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TABLE 5. SUMMARY OF DISPOSAL PRACTICES
Average Percentage of Material

Material/ Appurtenance Type Drisposed (1) ReusedBecyched (2}
Asphalt Concrete: Surface Course 16 82
Base Course 16 &2
Stabilized Base 7 a3
Crushed Sioae 16 67
Crushed Gravel 19 om
Giranular Subbase 2 73
Stabilized Subbuse 26 50
Shoulders, Asphalt 2 o 74
Concrete Culverts T4 22
Corragated Steel Pipe Culverts 87 13
Wood Culvert 100 0
Multiplate Underpass or Culvert & 2%
Guard Rail 48 52
Guard Rail Posts (Steel & Wood) 54 2
Signs - Advisory and Regulatory 47 53
Sign Posts 5 44
Sign or Signal Pole and Structures 54 44
Bridges: Alwrmiam of Steel 'I-l;ad'l]ng T 56 44
Steel Superstrucinge & Deck 63 37
Concrede Beams B3 ) 12
Concrate Deck §Q 11
{1} These marerials may be buried oo the project, bodflbed, sold & scrap material, andtor disposed of as contracior property, These
mnirrinls muy bo reimed ar recyelad in nos-bighway applicalion,

() These maserials me functionally reused o recyeled in highway projects.
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C. Performance

While pavements containing CRM have been con-
structed and have been in service for s many as 20
years in Acizons, Califormia, amd o few other States
and based on an extensive review of aveilable litera-
ture and project data, only limited information on
engineering and economic performance is available,
This is due to limited documentation, experimental
evaluation, and & resulting incomplete data base apon
which to conduct long-term performance evalaations,
While other States have conducted limited experimen-
tal research with CRM technologies, the performance
of asphalt pavernents containing recveled rubber has
received cnly limited evaluations onder varied climat-
ic and vse conditions.

In oxder to develop a reliable cost and economde eval-
uation of pavements containing CEM, comparable
imformation most be developed on the construction of
CEM asphalt paving projects of typical size rather
than experimental applications. The performance to
date on the CRM projects has been mixed, some expe-
riencing early failure, others performing comparably
to conventional asphalt pavements, and some CRM
pavements have performed better than conventional
mixes. Due to limited documentation, the exact cause
of the premature distress in CRM pavements has not
been established. However, when properly designed
and constructed, there is no reliable evidence to show
that pavements confaining recycled rubber will not
perform adequately a8 & paving material.

We will contimse national research on CRM technolo-
gies o develop reliable engineering and cconomic ori-
teria for the CRM pavements. Additionally, many
States are conducting coordinated research io evaluaie
the effects of local conditions and materials. The
results of these studies will be included in long-term
performance evaluations.

OTHER RECYCLED MATERIALS

In thee Last 30 years, the generation of solid waste in
the United States has increased teofold. This increase
coupled with the concem of society regarding environ-
mentally safe and efficient disposal of these materials
dictates the need o fnd allemative uses. Economic
and enginesring altermatives for reuse of waste prod-
ucts in highway apphications should contimue to be
identified, evaluatad, and developed.
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The highway community pioneered the use of waste
materials beginning with asphalt, a waste product of
the crode oil refining industry. A long history of
incorporating by-products and waste materials exists
teday, Recycling of asphalt pavements has received
exiensive use in the United States since the mid-
1970"s. Current recycling practice today is-deter-
mined by the availability of suitable materials, eco-
nomic costs, and performance.

Studies were condocted on the use and application of
wisle products within the highway environment. A
wide array of ideas, concepis, and applications for
waste products exist. Documentation on envimmmen-
tal and homan health risks, engineering eriteria, costs,
ecomomic savings, and performance varies From limit-
ed to extensive, depending on the material and appli-
cation. Only limited information on the environmental
benefits of usng these materials in highway applica-
tions exists today,

A. Reclaimed Asphalt Pavernent

Moat State highway specifications permit the contrac-
ot to incorporate a percentage of RAF into asphalt
pavements o the extent the recycled HMA meets
existing specifications for new materials. In the
United States, over 80 percent of the asphalt pavement
removed is reused in highway applications,

Current asphalt pavement recycling practices utilize
10 to 22 pereent RAP in recyeled HMA production
using conventional hot mix plant technology. State-
of-the-practice conventional technology has demon-
sirated the capability to recycle asphalt pavements at &
maximum of 50 to 70 percent RAF for properly engi-
neered hot mix materials without adverse enginesring
or environmental problems, The exact percentage of
RAP that can be saccessfully incorporated into a given
recycled mix is dependeni on the in-service pavement
materials propenties and feld conditions. Recycling,
as a pavement rehabilitation technique, generally will
oot enhance the basic materials properties of the pre-
cxisting pavement, To meet materials engineering cri-
tegia for many recycled mixes, RAP is often included
at a lower percentage than the maximom percentage at
which a conventional HMA plant can operate offi-
clenily and continue to meet environmental standards,
Hot in-place recyeling has been developing since the
mid-1970"s, Hot in-place recycling has been per-
formed on asphalt pavements using in excess of 80
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percent RAP, but the results have been aging of the
asphalt cement and excessive emissions, Mew tech-
nology is under development to address this problem.
Cold recycling has been used successfully on medium-
1o low-volume roads to recycle 100 percent RAP.
Microwave lechnology is now available that has
demonstrated the cepability of hot recycling of asphalt
pavement within current emissions standards at RAP
percentages of 80 percent and greater. This technolo-
gy has had only limited utilization to date and is pro-
prietary.

HhA pavements utilizing 80 percent RAFP produced
with conventional hot mix technology result in early
aging and cxidation of the asphalt cement and unac-
cepiahle air quality emissions, Cold-mix recycling has
been performed successfally for in-place and central
plant production. Comprehensive information on the
performance of cold in-place recycling is mot available
and life-cycle costs have not been determined.

Mixtwre design and analysis procedures are limited
and require further development. Paving projects con-
structad utilizing microwave technology are performe-
ing satisfactorly to date,

Stote highway agenches report & cost savings when
using RAP. Recyeling of asphalt pavements using
varigus percentages of RAP i a proven technology
and with proper engineering and mixmre design, recy-
cled HMA can be considered an appropriate substitte
material as provided for under subsection LO3E{d)(2)
of ISTEA.

Additional information on the use of RAFP at the 30
percent or greater level for the varions recycled
asphalt mix production technologies is neaded for
long-term performance, engineering design, econom-
fes, and environmental and homan health impacts.
FHWA will continue to develop and advance this
technology s a viable alternative rense resource.

B. Recycled Glass

(3lass iz a significant component in the solid waste
siream. Tt is highly suitable for solid waste recycling.
Its use as a substitute paving material has been demon-
strited, The economics of using waste glase are high-
ly dependent upon availability. In general, large quan-
tities of waste glass are found primarily in major met-
ropolitan areas. The analysis indicates limited poten-
tial for risks to human health and the environment,
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Significant literature and experimental project data are
available to support the use of recycled glass in prop-
erly engineered asphalt pavement mixmres op to 15
percent. Thus, the addition of recycled glass into
HMA mixtures can be considered as an appropriate
substitute material as provided for under subsection
1038(d)2) of ISTEA.

C. Recycled Plastic

Like gloss, plastic 1% also a significant part of the solid
waste stream. However, only Himited rease of waste
plastics exists today. Plastics in the waste stream vary
slgnificantly in chemical composition. To date, we
have extremely limited experience with the use of
recycled plastics in highway applications, The nse of
plastics as a polymer modifier in asphalt pavements
exists today. While there are several technologies
available to blend virgin plastics with asphalt cements
to produce a polymer modified binder, the chemical
variability in recycled plastics has been a significant
deterrent to the use of waste plagtics In pavernents.
Two known HMA paving products that wiilize waste
plastics exist, Only imited performance, economic,
and environmental data are currently available,
Therefore, the use of recycled plostics in asphalt pave-
ments is mof considered an appropriate substine
material under subsection 1038(d}2) of ISTEA at this
time. We will continue to work with the States and
indusiry to evaluate the emerging asphalt paving prod-
ucts and applications.

Based on the review, we have identifizd other poten-
tial highway applications for rense of recycled plas-
tics., We will continue to develop and promaote the use
of these technologbes as appropriate,

D, Other Recycled Materials

Owr research revealed many potential applications for
reuse of waste and by-product materials within the
highway setting. Only limited information is available
for many of these waste products. A waste materials
sympaosinm, “Recovery and Effective Reuse of
Driscarded Materials and By-Products for the
Construction of Highway Facilities,” is scheduled for
Oictober 1993, The objective of this symposium is o
identify and disseminate corrent state-of-the-art infor-
mation on new aid innovative methods for effective
recycling and reuse of waste by-products within the
highway system.
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