Connecticut Department of Transportation’s Utilization of Tire-Derived
Asphalt on State Roadways

This reports provides the Department of Transportation’s response regarding the utilization of
tire-derived asphalt on state roadways as required by the following public act provisions:

Public Act No. 23-62, An Act Concerning Extended Producer Responsibility for Tires,
includes provisions that state the following:

The Commissioner of Transportation shall undertake the requisite laboratory testing and
pilot program utilization of tire-derived asphalt on primary state roadways throughout the
state. Not later than January 1, 2025, the commissioner shall submit a report, in
accordance with section 11-4a of the general statutes, to the joint standing committee of
the General Assembly having cognizance of matters relating to the environment on the
efficacy and suitability of utilizing tire-derived asphalt on primary roadways throughout
the state. Such report shall include, but need not be limited to, a recommendation
concerning such use and an estimation of the volume or number of tires required to
sustain any such recommended usage.

To satisfy the requirements of this legislation, the Department commissioned the University of
Connecticut Advanced Pavement Laboratory (CAP Lab) to summarize the near 75 years of
experience that the Department and CAP Lab have with the use of recycled tires in pavements.
Considering the extensive experience with recycled tires in our state’s pavements and the
significant cost and the extended period of time required to develop and evaluate potential new
pavement treatments, no new laboratory testing or pilot construction projects were undertaken.

The CAP Lab report investigates the potential for utilizing recycled rubber in pavements in
Connecticut and concludes that the use of recycled tires in pavement material is not suitable for
widespread adoption due to several technical, economic, and logistical challenges. The findings
are similar to previous reports to the legislature done by the Department in 1999 and 2001. Key
reasons for the lack of widespread use of recycled tires in pavements in Connecticut include:

1. High Costs: Rubberized asphalt production involves significant additional costs related
to material procurement, processing, and plant upgrades. For example, crumb rubber
manufacturing is energy-intensive, and modifications to existing asphalt plants require
expensive equipment upgrades.

2. Performance Limitations: Historical trials in Connecticut, spanning from the 1950s to
the present, demonstrate mixed results. Rubberized asphalt sections showed no consistent
performance advantages over conventional pavements, with issues like inconsistent
durability often reported.

3. Industry Concerns: The local asphalt industry expressed reservations about the
scalability of rubberized asphalt, citing:

o Operational challenges such as longer production times and increased energy use.
o Equipment and training costs.

o Environmental and odor-related complaints.

o Difficulties with quality control during production and placement.

4. Limited Environmental or Performance Benefits: While rubberized asphalt has been
promoted for its environmental benefits, its recycling potential is complex, and it does


https://www.cga.ct.gov/PS99/rpt/olr/htm/99-R-1071.htm
https://www.cga.ct.gov/2001/rpt/2001-R-0447.htm
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not outperform alternatives like polymer-modified asphalts in terms of durability, noise
reduction, or sustainability in cold climates like Connecticut.

Current Use of Recycled Tires in Pavements: In the development of effective strategies to
preserve and maintain our roads in a state of good repair, the Department of Transportation
employs the use of recycled tires in rubberized chip seals as part of its annual pavement
preservation program. This cost-effective pavement treatment consumes approximately 35,000
scrap tires annually. The Department will continue work with the T2 center at UConn to
promote the use of rubberized chips seals to municipalities in their education and technical
assistance programs.

The Department also employs the use of recycled tires/crumb rubber in crack seals that are done
in advance of the placement of certain preservation treatments. Crack seal is also used as a
surface treatment as part of the annual pavement preservation program when sufficient funding is
available in the Department’s Paygo account. The number of tires utilized for crack seal is not
quantified but is not a significant number when compared to the number of scrap tires generated
annually.

The use of recycled rubber does have a small role in preservation and sealing applications;
however, it is not a viable option for standard pavement mixes due to cost, performance
inconsistencies, and logistical constraints.

As the Department explores how to effectively evaluate and contract for low-carbon
transportation materials, there may be an opportunity to compare the environmental benefit/cost
of tire-derived asphalt against current pavement treatments. Future efforts may also explore
incorporating rubber into newer, specialty pavement materials once their performance has been
fully evaluated.
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Metric Conversion Factors

APPROXIMATE CONVERSIONS TO SI UNITS

SYMBO WHEN YOU KNOW MULTIPLY TO FIND SYMBOL
L BY
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in2 square inches 645.2 square millimeters mm?
ft? square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi’ square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft? cubic feet 0.028 cubic meters m?
yd? cubic yards 0.765 cubic meters m?
NOTE: volumes greater than 1000 L shall be shown in m?
MASS
0z ounces 28.35 grams g
1b pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric Mg (or "t")
ton")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 Tux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
1bf/in? poundforce per square inch 6.89 kilopascals kPa
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Introduction

Public Act No.23-62 of Substitute House Bill No. 6486 includes a requirement for an investigation into the
use of recycled tire rubber in asphalt pavements; “...shall undertake the requisite laboratory testing and
pilot program utilization of tire-derived asphalt on primary state roadways throughout the state.” Contrary
to the use of the term, there isn’t an asphalt product that can be derived from tires. Asphalt products
containing recycled tire rubber as an additive are commonly referred to as rubber-modified asphalt or
asphalt rubber. The recycled tire rubber product itself, most commonly known as crumb rubber, is derived
from tires. This being the case, the term tire-derived asphalt will not be used in this report. Instead, this
report will make reference to asphalt-rubber, rubberized asphalt, rubber modified asphalt and other similar
such terms describing the addition of rubber to asphalt pavement materials.

Hot Mix Asphalt (HMA) pavements are traditionally a combination of the correct grading of coarse and
fine aggregate with an approved asphalt binder helping to hold it all together. Aggregates in a general
region or geographical area like Connecticut are not typically subject to any modification beyond crushing
and screening and adjustments made to the gradations. The asphalt binder portion of the pavement has a
long history of variation since the wide-scale adoption of flexible asphalt pavements dating back to the 19"
century. These variations have been the result of different crude sources, different asphalt binder grading
techniques and binder grade requirements, and the addition of many types of asphalt modifiers. Modifiers
are intended to change one or more properties of the asphalt. One type of additive or modifier is crumb
rubber, which is derived from recycled tires. There is a significant waste stream from used tires, and
proponents of the addition of rubber into asphalt pavements have touted the performance benefits of doing
so. Several state agencies throughout the US have trialed the use of rubber in asphalt dating back to the
1950s. The Connecticut Department of Transportation, CTDOT, is one of those agencies. Trial sections
utilizing rubber incorporated in many different ways have been placed in numerous locations throughout
Connecticut. This report is intended, in part, to summarize the positive/negative aspects of those
experiences in Connecticut and provide recommendations on potentially exploring the future use of rubber
in asphalt pavements.

Scrap Tire Generation

The Connecticut Department of Energy and Environmental Protection uses an estimate from the Scrap Tire
Management Council that scrap tires are generated at a rate of one waste tire per year per person. And with
a population of 3.41 million people in Connecticut, 3.41 million scrap tires are generated each year in
Connecticut. (23). To address the proper handling and disposal of scrap tires, Connecticut enacted Public
Act 23-62 (24), which requires each producer to join a “tire stewardship organization” for purposes of
establishing a state-wide stewardship program to:

- Establish and manage a state-wide collection system

- Provide access to the collection system to the public free of charge

- Ensure discarded tires are picked up from the collection system

- Ensure all discarded tires collected are resold or recycled

- Provide suitable storage containers for tires throughout the collection system
- Implement public promotion and education about the program

- Assist in market development

- Finance all program activities solely through producer funding
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Initial Rubber Pavement Trials in Connecticut: 1950-1980

The Connecticut Department of Transportation (CTDOT) and the University of Connecticut (UConn) Civil
Engineering Department both have an extensive and extended history (in the case of CTDOT, spanning 70
years; UConn Civil Engineering, 50 years) on research for the use of recycled tires in pavement. Between
1950 and 1980, rubber in various formats, including virgin natural, virgin synthetic, reclaimed synthetic,
and ground tire crumb rubber for use as both “wet mix” and “dry mix” pavement formulations' (wet and
dry mix is depicted in Figure 1) were utilized experimentally in numerous pavement mixes. These mixes
were placed on approximately 50 roadway sections in Connecticut during that time period. Some of these
pavement sections are described below in Table 1 and Table 2.

1 According to the FHWA, the modified binder obtained from the “wet process” is termed “asphalt rubber,” and asphalt made by using the dry
process is called “rubberized asphalt.”

Table 1 - Connecticut Experimental Pavements Containing Rubber (1950-1980)(1)

Type of Rubber Additive | Year Route/Town | Issues/Findings Study Conclusion
Placed
Firestone Rub-R-Road 1950 9 (current rt Not Available
99)/ Rocky Hill
(see Figure 4)
Virgin (Natural) & Synthetic 1953 17/ 20-30% cost increase | After 7 years, Control
(Rubberite) 5% (2-1/2 in. Middletown section performed best,
overlays) natural rubber performed
the worst (see Figure 7)
Likely Rubberite 1954 1/Norwalk Not available
Likely Rubberite 1954 63/Middlebury Not available
Natural Rubber 1961 4/West High voids and Overall performance of
Hartford deterioration in rubber | rubber pavement was not
section, possibly due superior to control section
to construction issues | not containing rubber
additives
Ramflex reclaimed synthetic 1966 17/Glastonbury | 14% cost increase After 3 years transverse
rubber 6% (2-3/4 in. overlays) and longitudinal cracking
was equivalent in rubber
and control sections
reclaimed tire crumb rubber (Dry | 1977 Sites (39), in See Table 2 See Table 2
mix) 16 towns
(Wet mix) 1.5% (% weight of 1980 79/Madison Cost-effectiveness not | After 8 years, the 1.5%
total pavement) reclaimed tire proven; Skid Numbers | rubber section contained
rubber (Arizona Refining Co), averaged 5 points less reflection cracking
(1-1/2 in. overlays) lower on rubber than the control section.
section over 7
years(4)

The reasons provided for integrating rubber into pavement mixes were varied and many. In the 1950s and
1960s it was primarily the rubber industry (e.g., Firestone, US Rubber Reclaiming Co) that was pushing
for the use of rubber as an additive for pavements.(1) The advertised benefits at that time for using rubber
in pavements were numerous (e.g., see Appendix A, Figure 6), including: “Reduced temperature
susceptibility, reduced excessive flow and displacement; increased flexibility,; increased adhesion to
aggregate; increased resistance to compaction from traffic; reduced bleeding; decreased brittleness;
reduced traffic noise; shorter car stopping distance; reduced need for tack coats; reduced moisture
intrusion in macadam bases, protection against road salt deterioration; and finally, that the use of rubber
would ‘s t r e t ¢ h” highway dollars.”(1) Based upon documented performance, however, some of these

8
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claims did not prove to be true on Connecticut roads (see Table 1 above and Appendix A Figure 7). In
particular, Connecticut found that a significant increase in cost for incorporating rubber would not stretch
but actually shrink highway dollars for pavement, and the reduction in skid resistance measured on rubber
pavements would not assist in reducing vehicle stopping distance.

The proprietary rubber products from the 1950s/60s in Table 1, such as Rub-R-Road, Rubberite, and
Ramflex, can still be found online today, although in some cases, the products are entirely different. As
indicated in Table 1, the conclusions regarding the construction and performance of these products in
Connecticut were, for the most part, not positive. The most noteworthy drawback was the high initial cost.
Also, little, if any, performance benefit was found even though the additional project costs ranged from
unknown (where the product was donated) to >30 percent per ton of conventional mix at that time.

Table 2 - Results of Nine-Year Evaluations of Crumb Rubber Dry Mixes in Connecticut (1978-1987)(3)

overlays(1.5 in) at 9
locations

Rt 44 Barkhamsted
Rt 2 Preston

Rt 44A Coventry
Rt 66 Marlborough
Rt 69 Woodbridge
Rt 85 Bolton

Rt 101 Dayville

Rt 354 Colchester
Rt 354 Salem

rubber tires introduced
at asphalt mixing plant;
1% and 2% (by weight
of total mix) asphalt-
rubber mixes; CT DOT
class 1 and Class 2
mixes used.

time the benefit of the rubber decreases
(i.e., the rubber is beneficial for only the
first few years at retarding reflection
cracks). At sections with higher traffic
levels the benefit of the rubber is even
shorter lived. 1% rubber performed
somewhat better than 2%.

Sites/Material Mix Designs Performance Findings Comments
Types
(18) Thick Minus 30 mesh ground | As the level of distress increases over Cost for rubber pavements

was double but they did not
outperform control sections.

(9) Thin Overlays
(~0.5 in)

Rt 32 Franklin

Rt 151 East Haddam
Rt 12 Thompson

Rt 32 Stafford
Springs

Minus 8 mesh ground
rubber tires introduced
at asphalt mixing plant;
1%, 2% and 3% rubber
used; CT DOT Class 12
mix.

1% rubber worked OK, but > 1% did not.

Difficulty in maintaining
desired thickness during
placement made some cracks
reflect through within a few
weeks, and the resultant
variable overlay thickness
made an analysis of cracking
problematic.

(4) stress-relieving
interlayers

Rt 30

Rt 44A

0%, 1%, 2% rubber
asphalt with aggregate
placed followed by an
overlay.

The use of SRIs did not improve
performance regardless of rubber
percentage used.

Not successful in retarding
cracks, but this may have
been due to construction
techniques that did not
produce a true stress
relieving interlayer

(4) crack-joint
sealants:

25 transverse joints
per location on PCC
pavements

More effective than
traditional sealants, but
season of placement
(summer vs winter) affected
results

(4) Chip Seals
Rt 14 Scotland
Rt 203 Chaplin
Rt 32 Mansfield
Rt 31 Coventry

At 3 and 4 years all rubber chip seals had
significantly less cracking than controls.
At nine years overlaid sections showed
chip seals acting as interlayer with rubber
sections performing better at reducing
reflection cracks.

The rubber improved
adhesion to stone (chips).
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Table 2 shows the results of a comprehensive research effort to incorporate crumb rubber into pavements.
The results of this effort show the greatest benefit to using crumb rubber was found in crack sealing
materials as well as chip seals used to preserve the pavement.

Wet Process Method
I A A |
A 82 Rubper Paides
== Fine and Coarse

]

Aggregates
[l Biumen/Asphait

B Heat Source

Dry Process Method

Figure 1 - Wet and Dry Process Methods for Producing HMA Pavement with Recycled Crumb Rubber. (14,
p4)

The high cost of rubber pavements is primarily a result of the deconstruction and processing required to
make tires usable as a modifier or additive. The components of a typical tire are listed in Table 3. During
the crumb rubber manufacturing process, the steel is removed from the tires and then the remaining material
is reduced to small particles (i.e., crumb) for either blending with the asphalt binder or introduction to the
mix for the “dry mix” process as illustrated in Figure 1. The two primary processes used to create crumb
rubber are ambient grinding and/or cryogenic fracturing (7). The amount of energy used during these
processes is significant, which is part of the reason for the high processing costs.

Table 3 - Components of a Typical Auto or Truck Tire (7, p.4)

Component Typical Range
Natural rubber 14 to 27%
Synthetic rubber 14 to 27%
Carbon black 28%

Steel, Fabric 14 to 15%
Processing oils 16 to 17%

During the 1970s and 1980s pavement recycling initiatives and demonstrations were advanced by the
USDOT, Federal Highway Administration (FHWA). The use of recycled scrap tires and other additives
that might otherwise be considered waste, such as sulfur, crushed container glass, roofing shingles, and
demolition debris, were advocated for exploration by state DOTs. Connecticut participated in research
studies for most of these products. A few western states (Arizona in particular) did extensive research on

10



12/13/2024

rubberized-asphalt (dry mix) and then asphalt rubber (wet mix) pavements, initially including rubber in
overlays to reduce reflection cracking, and as a way to dispose of unwanted used tires that were an
environmental, safety and fire hazard. The Arizona DOT found that the added cost of using rubber tires
could be mitigated with the placement of thinner overlays, in some cases 50 percent thinner than typical.
In later years, Arizona DOT specified recycled rubber to provide for quieter pavements using specialized
asphalt mixtures (i.e., reduce tire-pavement noise) (see later discussion). The research in Arizona captured
the attention of other states, in particular California, Texas, and Florida, which led to substantial future use
of ground tires in pavements in these states (see later discussion).

Rubber Pavements: 1981 - 2000

In 1986 and 1989, after several years of field monitoring, the two major rubber pavement research studies
at UConn and CTDOT ended. The results for the Dry mix (crumb rubber) studies, placed with the assistance
of UConn Civil Engineering Department in 1977-78, were generally not favorable for the use of crumb
rubber. An overview of results for the study mixes is provided earlier in Table 2. One of the reasons that
contributed to the disappointing performance of the rubber sections may be the mixing methods employed
at the HMA batch plants, where 50 1b. bags of crumb rubber were introduced into the pugmill along with
the aggregate. The rubber may not have been evenly distributed throughout the mixture and, may have
clumped together, thus acting much more like a flexible aggregate than a binder material for the pavement.
This could also explain why the pavements with higher rubber content (2% and 3%) performed worse than
the 1% mixes (see Table 2). Although there may be interaction between crumb rubber and asphalt binder
during mixing, storage, hauling, placement, and compaction, the asphalt binder is not assumed to be a
modified binder for the dry process (Caltrans, 2005) (6).

Despite the disappointing findings for thin and thick overlays, definite advantages were found in
Connecticut for crack sealants containing rubber and for the rubber chip seals used in the UConn study. As
discussed later, similar products continue to be used extensively in Connecticut today.

The results of the eight-year evaluation of the wet mix rubber pavement placed on Route 79 in Madison in
1980 (4) are somewhat more positive, although not entirely clear cut (see Table 1). In this study, throughout
the performance monitoring period, the asphalt-rubber overlay (1.5 in.) gained less cracking, assumed to
be reflection cracks, than the CTDOT Class 2 mix control section, which would indicate at face value that
the rubber-asphalt performed better than the Class 2 mix. By 1988, at the end of monitoring, there was still
less cracking in the rubber section compared to the surrounding control pavement sections. An economic
comparison for this project, such as a life cycle cost analysis was not performed for two reasons: 1) the
liquid asphalt rubber was donated by the Arizona Refining Co for this demonstration project. The tanker
of asphalt rubber was left over from a project placed in Rhode Island three days earlier. Its cost was not
revealed to CTDOT and, 2) performance monitoring did not continue past eight years, so it was not
determined whether the control or rubber sections performed better at the time of the next rehabilitation.

In 1991, the Federal Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) was passed, which
contained subsection §1038(d) that required, beginning in 1994, states to use a specified minimum of
recycled tires in pavement mixes on Federal-aid highways, or to be penalized with risk of loss of Federal
funding. This ISTEA requirement that essentially mandated use of recycled tires in pavements resulted in
extensive pushback from almost all state DOTs, including Connecticut. CTDOT applied for a waiver from
the FHWA and EPA for the use of tires in pavement on the basis that almost all used tires generated in
Connecticut (approx. 3 million per year) were being utilized at the Exeter Tire to Energy plant in Sterling
CT to meet contractual electric production goals, and therefore the demand for used tires would
substantially increase the cost of paving above and beyond the already expected additional cost for
extracting, processing and handling crumb rubber. The waiver for Connecticut was denied at the Federal

11
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level. However, as a result of the pushback from most state DOTs a subsequent revision to the ISTEA
language was made that removed the penalty for not using recycled tires in pavement. Eventually the
National Highway System Act of 1995, Section §205(b) removed the mandate for used tires in pavement
entirely. A FHWA Synthesis report (2) published in 1994 provides the status of state research on crumb
rubber at that approximate time, much of which was stimulated by the previous ISTEA mandate. The
momentum for rubber pavements that started because of ISTEA began to decline after the mid-1990s.

Rubber Pavements in the Superpave era: 2001- Present

In 2004, CTDOT transitioned completely to using the Superpave Mix Design system as did many other
states in that general timeframe. The addition of recycled pavement and additives was frowned upon
initially in this more highly engineered pavement design method. However, over time as experience was
gained with the Superpave mixes, allowances were made for the use of Recycled/Reclaimed Asphalt
Pavements (RAP) and modified binders. Modified asphalts, which in some cases include latex rubber,
plastics, and polymers started to be used in the design methodology during the 2010-2020 timeframe here
in Connecticut to improve the performance of the HMA mixes further.

In this same time period (around 2000), the state of Arizona found that HMA open-graded mixes containing
rubber were praised by residents living near highways as being significantly quieter (up to 9 dB(A)) than
the Portland Cement Concrete (PCC) pavements that had been conventionally built in the metropolitan
Phoenix area (5). Most of the noise reduction measured in Arizona from 2003 to 2013 resulted from the
replacement of dense PCC surfaces (highest noise pavement) with open-graded HMA overlays (lowest
noise pavement) that also contained rubber. In general, PCC pavements have traditionally produced higher
levels of tire-pavement noise compared to all HMA pavements. A study (13) that evaluated the acoustic
performances of pavement surfaces in Barcelona Spain in 2009 used several experimental test sections
containing crumb rubber to compare against pavements containing Polymer-modified bitumen (PMB).
Results obtained from close proximity sound measurements of the tire/pavement interaction (carried out
with TiresonicMk4-LA2IC) suggest that noise reduction is not substantial, less than 0.5 dB(A), when using
the wet process mixture, crumb-rubber modified bitumen (CRMB), compared with the PMB. The noise
reduction resulting from PMB mixture was more significant, around 2 dB(A), when using the dry process
(incorporating crumb rubber as aggregate) (13). Note also that these are comparisons in Spain are for gap-
graded pavement mixes, not the open-graded mixes used in Arizona, as described above.

The National Asphalt Pavement Association (NAPA) reported in 2020 that approximately 59 percent of the
total asphalt mixture tonnage containing Ground Tire Rubber (GTR) that is placed in the United States is
in California, where its use has been state-mandated since 2007 (See Appendix B for further information).
The state of Florida mandated studies for the reuse of waste materials in general, which increased rubber
use for pavements in that state for several years. A much higher percentage of GTR is used, however in
pavement surface treatments, sealants and other materials than in HMA (12). In fact, HMA only consumes
about 17 percent of tire rubber used for pavement. Outside of the use of GTR in rubber-pavements, GTR
is also used extensively in molded and extruded products, flooring, artificial turf, playgrounds and as mulch
(12). Ground tires have also been used as landfill cover, roadbed fill, and tire-derived fuel®. These other
(non-paving) uses account for about 78 percent of ground tire rubber in the US, which is approx. 54.6
million scrap tires per year. (7.2 million tires are used in rubber-asphalt). By some accounts, more than 300
million used tires are generated in the United States each year (15).

12
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There were a number of competing options developed in the 1980s/90s for recycled scrap tires. One of them was burning the tires to use the

energy content to produce electricity or steam. It was the Tire to Energy plants in California, Connecticut and a few other states that caused an
extensive demand and competition for used tires for a period of time. In fact, the Exeter Energy plant in Sterling Connecticut, which produced
electricity from burning used tires needed approx. 10 million tires per year to operate during the early 1990s. They had to import tires from
surrounding states such as Rhode Island, Massachusetts, and New Jersey in addition to using a portion of Connecticut’s used tire supply.
Eventually, the concept of burning tires fell out of favor; plants in most, if not all, states closed. The energy plant in Sterling, CT, stopped burning

tires around 2013.

A study for Oklahoma DOT, published in 2016 (6) (and also described in reference (15)), which includes a
survey of states, shows that between 2006 and 2011, the use of crumb rubber was primarily for surface
treatments (such as chip seals, fog seals), crack and joint sealing, and in thin overlays used as interlayers or
membranes (15). Reference 15 also provides a summary of what the survey of states in 2016 found. Table
4 below indicates the reasons some states gave against using rubber pavements, and Table 5 shows the

reasons that some states gave in support of using rubber pavements.

Table 4 - Reasons Why Some States do not Use Rubber. (15, p.25) 2016 Oklahoma Survey of State DOTs)

Please Specify the Reason(s) for Not Incorporating Ground-Tire Rubber in Asphalt Mixes.

Answer Options

Response Percent

Unsuccessful experience of using GTR in asphalt mixes in the past. 38.8%
Concern over the performance of asphalt mixes containing GTR. 44.4%

Lack of performance data of asphalt mixes containing GTR. 27.8%

Using GTR in asphalt is not cost effective. 61.1%

There is not sufficient incentive to recycling scrap tires in pavement applications. 33.3%
There is not a crumb rubber producer in the state. 22.2%

Table 5 - Reasons Why Some States Use Rubber (15 ,p.25) 2016 Oklahoma Survey of State DOTSs)

Agency?

What Are the Main Reasons for Using Ground Tire Rubber Asphalt Pavements by Your

Answer Options

Response Percent

It is cost effective. 25.0%

Better performance compared to conventional materials. 66.7%
Significant incentives to recycling scrap tires. 20.8%
Other. 50.0%
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A 2020 review of State DOT published specifications shows that about one-quarter (twelve) of US
States had specifications allowing ground tire rubber modified asphalt binders for use in construction
of asphalt pavements (12). These states can be seen in Figure 2.

OR

NV OH

MO
AZ ! N

CA

SC
GA
TX

La: FL\

Figure 2 - States that in 2020 Have Specifications Allowing for Use of Ground Tire Rubber in Pavements (12,
p-6)

It is noteworthy that with the exception of Ohio, the states reported having rubber pavement specifications,
for the most part, do not have severe winter climates. A number of other states have used ground tire crumb
rubber in pavements during the last 20 years as well, primarily on an experimental or trial basis. Some of
these include Nebraska, New Hampshire, Massachusetts, Virginia, Alaska, Colorado, Wisconsin, and
Rhode Island. As noted previously, several other states tried it in the 1990s when ISTEA mandated its use.

The most recent trial of a thick (21.5 inch) section of rubber pavement in Connecticut was an asphalt-rubber
gap-graded (ARGG) mix placed in 2015. This section was constructed on Route 11 in Salem. A 1.5-inch
ARGG mix was placed over a 72 asphalt rubber chip intended as a stress-absorbing membrane/interlayer
(SAMI). It is estimated that each lane mile of ARGG uses approximately 2,000 scrap tires. This section
was placed in line with a dense graded PMA control section. These sections were monitored for
performance comparison up until the time it was overlaid with an ultra-thin bonded overlay UTBO during
the 2022 construction season. At the time of the overlay, no significant differences in performance were
noted between the ARGG and the control section.

Current Use of Rubber in Pavement-Related Construction Materials in Connecticut

Although not recognized in the 2020 FHWA Publication (12) discussed above, current (2023) Connecticut
DOT specifications (18) Section 4.06 allows for the incorporation of crumb rubber in asphalt pavements in
accordance with project specifications. One application in the Standard Specifications involves a Hot
Poured Rubberized Asphalt Treatment used as a sealant at the interface of longitudinal joints. The intention
is not only to build a high-quality bond between paver passes but also to limit water infiltration into the
pavement layers. Material meeting the same requirements is also specified for Joint Sealers on PCC
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pavements. The Crack/Joint Seal material requirements in Connecticut (19) require the use of crumb
rubber. The crack sealant itself is required to contain a minimum of 18 percent crumb rubber by weight.

An item in the toolbox of pavement preservation options frequently utilized in Connecticut is Asphalt
Rubber Chip Seal (ARCS) (20). A hot (340°F to 410°F) application of Asphalt Rubber Binder consisting
of 20 percent granulated rubber is sprayed on the roadway surface as seen in Figure 3. The surface is then
covered with asphalt-coated coarse aggregate (Figure 4) and is compacted. A CTDOT ‘Notice to
Contractor’ (21) regarding the sealing of cracks during preparation for the rubber chip seal application
requires the sealant material to contain a minimum of 18 percent crumb rubber in order to provide
compatibility with the rubber chip seal surface. In discussions with a company that produces the asphalt
rubber for these chip seal applications, they estimate that it uses between 550 and 600 scrap tires per lane
mile of application. Figure 5 Map of Asphalt Rubber Chip Placements by CTDOT Since 2018 shows a map
of Connecticut, where the DOT has placed asphalt rubber chip seals since 2018 — including planned projects
through 2025. This represents approximately 235 center-lane miles or 470 lane miles of asphalt rubber chip
seals. Over the eight-years reported, that would be a use of approximately 282,000 tires compared to the
over 27 million scrap tires generated during that same timeframe in Connecticut. This equates to 1% of the
scrap tires.

Figure 4 - Asphait Rubber Cl;ip Seal Application‘ in CT
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Figure 5 Map of Asphalt Rubber Chip Placements by CTDOT Since 2018

Trial sections utilizing rubber chip seals performed well in the 1980°s (see Table 2). Currently, ARCS with
20 percent rubber are commonly used for pavement preservation on roadways where the average daily
traffic is under 10,000 vehicles per day. (1)

Many municipalities in Connecticut use chip seals as part of their regular pavement preservation activities.
Due to their lower placement costs, many of these municipalities opt to use emulsified asphalt chip seals.
Municipalities could be encouraged to use additional asphalt rubber chip seals, which generally have a
better performance than the emulsified asphalt chip seals. The one issue that municipalities face is the
limited financial resources available to them, which push them to use lower-cost emulsified chip seals.

Industry Concerns over the Expansion of the Use of Rubberized Asphalt Pavements in
Connecticut

In October 2023, members of the Connecticut Asphalt and Aggregate Producers Association (CAAPA) held
a meeting to discuss a potential increase in the use of rubber pavements for HMA in Connecticut. There
were concerns raised by producing members of CAAPA during that discussion. Adapted from a
correspondence summarizing the discussion (22), these concerns include:

1. Capital costs of new equipment required at the plants (it is unknown whether producers will be
able to recover the investment)/
a. Storage tanks, metering devices, blending/paddle upgrades, emissions control upgrades.
b. Ability to get permits to add external equipment to plants.
a. Adequate and consistent supply and support for the equipment modifications.
b. Availability of blenders (slow, expensive product).
Adding labor requirements to supply, manage, and operate a new material stream.
Increased energy usage associated with higher blend temperatures.
Concerns with historical experiences regarding foul odors affecting abutting properties.
Limitations on production (700-900 tons per shift — if everything goes well) due to increased
production durations to ensure blending — this would translate into increased construction
times/closures affecting the traveling public.

nhkwb
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6. The need to dedicate batch plants for rubber production — there is a cost associated with turning
away regular customers.

7. Additional cost for PPE and training required if lab personnel need to wear “blue canister” masks.

8. A complete re-design of mixes currently in use in the state. Crumb Rubber mixes are typically
gap-graded, where the majority of mix used in CT is dense-graded. This may increase costs for
aggregate processing and affect material lead times from a logistics/processing standpoint.

9. Storage of the rubber-modified asphalt liquid is associated with increased risk and logistical
challenges. It must be stored for 16 hours in the reaction tank before use and must be coordinated
with traffic closures, good weather, and fully functioning equipment.

10. Presently, the only crumb rubber supplier is in NY State, how will a CT pavement producers get
CT-specific tires?

In general, the asphalt pavement producers in Connecticut aren’t currently outfitted for a large expansion
of the use of rubber in standard pavements. Upgrading production facilities to accommodate an increase in
the use of rubber as well as personnel to facilitate it is a cost concern within the industry. Increased blending
and mixing times have the potential to reduce the total output on a daily basis particularly at batch plants.
Typical asphalt pavement mixes used in Connecticut are dense graded mixes. The success of these mixes
depends in very large part on maintaining volumetrics such as voids in the mineral aggregate, voids filled
with asphalt and air voids in general during production and placement. These volumetrics would change
drastically with the addition of rubber. A large scale move to incorporate rubber into everyday mixes used
in Connecticut would require complete asphalt mixture redesigns and altering asphalt mixtures that are
currently used with success (23).

Conclusions

The idea of incorporation of recycled rubber from tires into asphalt pavements is not new. Studies and
reviews of the many trial pavements with rubber placed on roadway sections in Connecticut beginning in
the 1950s and continuing into the 1980s yielded less than successful results overall with few exceptions.
Table 1 illustrates the numerous cases where the use of rubber increased the cost of producing and/or
constructing the section while providing no additional durability to the pavement. Additional trials
conducted during the 1970s and 1980s (Table 2) yielded essentially the same results. The noted exceptions
are the use of rubber in crack/joint sealant materials as well as rubber chip seals, both of which are widely
used in Connecticut today. A couple of other possible exceptions were the rubber HMA placed in Madison
in 1980 and an asphalt rubber gap-graded mix placed in Salem in 2015. Although both provided some
evidence of better performance, their cost-effectiveness was not proven.

Following the rescinding of the mandated incorporation of rubber (ISTEA 1991) in asphalt pavements, the
use of rubber asphalts declined. A 2016 Oklahoma Survey (15) found that more than 60 percent of agencies
reported a cause for not using rubber was that the use of ground tire rubber was not cost effective. Only 25
percent of agencies reported that cost effectiveness was a cause for the use of rubber in pavements.

Industry concerns over consistent supply of material and support are exacerbated by potential equipment
availability issues, health concerns, productivity limitations, facility upgrade costs, personnel costs, odor
complaints and material stability.

Further discussion and additional concerns with respect to rubber in asphalt pavements is found in Appendix
C.

Of all of the rubber applications trialed in Connecticut, the two bright spots are the use of tire rubber in
crack/joint sealant and Asphalt Rubber Chip Seal. Both are still widely used in Connecticut today.
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Recommendations

The main goal should continue to be, as it has always been, to construct safer, long-lasting and cost-effective
pavements. Overall, the biggest drawback of using recycled rubber in pavement has always been the extra
cost to obtain, process the tires and integrate the rubber into the paving mix. This could include additional
equipment (at added cost) at the HMA mixing plants, additional testing for quality assurance, as well as
more training and inspection for placement of mixes.

The use of GTR in pavement surface treatments such as chip seals in Connecticut have been shown to be
an effective and beneficial use of GTR to maintain and preserve Connecticut’s road network. The CT DOT
is in the process of introducing several innovative pavement materials such as Stone Matrix Asphalt (SMA),
Binder Rich Intermediate Course (BRIC) as well as Low Permeability Overlays for bridge decks. These
new asphalt mixtures have the potential to increase the longevity of Connecticut’s infrastructure and reduce
maintenance costs for Connecticut. These new pavement materials have the potential to incorporate GTR
into them, but as CT DOT is just rolling these innovative products, there is a need to evaluate their
performance to ensure the benefits of the new materials justify the additional costs. The addition of GTR
to these innovative products would add an additional variable which could make it much more difficult to
evaluate their performance and potential benefits.

The 2020 FHWA graphic in Figure 2 shows that the States that have specifications allowing GTR mostly
have significantly different (warmer) climates than Connecticut. While it is unknown if a warmer climate
would contribute to the success of the use of rubber in asphalt pavements, the colder Connecticut climate
must be taken into consideration. Perhaps for the short term CTDOT should simply monitor numerous
Asphalt Rubber Gap Graded (ARGG) mixes and SAMIs that have been placed in Massachusetts over the
past fifteen years. Since the attributes on most MassDOT projects (e.g., paving equipment and methods
used, traffic levels, climate, raw material sources) are very similar to CTDOT’s, and the projects are fairly
close to Connecticut, communication and coordination of efforts could provide the information that CTDOT
needs to assist on whether to pursue rubber pavements again.

Given Connecticut’s extensive history of work with GTR in standard paving materials, the construction of
test sections for asphalt rubber modified conventional pavements would provide minimal benefits. While
Massachusetts DOT has adopted Asphalt Rubber Gap Graded (ARGG) mixes for some of their high volume
roadways, CT DOT has opted to use SMA which has some similar characteristics to ARGG. As specialty
mixes such as SMA have a premium cost, it is imperative that they are constructed using materials with a
strong track record of performance for evaluating the additional costs to benefits.
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Appendix A — Additional Figures and Photos

Figure 6. Route 99 (Formerly Rt 9) Facing North, Near Marshall Rd Intersection, Rocky Hill, May 1950, Just
Prior to Application of Rubber Overlay

Figure 7. Route 99 Facing North, Near Marshall Rd Intersection, Rocky Hill, August 2019, (Same Location
as in Figure 4.)
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Figure 8. 1950 Letter to State Highway Department Proclaiming Benefits of Rubber in Roads

Figure 9. Rt 17 Middletown in 1961, Showing Deterioration of Rubber Asphalt Section after 7 Years.
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Appendix B — Supplemental Information

(7) As stated at the beginning of this paper, the rubber tire industry proclaimed as early as 1950 many
advantages for using rubber in pavements. Some of these apparently have proven true in southern
climates (Arizona, Florida, Texas, California). Some have not been proven true, particularly in northern
climates. In 2021, the University of Missouri-Columbia, in conjunction with the Rubber industry (US

Tire Manufacturers Association and The RAY3) did a study to determine and update the current status of
rubber pavements. The conclusions in reference (8) (sponsored by the tire industry) state that:

“The overarching research shows that rubber modified asphalt extends pavement life; resisting early
pavement failures modes such as rutting and cracking. Additionally, RMA (Rubber-modified asphalt) was
also found to significantly mitigate noise from traffic, and enhance ride quality and safety.”/8, p.2/ And
“RMA is a well-studied material that delivers significant, proven benefits in terms of pavement durability,
economics, and environmental sustainability.” /8, p.5/ However, the report also notes that “Almost none
of the modern, advanced asphalt binder and mixture performance tests and associated specifications
were developed with RMA in mind.” /8, p.5/ And “The ability to accurately design pavement layer types
and thickness with RMA is currently difficult at best.” /8, p.5/ It is also noted that “Life expectancy
assumptions for rubberized pavements during the use phase in LCA studies are currently based on
outdated studies, particularly in the case of dry process RMA.” /8, p.5/

In California, a mandate established in 2007 (updated in 2013) exists for rubber in pavements. Caltrans
must have 35 percent of asphalt pavement include scrap tire rubber) (10). During 2020, in projects where
scrap tires were used, the cost of asphalt paving material containing crumb rubber was, on average,
$7.85 more per metric ton, or 7.42 percent higher, than for conventional asphalt pavement. /11, p.6/
In 2007, a study for Caltrans found that thin overlays containing rubber placed at one-half the
thickness of conventional pavement performed better with respect to reflective cracking than the
conventional mix placed at full-thickness.(11) Arizona has also reduced the thickness of overlays to
offset the added cost of the rubber. It should be noted that large sections of California and Arizona would
be considered warm-dry climates whereas, in Connecticut we have a cold-wet climate. However, in
Connecticut at least during the 1970’s, the dry mix study results did not show that reducing overlay
thickness with rubber pavements could equal a performance comparable to conventional thicker overlays.
The wet mix pavement in Madison in 1980 was not used in thinner overlays than typical at the time (1.5
in.).

The RAY = The Ray C. Anderson Foundation, Atlanta Georgia. a philanthropic organization focusing on sustainable transportation
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After more than 70 years of research, trials, and federal and state mandates, a clear consensus on the
advantages of using recycled crumb rubber in pavement has not emerged. Generally, a highway
engineer’s focus is on how to produce longer-lived, smoother pavements, but not on incorporating waste
products into roads to address environmental issues. However, incorporating waste products into
roadways has occurred when: 1) the cost to do so is lower than conventional methods; 2) the performance
of the road can be maintained or improved at the same cost as conventional methods; or 3) a mandate to
incorporate waste products at any cost is established. Florida DOT, which has used rubber pavements for
many years, notes the following policy for recycling:

“Generally, when any of the following conditions are met, the use of a recycled material is encouraged:
the recycled material performs as well or better than the material it replaces,
the use of a recycled material minimizes the impact on limited resources; or
the use of the recycled material does not exceed the cost of the material it replaces.” (9)

Benefits of rubber pavements that are stated in numerous reports, (e.g., (8)) tend to be over embellished.
In reality, each reported benefit typically is the result of more complex activities than the mere addition of
ground crumb rubber. Discussion of four claimed rubber-pavement benefits follows:

1. “Rubber makes pavements quieter” Quieter pavements have been available since the 1970s when the
use of open-graded mixes exploded across the United States. Connecticut was entirely in favor of the use
of open-graded friction course (OGFC) pavements, called Class 14 and later modified into Class 114 and
214 mixes, for over 15 years. During the 1980s OGFC was the panacea for numerous issues. OGFC
mixes brought about a reduction of water spray during rain along with improved driver visibility. These
pavements provided long-term friction enhancement and even the elimination of hydroplaning accidents,
and much less noise occurred with the tire-pavement interaction. All of these benefits accrued without the
addition of rubber in the mixes. After approx.15 years, following CTDOT’s placement of hundreds of
miles of OGFC on almost every Interstate route in Connecticut, a premature failure occurred on 1-84 in
the Hartford area due to incorrect placement during cold temperatures. . This and other issues resulted in
a restriction of OGFC Class 14 and 114 pavements without special approval of the CTDOT Chief
Engineer.

2. “Rubber pavements are rut resistant, crack resistant, long-lived mixes” CTDOT, the CAP Lab and
virtually every highway agency in the world has been searching for pavements with these attributes for
the past 100 years. Much progress was made to address these issues as a result of extensive research
performed under the Strategic Highway Research Program (SHRP) which resulted in Superpave mix
design and performance graded asphalt binders. Crumb rubber and asphalt-rubber was available during
these study years, but its use does not appear to have been considered during the development of
Superpave mixes.

3. “Rubber pavements are smoother riding” Smoother pavements have been constructed in many
organizations around the world over the past 30 years as a direct result of improved paving equipment
with laser and GPS technology, stronger specifications, contractor incentives, better training of paver
operators, and improved mixes that are more workable under variable field conditions. The addition of
rubber was generally not a contributor to these improvements. In fact, it was found in many states that
rubber pavements were more difficult to place than conventional pavements.

4. “Rubber pavements are sustainable” Recycling of various mixes, including PCC into aggregate for
recycled PCC or HMA, cold-in-place recycling using numerous techniques, milling and re-use of
reclaimed asphalt pavements into HMA mixes were key focus areas of FHWA and most DOTs beginning
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in the 1980s and continue today. In fact, pavement is rarely ever disposed of as it has been shown to be
infinitely recyclable using proper removal, additives and placement technologies. Interestingly, used tires
cannot be (or at least have not been) recycled back into tires. Thus, the seemingly perpetual search
continues for ways to ‘re-use’ tires in lieu of placing them into landfills. However, because pavements are
now recycled indefinitely, rubber placed in any pavement needs a guarantee of it being able to be recycled
indefinitely, as well. Assurance is needed that when the pavement is again recycled in the future via
milling that the rubber will not negatively affect the removal process or the new pavement mix
characteristics.

Very little literature was uncovered that specifically addresses recycling of existing rubber pavements.
One publication found online indicates Caltrans (California DOT) commissioned a study in 2005 (17) to
evaluate recycling of Rubber Asphalt Concrete (RAC). The study notes in 2005 “there are no guidelines
as to the handling of RAC pavements when they reach the end of their service life.” Caltrans coined the
term ‘Reclaimed RAC’ (Reclaimed wet process or dry process rubberized asphalt concrete) in order to
differentiate the rubber mixes being produced from the recycled conventional mixes containing RAP, the
more common term for recycled pavement

Several states (California-1990s, Wisconsin-1987 & 1993, Arizona, Texas-1993, Florida, New Jersey-
1992, Michigan-1993, and Mississippi) had performed very limited experiments or demonstration
projects on recycling of rubber pavements. The authors of (17) state that in general the following was
found in these states during the period 1987-1997:

* The recycled AC mixtures could be plant-produced using reclaimed RAC.

* The recycled AC mixtures could be placed and compacted using conventional equipment and practices.
* The resulting recycled pavements typically appeared to perform at least as well as conventional mixes
that included conventional RAP.

A recommendation developed for California in (17), regarding using recycled rubber pavement with new
rubber pavement is the following:

There is not any persuasive reason to mix reclaimed RAC with virgin (so to speak) rubber asphalt
concrete if it can be mixed into dense graded asphalt concrete pavement instead. This is because mix
design procedures using two crumb rubber-modified materials could easily become complicated, and
compatibility issues might arise.

Other issues with rubber pavements that were found in Connecticut (as well as in other states) are:

5. There is more difficulty in coring the pavement for testing to ensure that it meets specified
requirements, as the rubber tends to gum up core bits;

6. Paving with asphalt-rubber in colder climates is more difficult due to higher viscosities resulting from
inclusion of the crumb rubber, which can make compaction more difficult. (7) (See also #10 below) An
increase in asphalt content (at additional cost) is used to help alleviate the compaction issue;

7. Concerns have been raised about odor and fumes from asphalt-rubber while paving at high mix
temperatures. The rubber pavement industry claims that testing shows no violations of EPA air quality
standards regardless of the resultant odor and theoretical potential toxic emissions identified in studies for
FHWA by the CDC. (5) Use of warm-mix asphalt has been suggested (7) as a possible solution to help
reduce the fumes.;

8. The mixing of polymer-modified binders (which CTDOT uses) with asphalt rubber produces an
interaction that can negatively affect the durability of asphalt mixes (Airey et al., 2002). (6) p. 17;
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9. When asphalt-rubber that is pre-blended at the terminal (used in wet mix) - is transported in un-agitated
trucks, separation of rubber and asphalt can occur, which can lead to quality issues in the finished mix
product. In addition, other states note that asphalt tankers do not always pump all of the settled rubber out
of the tanker, and rubber clean-outs are necessary before the tanker can be used again (6) p. 17;

10. Rubber pavement mixes can be significantly ’stickier’ than standard hot and warm mix asphalts,
depending on the amounts of rubber used, and this makes wet process crumb rubber-modified asphalt
mixes more difficult to produce, transport and place/compact. In Florida, the Florida Department of
Transportation (FDOT) reports that when contractors are given the choice between rubber-modified
asphalt and polymers, they choose polymers. There has been a steady decline in the use of rubber asphalt
in Florida over the last decade as a result. (6) p.18;

11. Pavement mix designs with rubber require differing new asphalt binder amounts than their polymer-
modified counterparts. Since the rubber does not add binder equivalence, the addition of rubber to a mix
design necessitates the addition of asphalt binder to compensate for the presence of rubber in the modified
binder as well as the limited amounts of binder absorption on the rubber surfaces. (6) p.18.

From the large body of literature that has been published during 50 years, there have been many studies
that identify potential and actual benefits of rubber pavements, as well as difficulties and tribulations, and
in some cases failures of rubber pavements. A study from South Carolina (16) (2001) summarizes some
of these issues and provides an interesting perspective:

“There are many factors to consider when a state agency uses rubber in its pavements including cost,
specifications, type of equipment to be used, expertise of the contractor, potential recyclability of
materials, etc..”/16, p.4/

The reported advantages for using rubber in asphaltic concrete mixtures include: thinner lifi, increased
pavement life, retarded reflection cracking, decreased traffic noise, reduced maintenance costs, decreased
pollution and increased environmental quality. . /16, p.4/

There are many issues and problems associated with the use of tires in asphaltic concrete pavements that
must be researched and analyzed. Some of the issues and problems include: potential high initial costs;
lifecycle economics, lack of product specifications, potential lack of scrap tire uniformity; the
recyclability of the rubberized pavements, environmental concerns, and potential modifications made to
the asphalt plants or equipment.”/16, p.4/

However, to determine the validity of these claims (or reported benefits) each state highway agency must
conduct several long-term projects”. . /16, p.4/

Another more recent perspective provided in reference (8) (2021), states that rather than have each state
perform their own studies, the establishment of A National Center of Excellence for Rubber Modified
Asphalts is recommended /8, p.71/ This would allow for coordination on research of gaps that exist with
specifications, performance testing and in the other areas identified.
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