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BACKGROUND

In July of 1991 the Washington State Legislature asked
the Washington State Department of Transportation (WSDOT) to
produce a report on the use of recycled materials for
roadway construction. The major objectives of this effort
were to examine: (1) the types of recycled materials that
are appropriate and feasible as alternative paving
materials, such as glass and tires; and (2) the types of
recycled materials, such as mixed-plastics and compost, that
can be utilized in all types of transportation applications
other than pavements. This report was completed in January
of 1992 and is available from the WSDOT Research Office,
Transportation Building, Olympia, WA 98504 (ask for report
number WA-RD 252.1).

One of the primary subject of the recycling report was
the disposal of waste tires in pavements. The mounting
disposal problem with used tires and the fact that they have
been used in pavements have combined to produce increased
pressure on state and local government organizations to
increase the use of rubber-asphalt cements for pavement
applications. It became apparent during this study that

other states and federal agencies were also loocking at the



same issue and that there was a need for a separate paper
which summarized Jjust this one aspect of the recycling
problem. This paper is an attempt to f£fill this need and
provide an overview of our experience with rubber-asphalt

pavement materials.

. INTRODUCTION

WSDOT has been constructing experimented projects using
rubber-asphalt pavements for over 15 years. A tabulation of
the projects and their performance history is included in
Appendix A. The performance histories were derived from
reports and other monitoring activities conducted on the
various projects by the Special Projects section of the
Materials Laboratory. The following subsections summarize
WSDOT's construction experience with rubber-asphalt paving

systens.

SAM PROJECTS

The initial use of rubber was with the wet process or
"Arizona Process". Two SAM projects were constructed in
1978 and two in 1980 to assess the performance of these
rubberized chip seals as a wearing surface. The two

projects constructed in 1978 experienced problems almost



immediately after construction. The aggregate chips became
embedded in the rubber-asphalt binder to such a depth that
the surface of the roadway took on the appearance of a sheet
of asphalt with no rock. These two applications were termed
failures for this reason. The two subsequent projects built
in 1980 experienced no problems and performed acceptably
until they were overlaid with another standard chip seal.
The service life for these four trial sections ranged from a
lbw of 3 years to a high of 7 years with an average of 5.75
years. The normal 1life span for chip seals in Eastern
Washington is 6.5 years (average life determined using data
from the WSDOT Pavement Management System). The rubber-
asphalt SAM's were 2.5 to 3 times more costly to construct
than the normal chip seals used in Eastern Washington.
Appendix C also contains a cost accounting for all of the
rubber-asphalt projects.

The experimentation with SAM applications ended in
approximately 1987 when it was concluded that the
performance of the pavements constructed with rubber-asphalt

did not justify the added expense of their construction.

SAMI PROJECTS

A total of 6 projects were constructed with rubber-

asphalt binders used as Stress Absorbing Membrane



Interlayers in the years 1977 and 1978. The success of
these applications was mixed. In general, the SAMI's were
successful in retarding the reflection of alligator
cracking, but were not successful in retarding reflection of
longitudinal or transverse cracks.

One trial use is particularly important. The section
from Wheeler Road to Adams County Line was designed as a
rigorous experiment to determine the performance of the
rubber-asphalt interlayers as compared with the performance
of standard asphalt interlayers. The project included
sections of each type of interlayer and a section with no
interlayer to serve as a control. The control section
experienced the reflection of all the underlying cracking
very early in its life. The SAMI and the normal asphalt
interlayers successfully retarded the reflection of
alligator cracking, but were not successful in retarding
longitudinal or transverse cracking. The SAMI was
fractionally better at retarding the reflection of alligator
cracking. The SAMI was 3.7 times as costly as the normal
asphalt interlayer.

WSDOT has not constructed a SAMI since 1978 due to the
much higher cost of the rubber-asphalt binder. The
performance history has indicated that the SAMI is not a
cure for the prevention of all types of reflection cracking,

although it was successful in retarding the reflection of



alligator type cracking. The Wﬁeeler Road to Adams County
Line study showed that a interlayer constructed using
normal asphalt binders was only slightly less effective than
the more expensive SAMI. The SAMI, at a cost 3.7 times
higher than a normal asphalt binder interlayer, was not cost
effective when the life of the overlay placed on top of it
was not increased oveér overlays constructed without
interlayers. WSDOT continues ¢to use normal asphalt
interlayers under many of its overlays placed in the form of
chip seals because of the added crack retarding benefit

provided by the interlayer.
OPEN GRADED FRICTION COURSE PROJECTS

Five open graded friction course overlays have been
constructed between 1982 and 1991 using the wet process to
add the rubber to the pavément. The open surface texture
characteristic of this type of pavement provides benefits in
the form of decreased spray from vehicles under wet
conditions and lower tire noise. They have the disadvantage
of having a tendency to ravel. Ravelling is the gradual
loss of the rock from the pavement due to the actions of
traffic. The rubber-asphalt binder was used to increase the
adhesion between the rock and the binder.

All of the projects are showing good to very good



performance with the exception of the I-405 bridge deck
overlay which is showing some distress in the wheel path
areas. All of the projects are located on heavily traveled
routes so the good performance of these pavements are
especially noteworthy.

The Columbia River to 39th Street project is especially
significant. This is a 2-mile section of I—5.just north of
the Oregon border and located within the city limits of
Vancouver. In addition to the rubber-asphalt binder used on
this project, a section of polymer modified asphalt was also
constructed. The polymer used to modify the asphalt was a
synthetic rubber added in liquid form to the asphalt cement.
A short section of standard non-rubberized open graded
friction course pavement was also constructed to serve as a
control for the rubber and polymer modified sections.
Recent visual surveys of all three sections indicated
virtually no difference in performance between the various
pavements after 5 years of service.

The cost effectiveness of this use of the wet process
is still undetermined due to the relative youth of the
sections under study. If they are to compete on an equal
basis with conventional pavement systems they will need to
show a significant increase in service life for their cost,
which ranged between 1.1 and 3.7 times more than

conventional mixes.



PLUSRIDE PROJECTS

WSDOT's initial experimentation with PlusRide (dry
process) began in 1982 with the paving of a very short
section of SR-97 in Yakima near the District 5 headquarters
offices. Many problems were encountered in the construction
of this section with the result being that WSDOT did not
continue a rigorous monitoring of the project beyond the
initial construction phase. One additional project was
paved in 1982 on a bridge deck located just north of Yakima
on I-82. An adjacent bridge deck was also paved with an
open graded rubberized friction course mix (wet process) to
serve as a control. The PlusRide lasted 8.5 years as
compared to the open graded friction course mix which lasted
7 years. PlusRide was also used on a ramp leading to SR-18
near Auburn. This was a successful installation but not a
good choice for a test application, due to the low traffic
volumes on the ramp. The pavement is showing some ravelling
but otherwise is performing adequately. The on-ramp lane of
the project is experiencing extreme distress due to a lack
of adequate subgrade strength.

Only one project was constructed in 1984 using
PlusRide. The northbound bridge deck of the Renton S-Curves
section of I-405 was constructed and a companion section of

rubber-asphalt open graded friction course mix (wet process)



was used on the southbouﬁd deck. Difficulties were
encountered in achieving the required compaction of the
PlusRide mix, but representatives of PlusRide made the
decision to leave it in place rather than replace it with
new material, indicating that it would be satisfactory.
The PlusRide section experienced ravelling and debonding of
the pavement from the deck after only two years of service.
The latest visual inspection revealed that the PlusRide mix
was almost totally missing in the wheel paths and had been
patched back with standard asphalt mix by our maintenance
forces. The companion bridge, which was constructed with
rubber-asphalt using the wet process, is showing some signs
of wear, a minor amount of ravelling and flushing, and one
small area of debonding. The PlusRide was 2.3 times more
costly than conventional pavements constructed in the same
year in the Seattle area.

Two projects were constructed in 1985, one is
reasonably successful and one a disaster. The Marine
Division of the DOT chose PlusRide for a ferry dock at the
Fauntleroy terminal on the Vashon Island route. The
PlusRide mix was placed on a new section of the dock and
traffic was switched over so that the older section of the
dock could be repaired and made ready for a new overlay of
the same PlusRide pavement. The PlusRide pavement proved

to be unstable with large ruts developing under traffic



loading almost immediately. WSDOT made the decision to
remove the PlusRide and replace it with a standard paving
mix. The cause of the failure is unknown. An investigation
of other projects paved with asphalt from the same lot
revealed no problems, which indicates that the asphalt was
not the source of the problem. The pavement which replaced
the PlusRide is still performing satisfactorily, which
rules out the location as a possible cause of failure. The
design of the asphalt mixture is proprietary in the
PlusRide system so we must rely on those holding the
licensing rights to supply us with the proper design. We,
therefore, were unable to determine what went wrong with
this design that would result in this magnitude of failure.

The other 1985 project was constructed on SR-530 near
the town of Stanwood. The PlusRide section was placed along
with a section of fiber reinforced pavement and a control
section of standard mix pavement. The Federal Highway
Administration is providing fuhding for the evaluation of
these sections. 1In this case the PlusRide is doing slightly
better then the standard mix and the fiber reinforced mix
after 6 years of service. It is still too early to predict
long-term performance or the cost-benefit ratio of the
PlusRide as compared to the standard mix.

The final PlusRide project was built in 1986 on SR-513

between 35th Avenue and I-5. This is the largest project



WSDOT has built to date with 1.5 lane miles of the PlusRide
pavement constructed. The PlusRide was placed over a badly
cracked BST pavement. It is showing no signs of distress

after 6 years of very light traffic. Long-term performance

is still undecided.
CcOo8TSs

WSDOT has paved a total 228 lane miles with the
various wet and dry processes of rubber-asphalt pavements.
This represents an investment of about $1.5 million ($2.5
million in today's dollars) over the cost of conventional
pavement mixes (see Appendix C). It is estimated that
approximately 200,000 tires have been used in our trial
sections which calculated to be a disposal cost of $12 per

tire, in round figures.
CONCLUSIONS

The following conclusions are drawn on WSDOT's

experience to date:

1. The SAM and SAMI processes are not cost effective.
Currently, more economical asphalt binders give

equal performance at about 1/3 the cost.
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2.

3.

The open graded rubberized friction course process
looks very promising at this time, but a 1longer
evaluation period is necessary in order to
quantify the cost effectiveness of this type of
pavement.

PlusRide looks to be the riskier option at this
point in time. Past performance has ranged from
poor to average. Construction problems which may
relate to the design of the mix have plagued
several of the installations. The per ton costs
on the projects have averaged almost twice that
of conventional mixes.

Added Note:

The new management of the firm marketing PlusRide,
which is now called PlusRide II have indicated a
greater commitment to solve the design and
construction related problems that plagued the
original PlusRide installations. They have also
added a 5-year performance guarantee on all new
installations. These changes have yet to be

evaluated on a project constructed in Washington.
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APPENDIX A

Project Descriptions and Performance
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