route 91 in Riverside 

Figure 5. Top Left- Strain Gauges,   Top Right- Installation of Temperature Sensor 

   Bottom Left- Installation of Tilt Meter,  Bottom Right- TDA Placement 
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3.2 Embankment Fill- Dixon Landing Interchange 

The Dixon Landing interchange required the in situ  soft bay mud to support an embankment for a 
highway I-880 south on ramp.  TDA’s light weight made it a good candidate for the project, so it 
was used for the core of the embankment.  Not only did tire shreds work well for the project, but 
using them also saved approximately $230,000.  Figure 6 shows a typical cross section of Dixon 
Landing project. Figure 7 shows the construction of  the Dixon Landing interchange. Note that no 
special construction equipment is needed to construct the TDA embankment. 

Low Permeability Soil Cover 

Two Tire Shred Layers 
Each up to 10 ft Thick 

Compressible Bay Mud 

Figure 6. Typical Cross-Section of Dixon Landing TDA Project 

Figure 7. Top Left- Unloading TDA, Top Right- Spreading TDA, Bottom- Compacting 

TDA 
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3.3 Subgrade Insulation- Witter Farm Road, Orono, Maine 

This road was highly susceptible to frost heave due to Maine’s cold climate, and a weakening of 
subbase during the melting season, which leads to cracking and rutting of the asphalt pavement.  
TDA was used as subbase under the road, which prevented frost heave from occurring. Figure 8 
shows a typical cross section of the road.  Additionally, the tire shreds proved to be much more 
permeable than gravel so that water drains away easily. Figure 9 shows the construction of the 
TDA as a subgrade insulation layer. Figure 10 shows that tire shreds can significantly reduce the 
frost heave. The frost depth of sections 2, 3, 4,  and 5 were less than that of the control section. 

Figure 8. Typical Cross-section of Witter Farm Road 

233
 



 

 

 

 

 

 

 Figure 10. Witter Farm Road, Frost Penetration for Winter of 1996/7 

Figure 9. Witter Farm Road, Placing and Compacting of TDA 

3.4 Slope Repair- Marina Drive, Ukiah, CA 
A section of the Marina Drive road washed out and TDA was used as a replacement instead of 
typical backfill soil. Figure 11 shows the washed out portion of Marina Drive. TDA proved to be 
an excellent alternative to traditional backfill soil. 

234
 



  

 

 

Figure 11. Marina Drive, damaged road sections 

Figure 12 shows the schematic cross section design of using TDA as fill material to reduce the 
weight and increase the stability of the slope. Figure 13 shows the construction of the project. 
And Figure 14 illustrate the finished project with green grass cover. 
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Figure 12 Marina Drive, Proposed Cross-section Drawing 

Figure 13. TDA construction at the Marina Drive Slope Repair 
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Figure14. Finished Project at the Marina Drive Slope Repair 

4.0 Summary and Recommendations 
Tire Derived Aggregate (TDA) has many unique physical properties that can be used in 
Geotechnical engineering. The in-place density of TDA ranges from 45 lb/ft3 to 58 lb/ft3, which is 
about 1/3 to 1/2 the unit weight of soil. TDA can be used as a lightweight material to construct 
embankments on weak, compressible foundation soils. TDA has high permeability, more than 1 
cm/sec, which can replace conventional aggregate to be used as gas collection media or leachate 
collection material. TDA is a good thermal insulation material, which has a thermal insulation 8 
times greater than that of gravel. In cold climates, placing a 6 to 12 inch tire shred layer under the 
road can prevent subgrade soils from freezing. In addition, excess water may be released when 
subgrade soils thaw in the spring. The high permeability of tire shreds allows water to drain freely 
from beneath the roads, preventing damage to the road surfaces. Due to its lightweight, TDA is 
also a great fill material for slope repairs to increase the factor of safety over conventional fill 
materials. 
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CIVL 415 Reinforced Concrete 
Rubber Included Concrete (RIC) 

1.0 Introduction 
A substantial amount of research has been conducted on using recycled tire products in the 
manufacture of rubber included portland cement concrete (RIC).  To date, however, no widely 
accepted commercial applications exist for rubber included concrete (RIC). Teaching materials 
were prepared to look at applications of adding scrap waste tire products to concrete mixes to 
alter the resulting concrete’s mechanical properties.  A lab project was developed to determine 
the effects of adding different percentages of crumb rubber and tire buffings in place of both fine 
and coarse aggregate in the mix.  Proper methods of achieving a proper substitution in the mix are 
discussed. A discussion of the effects of adding waste tire products to concrete properties is 
presented. 

1.1 Objectives 
The objectives of this chapter are to introduce students to use a non-traditional recycled material 
in concrete mix design, and to evaluate the effects of these materials on the resulting concretes 
engineering properties.   

1.2 History  
The literature contains a substantial body of research on the impacts of using waste tire products 
in the manufacture of portland cement concrete.  Different types of waste tire products from 
finely ground rubber to tire chips have been evaluated for a variety of mechanical properties of 
the resulting rubber included concrete.  In spite of this, no commercial application of RIC is in 
common use today. 

1.3 Theory 
Several researchers have evaluated the effects of adding waste tire products to modify the 
engineering properties of the resulting concrete mix.  These researchers have adopted several 
different names to describe their newly formulated mix design e.g.: 

•  Crumb Rubber Concrete (CRC) 

•  Rubber Included Concrete (RIC) 

•  Rubberized Concrete    

•  Rubcrete 

•  Tire Rubber-Filled Concrete 

 
Rubber included concrete (RIC) was chosen as the best possible name to use in this module.  
Major problems are encountered in comparing the results of this research.  Not only do different 
researchers use different waste tire products, but they formulate their mix designs in many  
different ways. This is further complicated by different pre-treatment and mixing methodologies 
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employed by the different researchers.  This makes direct comparison of results from the 
literature challenging at best, but general conclusions about the effects of adding waste tires to 
portland cement concrete mixes can be drawn. 

1.4 Benefits and Limitations of RIC 

The potential benefits of adding waste tire products to portland cement concrete include: 

1. 	 Reduces compressive strength. Reducing the compressive strength is not generally a 
benefit, except when you consider that concrete properties are usually correlated to the 
compressive strength.  For instance, the lower the compressive strength, the lower the 
modulus of elasticity of the concrete.  If a more flexible mix is desired, reducing the 
compressive strength will may help achieve this. 

2. 	 Increases ductility. The ability of the concrete to deform  without failure, especially for 
concrete subjected to tensile stresses is increase by  the inclusion of  rubber.. 

3. 	 Increases toughness. T he ability to absorb energy without fracturing,  which  is  
represented by the total area under the stress strain curve, occurs with the inclusion of 
rubber.. 

4. 	 May reduce cracking. An increase in the ductility and toughness of the RIC combined 
with the increased flexibility (reduced stiffness) may result in a decrease in the tendency  
of the concrete to crack. 

5. 	 Reduces the unit weight of the concrete. Because the specific gravity of the rubber is 
nearly unity compared to the specific gravity of the mineral aggregate which is in the 
range of 2.6 to 2.7.  Also, adding scrap tire products to the concrete mix tends to increase 
the air content of the concrete, further reducing the unit weight. 

6. 	 Reduces the thermal expansion/contraction coefficient.  Interestingly, even though rubber 
has a coefficient of thermal expansion an order of magnitude greater than concrete (70 to 
110 x 10-6/oF for rubber versus 4 to 8 x 10-6/oF for concrete), RIC had a lower value than 
for the control mix without rubber.  This may be due to the much lower stiffness of the 
rubber than the mineral aggregate, which allows the expansion/contraction to take place 
by expanding/compressing the rubber in the mix, and not causing a change in size of the 
specimen with temperature changes. 

7. 	 May replace air entraining agent in cold environments.  The rubber in the concrete, if 
well dispersed, can compress to allow volume to accommodate the increase in volume of 
the water as it undergoes the phase change expansion upon freezing.  In addition, adding 
rubber to the mix increases the amount of air entrained due to the air bubbles that are 
attached to the rubber particles.  This may allow the mix designer to replace expensive air 
entraining chemicals with a much cheaper recycled product.  One has to question the 
validity of using pressure pots to measure air content as they are calibrated for mineral 
aggregates which are much more rigid (nearly incompressible) compared to rubber (ratio 
of modulus of elasticity of stone to rubber is on the order of 10,000).  So the question is 
how much of the air content is measured as compressing of the rubber in the concrete 
mix. This could be evaluated by calibrating your pressure pot with water according to the 
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directions in the user manual, then replacing some of the water with the expected amount 
of rubber in the same volume of concrete as the pressure pot.  The resulting air content (if 
no air bubbles are present on the surface or inside of the rubber particles) then the 
pressure pot can be recalibrated to include the compressibility of the rubber. 

8. 	 Improves insulation (but decreases thermal mass).  Rubber is a much better insulator than 
concrete, so adding rubber to concrete will make the concrete a better insulator.  
However, rubber stores much less heat than concrete, so adding rubber to concrete will 
decrease its thermal mass.  

9. 	 Reduces sound transmission.  Rubber is an excellent vibration mitigation material, and 
when added to concrete mixes will reduce the sound transmitted through the concrete. 

 

The primary  disadvantage of using scrap tire rubber in portland cement concrete is the reduction 
in compressive (and tensile) strength.  The compressive strength has been reported to decrease 
dramatically  with increases in rubber content.  This is caused by several factors including: 

1. 	 The rubber is weaker and less stiff than mineral aggregate. 

2. 	 Adding rubber to concrete generally increases the air content, further reducing the  
compressive strength 

3. 	 Some researchers added rubber to the mix by weight not volume which increased the 
absolute volume of the coarse and/or fine aggregates in mix which also decreases 
compressive strength. 

4. 	 Portland cement is manufactured to bond to mineral aggregates, not rubber.  There 
may be a decrease in strength caused by the poorer bond between the cement paste 
and the rubber particles. 

Other disadvantages include the reduced fire resistance of RIC and the toxic fumes that it would 
release when subjected to elevated temperature.  Also, RIC may not be as recyclable as ordinary 
concrete. 

Potential applications for RIC include: 

1. 	 Tire rubber may replace air entraining in cold weather applications. 
2. 	 RIC may be more flexible and crack resistant for light weight paving. 
3. 	 RIC may be useful where vibration damping and sound transmission mitigation 

is desired. 

2.0 Synthesis of Research Results  
Table 1 summarizes a few of the mix designs found in the literature buy rubber type, content and 
method of mix design. Several difficulties exist when trying to interpret the results of the 
literature: 

1. 	 Different types of tire particles were utilized 
2. 	 Different methods of mix design were employed 
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3. Different pretreatment methods were used for the tire particles 
4. Different testing procedures were used to evaluate the resulting concrete 

Table 1. Literature Review of Mix Designs for Rubber Included Concrete 

Author Rubber Type Rubber Content Method of Mix Design 

Kaloush et. 
al. (include 
dates for 
all 
references) 

1mm Crumb 
Rubber 

0, 50, 100, 150, 
200, and 300 
#/yd3 

Replaced fine aggregate with 
crumb rubber by weight, increased 
w/c ratio 

Fedroff et. 
al. 

Super fine 
powder 

0, 10, 20, and 
30% 

By weight of cement in mix adjusted 
w/c ratio to get 3 to 5 inches of 
slump 

Tantala 
et.al. 

Buff Rubber 5 and 10% Replaced 5% and 10% of coarse 
aggregate with buff rubber by 
volume 

Li et. al. Cyrogenic 
Ground 
Rubber<2mm 

33% Replaced 33% of fine aggregate by 
volume 

Schimizze 
et.al. 

Fine/Coarse 
Reclaimed 
Rubber 

5% of mix 
design by weight 

Lowered both 1. fine aggregate and 
2. fine and coarse aggregate to get 
5% rubber by weight 

Biel and 
Lee 

3/8" minus 
rubber 
droppings 

0 to 90% in 15% 
increments 

Replaced fine aggregate with 
crumb rubber by volume gave 0 to 
25% rubber by volume in mix 

Eldin et.al. Ground tire 
chips, fine 
crumb rubber 

0,25,50,75,100% 

by volume 

Test specimens replacing either 
coarse or fine aggregate 

Particle sizes ranging from super fine powder to 1-1/2” tire shreds are used.  Some tire particles 
include only rubber and others have belts included.  Many different mix strategies were used, 
some volumetric, some based on weight and some just adding tire particles to the mix.  Different 
pretreatments of the tire particles are reported, including presoaking, and coating with Portland 
cement and other chemicals.  Therefore, only general conclusions can be drawn from the results 
published in the literature. 

3.0 Case Studies 
What follows is a summary of some of the engineering properties of rubberized concrete from the 
literature. These properties generally include: 

•  Compressive Strength 

•  Tensile (Split Cylinder) Strength 
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•  Flexural (Modulus of Rupture) Strength  

•  Unit Weight 

•  Air Content 

•  Stiffness 

•  Ductility  

•  Toughness 

•  Coefficient of Thermal Expansion 

•  Durability  

•  Damping characteristics 
 

The most important characteristic of concrete and what all other mechanical properties are 
generally correlated to is the compressive strength (, f c). Therefore a lot of research has been 
done on evaluating the effects of adding scrap tire rubber to concrete on its compressive strength.  
Rubber is weaker and less rigid than the mineral aggregate that they replace, which reduces the 
compressive strength.  Increasing rubber content has been found to increase the air content, which 
also reduces the compressive strength.  The bond characteristics between the cement paste and 
the rubber may also reduce the compressive strength.  As always, w/c ratio, unit weight, 
workmanship, and curing affect compressive strength. 

As an example of the effects of adding scrap tire rubber to concrete, the work of Kaloush, 
et.al.(date) is presented as a case study for compressive strength.  First, it is important to 
understand the type of rubber used and the mix design parameters.  A summary of the mix design 
is given in the following table: 

Table 2. Various Rubber Included Concrete with Different Parameters 

They utilized 1mm particle size crumb rubber and replaced different weights of the fine aggregate 
(50,100,150,200, and 300 lbs/cbyd).  This resulted in more absolute volume of fine aggregate in 
the mix design which would be expected to lower the compressive (and tensile) strength.  The 

243
 



 
 

 

 

 

 

 

unit weight of the concrete declines with increasing crumb rubber content which can be correlated 
with the decrease in compressive strength.  Also, the water cement ratio was increased with 
increasing crumb rubber content, which also lowers compressive strength.  Later, you will see 
that the slump of the concrete decreased while the air content increased with increasing weights 
of crumb rubber added to the mix.  Decreased slump leads to decreased workability (ask any 
Contractor!), and workability influences the quality of the final product, which may account for 
some of the reduction in compressive strength.  Finally, an increase in air content causes a 
dramatic reduction in compressive strength as well.  Figure 1 shows a look of the resulting 
concrete for different crumb rubber contents both in cross section, and close up Figure 2 shows 
the visual effects of adding crumb to the mix and the distribution of crumb rubber in the concrete. 

Figure 1, Cross Section of Concrete Sample with Different Amount of Scrap Tire Rubber 
(references should be included in all figures) 
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Figure 2. Close Up of a Rubber Included Concrete Sample 

The effects of rubber content on compressive strength were reported as shown in Figure 3. 

Figure 3. Compressive Strength versus Rubber Content 
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The dramatic decrease in compressive strength is evident, with 300lb/cuyd concrete having 
roughly 10% the strength of the control mix.  The author also reported the following data 
associated with these mix designs: 

Figure 4. Unit Weight of Concrete Versus Rubber Content 

The Author states that the unit weight decreases about 6.2pcf for every 50 pounds of crumb 
rubber added to the mix.  Part of this decrease is due to the increase in air content of about 5% for 
each 50 pounds of crumb rubber added to the mix as shown below: 

Figure 5. Air Content versus Rubber Content 

Again, adding crumb rubber to the concrete mix added about 5% air for each 50 pounds of crumb 
rubber added to the mix.  Air bubbles attach themselves to the relatively rugged particles and are 

246
 



 

 

 

 
 

 

 

hard to dislodge.  This has prompted several researchers to look at pre-treating the rubber to not 
only remove air, but to increase the bond strength between the rubber and the cement. 

Even though the w/c ratio was increased slightly from 0.42 at 0 pounds to 0.44 at 50 pounds, and 
then by about 0.01 for each additional 50 pounds of crumb rubber added to the mix, the slump 
and hence the workability decreased with increasing Rubber Content shown in Figure 6.  This 
may be due to the increased volume of fine aggregate in the mix. 

Figure 6. Slump versus Rubber Content 

Li et.al. (1998)  evaluated the effects of replacing fine aggregate with 33% cyrogenic ground 
crumb rubber < 2.5mm in size by volume, with a w/c ratio of 0.5.  They evaluated both the 
compressive and flexural strength and stiffness of the resulting concrete for different pretreatment 
methods shown in Figure 7; RBC-0 is plain concrete, RBC-1 plain rubber without coating, RBC­
2 is saturated surface dry (SSD) rubber coated with Portland cement and additional water, and 
RBC-3 is soaked in METHOCELL cellulose ether (Dow Chemical Co.).  
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Figure 7. Compressive Stress versus Axial Strain for Different Types of Mixes 

Both compressive strength and stiffness (modulus of elasticity) is reduced with the addition of 
crumb rubber.  However, some increase in compressive strength and rigidity can be achieved by 
pre-coating the particles relative to non-pretreated.  Also note the increase in the ultimate failure 
strain- a measure of ductility.  The following bar chart presents the data in a different way: 

Figure 8. Compressive Strength of Different Types of Concrete Mixes 

The results show about a 60% decrease in compressive strength and 40% decrease in stiffness 
without pre-coating, and about a 50% decrease in compressive strength and 30% decrease in 
stiffness with pre-coating,  i.e. pre-coating the rubber particles with Portland cement increases 
compressive strength about 30% and stiffness by about 15% versus not pre-coating. 
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The results of Li’s study indicated a smaller reduction in flexural strength compared to 
compression tests (about 33%) shown in Figure 9, but large increases in ductility as measured by 
the failure strain. Thus, RIC is capable of absorbing much more energy in tension as evidenced 
by the larger area under the stress strain curve.   

Figure 9 Flexural Load versus Tensile Strain 

Tantala et.al. (2002) evaluated the compressive stress strain curves for ordinary concrete, and 
replacing a percentage (5 and 10%) of the coarse aggregate with buff rubber by volume.  They 
also, considered two pre-treatment methods, water cleaning and acid washing.  Only water 
cleaned aggregate results are considered here. For each of the following graphs note the data 
reported in the legend as it will be summarized later. Figure 10 shows the stress strain curve for 
ordinary concrete.  Figures 11 and 12 shows the stress-strain curves for 5% and 10% rubber 
included concretes, respectively. Note that the total area under the stress strain curve represents 
the toughness of the material. 
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Figure 10.Stress Strain Curve for 0% Rubber 

Figure 11. Stress Strain Curve For 5% Rubber Tire Buffings in the Mix 

250
 



 

 

 

Figure 12. Stress Strain Curve For 10% Rubber Buffings in the Mix. 

The following two figures display data taken from the legends of the previous three graphs.  The 
failure stress decreases with increase of rubber content as expected.  However, a dramatic 
increase in toughness with five percent crumb rubber compared to ordinary concrete was 
reported. Then, there is a decrease in toughness going to ten percent rubber because of the lower 
compressive strength of the sample. 

Figure 13, Maximum Compressive Stress versus Percent of Crumb Rubber 

251
 



 

 

 
 

 

 

 

Figure 14. Dissipated Energy or Toughness versus Percent of Crumb Rubber 

Biel et.al. (1996) evaluated portland cement (PCC) and magnesium oxychloride cement (MOC) 
as binders. 3/8” minus scrap tire rubber including steel and fibers from the tire grinding operation 
was used. They replaced 0 to 90% of fine aggregate with tire particles by volume, giving 0 to 
25% tire particles in the concrete mix.  The w/c of 0.46 was used to get a slump of 1 to 2 inches.  
The following graphs show their results for both compressive strength and split cylinder tensile 
strength. 

Figure 15. Compressive Strength versus Percent Rubber by Volume 
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 Figure 16. Tensile Strength versus Percent Rubber by Volume 

As expected, both compressive and tensile strength declines with increasing rubber content.  
Kaloush et.al. (2004) reported a less catastrophic failure for the split cylinder test with the 
inclusion of rubber in the mix.  The following photos show this effect:  

Figure 17. Split Cylinder Test on Ordinary Concrete 

253
 



 

 

 

 

 

Figure 18. Split Cylinder Test on 400 lbs Rubber per Cubic Yard Concrete 

Note the “shattering” of the ordinary concrete specimen compared to the more gentle failure of 
the 400lb/cuyd. concrete. 

 

In order for RIC to work with steel reinforcing, it must have a coefficient of thermal expansion of 
near that of steel reinforcing which is 6.5x10-6 in./in. per oF. Normal weight ordinary concrete 
ranges from 4 to 7 with an accepted value of 5.5 x 10-6 in./in. per oF.  Kaloush reports the 
following coefficient of thermal expansion data (in metric units) for both heating and cooling of 
the concrete specimens with different rubber contents in Figure 19:  

Figure 19. Coefficient of Thermal Expansion for Rubber Included Concrete 
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Although the literature contains much more research on these and other properties of rubber 
included concrete, the discussion will now focus on the RIC lab that the students will be 
performing. 

4.0 Lab Exercise 
The primary  purpose of this lab exercise is to introduce students to using a non-traditional 
material (scrap tire products) in the manufacture of portland cement concrete.  They should gain 
an understanding on how and why the mechanical properties of the resulting concrete are altered.  
Finally, they  are introduced to how different researchers approached the problem, in terms of 
scrap tire materials used, mix design philosophy, and treatment methods.  They should gain an  
understanding of how difficult it is to compare and utilize the results of this research for their 
specific application. First, a discussion of mix design issues is presented, followed by a 
discussion of the effects of adding scrap tire rubber on the plastic concrete mix (before hardening) 
and the mechanical properties of hardened concrete. 

The mix design should be based on the absolute volume method, replacing mineral aggregate 
with tire particles of similar size characteristics (gradation).  This is accomplished by utilizing the 
specific gravity of the aggregates.  The specific gravity of normal weight mineral aggregates is on 
the order of 2.6 to 2.7, where as for waste tire particles the range is 1 to 1.2.  This results in much 
less weight of the aggregates and a corresponding drop in the unit weight of the concrete with  
increasing rubber content in the mix.  If this procedure is not followed (i.e. rubber is added by 
weight) the resulting concrete will have more fine and coarse aggregate by volume in the mix 
which will have a deleterious effect on the quality of the concrete mix and its resulting 
mechanical properties.   

The parameters needed to complete a mix design when replacing aggregate with like size scrap  
tire particles include: 

• 	 Type of rubber particles, different researchers used different types of scrap tire 
products ranging from finely ground crumb rubber to tire chunks containing steel and 
polyester belts. 

• 	 Size of rubber particles and aggregate, generally want to replace coarse and/or fine 
aggregate with tire particles of similar size characteristics. 

• 	 Gradation of rubber particles, rubber particles like crumb rubber and tire buffings  
used in this lab are often uniformly graded, which means that they have roughly the 
same particle size.  Economical concrete requires well graded aggregate to get the 
densest packing of inexpensive mineral particles in the concrete mix. 

• 	 Specific Gravity of Rubber Particles, are on the order of 1 to 1.2 for  scrap tire 
products whereas mineral aggregates have a typical range of 2.6 to 2.7. 

• 	 Fineness modulus for the fine aggregate has certain limits as set forth by ASTM. The 
fineness modulus generally influences the workability of the concrete mix. 

• 	 Absorption capacity of the rubber particles influences the amount of mix water added 
to the concrete during production.  If the aggregates are not in a “saturated-surface­
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dry” (SSD) condition, they may wick or bleed mix water to the concrete altering the 
water-cement ratio. 

• 	 Rubber content for the mix has to be determined depending on the characteristics the 
designer is studying or trying to attain.   

• 	 Water-cement ratio, as always has a strong influence not only on the workability of 
the concrete mix, but the resulting mechanical properties. 

Note the many different types of rubber used and the different ways the mix proportions were 
determined.  The mix design should be proportioned by volume, and that is the approach that is 
taken in the mix design lab.  It involves replacing both coarse and fine aggregate with coarse and 
fine crumb rubber by  volume, i.e. in proportion to the specific gravity of the crumb rubber to that 
of the mineral aggregate.  This should keep the volumes of the aggregates in relatively equal 
proportions, resulting in similar workabilty for a given w/c ratio.  However, the air content is 
expected to rise with increasing crumb rubber content.  

In order to complete a mix design with a non-traditional material, several material properties must 
be established, including: 

• 	 Gradation (Generally Uniformly Graded) 

• 	 Specific Gravity  

• 	 Absorption Capacity  

• 	 Unit Weights 
 

For this lab, crumb rubber will be used to replace a percentage (10, 20, and 30% by volume) of 
the mineral fine aggregate and tire buffings will be used for the same percentages of the coarse 
aggregate. 

Figure 20. A Picture of Crumb Rubber Sample Used by CSUC Students 
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 Figure 21. Particle Size Distribution Curve of Crumb Rubber used in CSUC Student Lab 

The crumb rubber, which was nearly all black rubber, had a particle size of about 2 to 4 mm, and 
was uniformly graded as shown in the grain size distribution chart below: 

Grain Size Analysis 
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Figure 22. Photos of Tire Buffings Used in Student Lab 
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 Figure 23. Particle Size Distribution Curve of Rubber Buffings Used in CSUC Student Lab 

The tire buffings, which contained some polyester belting, had particle sizes ranging from 10 to 
20 mm showing in the following figure. 

Grain Size Analysis 
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The specific gravities and absorption capacities for the scrap tire rubber are needed to complete a 
volumetric mix design.  These values could have been obtained in a previous lab activity where 
these values are typically  determined for mineral aggregate.  The specific gravities reported in the 
literature (following table after Humphrey, 2003) ranges from 1.02 to 1.27, with the higher values 
associated with tire shreds with a higher percentage of steel belts in the particles.  In absence of 
lab data, a specific gravity  of one was chosen for both types of rubber particles.  The absorption 
capacity reported in the literature typically ranged from 2 to 4.3%, and a value can be assumed or 
the student could presoak the aggregate and prepare it in the saturated surface dry condition 
according to standard lab procedures.   

As an example of a concrete mix design, the following mix design was patented for using waste 
tire products in the manufacture of Portland cement concrete: 

• 	 100 parts by  weight of cement  

• 	 100-200 parts by weight of sand 

• 	 200-400 parts by weight of coarse aggregates  

• 	 15-30 parts by weight of shredded particulates comprising rubber, fibers and steel 
obtained from  whole waste tires 

• 	 20-70 parts by weight of water 

• 	 Fly ash 

• 	 Super-plasticizer 
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Table 2. Specific Gravities of Various Waste Tire Products  

Tire shred Specific gravity Water  Reference  

type Bulk Saturated 
surface dry Apparent Absorption 

capacity (%) 

Glass 
belted ----  ----  1.14 3.8 Humphrey et al. 

(1992) 

Glass 
belted 0.98 1.02 1.02 4 

Manion & 
Humphrey 
(1992) 

Steel 
belted 1.06 1.01 1.10 4 

Manion & 
Humphrey 
(1992) 

Mixture 1.06 1.16 1.18 9.5 Bressette 
(1984) 

Mixture 

(Pine 
State) 

----  ----  1.24 2 Humphrey et al. 
(1992) 

Mixture 

(Palmer)  
----  ----  1.27 2 Humphrey et al. 

(1992) 

Mixture 

(Sawyer)  
----  ----  1.23 4.3 Humphrey et al. 

(1992) 

Mixture 1.01 1.05 1.05 4 
Manion & 
Humphrey 
(1992) 

Mixture 
----  0.88 to 1.13 ----  ----  Ahmed (1993) 

This is a pretty generic mix design specification, but it is interesting that someone obtained a 
patent for it. 

This lab activity is required of all civil engineering majors as part of a four unit (three hours of 

lecture, three hours of lab each week) capstone design class in reinforced concrete design at CSU, 

Chico. Students in each of the lab sections were assigned varying water-cement ratios of 0.4, 

0.55, and 0.7 (one value for each lab group).  Each of three labs were assigned at a different 

rubber percentage: 10, 20 and 30% by volume.  This resulted in nine different data sets varying 

both the water cement ratio and the tire rubber contents. All lab groups replaced fine aggregate 

with crumb rubber, and coarse aggregate with rubber buffings by volume for their assigned 

percentage assuming a specific gravity of 1 for the tire rubber. 
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The objectives for the lab were to have students study the effects of adding tire particles to their 
assigned mix.  They were asked to determine the effects of adding scrap tire particles on the 
following: 

•  Compressive Strength 

•  Modulus of Elasticity  

•  Poisson’s Ratio 

•  Air Content 

•  Comment on workability/segregation 
 

The results of the lab activity are summarized in the Concrete PowerPoint presentation, and only 
general observations are made here. The lab data results were generally consistent with the 
findings in the literature; however, the data sets were incomplete as they were assigned the same 
mix design that was given in class for their ordinary concrete lab, and some results were not 
recorded by some lab groups.  Also, the compressometer used employed analog dial gages to 
measure the axial and transverse strain, which did not give useful data for many lab groups.  To  
capture meaningful data, it is recommended that digital dial gages be employed with a computer 
based data acquisition system to record axial and transverse strains and the load data be collected 
with a load cell. 

Figure 24. Compressometer Set Up for Rubber Included Concrete Sample 
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5.0 Summary and Recommendations 
A substantial amount of research has been done in utilizing waste tire particles in portland cement 
concrete. It has been demonstrated that concrete compressive strength and stiffness decrease 
dramatically with increasing rubber content.  However, tensile strain, ductility, and toughness 
have been shown to increase with small amounts of rubber particles in the mix.  A laboratory 
exercise was prepared to introduce the students to the issues relating to utilizing a non-traditional 
recycled material, scrap tire products in this case, in the manufacture of portland cement concrete.  
Students were required to evaluate the proper mix design procedure and the effects of adding tire 
particles on some of the mechanical properties of the resulting concrete. 

Not much commercial applications currently exist for using scrap tire products in concrete. Possible 
applications include light duty paving (sidewalks, etc.) where a weaker more flexible concrete 
may be desired.  Using crumb rubber or finely ground rubber may be a good replacement for air 
entraining agents in applications where concrete is subjected to repeated freeze thaw cycles to 
increase the durability of the concrete.  Rubber included concrete in one form or another may 
have some interesting applications where energy absorption is required.  Potential applications 
include vibration mitigation from moving loads (vibrating machinery and moving loads 
(vehicular traffic)), and earthquake and sound energy absorption.  There may be other emerging 
applications that can make use of the unique characteristics of rubber included concrete. 

Further research is needed to establish commercial applications for rubber included concrete.  
More pilot scale projects need to be constructed and evaluated that utilize the unique properties of 
rubber included concrete. Some incentive or legal requirement may be necessary to promote the 
development of these applications.  Enough waste tires will have to potentially be recycled to 
make concrete applications a viable option. 
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CIVL 431 Environmental Engineering 
Environmental Issues of Waste Tires in Civil Engineering 

1.0 Introduction 
This chapter was prepared for CIVL 402, Environmental Engineering.  It is about how waste tires 
can have negative impact on environment, specifically stockpiles and tire fires.  It also covers 
some civil engineering applications of waste tires and how its use affects the environment.  And it 
includes some environmental assessment research using both lab evaluations and field studies.  
Finally it concludes with some recommendations for using waste tires in civil engineering 
applications. 

Nationwide, there is an average of one waste tire per person in the United State and there are 
about 300 million waste tires generated each year.  Figure 1 shows the market trend of waste 
tires. As you can see, more and more waste tires were utilized over the past 20 years (RMA, 
2006). The two main concerns of this problem are the stockpiles of waste tire and tire fires. 
Figure 2 shows the amount of scrap tires in stockpiles were reducing over the years. 

Figure 1. Scrap Tire and Scrap Tire Usage Trends 
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Figure 2. Amount of Waste Tires Remaining in US Stockpiles 

Tire fires can be an environmental nightmare, because of the toxins they release into the air and 
also into the ground and ultimately into the ground water.  The energy content of an average 
passenger car tire is the equivalent of over two gallons of oil, so just think of a tire fire being an 
oil fire where millions of gallons are burning. Tire fires release heavy metals and other hazardous 
compounds that run into streams and seep into shallow wells such as Arsenic, Chromium, Lead, 
Manganese, Nickel, Mercury, Cadmium, and Pyrolytic Oil. Figure 3 shows a picture of tire fires 
in Westley, CA in 1999. It burned for three months, it took seven years to clean up, and it cost 
about 20 millions dollars. 

Figure 3: Tire Fire in Westley, CA  
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Tire Derived Aggregates (TDA) from the shredded waste tires has some useful engineering 
properties that civil engineers like. In general, civil engineering applications that utilize waste 
tires include lightweight fill, retaining wall backfill, embankment fill and slope repairs, subgrade 
insulation layer, landfill applications, septic system drain field, and vibration dampening.  Scrap 
tires used in civil engineering applications come anywhere from two to twelve inches, weigh ⅓ to 
½ the unit weight of soil, and one cubic yard of compacted TDA contains approximately 75 
passenger car equivalent tires.  Scrap tires drain 10 times faster than well graded soil, its 
insulation is eight time better than gravel, and the lateral pressure on a foundation wall is ½ that 
of soil. But with the applications in civil engineering, there are some environmental concerns 
about using waste tires such as groundwater contamination, fire hazard, and long term 
performance People need to know the lab test results as well as field test results.  

2.0 Lab Test of TDA Environmental Impact 
Lab tests that have been performed on tire leachates include the Toxicity Characterization 
Leaching Procedure (TCLP), and the Extraction Procedure Toxicity (EP Tox).  Scrap tires are 
usually pre-cut into a designated dimension and submerged into different solutions, and then the 
leachate is analyzed.  Lab tests can be used as an indicator of the types of contaminants that a 
scrap tire may produce.    

Results from the Minnesota Pollution Control Agency find that none of the laboratory leachate 
samples exceed the EPA toxicity criteria or the TCLP criteria.  For some samples and some 
leaching conditions, arsenic, cadmium, chromium, selenium, and zinc exceeded the 
Recommended Allowable Limits (RALs) set by the Minnesota Department of Health for drinking 
water. As shown in Figure 4, some trace metals were found for acidic solution (low pH value) 
and hydrocarbon oils were detected for basic solution (high pH value). The study recommended 
that use of scrap tires in roadway construction be limited to the unsaturated zone.  The roadway 
design should limit infiltration of water through the scrap tires and should promote surface water 
drainage away from the scrap tire subgrade.   

Figure 4: Minnesota Pollution Control Agency findings about what scrap tires release into 
the ground after being exposed to various acids and bases. 
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The Virginia Department of Transportation final report on leachable metals in scrap tires 
consisted of two parts: one-year leaching and TCLP tests.  Leaching for two weeks resulted in a 
leachate that is approximately seven times more concentrated than usual TCLP extracts.  
However, the stronger leach may be wholly or partially offset by the use of larger particles than 
the method calls for. The concentrations of metals in the leachate were well below the TCLP 
regulatory limits. 

The Illinois Department of Energy and Natural Resources study was on shredded tires that were 
subjected to EP toxicity testing by DTC Laboratories Inc.  In their results, levels of the organic 
compounds analyzed were below the detection limits in all cases.  None of the metal was above 
the EP toxicity limits for the EP Tox test.  All lab results with various leaching conditions showed 
that higher concentrations of metals tend to appear at lower pH (acidic) conditions.  Higher levels 
of organics appear under high pH (basic) conditions.  Both the metallic components and the 
organics were well below the TCLP standards and the EP standards.  In total, these laboratory 
tests indicate scrap tires are not a hazardous waste. 

3.0 Field Tests of TDA Environmental Impact 
In field studies, scrap tires were cut into various sizes, and were used in designated positions in 
the road. The soil and water were sampled at various times.  The impact of scrap tires on the 
environment was studied.  Field studies for scrap tire applications showed the impacts on the air 
by releasing volatile and semi-volatile organic compounds (VOC and SVOC) when hot.  
However, that is similar or less than that of asphalt.  The release of toxins into the air slows down 
once the asphalt-rubber cools to the service temperature.  Latex allergens may also be released 
from tire chips, but it should be a manageable amount.  The Minnesota Pollution Control Agency 
field studies did not identify significant differences between waste tire areas and control areas 
from soil samples and from a biological survey.  No evidence was reported of the extractables 
found in previous laboratory tests under extreme pH conditions.  The Department of Geology, 
Kent State University field studies showed that soil-tire mixtures can be safely used as a light­
weight fill material and in situations where improvement in drainage characteristics is required. 

Field studies were also conducted to detect the impact of scrap tires on water. Field studies show 
that when considering the impact of scrap tires on water, three locations for the tire chips are 
traditionally considered.     

Figure 5: a: above ground water table, b: below ground water table, c: surface water 
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The Wisconsin Department of Transportation field study showed there is little or no likelihood of 
significant leaching of tire chips for substances that are of specific public health concern, such as 
lead or barium. The lead, zinc, and manganese levels were elevated. Chenette Engineering Inc. 
installed shredded tires that were used in place of crushed stone in a replacement on-site disposal 
system.  This system was installed in December 1991 and a two-year follow-up was reported on 
in 1993.  As anticipated, iron and lead started out at elevated levels; both metal concentrations 
quickly dropped below Vermont groundwater standards.  In a study done by the University of 
Maine, they improved the monitoring system because of the use of some control wells.  There 
was no evidence that tire chips increased the level of substances above the primary drinking water 
standard. There was no evidence that tire chips increased the levels of aluminum, zinc, chloride or 
sulfate, which are included in the secondary (aesthetic) drinking water standards.  Iron and 
magnesium may exceed their secondary standards under some cases.  Results were below the 
detection limit for all compounds. 

Below the groundwater table there were increased levels of iron concentration at three test sites.  
Within the tire chip trench, iron content was up to two orders of magnitude higher than the 
secondary drinking water standard.  The iron did not appear to have migrated downward at any of 
the sites. Manganese content was also increased by the tire chips.  Manganese levels consistently 
exceeded the secondary drinking water standard in the test well within the tire chip trench.  
Unlike iron, manganese was observed to migrate downwards with ground water flow.  Zinc 
content was also increased by the tire chip installations; however the concentration was well 
below the drinking water standard.  Chromium concentrations were increased by the tire chips, 
but only at the peat site.  The chromium levels were all below the primary drinking water 
standard. Iron levels exceeded the Recommended Allowable Level (RAL). However, considering 
that iron is a secondary allowable drinking water element, it does not pose severe problems to the 
environment.  Among other metallic and organic compounds, there seems to be some 
disagreement; it may depend on the local soil pH conditions, the water infiltration conditions, and 
other pedological factors.  A maximum allowable steel content for recycled tire rubber should be 
established. 

4.0 Other Studies 

4.1 Biological Impact Study of TDA 

In a biological survey done by the Minnesota Pollution Control Agency, it was found that no 
observable difference in either of the study areas when compared to the control areas.  Toxicity 
Characteristics Tests (TCT) concluded that future biological surveys would likely indicate no 
observable differences at tire sites when compared to background sites. 

4.2 Toxicity Study of TDA 

In a toxicity survey in 1994 Aberneth found that Zinc levels were found to be 0.023~0.025 mg/L, 
which is consistent with chemical makeup of tires.  Also in 1994 Nelson found that Zinc was 
found to be present at potentially toxic levels. Cadmium, copper and lead were also present at 
levels significantly above background sites. 
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5.0 Conclusions 
From the above studies, some conclusions can be drawn: 

• 	 Generally, recycled rubber derived from scrap tires is a safe recyclable material.   

• 	 A common concern is that the Fe and Mn levels are often elevated.  These elements are 
specified in the secondary  drinking water standard based on aesthetic reasons, for 
example taste.   

• 	 Levels of metallic contaminants tend to increase under low pH values, while the level of 
organic compounds increases under high pH value.   

• 	 Generally, it is reasonable to recommend use of recycled scrap tires in civil engineering 
applications.  

• 	 It is important to recognize that the impact of scrap tires on the environment varies 
according to the local water and soil conditions, especially  pH values.  

In conclusion some benefits of using waste tires in civil engineering applications include it 
prevents pollution and waste generation, saves money through prevention of waste tire disposal, 
creates new recycling industries, and it reduces landfill disposal and expansion. 
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CIVL 441 Transportation Engineering 
Rubberized Asphalt Concrete in Transportation Engineering 

1.0 Introduction 
As civilizations grow and evolve the problems which societies face change as well. We have 
entered an era where much more time and consideration has been placed into understanding how 
our actions affect not just people but the environment and entire world. The profession of civil 
engineering has diverted from using strictly traditional materials in design to incorporating green 
materials into the design and construction of projects.  

This class includes four modules about using waste tires as crumb rubber modifier, namely 
asphalt rubber to improve the performance of asphalt paving materials. In the first module, 
students will be introduced to the concept of asphalt rubber and its history of use beginning in the 
1960’s to the present. Caltrans experience with asphalt rubber will be discussed as well as the 
benefits of using asphalt rubber in transportation applications. The second module will introduce 
students to the terminology and practices used by Caltrans with regards to asphalt rubber. Here 
students will be briefed on Caltrans’ methods and practices for performing rehabilitative 
structural asphalt rubber overlays on existing distressed pavements. The third module discusses 
the construction aspects of asphalt rubber. An overview of the construction process is presented 
to the students beginning with surface preparation to placement and compaction. The success of 
using asphalt rubber is highly dependent on proper construction methods and techniques, the 
important factors are highlighted. Students will also be introduced to the manufacturing process 
of asphalt rubber from the plant to the job site.  

Due to the necessity of using proper practices and techniques to achieve successful placement of 
asphalt rubber, and inspection module is presented to the student. The fourth module begins by 
describing the process of modifying the binder to create asphalt rubber. Students are taught how 
to monitor the binder production and test the results for verification and acceptance. Successful 
placement is temperature dependent, and temperature guidelines are established for students. 
Guidelines for construction inspection of the paving site for the entire paving process are 
introduced. 

1.1 Objectives 

The objectives of this lesson plan are to introduce students how to utilizing asphalt rubber (AR) in 
transportation pavements.  

1.2 History 

Beginning in the early 1950’s, the Bureau of Public Roads began laboratory experiments to study 
the effect of rubber on the properties of various petroleum asphalt products. In the 1960’s and 
1970’s Charles McDonald of the City of Phoenix preformed extensive work in the development 
of the wet process, a method to combined CRM with asphalt cement before the addition of a 
aggregate. Asphalt rubber chip seals were used as the primary pavement preservation technique in 
the City of Phoenix for arterial roadways for nearly 20 years.  
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In 1975, Caltrans began testing asphalt rubber chip seals on small sections of highway throughout 
the state. The results of these tests were favorable. In 1978, the first dry process using asphalt 
rubber was used by Caltrans to construct a portion of pavement; the results were described as 
good. In 1980, Caltrans employed the wet process to perform emergency roadway repairs on 
highway 50 located in the “snow country”, where the pavement would be subjected to wear and 
abrasions from snow chains. The rubber asphalt was placed on top of asphalt concrete; it is 
reported that the rubber asphalt preformed well against resisting chain abrasions and distresses.  

In 1983, Caltrans decided against using the costly dense grade asphalt concrete (DGAC) to 
overlay a section of distresses pavement. The less costly alternative was selected which was using 
a thin overlay of rubber asphalt. 13 test sections of various depths and forms of asphalt rubber 
overlays were constructed. These test sections long outlasted any expectation, some lasting over 
19 years. After these tests, Caltrans decided thin asphalt rubber pavements were performing much 
better than thicker conventional pavements, and cost less.  

In March of 1992 Caltrans published “Design Guide for Asphalt Rubber Hot Mix Gap Graded”. 
This report was based on studies and reviews of past rubber asphalt projects. By 1995, Caltrans, 
counties, and cities had constructed over 500 projects which included the use of rubber asphalt.  

From 1997 to 2007, the percentage of Caltran’s AC pavement using rubberized asphalt concrete 
was increased dramatically, almost 7 times as shown in Figure 1.  

Figure 1. Percentage of Rubberized Asphalt Concrete versus AC over the Years by Caltrans 

1.3 Theory 

Asphalt rubber is defined by ASTM D8 as: “a blend of asphalt cement, reclaimed tire rubber, and 
certain additives in which the rubber component is at least 15 percent by weight of the total blend 
and has reacted in the hot asphalt cement sufficiently to cause swelling of the rubber particles.”  
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The addition of the crumb rubber, or crumb rubber modifier (CRM), improves the engineering 
properties of the asphalt which can perform much better than conventional asphalt pavements. 
Conventional asphalt is a viscoelastic material; at elevated temperatures the elasticity of the 
asphalt decreases, causing permanent deformation in the pavement, or rutting. The addition of the 
CRM increases the elasticity of the pavement at high temperatures; stiffens the asphalt binder; 
decreases the susceptibility of temperature, and decreases permanent deformation. Asphalt rubber 
has better resistance against reflective cracking and fatigue cracking compared to conventional 
asphalt. 

Asphalt rubber can be used wherever conventional asphalt is used. It is used most effectively in 
overlay applications and a thin rehabilitative overlay, atop both distressed flexible and rigid 
pavements. Due to asphalt rubber’s improved engineering properties, its overlay thickness can be 
as much as half that of conventional dense grade asphalt concrete based on Caltrans’ past 
experiences. 

The use of asphalt rubber as an alternative to conventional asphalt pavements has numerous 
advantages. The asphalt rubber can improve durability and resistance to cracking, both surface 
initiated and reflection. The asphalt rubber is less temperature susceptible resulting in higher 
elasticity, and less permanent deformation. The addition of the CRM decreases the aging of the 
rubber asphalt due to higher binder contents, thicker binders, and increased anti oxidants from the 
rubber. The construction times of the asphalt rubber are less than those of conventional asphalt 
due to the thinner lifts of asphalt. There is a savings in energy and conservation of natural 
resources. 

2.0 Sample Case Studies 
Caltrans constructed five test sections using rubber asphalt between 2002 and 2004. The purpose 
of these projects was to evaluate the constructability and performance of the rubber asphalt 
pavements. Two of the projects are highlighted below. 

2.1 Firebaugh 

In 2004 Caltrans, with funding provided by the California Integrated Waste Management Board 
(CIWMB), launched a full scale experimental design and construction project using rubberized 
asphalts as an overlay on existing distressed pavement sections. The main focus of this project 
was to observe the field performance of various mixes of RHMA with different thicknesses, and 
to evaluate the constructability of the RHMA mixes. Paving began in April 2004 and was 
concluded in June of 2004. Figure 2 shows the location of the project. 
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Figure 2. Firebaugh Project Location Map 

Three rounds of post-construction performance monitoring were conducted on the project. Falling 
Weight Deflectometer (FWD) testing was performed during all three rounds. Within each project, 
four to nine 152-meter performance evaluation sections (PESs) were established for long-term 
performance monitoring. Detailed locations of different types of experienmental test sections are 
shown in Figure 3.  

Figure 3. Test Sections Pavement Type Set Up at the Firebaugh Project 

A condition survey took place during the last round of the three round evaluations. Distress 
surveys were conducted according to standard Caltrans definitions for distress type, severity, and 
extent. The surveys involved measurements of rutting, cracking, raveling, flushing, and other 
distresses as well as digital photographs. The tests and surveys serve as key components of the 
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performance monitoring program. The bar graph shown in Figure 4 compares the 80th percentile 
deflections with the tolerable value. Those that have an 80th percentile deflection greater than the 
tolerable value are considered structurally inadequate and less likely to survive the 10-year design 
period. 

Figure 4. The Deflection Testing Results at the Firebaugh Testing Sections 

2.2 San Diego, Highway 75 

The San Diego RAC Warranty project shown in Figure 5 is located along the two southbound 
lanes and shoulders of State Highway 75, District 11, San Diego County, between Coronado and 
Imperial Beach, CA. The project extends 6.4 miles. The project area is located within the Caltrans 
“South Coast” climatic area. Precipitation, temperature, and traffic volume data were the key 
factors used to develop a mix design and pavement thickness. Caltrans engineers determined a 60 
mm gap-graded rubberized asphalt concrete (RAC-G) overlay was necessary to achieve desired 
results. 

Figure 5. The Location Map of the San Diego HW 75 RAC Pilot Project 
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The asphalt rubber binder used was an AR-4000 with 20% CRM (75% scrap tire and 25% high 
natural) and 3% extender oil. Paving took place between April 25 2003 and May 15 2003. Figure 
6 indicates that three of the four PESs have 80th percentile deflections that clearly satisfy the 
tolerable deflection criteria. The pavement is expected to provide good structural performance 
over the 10-year design period. 

Figure 6. Pavement Deflection Testing Results at the San Diego HW 75 Testing Sections 

3.0 Summary 
In this teaching module, the course objectives and contents were established. We reviewed 
history of rubberized hot mix asphalt pavement. The Caltrans’ experience and testing projects on 
the rubberized asphalt pavement were introduced, and the performance advantages of asphalt 
rubber were also mentioned. 

Design and construction of rubberized hot mix asphalt require careful engineering process. The 
mix design needs to follow Caltrans standard specifications. To ensure a good quality project, one 
needs to monitor all aspects of the project including manufacturing, mix delivery and hauling, 
weather condition, surface preparation, placement, compaction, and inspection. Viscosity of 
asphalt rubber binder is a key monitoring item. One should obtain asphalt rubber samples and 
other individual component materials for verification and acceptance. In the field, one needs to 
observe rubberized hot mix asphalt temperature and compaction operations. The compaction 
acceptance should be based on core samples as well as nuclear density gauges.  

Warm mix asphalt with asphalt rubber is in the pilot stage. Caltrans D3 recently built a warm-mix 
with asphalt rubber on I-5 in Orland, CA. It has a very good potential to reduce various weather 
and long haul constrains of current rubberized hot mix asphalt constrains. It can also reduce odor, 
energy consumption and green house gas production at the construction site.  In the future, the 
teaching module for asphalt rubber with warm mix technology should be developed.   
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Terminal blends, in which finer crumb rubber modifier is mixed with asphalt binder at the 
refinery terminals, has advantage of no agitation and no special field blending equipment 
required. A module about terminal blends should also be developed for future teaching. 

4.0 References 
1. Caltrans. 2003. Asphalt Rubber Usage Guide  

2. Caltrans Report, Use of Scrap Tire Rubber – State of the Technology and Best Practices  

3. Caltrans Report, Synthesis of Caltrans Rubberized Asphalt Concrete Projects  

4. Caltrans. 2002. Flexible Pavement Rehabilitation Manual 

5. Asphalt Rubber Design and Construction Guidelines 

6. Caltrans. 2007. Caltrans Highway Design Manual.  
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CIVL 551 Foundation Engineering 
Foundation Engineering using Tire Derived Aggregate 

1.0 Introduction 

1.1 Background 

According to the Rubber Manufacturers Association, the U.S. generated approximately 300 
million scrap tires in 2005 (RMA, 2006).  Historically, these scrap tires took up space in landfills 
or provided breeding grounds for mosquitoes and rodents when stockpiled or illegally dumped.  
Fortunately, markets now exist for 87% of scrap tires generated annually-up from  about 17%  in 
1990. These markets-both recycling and beneficial use-continue to grow, and the California 
Integrated Waste Management Board (CIWMB) believes that the largest growing market for 
scrap tire products is in civil engineering applications.  The remaining scrap tires, however, are 
still stockpiled or landfilled. 

Nation wide, of the 300 million waste tires produced, most were used as follows (RMA, 2006): 

• 	 155 million (52%) were used as fuel (TDF). 

• 	 49 million (16%) were recycled or used in civil engineering projects. 

•	  30 million (10%) were converted into ground rubber and recycled into products.  

• 	 7.4 million (2.5%) were converted into ground rubber and used in rubber-modified 
asphalt. 

• 	 million (2.3%) were exported. 

• 	 million (2.0 %) were recycled into cut/stamped/punched products. 

• 	 3 million (1%) were used in agricultural and miscellaneous uses. 

 

About 2% of the scrap tires may be recycled by cutting, punching, or stamping them into various 
rubber products after removal of the steel bead.  Recycled products include: floor mats, belts, 
gaskets, shoe soles, dock bumpers, seals, muffler hangers, shims, and washers.  Whole tires may  
be recycled or reused as highway crash barriers, for boat bumpers at marine docks, and for a 
variety  of agricultural purposes. 

As can be seen, the three largest scrap tire markets, using about 78%, include:  

• 	 Tire derived fuel 

• 	 Civil engineering applications 

• 	 Ground rubber applications/ rubberized asphalt concrete (RAC) 
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Both recycling and beneficial use of scrap tires have expanded greatly in the last decade through 
increased emphasis on recycling and beneficial use by state, local and Federal governments, 
industry, and other associations.  Unfortunately, even with all of the reuse and recycling efforts 
underway, not all scrap tires are being used beneficially. 

The largest single use of scrap tires is as fuel either in shredded form - known as tire derived fuel 
(TDF) - or whole, depending on the type of combustion device.  Each tire contains the energy 
equivalent of two gallons of oil.  Scrap tires are typically used as a supplement to traditional fuels 
such as coal or wood. In 2006, 155 million scrap tires were used nationwide as fuel (about 52% 
of all generated) - up from 25.9 million (10.7% of all generated) in 1991 (CIWMB, 2006). There 
are several advantages to using tires as fuel.  Tires produce the same amount of energy as oil and 
25% more energy than coal and ash residues from TDF may contain lower heavy metal content 
than some coal.  This results in lower NOx emissions when compared to many U.S. coals, 
particularly the high-sulfur coals. 

The civil engineering market encompasses a wide range of uses for scrap tires.  Scrap tire 
materials typically replace other material currently used in construction such as lightweight fill 
materials, drainage aggregate, or even soil fill.  A considerable amount of tire shreds for civil 
engineering applications come from stockpile abatement projects. Tires that are reclaimed from 
stockpiles are usually dirtier than other sources of scrap tires and are typically roughly shredded 
for these applications. Many civil engineering applications can accommodate this dirtier 
material. 

California alone generates about 40 million waste tires each year.  To reduce the stockpile of 
waste tires, the CIWMB has increased its efforts to turn these waste tires into useful products.  
One of the major applications of waste tires is the use of tire derived aggregates (TDAs) in civil 
engineering applications. There are two types of TDA commonly used in civil engineering 
applications, namely, Type A and Type B shown in Figure 1.  Type A, with particle sizes 
typically less than three inches, is mainly used as a drainage material, in septic leach fields, and 
for vibration dampening beneath railways, etc.  Type B has larger size tire shreds than those of 
Type A. The particle sizes of Type B are normally up to about 12 inches across.  The Type B are 
mainly used as lightweight fill material for embankments or as light weight backfill for retaining 
walls. 

Type A Tire Derived Aggregate  Type B Tire Derived Aggregate 

Figure 1. Type A and Type B Tire Derived Aggregates 
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1.2 Civil Engineering Applications 

The civil engineering applications that use TDA include: 

•  Subgrade fill and embankments 

•  Backfill for retaining walls and bridge abutments 

•  Subgrade insulation for roads 

•  Lateral edge drains 

•  Vibration damping layer beneath rail lines 

•  Landfill applications 

•  Septic system drain fields 

 

Of particular interest in this  module is the use of tire shreds to construct embankments and fills 
over weak, compressible foundation soils.  Tire shreds are viable in this application due to their 
light weight, typically weighing  1/3 to ½ that of the soil it replaces. Using tire shreds as a 
lightweight fill material may be significantly cheaper than other alternatives, especially if scrap 
tires are readily available and light weight fill is not.  Subgrade fill and embankment applications 
include: protecting roads from erosion, enhancing t   he stability  of steep slopes along roadways, 
and reinforcing roadway shoulder areas. The light weight of the tire shreds also reduces 
horizontal pressures and allows for construction of thinner, less expensive retaining walls.  Tire 
shreds can be used to reduce problems with water and frost build up behind walls because tire 
shreds are free draining and provide good thermal insulation.   In cold climates, excess water is  
released when subgrade soils thaw in the spring.  Placing a 6 to 12-inch thick tire shred layer 
under the road can prevent the subgrade soils from freezing.  In addition, the high permeability of 
tire shreds allows water to drain from beneath the roads, preventing damage to the road surface. 

Landfill construction and operation is a growing market application for tire shreds.  Scrap tire 
shreds can replace other construction materials that would have to be purchased.  For Instance, 
scrap tires may be used as a lightweight backfill in gas venting/collection systems, in leachate 
collection systems, and in operational liners.  They may also be used in landfill capping and 
closures, and as a material for daily cover. 

Some states—Alabama, Florida, Georgia, South  Carolina, and Virginia—allow tire shreds to be 
used in construction of drain fields for septic systems (EPA Web 2009).  Tire-derived material 
replaces traditional stone backfill material, but reduces the expense and labor to build the drain 
fields. Tire chips can also hold more water than stone and can be transported more easily due to  
their light weight. This necessitates fewer trucks to deliver a given volume of material, which  
will save money especially when haul distances are long. 

Other civil engineering applications of scrap tire products include: 

•  Playground surface material 

•  Gravel substitute 
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• Drainage around building foundations and building foundation insulation  

• Erosion control/rainwater runoff barriers (whole tires)  

• Wetlands/marsh establishment (whole tires) 

• Crash barriers around race tracks (whole tires) 

• Boat bumpers at marinas (whole tires)  

1.3 Objectives 

In this module the use of Tire Derived Aggregate (TDA) as a retaining wall backfill will be 
investigated. This module focuses on the material properties of TDA that are needed to evaluate 
the use of TDA as a retaining wall backfill material.   The results of pilot scale testing of a 
retaining wall with TDA backfill conducted at the University of Maine are presented (Humphrey 
2003).  A case study of using TDA for backfill on Wall 119 in Riverside California is also 
discussed (Kennec, Inc, 2008). This module was developed to introduce senior engineering 
students to the use of TDA in civil engineering projects.  It was developed for a course that is 
offered at most colleges and universities with civil engineering programs, often the course is 
called “Foundation Engineering”. 

2.0 Important properties 
Of the properties that engineers need to design projects, the following are the most important for 
using TDA as a back fill material for retaining walls:  

•  Gradation 

•  Specific Gravity and Unit Weights 

•  Compressibility  

•  Lateral Earth Pressure 

•  Shear Strength 

•  Hydraulic Conductivity (Permeability) 

•  Thermal Conductivity   

2.1 Gradation 

TDA (Tire shreds) are fairly uniformly graded but are irregularly shaped, being more plate like.  
Figures 2 and 3 show typical gradation curves for TDAs. Figure 2 shows the gradation for type A 
TDA from multiple manufacturers. It demonstrates that the samples are generally uniformly 
graded (same size).  However, the maximum size varies according to manufacturer.  The 
gradation tests were conducted according to ASTM D 422 standards. Gradation curve for Type B 
TDA shown in Figure 3, again uniformly graded with particle sizes that would be considered as 
coarse gravel and boulders. 
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Figure 2 Typical TDA Type A Gradation of Several Tire Shreds Producers 

 Figure 3. Typical TDA Type B Gradation of Several Tire Shreds Producers 
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2.2 Specific gravity 

The second factor needed in designing projects using TDA as retaining wall back fill is the 
specific gravity of the material.  The specific gravities for the scrap tire rubber are needed to 
complete a retaining wall design.  The specific gravities reported in the literature (Humphrey, 
2003) ranges from 1.02 to 1.27, with the higher values associated with tire shreds with a higher 
percentage of steel belts in the particles. Specific gravities of common soil typically range from  
2.6 to 2.7. The lower specific gravity of TDA results in lower unit weights for TDA back fill.  
The loose density of TDA is between 21.3 to 30.9 pounds per cubic foot (pcf) with no 
compaction, however, the compacted unit weight increases with increased compactive effort.   At 
50 to 60% of Standard Proctor compaction 38.3 to 40.1 pcf are reported, at standard compaction 
energy input, 39.5 to 40.7 pcf is achieved, and at modified compaction the range is 41.2 to 42.7  
pcf. So the range of dry compacted unit weights is between 38 to 43 pcf, whereas soil typically 
has a compacted unit weight on the order of125 pcf.   Data is also available in the literature 
(references) for compacted unit weights of TDA/Soil mixtures. 

Table 1. Specific Gravity and Water Absorption Capability of Different Tire Shreds 

Tire shred Specific gravity Water Reference  

type Bulk 
Sat. surf. 
dry 

Glass belted ---- ----

Glass belted 0.98 1.02 

Steel belted 1.06 1.01 

Mixture 1.06 1.16 

Mixture (Pine State)  ---- ----

Mixture 

(Palmer)  
---- ----

Mixture 

(Sawyer)  
---- ----

Mixture 1.01 1.05 

Mixture 
----

0.88 to 
1.13 

Apparent 
Absorption 
capacity (%)  

1.14 3.8 (1) 

1.02 4 (2) 

1.10 4 (2) 

1.18 9.5 (3) 

1.24 2 (1) 

1.27 2 (1) 

1.23 4.3 (1) 

1.05 4 (2) 

---- ---- (4) 

Humphrey et al. (1992), (2) Manion & Humphrey (1992), (3) Bressette (1984), (4) Ahmed (1993)  
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Particle size 
range (in.) 

Tire shred 
type 

Source of tire shreds Ko   μ Reference  

2 Mixed 
Sawyer 
Environmental  

0.44 0.30 (1) 

3 Mixed Palmer Shredding  0.26 0.20 (2) 

2 Mixed  Pine State Recycling0.41 0.28 (2) 

1 Glass F & B Enterprises 0.47 0.32 (2) 

---- ---- ---- ----
 0.3 to 

0.17 
(3) 

2 Mixed Maust Tire Recycles 0.4a 0.3 (4) 

 

 

 

2.3 Compressibility of TDA 

Compressibility is defined as the susceptibility of a material to undergo volume change due to 
changes in stress. Compressibility is of concern in using TDA as a retaining wall backfill 
material because of the settlement that will occur during and in the first month or two after 
placement of fill. Also, in-place unit weight of fill has been shown to vary with compaction 
effort and deflections caused by temporary loading (e.g. wheel loads) may need to be considered.  
Due to its porosity and high rubber content, TDA is highly compressible under loaded conditions.   
TDA can compress by as much as 50% under high normal loads! 

2.4 Lateral earth pressure coefficents  at rest and Poisson's ratio 

Lateral earth pressure is the pressure exerted by a fill material on the wall of a structure like a 
retaining wall. It can be determined by coefficients of lateral earth pressure, which are calculated 
by dividing horizontal stress by vertical stress.  In the study of mechanics of materials, Poisson's 
ratio, μ, relates transverse (horizontal in this case) deformation to axial (vertical) deformation.  
Table 2 lists values for the coefficient of lateral earth pressure and Poisson's ratio (after 
Humphrey, 2003). 

Table 2 Coefficient of Lateral Earth Pressure and Poisson’s Ratio 

Notes:  a. For vertical stress less than 25 psi.  

 References: 

    (1)  Manion and Humphrey (1992); Humphrey and Manion (1992)  
 (2) Humphrey, et al. (1992, 1993); 

 
Humphrey and Sandford (1993)  

 (3) Edil and Bosscher (1992, 1994) 
(4)  Drescher and Newcomb (1994) 
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Scrap tire products (including TDA) are a discrete material and can support compression but not 
tension stresses and typically fails in shear along a plane of weakness.  There are four factors that 
affect the shear strength of crumb rubber and TDA: 

1.  Size and shape of the rubber pieces 

2.  The density (packing) of the sample at the beginning of the test 

3.  Magnitude of the compressive normal loading 

4.  The orientation of the particles in the sample  

2.5 Shear Strength 

The shear strength of TDA is an important parameter in retaining wall design. This topic is 
covered in detail in the Shear Strength Module (CIVL 312 Structure Testing Lab). A direct shear 
apparatus (ASTM D 3080) or a triaxial shear apparatus (ASTM D4767) can be used to measure 
the shear strength of tire shreds.  When testing tire shreds, larger sample sizes have to be used 
than are necessary for other soils.  This is due to the larger particle size of tire shreds.  Large 
triaxial shear apparatuses only have limited availability, so tests are generally completed on 1-in 
or smaller tire shreds. The triaxial shear apparatus also shouldn't be used for tire shreds with 
protruding steel belts as the steel may puncture the membrane that contains the TDA sample. 

Estimating the shear strength of 3 inches or larger sized TDA from smaller size tire shred shear 
test data may not be suitable because large tire shreds have different size, shape, and tire particle 
contact patterns than small tire shreds. Figure 3 compares the shear stress versus horizontal 
deformation for a 2 inch minus TDA with three different normal stresses (250, 500 and 1000 psf).  
These curves indicate a loose initial state behavior for the TDA sample with no dilation as the 
rate of shear stress increase decreases with an increase in shear displacement.   

Figure 3 Shear stress vs. horizontal deformation for Pine State Recycling tire shreds tested 
in direct shear box (Humphrey, 2003) . 
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Figure 4 compares the failure envelopes for tests conducted at low stress levels, less than 2000 
psf. In all cases, the failure envelopes were non-linear and concave down.  Therefore, tests 
should be conducted at normal stresses close to what would be encountered in the field if a linear 
failure envelope is to be fit to the data. 

Figure 4 Comparison of failure envelopes of TDA at low normal stress levels (less than 
about 2000 psf)  (Humphrey 2003) 

Tests on 0.5-in and 1-in tire shreds at higher stress levels produce failure envelopes that were 
approximately linear.  For high stress tests, using failure criteria of 15% axial strain, Ahmed 
(1993) obtained cohesion intercepts from 572 to 689 psf and friction angles from 15.9 to 20.3 
degrees. 

In many engineering problems such as design of foundations, retaining walls, buried pipes, and 
sheet piling, the value of the angle of internal friction and cohesion of the soil involved are 
required for the design. The direct shear test is used to predict these parameters quickly. This 
laboratory activity covers the laboratory procedures for determining these values for cohesionless 
materials. The Mohr-Coulomb Failure criterion is given as: 

τ = c + σtanφ 

Where 

τ = shear stress on the failure plane 

σ = normal stress on the failure plane 
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C = the cohesion intercept (= 0 for granular materials) 

φ = angle of internal friction (slope of the line relating shear strees to normal stress.   

The internal angle of friction, φ is a function of the grain size distribution (gradation), particle 

size and shape, and the method of compaction of the sample.  A densely packed sample will 
dilate when loaded at a higher shear stress than a loosely packed sample, thus increasing the 
internal friction angle. 

 

 

 

    

      

      

      

 

   

   

   

   

   

    

 

 

   

   

Particle size 
(in.) 

2.5 

2.5 

2 

2 

1.5 

0.75 

2 

2 

3 

3 

1.5 

1.5 

1.5 

1.5 

1.5 

3 

3 

Void ratio
Dry density 
(pcf) 

Hydraulic conductivity 
(cm/sec) 

Reference 

29.0 5.3 to 23.5 Bressette (1984) 

37.9 2.9 to 10.9 

29.3 4.9 to 59.3 

38.1 3.8 to 22.0 

---- ---- 1.4 to 2.6 Hall (1990) 

---- ---- 0.8 to 2.6 

0.925 40.2 7.7 Humphrey, et al. 

0.488 52.0 2.1 (1992, 1993) 

1.114 37.5 15.4 

0.583 50.1 4.8 

0.833 38.8 6.9 

0.414 50.4 1.5 

0.653 0.58 Ahmed (1993) 

0.693 42.0 7.6 Lawrence, et al. 

0.328 53.6 1.5 (1998) 

0.857 41.7 16.3 

0.546 50.1 5.6 

 

 

2.6 Permeability 

The permeability of tire shreds is much greater than most granular soils, with experimental values 
ranging from 0.58 cm/s to 23.5 cm/s.  Often times the permeability of TDA exceeds the flow 
capacity of the test equipment!  Table z lists hydraulic conductivity (permeability) values for tire 
shreds. 

Table 3 The Void Ratio, Dry Density, Hydraulic conductivity of TDAs 

285
 

http://useit.umeciv.maine.edu/database/cite1.asp?linkID=464
http://useit.umeciv.maine.edu/database/cite1.asp?linkID=469
http://useit.umeciv.maine.edu/database/cite1.asp?linkID=470
http://useit.umeciv.maine.edu/database/cite1.asp?linkID=471
http://useit.umeciv.maine.edu/database/cite1.asp?linkID=462
http://useit.umeciv.maine.edu/database/cite1.asp?linkID=473
http://useit.umeciv.maine.edu/database/cite1.asp?linkID=473


 

 

 

   

   

   

   

   

   

   

   

   

   

   

   

 

 

2.7 Thermal Conductivity 

The thermal conductivity of tire shreds is lower than typical soils and varies depending on the 
sizes of the tire shreds. As particle size increases, and more air can circulate in the voids, thermal 
conductivity increases, and the tire shreds become less effective as insulators.  Thus, for 
insulation projects, tire shreds with a maximum size of 3 inches should be used.  Table 3 gives 
thermal conductivity as a function of density and void ratio. 

Table 3 Void Ratio and Thermal Conductivity of Different Materials including TDA 

Sample 
Density 

Void Ratio 

Apparent thermal 

Surcharge 

none 

conductivity 

(pcf) (Mg/m3) (Btu/hr-ft-°F) (W/m-°C) 

117.6  1.88 0.41 0.295  0.510  

gravel 121.6  1.95 0.36 0.326  0.563  half 

123.0  1.97 0.34 0.345  0.596  full 

38.5 0.62 0.85 0.120 0.207 none 

F&B-g 43.3 0.69 0.64 0.113 0.195 half 

45.4 0.73 0.56 0.114 0.197 full 

39.1 0.63 0.85 0.145  0.251  none 

F&B-s 42.8 0.69 0.69 0.130  0.225  half 

45.3 0.73 0.60 0.134  0.232  full 

39.7 0.64 0.998  0.159  0.275  none 

Palmer  45.1 0.72 0.76 0.119  0.206  half 

48.5 0.78 0.63 0.125  0.216  full 

39.2 0.63 0.97 0.158  0.273  none 

Pine 
State 

45.4 0.73 0.7 0.139  0.240  half 

49.6 0.79 0.56 0.114  0.197  full 

36.0 0.58 1.13 0.184  0.318  none 

Sawyer  41.0 0.66 0.87 0.148  0.256  half 

43.7 0.70 0.76 0.156  0.270  full 

Thermal conductivities of various materials After Humphrey, 2003 
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3.0 Benefits of TDA 
Tire Derived Aggregate (TDA) has properties that civil engineers, public works directors and 
contractors need. It is a material that possesses the following desirable characteristics: 

•  Light weight  

•  High permeability  

•  Low earth pressure 

•  Good thermal insulation 

•  Durable 

•  Compressible  

•  May be cost effective 

The use of TDA can help solve a significant environmental problem associated with removing 
scrap tires from  either the waste stream  or being stockpiled.  It also can help conserve natural 
aggregate resources by replacing mined aggregates.  There are two types of TDA commonly  used 
in civil engineering applications, Type A and Type B (see pictures above ).  Type A TDA – 
which typically has a three inch minus particle size, weighs about 1  Ton for 1.4 cubic yards, with  
1 Ton using about 100 tires (Passenger Tire Equivalents, PTE).  The in-place density of Type A 
TDA is between 45-58 lb/ft³ and it has  a permeability greater than 1 cm/sec.  Common uses of 
Type A TDA include use as; a drainage material, in septic leach fields, vibrations dampening 
layers under light rail tracks, gas collection media, leachate collection material. Type B TDA – 
which typically has a twelve inch minus particle size, weighs about 1 Ton for 1.5 cubic yards, 
with  1 Ton using about 100 tires (Passenger Tire Equivalents, PTE).  The in place density  of 
Type B TDA is between 45-50 lb/ft³ and it has a permeability greater than 1 cm/sec.  Common 
uses of Type B TDA include use as lightweight fill for embankments, lightweight fill behind 
retaining walls. 

The module on ASTM Standards discusses in detail ASTM D 6270  -98 “Standard Practice for 
Use of Scrap Tires in Civil Engineering Applications”.  This Standard covers the use of TDA as a 
fill material. It breaks the use of TDA as a fill into two classes.  Class I fills have TDA placed in 
layers less than 1m (~3’) thick. The TDA must have a maximum of 50% (by weight) passing the 
38 mm (~1.5”) sieve, and a maximum of 5% (by weight) passing the 4.75 mm (~.19”) sieve.  
Class I Fills are typically  utilized in landfill leachate and gas control applications, and as subbase 
material beneath roadways  and rail lines (ASTM D6270).  Class II fills on the other hand have 
TDA placed in layers ranging from 1 to 3 meters (3 to 10 feet) thick.  The TDA must have a 
maximum of 25% (by weight) passing the 38 mm (1.5”) sieve, and a maximum  of 1% (by  
weight) passing the 4.75 mm (~.19”) sieve. Sample applications of Class II Fills are retaining 
wall back fill, embankment fills, and slope repairs. 
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4.0 Case Histories 

4.1 University of Maine 

The University of Maine constructed world’s 2nd largest retaining wall test facility for 
determining the lateral pressure on the wall with TDA as a fill material.   The structure was 16 ft 
high, and was 15 by 15 ft square in plan area.  It could be loaded to a surcharge of up to 750 psf 
with cast concrete blocks. Tire shreds from three different producers were tested.  Two of the 
shred types were 3-in. max in size and no attempt was made to remove the steel belts, the other 
type had a 1.5-in. max size and had most of the steel belts had been removed.  The tire shreds 
were placed in 8-in. lifts and compacted with 2300-lb walk behind roller.  All tests were 
conducted with a 750 psf surcharge load applied. 

Lateral earth pressures were  measured with pressure cells at three locations along the height of 
the wall. Load cells were used to measure horizontal wall reactions at the top and bottom of the 
wall, and the vertical reaction was measured at the bottom of the as shown below: 

Figure 5. Measurement setup for wall reactions and pressures for UMaine test wall 

Figures 6 through 11 document construction of the wall and the testing of TDA as a fill material. 
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Figure 6. Construction of the University of Maine test wall 

Figure 7. The Interior of the Completed Test Wall 

289
 



 

 

 

Figure 8. Loading the Structure with TDA Fill 
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Figure 9. Compacting the Fill with the 2300 lb Walk behind 

Compactor
 

Figure 10. Precast Concrete Surcharge Blocks 
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Figure 11. Structure Fully Filled with Compacted TDA and Loaded with 750 psf Surcharge 
Loading 

Measurements were taken for both the at rest condition and for the active case (i.e. the wall 
rotating away from the fill).  The at rest pressure distribution on the wall is shown in Figure 12 
for the three TDA tests and for gravel as a fill material. 

292
 



 

 

 

 

 

 

 

 

 

 

Figure 12 At-rest Stress Distribution at 35.9 KPa (750 psf) Surcharge 

It is interesting to note that lateral pressure was nearly constant along the height for the TDA fill, 
whereas for the gravel fill, the pressure increased with depth as expected.  

For the active condition, the wall was rotated outward an amount up to 0.04 times the height of 
the wall. Pressures near the top of the wall decreased as expected from the at rest case as 
indicated in Figure 13. 

293
 



 

 

 

 

 

 

Figure 13. Pressure Distribution on the Wall at a 35.9 KPa (750 psf) Surcharge and 0.01H 
Wall Rotation 

Figure 14 shows that the TDA retained a vertical face with the wall (and surcharge) removed and 
a tractor mounted back hoe was required to remove the TDA fill. 
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Figure 14 Surcharge and Wall removed.  A Close Up of the TDA and Use of a Tractor 


Mounted Back Hoe to Remove the TDA from the Test Structure
 

Some of the benefits of using TDA as a backfill material can be summarized as follows: 

•  Lower pressure on wall 

•  Lateral earth pressure coefficient is not constant, but varies with depth   

•  Results in nearly constant at rest lateral earth pressure as seen in previous graph 

•  Less rebar and/or thinner retaining wall because of lower pressures  

•  Gets rid of waste tires 

4.2 Wall 119 Riverside CA 

TDA was used as a back fill material for a retaining wall constructed along Route 91 in Riverside, 
California. 9.8’ of TDA was placed behind the 12’ tall retaining wall, and was enclosed in a 
geotextile membrane to prevent soil intrusion (Kennec, Inc 2008).  Performance of the wall was 
measured by installing four types of gauges, strain gauges, pressure cells, temperature sensors, 
and a tilt meter.  The following pictures document the wall construction, gauge installation, and 
placement of the TDA backfill. 
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Figure 15. Wall 119, Retaining Wall Construction 

Figure 16. Wall 119, Strain Gauge Installation 
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Figure 17. Wall 119, Pressure Cell Installation 

Figure 18. Wall 119, Temperature Sensor Installation 
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Figure 19. Wall 119, Tilt Meter Installation 

Figure 20. Wall 119, TDA Placement from Truck 

298
 



 

 

 

 

 

 

 

 

Figure 21. Wall 119, TDA Compaction 

Figure 22. Wall 119, Completed 
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This project successfully used 1130 cubic yards of type B tire shreds for 262 foot long fill.  This 
equates to 76,500 PTE (passenger tire equivalents).  More data can be found at www.usetda.com. 

5.0 Summary and Recommendations 
Background material for utilizing TDA as retaining wall backfill material was presented.  It was 
demonstrated that TDA has properties that engineers need in this application.  The results of full 
scale testing on a retaining wall with TDA as backfill material were discussed.  Finally, Wall 119 
constructed by CalTrans in Riverside California utilizing TDA backfill was presented as a case 
study.  A large number of waste tires can be used in this type of application. 

This chapter should be expanded to cover in more detail the results of the UMaine test wall 
program with TDA, as well as the results of the Wall 119 project in Riverside, CA.  
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CIVL 575 Solid Waste Management 
Applications of Tire Derived Aggregates in Landfills 

1.0 Introduction 

1.1 Background 

In California alone, nearly  40 million waste tires are generated each year. The CAL EPA 
estimates that 1.5 million of these tires are illegally stockpiled or disposed of. These tires can 
pose severe problems to public health and the environment. Figure 1 shows a tire fire which is  
very difficult to distinguish. 

Figure 1. Tire Fire Are Difficult to Put Out (CIWMB 2008) 

1.2 Objectives 

It is necessary to properly dispose of waste tires in a manner which eliminates the possible threats 
to human health and the environment. Utilizing waste tires in civil engineering applications will 
eliminate the potential threats of stockpiling waste tires while conserving natural resources. This 
chapter will introduce the Tire Derived Aggregate (TDA) applications in Landfill including 
leachate collection, gas collection, operational layer, pipe protection, and daily cover. 

301
 



 

 

 

 

  

 

1.3 Tire Derived Aggregates 

Waste tires are processed into shreds 2 to 12 inches long as TDA shown in Figure 2. These shreds 
are known as tire derived aggregates, or TDA. TDA has been used in: lightweight fill for 
highway embankments, retaining wall backfill, vibration damping layers for rail way systems, 
insulation layers to limit frost penetration, drainage layers for landfills. 

Figure 2. A Photo of Tire Derived Aggregates 

2.0 Material Properties of TDA 
Tire derived aggregates posses properties which make them ideal candidates for the use in civil 
engineering applications. TDA is a lightweight material; its specific weight is 40 to 60 pounds per 
cubic foot. TDA is a free draining material; its permeability is greater than 10 centimeters per 
second. Because of its low weight TDA has a low earth pressure, nearly half that of soil. TDA is 
an excellent thermal insulator, providing eight times better insulation than gravel. TDA is also a 
very durable and compressible material. 

3.0 TDA Applications in Landfill 
The construction of modern mechanized landfills requires large quantities of material which 
possess the same material properties as TDA. TDA can be used in many landfill applications. 
Federal guidelines require landfills to employ a layer of material with a high void content to sit in 
between the waste and the impermeable layer of a landfill in order to contain leachate until 
removal. This layer is known as the operations or drainage layer. Figure 3 shows TDA as an 
operation layer. TDA is a good material for this application due to its high permeability. It is 
necessary that leachate produced in a landfill is collected due to its toxic nature. Landfills have 
leachate collection systems which require a highly permeable material such as TDA.  Many 
landfills have low points or sumps where leachate is allowed to drain and collect for removal. 
TDA has been used for a collection media for the leachate.  
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Figure 3. TDA as Operational Layer Material 

TDA has also been utilized in leachate recirculation systems. In these applications, TDA is used 
to insulate perforated pipes which deliver the leachate back into the fill area of a landfill. 
Landfills use toe drains to collect leachate from the base of landfills. In this application TDA is 
used as a collection media, where leachate is allowed to drain into a trench with a perforated pipe 
on the bottom and filled with TDA. The TDA allows the leachate to freely drain into the trench 
and insulates the perforated pipe to prevent blockage and damage while the leachate flows into 
the pipe. 

Federal and state guidelines require landfills to control and collect methane gas produced during 
the anaerobic digestion of organic wastes. The methane generated within the landfill tends to 
follow the path of least resistance. TDA is an excellent material for gas control systems due to its 
high permeability. Landfills use gas collection trenches to extract and capture the methane gas. 
Vertical trenches passing through the impermeable landfill cap allows methane gas to vent out of 
the landfill into a collection system. The vertical trench is composed of perforated pipe 
surrounded by TDA. This system allows the methane to vent out of the landfill into a collection 
system. Landfills also use trenchless gas collection systems. In these systems, methane is allowed 
to vent through the non permeable cap at the toe, located at the bottom of the lift. TDA is placed 
atop the toe to allow the methane to enter a perforated collection pipe. Due to TDA’s high 
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permeability and durability it is routinely used to protect and insulate parts of the collection 
systems. TDA is used to insulate horizontal collection pipes as well as protect gas well heads 
shown in Figure 5. 

Figure 5. Using TDA as Gas Pipe Protection 

Advantages of using the material  

In comparison to natural aggregates TDA, in most cases, is a cheaper alternative. The use 
of TDA utilizes a waste product while conserving natural resources. 

Disadvantages of using the material 

TDA should not be used bellow the water table. Also TDA should not be used in layers 
greater than 10 feet in depth. 

4.0 Case Studies 

4.1 Yolo County Landfill 

In Yolo County California, a full scale bio reactor landfill was built. This landfill uses TDA in an 
operations/drainage layer. The TDA is placed in a two foot layer above six inches of a pea gravel 
cushion layer atop the geomembrane. TDA should not be placed directly above the geomembrane 
because steel wires in the TDA can damage the geomembrane. The waste was placed above the 
TDA. The TDA allows leachate to drain through it into a collection system. Nearly 1.5 million 
waste tires were used in this project. Figure 6 shows the finished product in Yolo County. 
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Figure 6. A Full Scale Bioreactor Landfill Was Constructed in Yolo County 

4.2 Iowa Landfills 

In 2002, the Audubon County Sanitary Landfill, in Audubon, IA, constructed a leachate 
recirculation trench. The system is used as an as-needed recirculation of leachate back into the 
landfill’s fill  area through the recirculation trench, when the head levels of the leachate storage 
lagoon are elevated to critical levels during the wet months. TDA was utilized to backfill and 
insulate a perforated pipe located inside an excavated trench. The trench was excavated in the 
existing waste to allow the overflow leachate to drain back into the landfill. TDA with a nominal 
size of 3 to 4 inches was backfilled in 3 to 5 foot layers. The TDA insulated the pipe from  
damage as well as insuring the leachate drained freely through the pipe back into the landfill. 

In 2002, the Des Moines County Regional Sanitary  Landfill, in Burlington IA, constructed a 
leachate toe drain. This structure utilized TDA as drainage media to collect leachate from the toe 
of the landfill. A collection trench was excavated at the bottom of the landfill lift and a four inch 
HDPE perforated pipe was placed in the base of the trench. The trench was backfilled with 1,004 
tons of four to six inch nominal sized TDA. 24 inches of uncompacted soil was placed above the 
TDA for vegetative growth to control erosion. A geotextile was placed on top of the TDA to 
serve as a filter. Two feet of uncompacted soil will be placed on top of the liner to allow 
vegetative growth. 

The Metro Park East Landfill in Mitchellville, IA constructed a leachate recirculation trench 
system in 2003 similar to the Audubon County Sanitary Landfill. The system is an as-needed  
recirculation of leachate back into the landfill’s waste fill area when the head levels of the 
leachate storage lagoon are elevated to peak levels during the wet months. A 4 inch diameter 
perforated pipe was insulated with 2 feet of 3 to 4 inch nominal size TDA and backfilled with 
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uncompacted clay. The pipe extended through the landfill fill area allowing the leachate to drain 
back into the landfill.  

5.0 Summary 
When using TDA as a construction material certain precautions and recommendations are 
advised. ASTM Standard D 6270 states: “It is the responsibility of the design engineer to 
determine the appropriateness of using scrap tires in any particular application and to select 
applicable tests and specifications to facilitate construction and environmental protection.” 
ASTM does not recommend using TDA below the water table. Also, due to internal heating, 
TDA should not be placed in layers greater than 10 feet. TDA should not be placed directly on 
top of a geosynthetic layer due to the possibility of wires in the TDA damaging the layer. TDA 
should be free of dirt, loose wires, oils, and kept as clean a possible. TDA subjected to fires 
should not be used because the heat may have liberated petroleum from the tire. 

TDA is an excellent material for the use in landfill applications. In some cases it is cheaper than 
using natural aggregates. Using TDA utilizes a waste product while conserving natural resources.  

6.0 References 
1.	 Humphrey, D.N., Civil Engineering Applications of Tire Derived Aggregates, 2003. 

2.	 Barker Lemar. Scrap Tire Workshop – Construction Applications for Landfills. 2005. 

3.	 Yazdani, R., Jeff Kieffer, Heather Akau, Full Scale Landfill Bioreactor Project at the 
Yolo County Central Landfill. Final Report, April 2002. 
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CIVL 598 Asphalt Paving Materials 
Asphalt Rubber 

1.0 Introduction 

1.1 Objectives 

The purposes of this lecture are to introduce students to the technical definitions of asphalt rubber 
and rubberized hot mix asphalt concrete, as well as discuss the design process and present the 
different mixes available for rubberized hot mix asphalt (RHMA). 

1.2 Definitions 

Asphalt rubber, as defined in ASTM D8, is a blend of asphalt cement, reclaimed tire rubber and 
certain additives in which the rubber component is at least 15% by weight of the total blend and 
has reacted in the hot asphalt cement sufficiently  to cause swelling of the rubber particles.  ASTM 
D 6114 is the standard specification for an asphalt rubber binder.  

The Wet and Dry processes are methods in which the asphalt binders are modified, in this case 
with a crumb rubber modifier (CRM).  

2.0 Types of Asphalt Rubber 

2.1 The Wet Process 

The Wet Process can produce a wide variety  of CRM modified binders from high viscosity (field 
blend) to no agitation (terminal blend) types shown in Figure 1. The Wet Process is the most 
widely  used approach in Arizona, California, Florida, and Texas.  CRM and other components are 
thoroughly mixed with hot asphalt cement at 400 to 425 ºF. The mixture is allowed to interact at 
350 to 375ºF for 45 to 60  minutes where the CRM particles swell and exchange oils with the 
asphalt binder.  

Figure 1. High Viscosity (Field Blend) vs. No Agitation (Terminal Blend) 
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2.2 Dry Process 

The Dry Process substitutes CRM for 1 to 3% of aggregate in hot mix. This process is not 
considered to modify the binder, although some  asphalt- CRM interaction may occur in place 
over time. The CRM which replaces the aggregate have gradations ranged from  coarse (1/4”) to 
fine (#80). The performance history of the Dry Process asphalt rubber has been mixed, and there 
is limited current use of this  modification method. The Dry process is not widely used in 
California. 

3.0 Asphalt Rubber Binder 
Asphalt rubber binders consist of crumb rubber modifiers, which include scrap tire rubber and 
high natural rubber content scrap rubber, asphalt cement and extender oil based on California 
standards. 

3.1 Crumb Rubber Modifier 

CRM is produced from grinding whole scrap tires, tread buffing, and other waste rubber products. 
CRM is available in a variety  of grades and size designations from various suppliers or sources. 
CRM gradation and content affects not only AR binder properties, but also influences the voids 
structure of various mixes. Gradation limits used by Caltrans and ADOT are broad and allow 
considerable variation; changes are being considered. 

High natural rubber CRM is used to improve adhesion and flexibility, chip seal aggregate 
retention, and to compatibilize asphalt and CRM interactions. It has high natural rubber content  
(40-48% by mass) and may be made from  scrap tires or other non-tire sources. Figure 2 shows a 
picture of high natural rubber and synthetic scrap tire rubber. Caltrans also requires that “high 
natural” be used in binders for RHMA mixes. 

Figure 2. Crumb Rubber Modifier (CRM) 
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3.2 Asphalt Cements 

Asphalt cements come in a variety  of grades and designations. AR-4000 was used to make 
asphalt rubber in the past. Caltrans adopted the Performance Graded (PG) system in 2006. Do not 
use modified asphalts as the base asphalt cement for CRM modification. For high mountain and 
high desert areas, use PG 58-22 as the base asphalt. For other areas (coastal, inland valleys, low  
and south mountain, and desert) use PG 64-16 as base asphalt.  

3.3 Additives 

The addition of extender oils aid in the interaction of the crumb rubber and asphalt by providing 
aromatics which are absorbed by the rubber. They also help with dispersion by chemically  
suspending the rubber in the asphalt, which is required by Caltrans.  

4.0 Asphalt Rubber Binder Design 
The interaction of asphalt and rubber is dependent upon many factors such as: the source and 
grade of the asphalt cement, the amount, gradation source and type of rubber, and the interaction 
temperature and time. A design profile is developed to: evaluate the compatibility between 
materials, check compliance of component interaction properties and check for stability of the AR 
blend over time. For hot mix and spray applications, a 24-hour design profile will be required.  

5.0 Types of RHMA 
There are various types of rubberized hot mix asphalts utilized. Dense-graded (limited usage by 
Caltrans), Gap-graded, Open-graded and Open-graded (High Binder, HB) are the most common 
types of mixes used. Figure 3 shows the different gradations of aggregates. 

Figure 3. Aggregate Gradation comparison for Open-graded, Gap-graded, and Dense-
graded aggregates. 
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5.1 Dense-Graded Mixes (RHMA-D) 

The early use of Dense-graded RHMA showed limited performance improvements for the 
increased costs. The reason for this was inadequate void space to accommodate sufficient AR 
binder to modify mix behavior. The use of high viscosity  binders has been discontinued.  

5.2 Gap-Graded Mixes (RHMA-G) 

RHMA-G is the most commonly used RHMA mix type. It is a structural mix that provided 
increased resistance to: rutting, fatigue, reflective cracking and oxidative aging.  The use of 
RHMA-G  is most effective in relatively thin surface lifts (max 60 mm) as overlay of aged or 
distressed flexible or rigid pavements that are structurally sound. It may be used as surface course 
for new construction. RHMA-G is also suitable for wide range of traffic volumes and loadings. 
Based on Caltrans experience, RAC-G can reduce the thickness of overlay as much as half of that 
of conventional overlay. Figure 4 shows a picture of it. 

Figure 4. RHMA-G used as an overlay atop distressed conventional dense grade asphalt 
concrete 

5.3 Open-Graded Mixes (RHMA-O) 

RHMA-O is designed to provide a free-draining surface (reduced splash, spray,  and 
hydroplaning) that maintains good frictional characteristics in wet or dry conditions. Such mixes 
are not considered to be structural elements and no thickness reduction applies. RHMA-O is 
typically placed in thin lifts, nominally  24 to 30 mm  thick. RHMA-O may be used as an overlay  
or as a surface for new construction where traffic flow is essentially uninterrupted by  
signalization, such as freeways, and some rural and secondary highways.    

Do not use open-graded mixes where there is a significant amount of stop and go traffic or 
turning vehicles, such as city streets or in parking lots. These porous low modulus pavements are 
susceptible to tire scuffs from simultaneous braking and turning motions, and to damage from 
leaking vehicle fluids. Caltrans does not use RHMA-O in snow country. 

5.4 Open-Graded Mixes (RHMA-O-HB) 

RHMA-O-HB mixes have higher binder contents (1.6 times demand for PG asphalt instead of 
1.2). HB provides improved friction course durability  and performance due to thicker AR binder 
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films. RHMA-O-HB does not drain as freely as RHMA-O due to higher binder content, but still 
drains more freely than DGAC.  

6.0 Cautions 
The specifications and mix design methods discussed in this presentation apply to use of high 
viscosity asphalt rubber binders (field blend) in gap- and open-graded RHMA mixes. No agitation 
binders (low viscosity, terminal blend) should never be directly substituted for high viscosity 
binders in any RHMA mix. The two different types of CRM-modified binders have very different 
viscosity ranges and behave very differently from each other in asphalt concrete hot mixes. 

7.0 Summary 
In this Chapter, we introduced the material definitions related to asphalt rubber including wet 
process, dry  process, field blend, terminal blend, base asphalt. We emphasize the important to 
temperature requirements, viscosity, and mix design profile of asphalt rubber. Finally, the chapter 
covered the different types of rubberized hot mix asphalt concretes: 

• 	 RHMA-D. It is not used very  often because it doesn’t  have enough voids to 

accommodate high viscosity asphalt rubber. 


• 	 RHMA-G. The mix can be used as a structural layer. It can be used reduced thickness 
because it has high crack resistance capability comparing with conventional asphalt 
binder. 

• 	 RHMA-O. The mix can be used as reduce splashing and improve safety during rainy  
days. It can be used reduce the highway  noise, and  

• 	 RHMA-O-HB. The high binder content makes this mix very durable. It can reduce 
fatigue cracking. It can also reduce aging and oxidization of binder. 
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2002. 
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Appendix D 


Presentation at the 4th Rubber Modified Asphalt 

Conference 
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Life Cycle Costs for
 
Asphalt Rubber Paving Materials
 

Presentation Outline 

by 
R. Gary Hicks and Ding Cheng
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4th Rubberized Modified Asphalt 
Conference, Akron OH 

May 7-8, 2009 

	 Work done for RPA 
on LCCA 

	 Preliminary work 
done for the Center 
by Sousa and Way, 
2009 

 Conclusions 
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Background Chip Seals 

 Asphalt rubber used since 1960s 
 Primary uses include: 

Chip seals  Chip seals
 
 Interlayers
 
 Hot mix applications
 

 Other uses 
 Crack sealants 
 Membranes 

 Use began in 1960s 

 UsUsed ed fofor r ppreventive reventive 
maintenance 

	 Now used by many 
agencies 

3	 4 

Chip Seals 

5 

Interlayers 

 Used to prevent 
reflection cracking 

6 

 Used in two or three 
layer systems 

 Used by several 
agencies 
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Hot Mix Asphalt 

 Used in gap-, open-, 
and dense-graded 
mixes 

 Used primarily in 
Arizona, California, 
Florida, and Texas 

 Reduced thickness is 
allowed by some 
agencies (Caltrans) 

7 

LCCA Process 

 Establish strategies for analysis period 
 Establish M&R activity timing 

Estimate agency costs  Estimate agency costs 
 Estimate user and non-user costs 
 Develop expenditure streams 
 Compute net-present value 
 Analyze results 
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Include at least one Rehab.

Establish Strategies & Timing 
Analysis Period 

 What? 

 When? en
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 How long? P
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Analysis Period 
Life 
Pavement 

30-40 yrs 
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Agency Costs User and Non-User Costs 

 Design & engineering 

Initial construction  Initial construction 

 Rehabilitation and maintenance 

 Vehicle operating 
 User delay 

Accident Accident 
 Impacts to adjacent businesses 
 Disruptions to local residents 
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Develop Expenditure Streams Calculate Net Present Value (NPV) 

N 
 Agency costs	 NPV = Initial Cost +  Future Cost [ 1

(1 + i)n ]
K=1 

 User and non-user costs  User and non user costs 
where 

i = discount rate 
 Salvage value 

n = year of expenditure 

13	 14 

             

      

Typical Expenditure Stream Net Present Value 

Initial Rehabilitations $300
Construction User Costs 

) $361 User Cost 

00
0 $269 User Cost 

s 
($

1, $1,100 

C
os

t Initial Cost $325 $325 
Rehab #1 Rehab #2 

Analysis Period 

0	 15 30
Time (years) Salvage Value $217 

16 

Salvage Value 
TIME 

15 

 

 

   

Analyze Results LCCA Example Calculations 

	 Deterministic  System preservation - chip seal 
approach (w/o 
variability) 

System preservation thin hot overlay  System preservation - thin hot overlay 
	 Probabilistic 

approach (w/ 
 Structural overlay - reduced thickness 

variability) 

17	 18 
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Inputs Agency Costs - Average 

 Discount rate, % 2.5, 4.0, 5.5 

 Analysis period, yrs 40 

 Average expected life Conv. AR 

 Chip seals 5 10 
 Thin HMA overlay 3 7 
 Thick HMA overlay 10 15 

19 

Treatment Conv. AR 

Chip Seals ($/yd2) 1.00 2.00 

HMA overllays ($/($/  ton)) 35 50 

Routine maintenance 0.15 0.15 
($/yd2 per year ) 

20 

       

 

    

    
 

Ranges in Costs and Lives Scenarios Investigated 

	 High- is exceeded 10 % of the time 

Low is exceeded 90 % of the time  Low- is exceeded 90 % of the time 

 Average- is exceeded 50 % of the time 

21 

System Preservation Alternates 

- Chip Seals Conventional chip seal followed by 100mm 
HMA-DG. 

AR chip seal followed by 50mm RHMA-GG over 
50mm HMA-DG. 

- Thin Hot Overlays 25mm HMA-DG followed by 100mm 
HMA-DG. 

25mm RHMA-GG followed by 50 mm RHMA-GG 
over 50mm HMA-DG. 

22 

    

   

 

Scenarios Investigated (cont.) 

System Preservation Alternates 

Structural Overlays	 100mm HMA-DG followed by 100mm 
RHMA-DG. 

100mm HMA-GG followed by 50mm 
RHMA-GG. 

23 

Results - Deterministic Approach 

Scenario Present Worth 
($/yd) 

Preservation – Chipp  Seal 

 Conventional 18.39 

 AR 15.87 2.25 

Preservation – Thin HMA 

 Conventional 20.69 

 AR 17.33 3.36 

Structural Overlay 

 Conventional 21.97 

 AR 14.63 7.34 24 
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Results - Probabilistic Model 

Percentage of times 
Scenario savings result using AR 

Conclusions-LCCA 

Preservation - chip seal 86 

Preservation - thin HMA 82 

Structural Overlay 86 

25 

	 Asphalt rubber is cost effective for the 
scenarios evaluated. 

 When variability in the inputs is  When variability in the inputs is 
considered, the AR alternate would be 
the best choice over 80% of the time 

	 Study results need to be updated to 
include both asphalt rubber and 
terminal blends. 

26 

      

 

Part 2- Study for the Center & Caltrans Study Purpose 

 Work done by Sousa and Way 
 Draft completed in early 2009 

Analytical approach to estimate the life  Analytical approach to estimate the life 
extension benefits of asphalt rubber 

 Results are preliminary 

27 

 Estimate in a rational 
(( j  objective))  manner the 
treatment life and pavement life 
extension. 

Subjective ≈ Objective 
28 

     

29

Goal of the study 

	 Develop an analytical model to estimate 
treatment life and life extension 

 Complication-lack of treatment data in  Complication lack of treatment data in 
the California PMS data base 
 Cracking 
 Structural 

30 
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Treatments should perform Proposed objective measure (TPC) better if they have 

	 More binder 
(( to some limit))

 Modified 
binder 

 Thicker layers 
(more 
waterproofing) 

35 

 Treatment performance capacity (TPC) 
is a function of 
 Total binder content per area Total binder content per area
 

 Strain energy at failure
 

 Thickness of the treatment
 

	 Field measure is the “true life 
extension” 

36 

Objective model needed 

 Variables included 
 Traffic 
  Climate Climate 
 Existing pavement condition 

31 

Traffic (TI) 

 Low Traffic Index 
(TI) < 6 

	 Intermediate 6< 
TI>12 

 High TI>12 

32 

Climate Regions 

33 

Existing Pavement Conditions 

 Good- minor distress (< 5% cracking) 
	 Fair-minor to moderate distress (5-20% 

cracking)cracking) 
	 Poor- moderate to server distress 

(>20% cracking) 

34 
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40

As Binder Ages, the % Cracking Increases (AZ) 
14 

12 

10 
y = 4.1346Ln(x) - 6.0257 

R2 = 0.6456 

g n 8 

kic 
%

 C
ra

6 

4 

2 

0 
0  10  20  30  40  50  60  70  80  90  100  

Binder Viscosity (M Poise) 

HMA versus RHMA 

 

   

  
 
 

Arizona Performance Data
20

 
Other factors to consider Flush Coat** 

Seal Coat 
ACFC no rubber** 
HMA 1 Inch 
HMA 2 Inch 
HMA 5 Inch 
AR SAM 
ARFC 
ARAC 

0  2  4  6  8  10  12  14  16  

YEARS 

18 

16 

 Treatment performance data 14 

 Binder aging G
 12 

N
K

I

Treatment Treatment cost cost A
C 10 

 RR
%

 C

Life extension 
8 

 
6 

4 

2 

0 
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Maintenance Cost Comparison 

41 

Predicted Life Extension for CA Valley 

Pavement Life Extension for Coastal 
and Valley Regions 

Moderate 
Treatment Low Traffic Traffic High Traffic Treatment Low Traffic Traffic High Traffic 

Pavement Condition 

Good Fair Good Fair Good Fair 

AR Chip Seals 3.8 2.8 3.3 2.2 3.2 1.9 

RAC-G, 1 in 2.8 1.6 2.8 1.6 2.8 1.6 

RAC-O, 1in 2.8 1.8 2.8 1.8 2.8 1.8 

RAC-O-HB, 1in 3.3 2.6 3.3 2.6 3.3 2.6 
42 
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Study is Currently under Review 

44

	 By Caltrans, Division of Pavement 
Management, and the CP2 Center 

 We hope to have the draft reports  We hope to have the draft reports 
posted to the website in the near future 
at www.cp2info.org/center 

43 

Then 

NOWNOW 

The End 

Any questions? 

45 

320 



 

 

 

 
 

 

Appendix E
 

Sample Workshop Evaluation Form
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Professor Training Workshop Evaluation 

 

Teaching Waste Tire Derived Aggregate Applications 

and 


Rubberized Hot Mix Asphalt Paving in Civil 

Engineering Curricula 


 
April 17, 2009 

Please take some time to complete this evaluation form. Your feedback is 
important in helping us to increase the quality of our Workshop and to 
continual program improvements. 

Your Name (optional): ________________________________________ 

Part One. Provide your evaluation to the Workshop by checking the cell 
that matches your assessment. 

Training Quality Poor 
(1) 

Fair 
(2) 

Good 
(3) 

Very 
Good 

(4) 

Excellent 
(5) 

1. What is your overall rating 
of this Workshop? 
2. This training will be 
beneficial to you in teaching 
waste tire applications? 
3. Overall speakers’ 
knowledge of the subject 
4. Overall speakers’ 
presentation style 
5. The topics were presented 
in logical order 
6. Usefulness of the Seminar 
Material 
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___________________________________________________________ 
___________________________________________________________ 
___________________________________________________________ 
7. Do you have any other comments or suggestions? _ 
1.  The staff working for the Board should come to the workshop. Albert 

will call Professors. 
2.  Scholarship, 

materials_________________________________________________ 
3. Combine real applications with lecture. 

Part Two. Please describe your opinions about the Workshop’s strengths 
and weakness. 
 

1.  What do you think were the strengths of the Workshop? 
___________________________________________________________ 
___________________________________________________________ 
__________________________________________________________ 
2.  What do you think were the weaknesses of this Workshop? 
___________________________________________________________ 
___________________________________________________________ 
___________________________________________________________ 
 
3.  How would you suggest this Workshop be improved? Do you think an 

online course or web-based seminar helpful? 
___________________________________________________________ 
___________________________________________________________ 
___________________________________________________________ 
 
4.  I would like to have additional information on the following subjects: 
 
___________________________________________________________ 
___________________________________________________________ 
__________________________________________________________ 
 
5.  How did you hear about this seminar? 
 
___________________________________________________________ 
__________________________________________________________ 
 
6.  Will you use some of the teaching materials here into your teaching? 

If not, why not? 
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3.  Set up teaching seminars for some universities. Professors call will be 
more effective.   

4. 	 multiple lectures in multiple 
classes.__________________________________________________ 
________________________________________________ 

 
Part Three. Please describe your opinions about the presentations and 
speakers: 

Training Quality Poor 
(1) 

Fair 
(2) 

Good 
(3) 

Very 
Good 

(4) 

Excellent 
(5) 

Presentation: Introduction to Civil Engineering Design – Ding Cheng 
1. The presentation increased your 
subject knowledge 
2. The presentation was 
professional and relevant 
3. I would recommend this 
presenter for future events 
Presentation: Rubberized Hot Mix Asphalt 101 – Gary Hicks 
1. The presentation increased your 
subject knowledge 
2. The presentation was 
professional and relevant 
3. I would recommend this 
presenter for future events 
Presentation: TDA in Strength of Materials and Concrete – Joel Arthur 
1. The presentation increased your 
subject knowledge 
2. The presentation was 
professional and relevant 
3. I would recommend this 
presenter for future events 
Presentation: Engineering Case Studies of TDA Applications in CA – 
Joaquin Wright 
1. The presentation increased your 
subject knowledge 
2. The presentation was 
professional and relevant 
3. I would recommend this 
presenter for future events 

Thank you very much for participation of the Workshop. Best Wishes! 
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Applications of Waste Tire Products in 
Civil Engineering

Introduction to Civil Engineering Design
CSU, Chico



Background
Benefits of Using TDA
Civil Engineering Applications

Lightweight Fill
Retaining Wall Backfill
Drainage Filter Material
Rubberized Asphalt Paving Materials
Others

Challenges and Barriers
Other Courses Related to Waste Tire 
Applications

Introduction



Roadmap for CIVL Curricula Related to Waste 
Tire Applications

Transportation

Intro to CIVL Design

Structures Geotechnical Environment Contracts, 
Specs, and 

Transportation 
Engineering

Strength 
of 

Materials

Soil 
Mechanics

Environmental 
Engineering

Technical 
Writing

Asphalt Structural Foundation Waste 
Materials testing lab Engineering Management

Concrete 
Materials



To comply with accessibility requirements, this slide has been added to the original 
presentation to describe the graphic on the preceding slide.

The “Intro to CIVIL Design” curriculum features five 
primary categories, most with sub-categories: 
Transportation (Transportation Engineering and 
Asphalt Materials); Structures (Strength of Materials, 
Structural Testing Lab, and Concrete Materials); 
Geotechnical (Soil Mechanics and Foundation 
Engineering); Environment (Environmental 
Engineering and Waste Management); and Contracts, 
Specs, and Technical Writing.



Tire Composition



Problems
Millions of used tires are already piled up 

in huge stockpiles:
both legally …



Problems
… and illegally



Environmental Issues

Tire fires are an environmental nightmare!

Presenter
Presentation Notes
Tracy: On August 7, 1998, a grass fire ignited an estimated 7 million tires at the unlicensed S.F. Royster Tire Disposal Facility in Tracy, California. It was extinguished, after 26 months, with water and foam in December, 2000. 
Westley: On September 22, 1999, lightning ignited stockpiled tires which burned until the fire was extinguished on October 26, 1999. An estimated 7 million tires burned.



Environmental Issues
Tire fires release heavy metals and other 

hazardous compounds that run into 
streams and seep into shallow wells

Arsenic 
Chromium 
Lead
Manganese 
Nickel
Mercury
Cadmium
Oil



Environmental Issues

Toxic runoff from a tire fire can 
result in the death of all life in a 
nearby creek



Use of Waste Tires in California

40.2 million reusable and waste tires are 
generated each year and an estimated 1.5 
million waste tires have been illegally 
dumped or stockpiled 
CE applications of waste tires in California 
include:

Tire Derived Aggregate (TDA) 
Rubberized Hot Mix Asphalt (RHMA)



Tire Shredding Process

ECOTIRE scrap tire recycling 



Tire Derived Aggregate (TDA)



Benefits of TDA

TDA has properties that civil 
engineers need:

Lightweight
Low lateral earth pressure
Good thermal insulation
Good drainage/hydraulic 
conductivity
Compressible



Benefits of TDA

Can use lots of tires!!!
75 tires per C.Y. of TDA fill
100 tires per ton
2000 tires per lane mile of 
rubberized asphalt pavement
662,700 tires for Dixon Landing 
Embankment, Milpitas, CA
83,700 tires for 300 ft Retaining 
Wall 119, Route 91, CA



Range of Civil Engineering Applications

Rubberized Asphalt Paving Materials
Lightweight fill for highway 
embankments
Retaining wall backfill
Vibration damping layers beneath rail 
lines
Insulation layer to limit frost penetration 
in roadways
Landfill and environmental application



Benefits of Rubberized Asphalt Concrete

Improves traction

Improves durability

Reduces noise

Reduces vibration

Lowers maintenance needs

Reduces the spray/splash when raining

Uses waste tire chips (2000 waste tires per 
lane mile)

Presenter
Presentation Notes
Notes: the 2000 waste tires per lane mile is based on 2 inches of rubberized asphalt pavement layer.



Reduced Noise and Vibration



Reduced Splash/Spray effect



Civil engineering Applications in the 
United States

The fastest growing use for 
scrap tires
Approximately 60 million tires 
per year are used in CE 
applications



Lightweight fill for highway embankments
Tire shreds are viable in 
this application due to 
their light weight.
For most projects, using 
tire shreds as a 
lightweight fill material is 
significantly cheaper 
than other alternatives
Highway embankment in 
Virginia used 1.7 million
tires!

Presenter
Presentation Notes
PIC: Road embankment constructed with shredded tires in El Paso, Texas.



Retaining wall backfill
The weight of the tire 
shreds allows 
construction of 
thinner, less 
expensive walls
TDA can reduce 
problems with water 
and frost build up 
behind the wall, 
because TDA is free 
draining and is a 
good thermal 
insulator.



Vibration damping layers beneath rail lines

TDA is a good 
way to 
dampen the 
annoying 
vibrations 
caused by 
passing trains



Insulation layer to limit frost penetration in 
roadways

Placing a tire shred layer under the 
road can prevent the subgrade soils 
from freezing
In addition, the high permeability of tire 
shreds allows water to drain from 
beneath the roads, preventing damage 
to road surfaces.



Landfill and environmental application

Daily and Intermediate     
Alternative Cover
Landfill Gas Pipe Protection 
Drainage Layers in Landfill 
Covers
Leachate Collection and 
Removal System 
Landfill Gas Extraction 
Trenches



Barriers to Using Recycled Materials: 
Civil Engineering Aspects

Engineering properties not well 
established
Lack of long term performance 
data
Lack of design standards or 
manual
Civil engineers are risk-adverse



Barriers in Using Recycled Materials: 
Environmental  Concerns

Chemical composition is complex
Long-term environmental effects unknown
Public perception – it is a waste, so it 
must be bad!
Convoluted regulatory approval process
Environmental regulators are risk-adverse



Barriers to Using Recycled Materials:  
Construction Issues

New procedures and equipment 
may be required
Difficult to estimate “in-place” cost
Supply is uncertain – both quantity 
& quality
Sometimes more expensive than 
conventional construction
Contractors are risk-adverse



Overcoming Barriers
Lab studies to determine engineering properties
Lab studies to determine environmental impacts
Pilot construction projects (full or nearly full 
scale)
Monitor long-term engineering and 
environmental performance
Modify specifications, etc. as needed
Develop national and/or regional standards
Education – address concerns head-on and 
focus on the benefits



TDA Sizing and Applications
Type A (Less than 3 

inches) - drainage, 
insulation, vibration 
damping

Type B (Less than 12 
inches) - lightweight fill



Types of Rubberized Hot Mix Asphalt

RHMA-O – Open Graded Asphalt Concrete

RHMA-G – Gap Graded Asphalt Concrete

RHMA-D – Dense Graded Asphalt Concrete

RHMA-O RHMA-G RHMA-D

Presenter
Presentation Notes
RHMA-O and RHMA-G applications



Guidelines Available

ASTM D6270 “Civil Engineering 
Applications of Scrap Tires”

FHWA guidelines to limit heating in 
fills

EPA studies on environmental 
impacts



Successful TDA Embankment Project

Dixon Landing Interchange

PROBLEM: Embankment 
Constructed on Bay Mud

SOLUTION: Use TDA for the 
core of the embankment

CHEAPEST SOLUTION: saved 
$230,000



Typical Cross Section



Preventing Embankment Heating

No TDA contaminated with gasoline, oil, 
grease, etc.

Limit fine sized TDA

Max TDA layer thickness is 3 meters (10 ft)

Minimize access of fill to water & air



Unloading TDA



Spreading with Bulldozer



Compacting with 10-ton Roller



Unit Costs

Placement costs of TDA                 
(including geotextile)   = $3.74/yd3

Purchase & delivery costs of TDA             
= 

$23.66/yd3

In-place cost for TDA      = $27/yd3
In-place cost for lightweight aggregate     

= $50/yd3



Cost Savings

Cost savings to CALTRANS with 
TDA provided at no cost by 
CIWMB = $477,000

Cost savings to state less 
purchase price of TDA = $230,000



Sample Problems

If we need 5000 yd3 of the Compacted 
Fill, what is the TDA volume that is 
needed from the borrowing pit? The 
expansion factor is 1.5 for this 
problem.



Conclusions

Barriers to using recycled materials can be 
overcome

TDA has properties that engineers need

Civil engineering applications are the fastest 
growing use for scrap tires in U.S.

Certain specifications and guidelines are 
available

Manageable Environmental effects



THANK YOU

QUESTIONS?
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CIVL 131 Introduction to Civil Engineering Design 

1.0 Introduction 

According to the Rubber Manufacturers Association, the U.S. generated approximately 300 
million scrap tires in 2005. Historically, these scrap tires look up space in landfills or provided 
breeding grounds for mosquitoes and rodents when stockpiled or illegally dumped. Fortunately, 

markets now exisl for 87% of these scrap tires·up from about 17% in 1990. These markets-both 
recycling and beneficial use-continue 10 grow, and the California Integrated Waste Management 
Board (CI WMU) believes that the largest growing market for scrap tire products is in civil 
engineering applications. The remaining scrap tires. however, are still stockpiled or land-filled. 

Nation wide, of the 300 million \vasle lires produced, most were used as follows: 

•	 155 million (52%) were used as fuel (TDF). 

•	 49 million (16%) were recycled or used in civil engineering proj~ts. 

•	 30 million (10%) were converted into ground rubber and r~ycled into products. 

•	 7.4 million (2.5%) were converted into ground rubber and used in rubber· 
modified asphalt. 

•	 6.9 million (2.3%) were exported. 

•	 6.1 million (2.0 %) were recycled into cut/stamped/punched products. 

• 3 million (I %) were used in agricullural and miscellant..'Ous uses. 

As can be seen. the threc largest scrap tire markets. using about 78%, are: 

•	 Tire derived fuel 

•	 Civil engineering applications 

•	 Ground rUbber applications! rubberized asphalt concrete 

Both recycling and beneficial use ofscrap tires has expanded greatly in the last decade through 
increased emphasis on recycling and beneficial use by stale, local and Federal governments, 
industry, and other associations. Unfortunately, even with all of the reuse and recycling elTorts 
underway, not all scrap tires are being used beneficially 

California was the single largest contributing state, producing about 40 million of those tires. It is 
estimated on average each California resident produces about 1.1 tires each year. The California 
Integrated Waste Management Board (el WMB) is tasked with diverting these scrap waste tires 
from the waste stream to be used in other beneficial applications. Civil engineering applications 
are the largest growing potential market for scrap tires. 
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1.1 Objectives 

This chapter focuses on the materials that were developed to introduce first year engineering 
students to potential applications ofscrap tires in civil engineering proje(:ts. It was developed for 
a course that is offered al most colleges and universities with engineering programs, often the 
course is called "Introduction to Engineering". 

1.2 History 

CIWMB has spent nearly two decades dealing with scrap tire issues in the State ofCalifomia. 
They have not only been tasked with diverting scrap tires from the wasle stream, but have been 
involved with reducing the number of scrap tires that have been stockpiled both legally and 
illegally, and in remediation efforts following devastating tire fires. CIWMB's Waste Tire 
Recycling Management Program has increased the annual diversion rate of waste tires from 34 
percent in 1990 to about 75 percent in 2008 (CIWMB 2008). In addition, the program has 
cleaned up the majority of large tire piles in the state. 

Abandoned waste tires pose potential threats to public health and safety, and to the environment. 
This is particularly true with respect to fire hazards and mosquito-borne diseases such as West 
Nile Virus. CIWMB has also completed remediation efforts at California's largest tire fire sites 
and worked on expanding the markets for tire-derived products. 

1.3 Waste Tire Civil Engineering Applications 

This module provides a general introduction to the problems related to the generation of waste 
tires in California and gives an overview of their applications in civil engineering projects. 
Benefits and problems encountered in using scrap lires as lire derived aggregate (TDI\) and 
rubberized asphalt paving materials are discussed. 

Tires arc an engineered product with a complex composition. They contain steel belts and beads, 
polyester belts and both synthetic and natural rubber. They are engineered for toughness and 
durability, and are not easily recycled. Civil engineering projects can use waste tires in a variety 
of ways, from crumb rubber particles, to tire shreds, and to whole tires. 

The use of scrap tire products in civil engineering applications can be broken down into three 
broad categories; tire derived aggregate, rubberized asphalt concrete (RAC) paving materials, and 
the use of whole scrap tires. TDA has many beneficial properties for certain civil engineering 
applications: 

I. Lightweight, tire shreds weigh 1/3 to Y1 as much as compacted soil and gravel. 

2. Lower lateral earth pressure, about Y1 or less than traditional backfill material. 

3. Good thermal insulation characteristics, 8 times greater than gravel. 

4. High penneability, greater than granular soils (sands). 

5. Compressibility, useful for vibration mitigation. 

RAe also has many desirable properties including the following: 

I. Improves traction compared to traditional asphalt paving. 
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2.	 Improves durability of pavement section especially in overlays. Can typically 
use thinner overlays and get superior performance. Reduces reflection and 
surface tension cracking. 

3.	 Reduces noise caused by vehicle traffic (noise pollution). Listen to the video on 
the PowerPoint presentation. 

4.	 Reduces vibration felt in the vehicles. 

5.	 Lowers maintenance costs because of longer service life typical of RAC. 

6.	 Reduces spray/splash when raining. The video in the PowerPoint presentation 
dramatically demonstrates this effect. 

RAC paving materials can improvc the performance of the paving system while lowering 
material requirements due to thinner pavement ovcrlay thicknesses. RAC paving systems have 
been proven to have lower life-cycle costs. 

There arc several beneficial applications ofTDA in civil engineering projects. TOA can be 
utilized in several types of civil engineering applications: 

l.	 Lightweight fill for embankments 

2.	 Retaining wall backfill 

3.	 Vibration damping layers under rail lines 

4.	 Insulation layer to limit frost penetration in roadways 

5.	 Landfill applications including daily cover, gas pipe protection, drainage layers, 
and leachate and gas collC(tion and recovery systems. 

6.	 Solving slope stability problems by replacing heavier soils, reducing the driving 
force behind slope stability failures. 

Utilizing waste tire products in civil engineering applications makes use of the desirable 
characteristics of these products while helping to solve the environmental problems associmed 
with their improper disposal. These civil engineering applications have the potential to utilize 
large quantities of waste tire products. For instance, about 75 tires are recycled for each cubic 
yard ofTDA fill, and 2,000 tires are used per lane mile ofRAC pavement. CIWMB believes that 
civil engineering applications represent the largest potential growth market for utilizing waste 
tires in California. 

Several barriers cxist to the mainstream use ofscrap tires in civil engineering applications. These 
barriers have civil engineering aspects as well as environmental, regulatory, public perception, 
and construction issues. Civil engineers arc risk adverse and are used to designing with 
conventional construction materials (soil, concrete, asphalt, timber and steel) that have standards 
and applicable code acceptance. The engineering properties ofTOA are not as well established, 
and there is a lack of both long tenn performance data and design standards or manuals. In 

addition, the chemical composition of scrap tire products is complex as tires are engineered for 

158 



toughness, durability and consumer safety. The resulting long tenn environmental effects are 
unknown, and the engineer must overcome public perception - it is a waste, so it must be bad! 

During design, the engineer is faced with a convoluted regulatory approval process, with many 
competing objectives (e.g. the EPA and waler quality control regulatory groups). Environmental 
regulators are risk adverse and need reassurance about the impacts of using recycled products in 
civil engineering applications. 

There arc several construction issues to overcome as well. New procedures and equipment may 
be required as is the case for RAC paving systems, which require more controlled manufacturing, 
transporting and construction procedures. For TDA, it is often difficult to estimate "in-placc" 
cost because of the variations in in-place density achieved and compaction effort to achieve it. 
Also, supply is uncertain - both in quantity & quality as the resulting TDA varies with the 
producer. Sometimes, the use ofscrap tires may be more expensive than construction with 
conventional materials. Finally, like engineers, contractors are risk adverse. 

However, many of the barriers can be overcome using the following strategies: 

•	 Conducting lab studies to determine engineering properties, and environmental 
impacts. 

•	 Undcrtake additional pilot construction projects (full or ncarly full scale) utilizing 
waste tire products in civil engineering applications. 

•	 Monitor long term engineering and environmental performance ofthesc projects. 

•	 Modify specifications, and develop national and/or regional standards, etc. as 
nceded to mainstream the use of recycled products in civil engineering 
applications. 

•	 Education by addressing concerns head on and focus on the benefits of utilizing 
these materials. 

2.0 Case Studies 

2.1	 Stockpile fires 

Two major tire fires have occurred recently in California, one at Tracy and another in Westley: 

•	 Tracy - On August 7, 1998, a grass fire ignited an estimated 7 million tires at the 
unlicensed S.F. Royster Tire Disposal Facility in Tracy, California. It was 
extinguished, after 26 months, with water and foam in December, 2000. It was 
just recently cleaned up at a cost of40 million dolllmi over the last 10 years. 

•	 Westley - On September 22, 1999, lightning ignited stockpiled tires which 
burned until the fire was extinguishcd on October 26,1999. An estimatcd 2 to 3 
million tires burned and it cost an estimated $20 million to clean up. 

Tire fires emit clouds of noxious black smoke, carbon black, volatile organics, semi-volatile 
organics, polynuclear aromatic hydrocarbons, oil, sulfur oxides, nitrogen oxides, carbonoxides, 
and airborne particulates, such as arsenic, cadmium, chromium, lead, zinc, and iron, which pose 
serious environmental problems to air, water and soil. Spraying water on tire fires often increases 
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the production ofpyrolytic oil, provides a mode of transportation to carry oils ofT site, and 
aggravales conlaminalion of soils and water. 

The shape of a tire allows for easy entrance and containment of rainwater. This creates an ideal 

breeding habitat for mosquitoes and other pests. Tires are non-biodegradable and bulky, and not 
environmentally friendly looking when stored outside in piles. 

2.2 Dixon Landing South BBO Onramp 

CIWMB worked with Caltrans 10 utilize shredded tires (TDA) as lightweight filIon the Dixon 
Landing/I-880 interchange project in Santa Clara Counl)'. Light weight fill was idenlified as the 
cheapest option for Ihis on ramp because it was 10 be built on bay mud. which was too weak 10 

supportlhe weight of traditional fill materials. Also, slope stability and senlemenl is a major 
concern when construction embankments on weak soils. TDA was chosen because il weighs one· 
third to one·half as much as traditional fill material, and TDA had a much lower delivered cost 

Ihan competing light weight fill materials. The cross·sections of the fill, both perpendicular and 
parallel 10 the direction ofvehieular travel arc shown below: 

Figure I. Cross Section View of Dixon Landing Embankment Fill Project with Two Layers 
ofTDA 
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Figure 2. Dixon Landing TDA Embankmenl Project Profile 

Tire shreds were placed in two layers, up to 10 feet thick, and were wrapped in geotextile fabric 
and separated by a three foot layer of low permeability soil. The 10 foot maximum TDA fill 
height was used to minimize internal heating that had lead to spontaneous combustion on earlier 
projects with a greater fill depth back in 19905. 

One such fire involved a TDA tire filion Fall Springs Road in Garfield County, Washington in 
October, 1996. The engineers chose to fill a steep ravine with tire shreds instead of building a 
costly bridge. A few months after the projcct was completed, the fill began to smolder, followed 
by flames flaring up through cracks in the road surface with oil running out at the bottom of the 
ravine. I-!eavy equipment along with fire fighting crews were required to excavate the fill to full 
depth. When the ignited tire shreds were exposed to oxygen during excavation, names erupted 
engulfing the construction equipment. It cost one million dollars to construct the fill and about 
three million dollars to remove the tire shreds and clean up the site. 

According to ASTM D6270, embankment heating can be prevented by not allowing TDA 
contaminated with gasoline, oil, grease, etc., limiting fine sized TDA, limiting the max TDA layer 
thickness is 3 meters (10 ft), and minimizing access offill to water & air. 

On TDA construction projects, it is important to note that other than the haul units used to deliver 
TDA shown in Figure 3, no special construction equipment is required 10 spread and compact 
TDA fills. TDA has a much lower density than traditional fill materials. This means that haul 
trucks will be volume, not weight limited. This reduces the total number ofrrucks required to 
complete a till project, which maybe an important issue where traffic congestion or limited site 
access is a concern. 
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Figure 3 Unloading TDA from Long Haul Truck 

The material can be spread with bulldozers and compacted with standard (10 ton) rollers as 
shown in the Figures 4 and 5. ASTM D6270 specifics that TDA be placed in onc foot lifts and be 
compacted by passing over each point in the fill a minimum of six times per lift. Note that 
traditional methods ofdetermining in·place density like the sand cone and nuclear gages do no 
work with TOA. Estimates of in-place density may be obtained by surveying the volume of the 
fill and knowing the total weight ofTOA placed. 

Figure 4. Using Bulldozer 10 Spread TDA 
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figure 5. Steel Roller was used to compact the TDA 

Unit costs for the Dixon Landing project were as follows: 

Placement costs ofTDA (including geotextile) - S3.74/yd3 

Purchase & delivery costs ofTDA - S23.661yd3 

In-place cost for TDA • S27/yd3 

In-place cost for lightweight aggregate - S50/yd3 

Note that light weight aggregate was used for fill against the abutment as no data was available 
on the seismic response ofTDA in that application. Cost savings to CALTRANS with TDA 
provided at no cost by CIWMB was $477,000. The cost savings to the Slate less the purchase 
price ofTDA was $230,000. This is the amount that using TDA saved tax payers. This project 
was completed in August 2001, and has been monitored since with no performance problems to 
date. Figure 6 shows the completed embankment project using TDA. 
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Figure 6. Completed Dixon Landing TDA Light Weight Embankment Fill Project 

3.0 Civil Engineering Waste Tire Education Curricula Roadmap 

This module also covers an introduclion to using scrap tires in civil engineering applications. The 
following chart shows a roadmap of how information on utilizing scrap tires was spread out 
through the undergraduate curriculum at CSU, Chico. Course teaching materials are available for 
each of the topics listed. 
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Figure 1. Roadmap of Teaching Waste Tire Applications in Civil Engineering 

4.0 Summary and Recommendations 

Although, there still remain barriers, Civil engineering applications are the fastest growing use for 
scrap tires in U.S. TDA has many desirable properties that make it an ideal material for use in a 

variety ofcivil engineering applications, while helping 10 divert waste tires from the waste 

stream. Although certain specifications and guidelines are available, more research and pilot 

projects are needed to gain confidence in the use oflhis recycled material. Long term studies are 

needed to monitor long term performance, and to determine the environmental impacts. 

More work is needed both in tcrms of getting this material into the hands of educators and to 

incorporate new pilot project and research results that have been recently completed. 
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