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INTRODUCTION

The National Seminar on Asphalt Pavement Recycling was conducted by the
Transportation Research Board (TRB) under the sponsorship of the Federal Highway
Administration (FHWA), U.S. Department of Transportation. The seminar covered all
aspects of asphalt pavement recycling, including surface, hot and cold recycling in both
rural and urban situations. It was designed to help the beginner or novice to
understand what is involved in the selection of a project for recycling and what are the
advantages and disadvantages of the various types of recycling. Cost and energy
considerations, specifications, quality control, and environmental considerations were
addressed. Examples of both rural and urban projects were reviewed for each type of
recycling. Equipment of all types was discussed, and research currently under way was

reviewed. Adequate discussion time was allotted for all topics.

Attendance at the seminar was open to all interested parties. The seminar was
designed to be of particular interest to state, city, and county engineers and to those
responsible for formulating programs of construction or rehabilitation as well as

contractors involved in or planning to bid on recycling projects.

The seminar was atteunded by 419 persons from the following types of

organizations.

States and Canadlan Province 75

Commercial (Contractors, Consultants,

Materials Suppliers, etc.) 240
Academic 17
Cities and Counties 34
Federal Government 4y
Other 9

The following geographical areas were represented.

United States 373
North America 18
South America 3
Europe 20
Africa 2
Asia 3



ECONOMICS OF RECYCLING

Sanford P. LaHue, Federal Highway Administration

As a result of spiraling highway construction
costs, the highway community is deeply
concerned with identifying cost saving
measures in planning, designing, constructing,
and maintaining streets and highways. One
cost saving measure that has been identified,
researched, and demonstrated is asphalt
pavement recycling. Labor, materials, and
energy savings have resulted on many projects.
Continued development of recycling equipment,
identification of new, innovative processes
and widespread use of available information
are among the elements needed to refine the
state—-of-the-art practices. As petroleum
products and quality aggregates become more
scarce, recycling of pavements will emerge as
a standard highway and street construction
item.

The desirability of conserving resources and
the increasing cost of construction materials
have recently led many road building agencies to
consider a pavement rehabilitation alternative
called recycling. Among the specific factors
that have caused the highway community to take a
serious look at pavement recycling is inflation,
the decreasing availability of good quality
aggregates, reduced gasoline tax revenues, rising
petroleum prices and the ever present threat of
another oil embargo by OPEC countries.

Along with the entire highway community, the
Federal Highway Administration (FHWA) has been
deeply concerned about items just mentioned and
their pronounced effect on the cost of highway
construction. As we are aware, the FHWA construc-—
tion cost index has increased more rapidly than
the consumer price index since 1967. The FHWA is
both disturbed and concerned about this rapid rise
when we keep in mind that highway program managers
are now stretching every dollar almost to the
breaking point to meet their needs. In many cases
there aren't enough dollars to go around.

Highway obligations have more than doubled
since 1967, but as a result of inflation we have
fewer real dollars to work with now, as compared
to then, when our needs seem greater than ever.

Paving has also contributed to this significant
rise in costs. Asphalt and portland cement con-
crete paving have almost kept abreast of the
construction cost index.

The highway community has responded to these
increased costs. To survive, industry has identi-
fied new equipment and new methods. Local, State,
and Federal governments have taken close scrutiny
of their operatioms to identify cost saving
strategies. Research has been identified and
undertaken.

The FHWA has been fighting the rise in costs or
inflation for several years now. The biggest
mandate we have had was President Carter's Wage
Price Guidelines and resulting order by former
Secretary Adams to develop an anti-inflation
program. From that order, the FHWA developed and
issued FHWA Notice N 5080.83 in March 1979. This
Notice contained several anti-inflation measures.
One of these measures is recycling of pavements.

This was not a new-found program area. As a
result of great cost saving potential, the FHWA,
nearly 3 years earlier in June 1976, formally
initiated Demonstration Project 39, "Recycling
Asphalt Pavements.'" (1) This project was developed
and administered from our Region 15 Office in
Arlington, Virginia.

The project was developed to promot various
techniques of asphaltic pavement recycling. Since
June 1976, FHWA has given over one hundred
presentations on this subject In this country and
Canada to over 14,000 individuals. The "Demo 39"
project has provided partical funding for the
construction and evaluation of approximately 50
demonstration installations concerning hot, cold,
and surface recycling.

Through this project and many State projects,
recycling has been determined to be a cost-effec-—
tive method when used on a project-by-project basis.
As new equipment is developed and further experi-
ence is gained, we must include this pavement
rehabilitation method as a worthy alternative.




Recycling offers many potential benefits. Three
of the major ones are cost reductions or savings,
energy savings, and the conservation of natural
resources.

On many projects, total cost is the primary
consideration in determining the type of rehabili-
tation procedure to use. For recycling to be
selected, it must usually be the least expensive of
the alternative methods. Several highway agencies
have conducted cost analyses on completed recycling
projects. These analyses have compared the actual
cost of the recycling projects (using bid prices)
to the estimated cost of the same projects using
the rehabilitation procedure that would have been
selected had recycling not been available. Most of
the agencles have reported cost savings as a result
of recycling.

Examples of reported savings include:

1. $146,000 saved on a 47,896 ton project.
$3.05 per ton savings (Wyoming)

2. $59,385 saved on a 60,700 ton project.
$0.98 per ton savings (Oregon)

3. $138,418.33 saved on a 42,129 ton project.
$3.29 per ton savings (Iowa)

It is important to point out that recycling is
still a relatively new technique to some contractors;
therefore, bid prices on several projects have
probably been somewhat higher than they would have
been if recycling was a standard rehabilitation
procedure. Bid prices have been slightly inflated
by the fact that contractors must recover the cost
of the necessary plant modification for, say, hot
recycling. Because of the experimental nature of
recycling, most contractors have seemingly tried to
recover this additional cost immediately. Once
recycling becomes a standard procedure, contractors
will be more willing to write off the initial
capital expenditure for plant modifications over
several projects. As a result, it will probably be
several years before the true cost of recycling is
realized and the actual cost savings can be
accurately determined. Based on figures from past
projects, it is reasonable to assume that recycling
offers potential cost savings in the neighborhood
of 30 percent over conventional rehabilitation
methods, when lide amounts of asphalt mix tonnage
or pavement thicknesses are compared.

For many years, energy consumption on highway
construction and maintenance projects was not a very
important consideration. With the uncertain status
of petroleum supplies during recent years, the
former situation is changing. Energy consumption
may become a primary factor in determining which
rehabilitation methods are used on our existing
highways.

Recycling can conserve substantial amounts of
energy on many projects when compared to conven-
tional rehabilitation methods. In determining
energy savings, many factors must be considered for
each project, including such factors as:

1. Amount of virgin aggregate required
2. Virgin aggregate haul distance

3. Amount of new asphalt cement required
4. Asphalt cement haul distance

5. Pavement removal method

6. Pavement crushing method

7. Haul distance from the project to the
nearest pavement disposal site

8. Haul distance from the project to the
crushing/mixing plant

9. Type of mixing plant

10. Moisture content of the salvaged asphaltic
concrete and virgin aggregate

Three of the above items--virgin aggregate haul
distance, amount of new asphalt cement required,
and asphalt cement haul distance--will usually be
the major factors in determining the potential
energy savings of a recycling project compared to
a conventional rehabilitation project.

Some recent typical projects have shown energy
savings as much as:

1. 1.9 billion BTU's saved on a 53,000 ton
project. Energy savings equivalent to 15,180
gallons of gasoline.

2. 3.8 billion BTU's saved on a 47,900 ton
project. Energy savings equivalent to 30,220
gallons of gasoline.

3. 151 million BTU's saved on a 60,700 ton
project. Energy savings equivalent to 1,210
gallons of gasoline,

The third major benefit of recycling is the
conservation of natural resources. Both asphalt
cement and virgin aggregates have the potential
to be saved on every recycling project. To give
an indication of the magnitude of these savings,
the following figures have been accumulated from
27 major hot-recycling projects:

Recycle Mix (Total)
Virgin Aggregates Conserved
Asphalt cement conserved

1,182,000 tons
771,000 toms
42,800 toms

Cost savings, energy savings, and the
conservation of natural resources are not the only
potential benefits from recycling. Others may
include:

1. Increasing the structural strength of the
pavement without increasing its thickness

2. Correcting existing mix deficiencies
3. Correcting base problems
4. Eliminating reflective cracking problems

5. Maintaining curb, inlet, and manhole
elevations along with existing drainage patterns

6. Maintaining overhead structure clearances

To take a more detailed look at the economics of
recycling, I'd like to go through a series of slides
showing several recycling projects which documented
cost comparisons. Complete, bound reports are
available for each of these projects should anyone
want the complete story behind these project., I
will only cover the project background and cost data,



The first project is in Millard County, Utah, (2)
on Route U.S8. 50. The pavement was recycled in -
September of 1977 and the project was 9.1 miles in
length. The contract consisted of removing, crushing
and stockpiling the old pavement; raising and
widening the grade; recycling the reclaimed pavement;
and relaying the recycled material on the finished
subgrade. The contract was bid April 19, 1977.

The hot mix recycling method was used in a
dryer drum plant.

The original roadway was constructed in the
1940's and widened to 21 feet in the 1950's. The
average pavement depth was 3.3 inches. The pavement
was constructed of roadmixed bituminous surfacing
and had been repaired many times. Several type "A"
cover aggregate courses had been applied to the
surface.

The new recycled pavement was placed three inches
thick at a finished width of 28 feet. There was
approximately 21,800 tons of recycled material and
7,100 tons of conventional mix produced and laid.

There was a savings of $2.36 per ton when a
comparison was made between the actual bid cost of
the recycled asphaltic concrete and the actual bid
cost of virgin asphaltic concrete on this project.

The second project is in Hidalgo County, Texas,
(3) on Loop 374 between State Route FM 2062 and
U.S. 83. The project was completed in May 1976 and
was 1.5 miles in length. The project consisted of
salvaging asphaltic material from State Highway 336
in Hidalgo County during construction on an active
project. The pavement section of SH 336 consisted
of a two course surface treatment applied in 1955,
a 1% inch hot mix asphalt concrete overlay in 1959,
and another surface treatment in 1964 for a total
of approximately 2.5 inches, The recycled material
was then to be laid as an overlay on Loop 374,

The type of pavement relaid, by hot recycling,
consisted of three different mixes in three sections.
These included 1) a mix using AC-3 asphalt adding
up to 2.5 percent by weight, 2) a mix using flux
0il added up to 1.6 percent by weight, and 3) a
mix using Reclamite added at 1.6 percent by weight,

The cost analysis for this project showed that
the recycled material was nearly the same as a new
hot mix asphalt concrete mixture in place., However,
project personnel conclude that had it not been for
construction inefficiencies, i,e., equipment
problems, incorrect estimating of haul distances,
and equipment and labor costs, the potential savings
could have been $4.80/ton. I must also add that
this was one of the first recycling projects
attempted, A lot was learned by the Texas Highway
Department and FHWA on this project.

The third project is located in Republic County,
Kansas (4). It is a cold recycling project. The
project was located on a county road and was two
miles in length. Construction took place in July
1977. The project consisted of tearing up and
pulverizing the existing surface, adding a
predetermined amount of asphalt, then relaying the
mix. The first mile was to be constructed with
emulsified asphalt (mix and seal) and the second
with cutback asphalt, also for the mix and seal.

The original surface was constrcuted in 1963
as a 5 inch sand-gravel subgrade modification
project. The subgrade modification was surfaced
in 1964 with an asphalt prime and dougle seal. In
1972, a 2 inch road mix asphalt overly with a swal
coat was applied. During the period from 1964 to
1974 there have been two reseal applications with
periodic asphalt patching.

The cost analyses for this project reveals that
there was a savings of $26,644.56. The labor and
equipment costs for recycling cost more but the
significant savings resulted in the material costs.

The fourth project I want to cover is a hot-
recycling project in the State of Virginia (5).

I talk about this project to give a realistic view
about recycling and some of the growing pains of
new technology. This project was nearly 1 mile in
length and located on U.S. Route 1 in Chesterfield
County near Richmond. The project took place in
1976 and 1977.

A conventional asphalt batch plant was used.
Two evaluations were to be made. The first
considered the process in which the recycle mix
1s introduced into the cold feed and proceeds
through the dryer, hot elevator, etc. It included
modifications of the plant to reduce the adverse
effect of the dryer flame being in direct contact
with the crushed hot mix and resultant stack
emissions. The second considered the process
whereby the recycle mix is introduced into the hot
bins, which is often called the Minnesota method.

The pavement to be replaced was a conglomeration
of asphalt overlays on top a portland cement concrete
pavement. The pavement structure dates back to the
1930's with asphalt overlays—-totaling 5% inches—-—
being added periodically since then. Various depths
and asphalt types made up the recycled pavement
structure,

As a result of problems in producing the plant
mix material, the project suffered several setbacks.
In using the method by introducing the recycle mix
into the cold feed, residual asphalt and minus 200
mesh material in the crushed pavement were sticking
to the dryer and being drawn into the primary dust
collector. Because this buildup had to be removed,
along with slow removal of the material from the
roadway and trying to eliminate a blue smoke
emission, production was very slow and the project
was temporarily terminated for reassessment.

After evaluating pavement removal procedures
(which resulted in switching from Pettibone and
Galion pulverizers to a ripper then crush the
material) and plant modifications (using the heat
transfer method by introducing the crushed pavement
material directly to the heated virgin aggregate),
the project was resumed in the spring of 1977 and
better results were obtained.

I'm not able to cover all the project details
at this time, but the cost analysis revealed that
with all the problems the cost of the recycled
material was $19.46/ton and a new pavement overlay
would have been $13,44/ton. The cost of a new
conveyor for plant modifications added $4.71 to the
recycle mix.

Although this project is not truly indicative
of the potential cost savings of recycling, it is
a good example of the growing pains the highway
community must endure to develop much needed
technology.

The fifth project is a hot recycling project in
Kossuth County, Towa (6). The project was 10 miles
in length and constructed in summer and fall of 1976,

The contract called for scarifying and removing
7% inches of bituminous material., The 7% inches
included a 3 inch bituminous treated aggregate base
and 2 inch asphalt concrete base course both
applied in 1961 and 2% inches of asphalt concrete
base constructed in 1964. After hot mix recycling
using a 2/3 recycled mix and 1/3 new materials ratio,
a 6 inch depth pavement was to be replaced. The
subbase was reworked to accommodate the new pavement.
The contract was part of a four project recycling



package. The contractor overran the entire project
by two weeks. The amount of recycled mix produced
for the Kossuth County project was 42,129 tons and
there were 82,000 tons produced for all four projects.
5% percent asphalt cement was required compared to

7% percent required for all new materials.

The cost analyses revealed that the recycled mix
cost $17.30/ton as compared to $20.59/ton for new
materials, a $3.29/ton savings. Other savings
included 171,825 gallons of gasoline and 948 tons
of asphalt cement. No aggregate savings was given.

The sixth project is Contract No 03-205404 west
of Gold Run, California, in Placer and Nevada
Counties (7). The total length of the project
was 24.5 miles. The project, which consisted of
recycling the asphalt concrete shoulders and ramps,
was constructed in the summer and fall of 1978. The
project is located in the snow belt of the Sierra
Nevada Mountains at an elevation of about 3,000 feet
at the lower (west) end and 5,000 feet at the upper
(east) end. The pavement is subjected to air
temperatures of from 10°F% in the winter and
90°r during the summer. The mean annual snowfall
within the limits of this job varies from 24"t at
the west end to 200"t at the east end.

The shoulder section consisted of 3 inches of
asphalt cement, 6 inches of cement treated base,
and 15 inches of aggregate subbase, The ramp
pavement section was 3 inch asphalt concrete,

9 inch asphalt base, and 12 inches of aggregate
subbase.

Approximately 1 inch of the shoulder and ramp
surfaces were Roto-Milled. This material was
used in a 50-50 blend for recycling.

In addition to the 1 inch asphalt concrete
removed, a 4-foot wide section adjacent to the
PCC pavement was milled another 3 inches. This
4 inch "trench" was backfilled using the recycled
mix, then the entire shoulders and ramp were
overlaid with 0.1 inches recycled mix.

The cost analysils for this project showed the
recycled mix cost $12.91/ton with using 3.5 percent
new asphalt cement and a 50/50 blend mix. The cost
of using wvirgin materials would have cost $16.81/
ton with a 6 percent asphalt cement content. A
total of $169.000 was saved for the 43,365 tons of
recycled AC placed on this project.

As I previously mentioned, all of the individual
projects I briefly discussed along with many more
recycling projects are documented in report form
and these can be obtained through FHWA's Region 15
Office in Arlington, Virginia.

Un a statewide basis, the State of Wisconsin
has done recent cost comparisons on the project
cost of recycled mixes (50/50 ratio) vs. non-
recycled mixes. According to data published by
Wisconsin in March of this year (shown on slide
No. 16), there was a savings of $4.30 per ton.

This cost savings was derived from six nonrecycled
projects averaging 34,000 tons of mix per project
and seven recycled projects which averaged 37,000
tons. The average bid price per ton excluding
asphalt cement was $7.60/ton for the nonrecycled
mixes and $6.20/ton for the recycled mixes for a
$1.30/ton savings. The nonrecycled mixes had an
average of 5.9 percent of asphalt cement added
compared to 3.6 percent for the recycled mixes.
The asphalt cement cost per ton of total mix was
$7.50 for nonrecycled vs. $4.60 for recycled--a
savings of $2.90. This zll equates to a total
bituminous mix cost of $15.10 for nonrecycled mixes
and $10.80 for recycled mixes, or the $4.30/ton
savings.

In conclusion, I have shown cost data from several
projects using various construction methods. The
State highway departments and FHWA research that
went into these projects and many others has revealed
that recycling of asphalt pavements can be a cost
effective alternative that needs to be considered
when asphalt pavement rehabilitation is necessary.
Obviously, certain factors such as material and
equipment availability, haul distances, etc., come
into play when determining cost-effectiveness, but
the highway community has shown that asphalt pavement
recycling is here to stay.
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SEMINAR ON ASPHALT PAVEMENT RECYCLING
OVERVIEW OF PROJECT SELECTION

Fred N. Finn, P. E.

Project selection is the first necessary step to
asphalt pavement recycling. This paper attempts
to discuss the primary considerations necessary
for a project selection which favors recycling.
Such factors as pavement condition, econamics,
energy, contractor availability, selective re-
habilitation, and engineering considerations are
discussed. It is concluded that virtually all
asphalt construction can be eligible for the use
of recycled materials including new construction,
reconstruction, resurfacing, restoration and re-
habilitation. There are some obstacles which
are causing recycling not to be considered as
often as it should; for example, a lack of con-
tractors with equipment and experience, and a
concern for unverified engineering criteria.

The major potential benefits of cost and energy
are judged to be sufficiently compelling to
justify some additional effort in design and
construction to select one of several recycling
alternatives, even though engineering and life
cycle information is not fully documented. Re-
search and information from demonstration pro-
jects indicate that material durability and
structural capacity of recycled materials are
camparable to new construction, and therefore,
should not be a deterrent to project selection.
An increase in contractor availability will oc-
cur if contractors can be assured of a con-
tinuing demand for recycling projects. Public
agencies will need to take a leadership role in
assuring that long term plans call for recycling
of asphalt pavements as a major objective in
pavement construction. This paper concludes
that recycling procedures are available for a
wide selection of projects and that engineers,
contractors, and public agencies have a res-
ponsibility to pramote recycling as a viable
alternative for pavement construction and to
support studies designed to verify needed
engineering and construction criteria.

Asphalt pavement recycling would appear to be an
idea or concept whose "time has come." In spite of
this, the rate at which technology is being develop-
ed and contracts are being advertised appears to be
relatively slow.

An analogy could be made to the current health

craze taking place in the United States at the pre-
sent time. The number of people who are exercising
regularly has increased tremendously during the
past several years; however, translated into the
percentage of the total eligible population the
number would be small.

Asphalt pavement recycling is not new. Some
forms of recycling were used in California in 1952
on airfield construction for the U, S. Navy. The
procedures at that time were somewhat primitive and
equipment wear and tear in pulverizing old asphalt
concrete was considered excessive and costly. Since
that time metals and equipment have improved, and
productivity has increased to a degree that recy-
cling of asphalt concrete by a variety of procedures
is increasingly attractive to the engineer and
should be even more attractive to those people
responsible for selecting construction alternatives.

Epps, et al (1) provide some compelling reasons
for recycling including (1) oconservation of aggre-
gate, (2) conservation of asphalt, (3) conservation
of enerqgy, (4) environmental preservation; e.g. re-
duced mining for new aggregate and (5) selective
rehabilitation; e.g. elimination of need for full
width overlays on multi-laned highways. With all
of these advantages, why do we see such a slow
evolution toward asphalt pavement recycling, campar-
ed to other developments, such as the use of dryer-
drum asphalt plants?

The nature of new developments in the highway
industry often follows an almost predictable pat-
tern; enthusiastic acceptance followed by diminish-
ing interest based on isolated failures or less
than spectacular benefits.

In any new development -there are surely going to
be same setbacks. Problems not anticipated will
occur that will require some adjustments in the pro-
cess. This should not be cause for abandonment of
the procedure if the potential benefits are of
significant importance, Remember that much of our
engineering technology has been developed empiri-
cally; i.e. based on experience and that includes
some premature failures. -

The U. 8. public is always looking for the
spectacular fast result; no trial and errors, just
results. U. S. engineers are no different; we
always want spectacular benefits. For exanple, a
five percent savings in cost may not be sufficient
to justify the additional effort and risk associated
with a new idea of procedure. However, if the long



term benefits or needs can be identified, the econo-
mic benefits can be zero or even negative during the
early stages of development.

In my opinion as a consultant, who deals with a
variety of public agencies, we have very little
choice but to move ahead with the use of pavement
recycling procedures. The traditional choice of
using all new materials is no longer a.viable alter-
native. Somehow we must convince the decision maker
to make the choice for recycling. In order for con-
tractors to invest in special equipment and to train
personnel, he needs to know that recycling is going
to be a long range development with a significant
amount of work expected in the future. Such an
envirorment is necessary in order to create the com—
petitive situation so necessary to the full exploita—
tion of the recycling concept.

The success of any pavement design and construc-
tion process is first one of selection. Thus, the
topic assigned to me is to review project selection
procedures. I have elected to discuss some of the
pros and cons of recycling., In this sense, cons are
really some of the obstacles in the way of recycling
as differentiated from the negative considerations.
There are really no negative considerations; however,
there are same chstacles.

The apporach I have used in gathering informa-
tion involves three sources; (1) literature, (2)
discussions with federal, state, county and city
officials and (3) my own experience and judgement
applied to project selection for recycling.

The topics which I have selected for discussion
pertinent to selection include:

1. Pavement condition

2. Contractor availability

3. Cost and energy comparisons

4. Environmental regulations

5. Engineering technology

Several of these topics will be covered in more
detail by other speakers at this conference; however,
this overview should serve as an introduction fol-
lowed by more in-depth developrent.

Pavement Condition

One of the first decisions necessary in select-
ing a project for possible recycling is the condi-
tion of the pavement. For asphalt pavements, the
need for resurfacing, restoration and rehabilita-
tion or even reconstruction, is usually brought
about by one or more of the following pavement defi-
ciencies:

(1) Pavement roughness

(2) Excessive cracking of the asphalt concrete

(3) Excessive rutting in the wheel paths

(4) Tow surface coefficient of friction

(5) Surface wear (raveling)

(6) Inadequate structure

(7) Inadequate traffic capacity

The subject of inadequate structure will be dis-
cussed further under engineering considerations.
Inadequate traffic capacity can be cause for reha-
bilitation or reconstruction particularly if it is
anticipated that truck volumes and weight will
increase significantly. Inadequate traffic capacity
will not be discussed further in this presentation.

The use of recycled material for new construc-
tion will be discussed under engineering considera-
tions.

) I believe that same type of recycling (surface,
in-place or central plant mix) can be used to ac-
camodate any of the first six deficiencies enumerat-
ed previously.

For purposes of this discussion recycling proce-
dures include surface, in-place and central plant

mix, essentially as defined by Epps et al in refer-
ence 1.

Surface recycling — Reworking and/or removal of the
surface of a pavement to a depth of approximately 1
inch by heater-planer, heater scarifier, hot milling
cold milling or cold planing devices. The operation
may involve the use of new materials (or recycled
materials) including aggregates, modifiers and/or
asphalt concrete.

In-place recycling, surface and base - In-place pul-
verization to a depth greater than 1 inch followed
by reshaping and campaction.

Central plant recycling - Removal of the pavement
from the roadway after or prior to pulverization,
processing of material with or without the addition
of a modifier, followed by laydown and campaction to
the desired grade (and depth).

Pavement roughness in most cases can be corrected by
surface profiling, by cold milling, or heater plan-
ing, cambined with resurfacing, using recycled hot
or cold mixes.

Specific criteria for selection of recycling
procedures are provided by Epps et al (1).

Excessive cracking can be corrected by several of
the available recycling procedures.

The Arizona DOT is one of the few agencies which
has tentative guidelines for selection of recycling
procedures related to surface cracking. A cracking
index has been developed by Arizona which provides
a systematic prooedure for identification of the
extent and severity of cracking (2). Based on this
procedure, surface recycling is considered appro-
priate when the cracking index is 10 percent or
more, and more extensive recycling; e.g. in-place or
central plant mix, when the index is 40 percent or
more.

Epps et al (1) have also provided guidelines for
selection of recycling alternatives as a function of
type and extent of cracking. Such recamendations
include all three recycling techniques; i.e. surface
in-place and central plant mix recycling.

In the case of physical distress (cracking or
rutting) it may be advisable to conduct an engineer-
ing investigation to evaluate the possible need for
structural reinforcement.

Excessive rutting can generally be corrected by sur-
face planing or milling in combination with a sur—
face treatment or thin overlay. The thin overlay
could be produced fram a cambination of recycled and
virgin material on roads of medium and low traffic;
e.g. less than 5000 vehicles per day.

In some cases surface recycling may not be suf-
ficient to correct problems in the base or subbase,
in which case in-place or central plant mix may be
the proper option.

Tow skid nunber can be corrected with surface
planing or recycling with a minimum of new materials.
In extreme cases central plant mix recycling with
some percentage of virgin non-polishing aggregate
may be required.

Severe raveling can be corrected without recy-
cling in many cases. However, for heavily traf-
ficked highways, surface recycling, with new or
recycled materials added, may provide cost effi-
cient benefits.

Inadequate pavement structure can be corrected by
increasing the depth of stabilization by means of
in-place or central plant-mix recycling. In effect,
this is increasing the stmetural mmher by in-




creasing the depth of the stabilized layers. If
necessary, a new wearing surface can be added as a
precaution against accelerated surface wear. It
would not be necessary to increase the elevation of
the finished pavement if central plant mix recycling
were used or if special provisions were made in con-
nection with in-place recycling.

In summary, the range of alternative recycling
procedures can be used to correct any deficiency
that can be corrected by the use of new materials.,
This should not be construed as indicating there
are no prcblems associated with recycling. There
are some problems, but in concept the techniques are
applicable to the full spectrum of design and con-
struction, including rehabilitation.

There may be some skepticism as regards the use
of recycled materials for overlay or as a wearing
surface. However, as will be discussed, there is no
engineering justification for such concern. Ex-
perience may prove otherwise, and some caution will
need to be exercised in project selection for thin
(one course) overlays or as a wearing surface. One
recommendation would be to use recycled materials as
a wearing surface only for pavements subjected to
less than 5000 vehicles per day. Eventually, this
limit could be increased.

Contractor Availability

In order to select a recycling alternative for a
specific project, the engineer or agency needs to be
sure that there are contractors in the area who are
prepared to bid on the project. Contractor avail-
ability is a necessary consideration in project
selection.

In general, contractors are available for sur-
face recycling. The equipment is portable and can
be moved over large distances quickly. As the
volume of work increases, contractors can station
more equipment in central locations and provide more
competition in all areas. Also, a range of equip-
ment, for large or small projects, and using hot or
cold procedures, is available.

Contractors with the proper type of equipment
for in-place recycling are somewhat more limited
when compared with surface recycling; however, it is
available. In-place mixing has been a standard
operating technique in pavement construction and
material stabilization for many years. These tech-
niques have been perfected with new materials and
can be perfected for recycling.

A recent experience in Walnut Creek, California
points out the difficulty that can occur on rela-
tively small projects. The project was designed to
recycle the asphalt concrete surface and base by
stabilization with cement, plus a new wearing sur-
face; a procedure used on selected projects by
Caltrans and Nevada DOT (3). The project was two
lanes of a four lane highway, approximately 0.6
miles in length. Only one contractor bid on the
project. 2An award was made in order to correct
some aggrevated distress. However, it developed
that the contractor did not have the proper equip—
ment, as referenced in the specifications, and the
contract was cancelled and subsequently awarded
using a more conventional design.

It is believed that if more agencies in the
area would specify in-place recycling, contractors
would acquire the equipment which would create a
more competitive situation.

If the project is sufficiently large the con-
tractor can afford to bring in the proper equipment.
The experience reported by E. Aguirre (4) of Victor-
ville, California is such an example. In this case
a $100,000 savings was reported by in-place

recycling of two miles of city streets.

In many parts of the country the availability of
contractors for central plant-mix recycling is very
limited except for large projects. In the San Fran-
cisco Bay Area (nine counties) there is only one
contractor who has acgquired equipment especially
designed for recycling. In Northern California
there are only two contractors with plants designed
or modified for use with recycled materials. In Los
Angeles one contractor has retrofitted his batch
plant to do recycling using the Minnesota process.
However, in neither case are agencies beating a
path to their door with projects selected for use of
recycled materials. The Los Angeles contractor has
had two recycling projects in three years. The San
Francisco contractor has furnished 4000 tons in two
years, all on private works. In Los Angeles the
contractor offered a one dollar rebate on all re-
cycled materials and could find no takers.

Contractors face a "Catch 22" situation with
regard to spending money for equipment required for
recycling. Before they can invest, they need to
have some assurance that the specifying agencies
will follow a long range plan requiring or allowing
the use of recycled materials. However, specifying
agencies are reluctant to use recycled materials
unless there are a mmber of contractors in the
vicinity who are properly equipped and who have
experience in processing recycled materials.

In summary, contractors for surface recycling
are available in most parts of the United States and
conmpetitive conditions exist in meny cases. However,
availability of contractors for in-place and central
plant recycling is samewhat limited by the size of
the project.

To improve the contractor availability situation
action will be required on the part of the larger
agencies; e.g. federal, state and larger counties
and cities. These agencies will need to take the
leadership in establishing a continuing market for
recycled materials.

Cost and Energy

Cost is the traditional criteria for selection
between various design and rehabilitation alter-
natives. The alternative with the least cost, in-
cluding initial and maintenance, is usually elected
by the designer. &another consideration which may
or may not be reflected by comparative cost is
energy. Both of these subjects will be presented
by another author at this seminar. However, a few
camments may be appropriate in this overview.

Alternative bid prices for three projects in
Arizona (I-10-4/68, I-17-1/25, I-40-2/86) indi-
cate that camparative prices between recycled
asphalt concrete and new asphalt concrete would
result in a savings of $0.43 per ton in favor of
the new asphalt concrete or a difference of 2 per-
cent.

Considering that bid prices do not always re-
flect actual costs, this comparison does not
correctly reflect the potential benefits between
the two techniques.

In Hawali a project involving 15900 tons of
asphalt concrete was modified by change order from
all new to 30 percent recycled material, and the
price was reduced by $0.80 per ton or 3 percent.

In California, four projects were analyzed
which showed substantial savings as summarized
below:



Project Recycled Aggregate
I-80 (Gold Run) 50%
I-5 (Weed) 50%
SR 395 (Bishop) 100%
I-10 (Blythe) 55%

Average

The total savings in dollars were estimated to be
$761,500 with an average reduction of 26 peroent in
the asphalt requirement.

Discussions with one materials supplier, who
does no laydown, indicates that the potential savings
in using recycled mixes is $3.00 per ton, or 17 per-
cent. In this case the contractor is using all cold
millings, no crushing, which cost between $1.25 and
$2.25 per ton delivered to his yard from projects
within a 20 mile radius of his plant. Virgin ag-
regate costs the contractor $4.00 per ton.

Local dumps are charging $70 per load for dump-
ing street rubble including asphalt concrete. Some
contractors are now accumilating asphalt concrete for
recycling by allowing contractors to dump materials
in their yard at no cost. At this price, the con-
tractor can afford to haul the material a consider-
able distance and still be economically ahead of
dumping.

Thus, the economic benefits are there. Even in
Arizona it is believed the benefits are real although
the method of bidding may in some way disquise these
benefits. Also, haul distances and plant location
will have an effect on cost comparisons.

Economics on a particular project can also be

affected by selling salvaged materials to contractors.

For example, the salvaged materials can be retained
by the agency or credited to the project by the con-
tractor.

If the salvaged materials are to be retained by
the agency, the contractor would be paid to remove,
process (as specified) and deposit at a site desig-
nated by the agency which would be convenient for
future applications. For example, the material could
be hauled to the maintenance yard where it would be
used for patching, tranch backfill or shoulder re-
pairs. In this sense the material has value which
should be credited to the job and to the process.

If the salvaged material is retained by the
contractor, the bids should reflect the fact that he
has retained all or same part of the salvage mater-—
ial.

The one area that can produce a real benefit is
in energy savings. For example, the I-10-4(68) pro—
ject in Arizona shows a savings equivalent to 19,400
gallons of gasoline for a project involving 57,500
tons of asphalt concrete or one-third of a gallon for
each ton of mix. On the project the savings in BTU/
ton amounted to 11 percent.

Peters et al (5) have sumarized typical energy
camparisons, including transportation, for new and
recycled asphalt concrete. Based on their assump-
tions a typical energy requirement for new asphalt
concrete would be 432,300 BTU/ton and for recycled
asphalt concrete the value is 327,992 BTU/ton or a
24 percent reduction in energy.

Factors included were (1) manufacture of asphalt
cement, (2) hauling asphalt cement, (3) crushing
gravel, (4) haul salvaged A.C. to miles, (5) crush-
ing salvaged material, (6) drying and heating mater-
ials, (7) hauling, spreading and compacting either
type mix.

With scme justification, many engineers believe
that the benefits in energy savings will be reflect-
ed in energy costs. This would be the traditional
approach; however, it may be time to examine that
approach.

Cost/Ton New Recycled
$16.81 $12.91
$29.59 $20.09
$22.66 $20.35
$22.08 $13.39
$22.78 $16.68

Is the real value of energy savings reflected in
cost savings? An analogy can be made with water.
Does the cost of water reflect the value of water?
We need to conserve water because it is precious and
not in ever increasing supply. For project selec—
tion some credit or value needs to be given to the
energy savings which is not necessarily reflected in
cost. I have no specific recommendation to make ex-
cept to suggest that more sophisticated evaluations
are necessary which go beyond standard economic com-
parisons.

Regulations

One possible concern for the use of recycling
procedures is govermment regulations; specifically,
requirements related to safety, noise and air pol-
lution.

Of these three, the only one that appears to be
significant is air pollution and particularly opa-
city requirements associated with central plant mix
requirements. This problem has not yet been satis-
factorily resolved (6). The current solution is to
spray water on the cold feed materials, to increase
the amount of virgin material or decrease plant
production. None of these is entirely acceptable
and each tends to increase the cost of construction
using recyciing procedures.

Some modifications in equipment have helped to
reduce the air pollution problem; however, the gen-
eral solution is to reduce the amount of virgin ag-
gregate used in the mix. An upper limit of 60 per-
cent recycled material is the figure most frequently
quoted. This is not ideal; 100 percent recycled
would be preferable. However, the surplus can be
used for new or reconstruction projects or for
strengthening existing projects by in-depth stabili-
zation.

Engineering Considerations

Project selection can be divided into two cata-
gories; (1) surface recycling and (2) in-place or
central plant-mix recycling. If the project can be
restored by corrections to the surface with a mini-
mm of new materials, surface recycling will prove
satisfactory. If substantial corrections are re-
quired, more extensive actions will be necessary
which can be achieved by in-place or central plant
mixed procedures. Some of the major advantages and
disadvantages are emumerated in Table 1.

Specific engineering considerations or design
parameters which will influence project selection

aro-.
[Chash

Mix design

Durability of recycled mixture
Structural properties
Construction uniformity

W

A detailed discussion of these items is beyond
the scope of this report; however, same summary
remarks are pertinent.



Table 1

Advantages and Disadvantages of
Recycling Asphalt Pavements

Recycling Procedure Advan S Disadvantages
Surface Recycling 1. Reduces reflection cracking 1. Limited structural improvement
2. Promotes bond between old pavement 2. Potential air pollution
and recycled material problems (dust, smoke)
3. Reduces tendancy for raveling at
oonforms
4. Corrects a variety of distress types
at all levels of severity
5. Selective rehabilitation
In-place Recycling 1. Significant structural improvements 1. Prablems of quality control
2. Corrects all distress types at all 2, Same design parameters unknown
levels of severity
3. Selective rehabilitation
Central-plant Recycling 1. Designed improvement in structural 1. Improved quality control
capacity required
2. Corrects, all distress types at all 2. Same design parameters of
levels of severity questionable reliability
3. Improved quality control over surface 3. Potential air pollution
and in-place recycling problems
4. Selective rehabilitation
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Mixture Design

The elements of mixture design have been rather
thoroughly researched and summarized in the litera-
ture (1, 3, 7, 8, 9). Basically, the mix design ap-
proach used by investigators is to produce a mixture
which meets all standard material specifications for
the type of mix being produced.

The mix design procedure proposed by Kari et al
(9) and which is generally representative of proce-
dures proposed by others is summarized in Table 2.

Table 2

Recycle Mix Design Process

1. Evaluate salvaged material
gradation

. amount and consistency of asphalt

2. Establish consistency requirements for recycled
material

3. Determine proportions of recycling agent; i.e.
low viscosity asphalt or special petroleum deri-
vative, required to provide desired consistency.

4, Determine proportions of recycled material, re-
cycling agent and virgin aggregate necessary for
stability and other mix design requirements, in-
cluding water susceptibility, by appropriate
laboratory procedures.

Once the appropriate proportions are determined
for a range of percentage of virgin aggregate, the
mixture design is ready for field trials.

All available information indicates that recy-
cled mixtures should be equivalent to new asphalt
concrete (1) and would be suitable for all types of
construction including surface recycling, in-place
or central plant mix applications.

Durability of Recycled Mixtures

Based on laboratory evaluations (1, 6, 7, 8) the
durability properties of the asphalt in recycled
mixtures should be equivalent to that of convention-
al asphalt concrete. Only time will tell if the
traditional tests used to evaluate asphalt durabil-
ity will apply to recycled materials. At the pre-—
sent time there is no reason to suggest they will
not. More research is needed to confirm this as-
sumption.

Structural Properties

For in-place and central plant mix recycling it
will be necessary to establish coefficients appro-
priate for both structural enhancement by increas-
ing the thickness of the stabilized layers and for
overlays.

Epps, Little et al (l) summarize extensive
studies made to evaluate the structural properties
of recycled materials. The procedure used to make
such comparisons was largely by means of computer
simulation using recognized mechanistic procedures.
Some effort was made to incorporate AASHO Road Test
Data into their analysis in-so-far as it was ap—
plicable to the procedures used. Also, a mmber of
field projects were included in the study by means
of core sampling, testing, and dynaflect measure-
ments.

The conclusions reported in Volume 1 of refer-
ence 1 are sumarized as follows: i

1. Based on a structural evaluation, recycled
asphalt concrete bases stabilized with either
asphalt emulsion, cutback, cement, lime, or with the
addition of an asphalt modifier are superlor to

aggregate bases in terms of load distribution.

2. Recycled bases in this study are structural-
ly equivalent to or superior to conventional stabil-
ized bases.

3. Although there was considerable variability
in results, the in-situ properties as determined
from an analysis of dynaflect measurements, are com—
parable with properties of conventional materials.
It can be concluded that overlay designs would not
be affected by the use of recycled materials.

In summary, project selection would not be af-
fected by structural differences associated with
the load distribution or performance properties of
recycled materials.

These conclusions should be considered scmewhat
tentative. However, the information is sufficiently
conclusive to justify using conventional design
parameters for project selection.

Sclective Degign Alternatives

Arizona DOT has pioneered a design procedure
which combines recycling procedures (5). Specifi-
cally, for multi~laned highways, ADOT has designed
several projects with surface recycling and thin
overlay in the passing lane, and for central plant
mix recycling in the truck lane, also with an over-
lay. The procedure takes full advantage of various
recycling combinations in order to minimize the
overall cost.

The selective use of heater scarification and
overlays on an as-needed basis has also been used by
ADOT to maximize the benefits of recycling.

Construction Uniformity

One of the major concerns of engineers with re-
gard to the use of recycled materials is construc-
tion control.

Quality control of construction is important
whether it be for all new construction or recycling.
Because of non-uniformity of salvaged materials, or
handling techniques, uniformity may be somewhat
more of a problem in recycling than it would be in
conventional materials. Some additional attention
will need to be given to monitoring recycling pro-
jects to assure uniformity.

Summary

Tn the nreceading sections of thig ranort a

AAAAAA preceedlng Ycport a

brief discussion has been presented concerning
selection of projects for asphalt pavement recycl-
ing. Based on the information available it would
seem reasonable to conclude that recycling proce-
dures are an acoeptable alternmative for all types
of design including new construction, resurfacing,
restoration and rehabilitation.

Some additional engineering effort will be re-
quired in comnection with mix design and construc-
tion control. The potential benefits in cost and
energy should easily justify the additional effort
required.

Unfortunately, in the absence of contractor
capability, there appears to be same reluctance to
establish a long-range policy to implement recy-
cling as an alternative for every construction
project. Contractors need that reassurance before
they can acquire for themselves the proper equip-
ment and experience necessary to improve their
capability.

There is a need for technical literature for
use with recycling projects. Reference 1 is a
significant beginning to meet this need. Huowever,



additional mix design guidelines are needed and most
specifically, model specifications and construction
control requirements need to be put in the hands of
public agencies and consulting engineers.
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COST AND ENERGY CONSIDERATIONS IN PROJECT SELECTION FOR RECYCLING ASPHALT PAVEMENTS

Woodrow J. Halstead, Research Consultant, Virginia Highway & Transportation

Research Council

This report discusses the costs and energy
factors involved in various recycling tech-
niques and compares such costs and energy use
with those involved in conventional procedures
using all new materials for the rehabilitation
of asphalt pavements. It 1s emphasized that
the relative amounts of transportation and
construction energy consumed in alternative
procedures are of primary concern in highway
construction and maintenance, and that this
factor controls to a considerable extent the
relative costs of different alternatives. The
energy savings and cost reductions reported
for the recycling projects included as a part
of Federal Highway Administration Demonstration
Project 39 are summarized. Differences in
theoretical transportation and construction
energy requirements for usual overlays and for
hot recycling through a central mixing plant
are also shown. The general conclusions drawn
are that a number of recycling techniques
offer means for conserving significant amounts
of energy and reducing costs over traditional
ways of rehabilitation. The amount of energy
saved and the reduction in costs will depend
on the conditions of each project. On-site
cold recycling offers the greatest potential
for direct energy conservation, but more infor-
mation is needed on the durability of recycled
components before the lifetime cost and energy
effectiveness can be known.

Most reports concerning the feasibility of
recycling asphalt pavements point out that the
individual factors surrounding each project deter-
mine whether or not such recycling is economical
or conserves energy. Where central plant mixing
is involved the various factors interact in differ-
ent ways depending on the distance between the
source of new materials and the mixing plant or
the distance from the job site to the mixing plant.
Relative time and traffic delays are also factors
in urban and congested areas. Traditionally, the
cost-effectiveness has been recognized as the most
desirable criterion by which to judge the selection
of alternatives. More recently, some engineers and
administrators have suggested that energy-effective-
ness might he a hetter alternative. Under normal

circumstances, however, the two alternatives will
lead to the same conclusions.

There is a close relationship between overall
energy requirements and costs. In particular, the
recent very large increase in cost for comstruction
of asphaltic highways 1s related to the increase
in the cost of petroleum based fuels and asphalt,
a derivative of petroleum. While it is not
difficult to judge the amount and cost of energy
consumed in the operation of equipment, some of
the indirect energy balances are very difficult to
determine and there has not been universal agree-~
ment on the energy factors involved in a number
of operations. Additionally, the relative cost-
effectiveness of two alternative materials or
construction procedures for highways may not
always be easy to determine, since the years of
adequate performance that will be provided by each
alternative cannot be precisely predicted. When
dealing with recycling concepts, the economic
value of conserving raw materials and the value of
eliminating potentlal environmental problems are
also somewhat intangible but must be considered
in determining overall cost-effectiveness.

Although other factors may influence the final
decision, the first factor to be comnsidered in
deciding whether or not a given recyvcling alterna-
tive 1s desirable 1s its cost relative to those of
established rehabilitation procedures. The
various reports prepared as a part of Demonstra-
tion Project No. 39 conducted by the Federal High-
way Administration (FHWA) in cooperation with a
number of states contain cost and energy use
comparisons for a number of alternatives.(1ll)
Although the comparisons within the various
projects are not always made on the same basis,
they generally show recycling to cost less and to
use less energy than other available alternatives.
While the final evaluation of cost-effectiveness
must await information on how long the recycled
pavements provide adequate service, these reports
strongly support the feasibility of the recycling
option in a number of different situations. How-
ever, much remains to be done to establish
recycling as an alternative that 1s automatically
considered in all situations. In a discussion at
the FHWA Research Project Review in Williamsburg,
Dr. Richard Smith stated:



"The technology to recycle reclaimed asphalt
pavement materials has been developed, but little
use is being made of it. The principal reason 1s
seen to be a lack of economic motivation as the
cost savings to be gained by recycling remain
obscure to highway administrators and asphalt con-
tractors alike." (2)

In the same presentation Dr. Smith pointed out
the increasing value of salvageable material. In
particular, recycling operations that reduce the
need for new asphaltic binder are becoming increas-
ingly attractive as the price of asphalt increases.
When asphalt sold for $33 a tonne ($30 a ton) a 4%
reduction in the amount of asphalt needed for a new
mix amounted to $1.33 a tonne ($1.20 per ton); but
at $165 a tonne ($150 a ton) for asphalt, a 4%
reduction is equivalent to $6.61 per tonne ($6.00
per ton), a significant difference.

Energy Classification

In considering the energy used for any project,
there is a need to include more than the total
energy expressed as Btu's or an equivalent number
of gallons of diesel fuel or gasoline.

As has been pointed out, "All Btu's were not
created equal'. It can also be added that "all
Btu's are not interchangeable".(3) Someone has
calculated that the American public carries around
1 billion kg (2.3 billion 1b.) of excess weight.
The extra food calories and the energy required to
produce that food are sufficient to operate 900,000
average U.S. autos for a year — or to supply the
annual residential electrical demands of Boston,
Chicago, San Francisco, and Washington, D.C. Such
calculations supply interesting trivia for conver-
sation but they have no true bearing on energy
conservation. There is no way that Btu's saved by
a reduction in the human intake of food calories
can be economically converted to either vehicle
fuel or electricity.

In evaluating the energy impact of highway
construction four categories of energy should be
considered. These have been defined as follows:

1. Embodied Energy: The amount of energy that
has been used to manufacture or process a material
up to the point it is to be used for a project.

2. Transport Energy: The energy needed to
move material from the point of manufacture or final
processing to the job site or the plant at which it
is to be used. Primarily, this is the fuel required
to operate loading, hauling, and unloading equipment.

3. Construction Energy: The energy needed to
process the material, move it to the job site, and
complete the project. For asphalt used in highway
construction this category includes energy to heat
and dry the aggregate, operate the plant, haul the
mix to the job site, place it on the roadway, and
compact it.

4. 1Indirect Energy: The energy used by the
work force in getting to and from the job site, the
increased energy expended by users of the highway
because of construction related delays, the energy
involved in manufacturing equipment, etc.(3)

Transport and construction energy are the
categories of major interest to highway contractors
and engineers. These categorles consist of the fuel
used in hauling materials and in the operation of
equipment for processing materials and manufacturing
the finished product. Conservation in these catego-
ries has a direct bearing on reducing the costs of
highway construction or minimizing increases in
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costs. In considering recycling and alternative
rehabilitative procedures, the differences in
energy use in these categories will likely be one
of the major considerations in determining relative
costs.

For manufactured products such as metal compo-
nents, the relative amount of embodied energy will
likely be reflected in costs. However, this may
not be true for those natural resources such as
aggregate and asphalt that are processed rather
than manufactured. In particular, for the construc-
tion of asphaltic pavements the amount of this
category of energy used depends on how embodied
energy 1s defined.

Under one view embodied energy includes the
Btu's in the asphalt itself, since that amount of
energy was originally considered a part of the
available energy in the petroleum from which it was
refined. Under another definition, which is
endorsed by the Asphalt Institute and others, the
asphalt is considered to be a construction material
that is removed from petroleum by the refining
process; therefore, they count only the prorated
share of the refining energy as manufacturing or
embodied energy. Still others consider the Btu's
in the asphalt as not being used up, but as being
stored in the highway. In another view high sulfur
asphalt would be classed as a waste by-product of
the refining process — in which case the embodied
energy would include only the energy used in pro-
cessing and storing asphalt cement for sale.

Under present cilrcumstances the differences in
these views may be of only academic interest to the
highway builder, because engineering factors along
with the availability and costs of materials form
the basis of his decision as to whether asphalt or
some sultable alternative will be used for a given
project. However, if propesed revisions in FHWA
regulations go into effect, the definition of
embodied energy could become very important. The
proposed changes would, in effect, require an
evaluation of the energy impact as part of the
environmental impact statement. It is possible that
decisions concerning alternative types of construc-
tion could be affected by their relative energy
efficiencies. As many realize, when the Btu's in
the asphalt is considered to be embodied energy,
asphalt paving becomes substantially more energy-
intensive than portland cement concrete paving.
When the Btu's in the asphalt are not included as
embodied energy, asphalt construction is placed in
a much more favorable light.

This difference in definitions should not be
allowed to influence the selection of pavement type.
It 1s important that the present practice of
judging alternative types of construction on the
basis of technological considerations, availability,
and cost-effectiveness be continued. It is also
important that changes in refining processes and
techniques for burning residual petroleum fuel be
monitored by the highway industry to assure that
an adequate supply of asphalt for highway construc-
tion and maintenance i1s available. Under present
circumstances, the generally large amount of
residual fuel availlable and the difficulty of
burning some residuals containing asphalt assure
adequate supplies of asphalt for highway construc-—
tion. However, future developments could change
refining priorities in a way that would create
shortages of asphalt in some locations.

Indirect energy has a bearing on overall land
use and transportation planning, but for alternative
types of highway construction the amounts required
are substantially the same. Consequently, in this
discussion, no further consideration will be given
to indirect energy.



14

Recycling Options

The Texas Transportation Institute draft report
on "Interim Guidelines for Recycling Pavement
Materials" identifies 24 recycling alternatives.(4)
Eight of these options involve maintenance and re-
palr operations on pavement surfaces not often
assoclated with recycling. Another 8 involve in-
place recycling that results in minor or major
structural improvements; they generally involve
crushing, pulverizing, and replacing the old pave-
ment with or without new asphalt or modifiers. The
final 8 options involve central plant recycling.
These may be either cold or hot mix operations with
or without the addition of new binder. Obviously,
the type of project involved, the location of the
project (urban or rural), and the amount of traffic
involved automatically rule out certain options for
given projects. Because the many combinations of
equipment and procedures and the rehabilitative
techniques that are availlable do not provide the
same level of performance or length of service
before additional measures must be taken, estimates
of energy or cost savings for various classes of
recycling based on theoretical considerations are
so dependent on the assumption made that they are
of questionable value. After consideration of a
number of these alternatives, it was decided that
the information in the reports on work performed as
part of FHWA Demonstration Project No. 39 provide
the best evidence that recycling enables energy
conservative and cost savings in many situationms.

A summary of the energy and cost analyses presented
in the reports on this project is given in
Table 1.(1)

The recycling procedures demonstrated varied
widely and were undertaken to solve different prob-
lems. Also, for different situations essentially
the same recycling alternative may be compared to
different rehabilitative procedures. In almost all
cases, however, the reported savings by recycling
are significant. Of the 21 projects reporting
energy and cost analyses, only 2 reported negligible
savings in energy and 5 reported negligible savings
or increased costs for the recycled material; and
in each of these cases, special circumstances
appear to have influenced the reported cost compar-
isons. Reported figures for energy conservation,
expressed as equivalent gallons of diesel fuel saved
for each lane-mile of recycled pavement, varied from
a low of 390 gal. to a high of 7,730 (equivalent to
a low of 920 %/km to a high of 18,260 %/km). The
70-gal. per lane mile saving in report DP-39-4 was
excluded because it represented the removal and re-
use of material originally used as a temporary de-
tour rather than a rehabilitation of an old pavement.

The reasons for the very wide spread reported
were not completely analyzed, but differences relate
primarily to the recycling sequence, the extent to
which hot materials were used, and the percentage
of recycled materials in the rehabilitated pavement.
Cost reductions are not always proportional to
energy saved; they are also influenced by the bases
of comparisons. In general, the highest reduction
of cost is estimated when actual costs for cold, in-
place recycling projects are compared to estimates
for replacing bases with hot black base and asphalt
concrete overlays. Although quantitative estimates
of energy and money to be saved by specific proce-
dures cannot be derived from Table 1, it can be
concluded that in almost any type of situation recy-
cling will require the consumption of less direct
energy in the project and also provide a savings in
costs. Whether or not a project is cost-effective
or energy-effective cannot be judged from the

figures in Table 1, since the level and length of
service to be obtained from the recycled material
has not been established.

The potential advantages of in-place recycling
techniques in several situations where costs must
be kept low have been recognized for some time and
such techniques are used to a considerable extent.
However, untll recently, recycling on heavily trav-
elled roadways as an alternative to the usual prac-
tice of applying an overlay of all new material
has not been considered to a large extent. Conse-
quently, it is important to examine some of the
theoretical aspects and basic principles involved
in central plant, hot mix recycling and to compare
the amount of energy it requires with the energy
required in normal overlay procedures.

Figure 1 is a block diagram of the various
operations for conventlonal overlays and for cen-
tral plant, hot mix recycling. The energy used
in each of these operations varies from project to
project but factors based on reasonable assumptions
are available, and, based on theoretical factors,
the relative differences in the amounts of energy
consumed can be estimated.

Blocks A-1 and S-1 represent embodied energy —
that is, energy already consumed when the highway
engineer becomes involved. The level of this
energy does not enter directly into the amount of
fuel required to build a highway and, since the
method of calculating this energy is in question,
it will not be further considered in this
discussion.

Blocks S2 and R2 are key unlts, since the dis-
tances the materials must be moved are important
in establishing potential energy conservation.
Energy must also be expended to crush the old pave-
ment and stockpile the crushed material at the
dryer. Differences in energy consumption between
the overlay and recycled mix will occur from
different moisture contents. From this point, the
amounts of energy consumed in mixing and hauling
the material from the plant to the job site and
in compaction are essentially the same for the new
overlay and the recycled mix.

To illustrate the effects of the distances that
the aggregate must be hauled to the job site and
the distances the old pavements must be moved to
the plant and returned, calculations of energy used
in hauling (transport energy) and energy used in
construction (construction energy), were made for
several sets of assumed conditionms.

All calculations were made using the factors
published in "Energy Requirements for Roadway Pave-
ments"”, (3) with the following assumptions.

Composition of overlay:

Asphalt — 67, aggregate basis
Aggregate — 85% crushed stone
15% sand

Composition of new mix added with recycled
material:

Same as for overlay

For recycled material, add 2% asphalt

Asphalt is hauled 50 miles in 4-axle rigs

Aggregate, reclaimed material, and new mix
hauled in 3-axle rigs

New aggregate contains 5% moilsture

Reclaimed mix contalns 27% moisture

Aggregate and reclaimed mix enters drier
at 21°C (70°F)

Final mix heated to 149°C (300°F)



Report
No.

Classification
of Pavement
Recycled

General Description of
Recycling Process

Energy Saved in Equiv.

Gal. Diesel Fue

1(a)

Estimated Dollar

Saving

Total Per Lane

Mile

Total

Per Lane
mile(c)

Remarks

10

1%

12

Rural

Urban (curb-
gutter)

Interstate

Material from

Detour

State Road

State Road

U.S.-Secondary

Rural

Interstate

Rural

Interstate

U.S.-Secondary

Cold. Total pavement ripped,
pulverized CMS emulsion added;
relaid as 4-in. mat.

Cold. Top 1 in. heater
scarified, old material blended
with new a.c. in repaver, HVMS
emulsion added as needed, re-
laid as surface.

Hot. Top 0.15 ft. milled,
material mixed in pugmill
with rejuvenators and new mix
relaid. Friction course
added.

Hot. 01d material blended with
new at hot plant. Laid as 6 in.
mat on secondary road.

Cold. Heater scarified, reju-
venator added, compacted. Over-
laid with 1 1/2 in. mat.

Hot. Top 3 in. cold milled, stock-
piled, blended with new material
in hot plant, relaid as surface.

Cold. Top 1 3/4 in. milled, re-
placed on shoulder.

Cold. Top 3 in. scarified, SA-1,
and new asphalt added, road mixed,
compacted as new base. Overlaid.

Hot. Total 4 1/2 in. cold milled,
blended with new material in hot
plant, relaid as surface.

Hot. Pavement scarified, crushed,
blended with new material in hot
plant, relaid as surface.

Hot. Pavement scarified, crushed,
blended with new material in hot
plant, relaid as base. Overlaid.

Cold. Top 1 1/2 in. heater
scarified, new material added,
compacted. Open graded surface
applied.

11,900

0.06 per
s.y. =in.

76,200

1,100

32,400

9,100

246,600

Not Reported

27,200

154,500

0.21 gal./

ton

113,000

4,000

420

4,760

70

1,120

810

5,000

450

75730

5,280

26,600

Nil

320,700

59,400

408,300

6,700

Nil

20,000

4,950

14,080

Not Reported

737,600

146,000

138,400

15,000

23,260

2,430

6,920

Not Reported

232,000

10,841

Cost compared with
average bid price of
conventional overlay.

Compared with removing
pavement, replacing with
2 in. hot mix.

Compared with hot mix
overlay.

Compared with hot mix
base.

Compared with hot mix overlay.
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13

14

16

17

19

20

2]

22

23

24

25

Rural

U.S.-Primary

Interstate

U.S.-Primary

Material from
Runway

U.S.-Secondary

State Road

State Road

Urban

3-Projects:
Interstate,
Rural,
Secondary

Rural

Cold. Total pavement pulverized,
mixed, relaid as base. Two inch
overlay applied.

Hot. Overlay over P.C.C. removed,
crushed, blended with new
material in hot plant, relaid

as surface.

Hot. Total 4 1/2 in. pavement
broken up, crushed, remixed at
hot plant, relald as surface.

Hot. Total pavement cold milled,
blended with new material at
hot plant, relaid as surface.

Hot. 01d material stockpiled,
crushed, blended with new
material at hot plant, relaid
as base. Overlaid.

Cold. Top 4 in. pulverized, CMS2
added, mixed, relaid as surface.

Cold. Surface heater scarified,
compacted, rejuvenator added.
New 1 in. overlay applied.

Cold. SS-1 applied prior to
recycling top 1 in. with
repaver. Friction course added.

Hot. Top 1 in. to 3.5 in. milled,
blended with new at hot plant,
relaild as leveling course.
Overlaid.

Cold. Pavement ripped, pulver-
ized, aggregate added, relaid
as base. Overlaid.

Cold. Pavement ripped, pulver-
ized, new aggregate added, road-
mixed with $S-1h, compacted.
Chip seal added.

0.48 gal/
ton

Nil

Nil

52,200

10,700

0.67 gal/
S.Y.

Not Reported

19,200

5,130

Not Reported

11,880

None
None
Nil
1,070 Nil
1,690 59,600 9,370

4,720 2.21/s.y. 15,560

Not Reported

1,330 85,350 5,930

390 26,800 2,040

Not Reported

2,700 54,000 12,270

Recycled base cost more
per ton.

Long haul to crusher and
high capital costs for
equipment.

Compared with new base
and overlay.

Compared with new 4 in.
mat.

(a)1 gal. = 3.78 litres
1 gal/lane mile = 2.36 litres/lane kilometre
(b)Costs of recycled techniques compared with costs of

usual rehabilitation procedure.
(c)1 mile = 1.6 kilometres

91



Figure 1.
hot mix recycling.
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Figure 2 i1llustrates the combined transport and
construction energy used for an overlay compared to
that for recycling 50-50 and 80-20 blends of recy-
cled and new material, where the job site is assumed
to be an average of 16 km (10 mi.) from the plant
and the aggregate must be hauled the distances in-
dicated. This filgure demonstrates the significant
effect of the transport energy required to haul new
aggregate. As the distance the new material must
be hauled increases, the advantage of recycling
significantly increases, as would be expected.
Energy saved also increases as the proportion of
recycled material in the final mix increases. For
a haul of 96 km (60 mi.) for new aggregate, the
energy saved by using a 50-50 blend of recycled and
new materials amounts to about 4 £. of diesel fuel
per tonne of mix placed (1 gal. per ton). If an
80-20 blend can be used, about 7 £. of diesel fuel
per ton of mix placed can be saved (1.7 gal. per ton).

For Figure 3, calculations were made assuming
new aggregate was available 16 km (10 mi.) from the
plant in one case and 64 km (40 mi.) in a second
case. The transport and construction energles were
calculated and plotted for various distances from
the job to the plant.

As can be seen, the energy advantage of recy-
cling 1s lost if new aggregate is available near
the plant and the materlal for recycling must be
hauled an appreclably greater distance. As shown
in Figure 3,when the aggregate must be hauled 16 km
(10 mi.) to the plant any haul distance from the
plant to the job site that exceeds 35 km (22 mi.)
results in a use of more tranmsport and construction
energy for recycling than for an all new overlay.
When the aggregate 1s hauled 64 km (40 mi.), recy-
cling retains 1ts advantage until the distance
between the job site and the plant exceeds 96 km
(50 mi.)

Another significant conclusion to be drawn from
these calculations 1is that a large proportion of
the energy used is needed for heating and drying
the aggregate or recycled mix. Consequently, if
this step can be eliminated, a significant amount
of energy could be saved. For the situation in
which the aggregate is hauled 16 km (10 mi.) to
the plant, and the job site also averages 16 km
(10 mi.), the construction energy used for heating
and drying the aggregate or mix for a 50-50 blend
is 59% of the total. TFor a 64-km (40-mi.) aggregate
haul, this energy amounts to 50% of the total. The
use of asphalt rejuvenators in cold procedures
offers a means of saving a significant proportion
of this energy. On-site preparation also is advan-
tageous because these 1s no requirement for trans-
port energy.

It thus appears that efforts to improve cold-
milling and on-site "repaving' equipment should be
continued so as to take maximum advantage of the
potential for reducing costs and conserving energy.

Major Consideration for Various Classes of Roadways

The interim guidelines prepared by the Texas
Transportation Institute lists four broad classes
of roadways.(4) These are:

1. Interstate and urban freeway.

2. Rural primary (U.S. and state signed
routes) .

3. Rural secondary (farm to market roads,
park roads, etc.).

4, Urben streets (arterial collector, local).
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Figure 2. Effect of the distance new aggregate must be hauled to plant on energy

consumption in central plant recycling.

Distance from
job site to
plant —

16 km (10 mi.)

. 8
g <
o .
& -
~ a
o 80
[
©
o n [
g ~N
@
v
ks
= =
o
]
| Overlay
By
o0 ~ o
8 8 < [
g -
83
o 3
o
5 -
R
[
@3
)
a4 N e ..—50-50 blend
o 7 i
d E /./'
23 e
3 e —— = ""780-20 blend
: T -
o _{-— —_——
8
= 02 o‘ 1 I 1 L I | I | i i I i
s 2% 0 10 20 30 90 50 60 — mi.
& 0 16 32 48 64 80 96 — km
L
§ Hauling distance — new aggregate to plant

Figure 3. Effect of hauling distance from job site to plant on energy consumption

in central plant recycling.
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As illustrated by the brief description in
Table 1 of the various recycling projects construc-
ted in Demonstration Project 39, there are numerous
combinations of treatments for recycling road
material and the most desirable process for a given
project does not necessarily depend upon the class
of roadway. Consequently, it is not possible to
pinpoint the specific energy and cost factors that
must be considered for each class. However,
general statements of the conditions most likely
to apply for different classes of roadways may be
of some significance.

1. Interstate and Urban Freeway

The usual rehabilitation procedure for this
type of highway would be either an overlay after
correcting localized base problems or surface
unevenness, or complete rebuilding of the roadway
where serious base failure has occurred. The most
likely recycling technique is to remove all or
part of the old pavement and to reuse the removed
material as a portion of the new hot mix. The
new mix may be applied as a base or surface.

The primary energy and cost consideration is
the relationship between the distance from the
project to the asphalt plant and the distance that
new aggregate must be hauled to the plant. As has
been shown, as the distance the aggregate must be
hauled becomes progressively greater than the
distance between the mixing plant and the job site,
the saving in energy and cost for recycling
increases significantly. Conversely, when a
source of new aggregate is at or near the asphalt
plant, the advantages of recycling decrease sig-
nificantly as the distance between the plant and
job site increases. Under conditions favorable
to recycling, the higher the percentage of recy-
cled material in the new mix, the greater the
savings in energy and costs. However, problems
in controlling pollution and the probable lesser
performance capabilities of the recycled mix are
negative factors. The amount of new asphalt or
rejuvenators to be used is also an important con-
sideration.

2. Rural Primary (U.S. and State Signed Routes)

Table 1 indicates that surface recycling is
often used for this class of roadway. The more
significant energy savings and cost reductions
occur when the surface material is milled or
heater scarified and reworked on-site with the
addition of a rejuvenator or asphalt emulsion.
Sometimes, aggregate is also added. Processing
through a road mix machine in this application
provides through mixing. Hot mixing of the
removed material with new aggregate and asphalt
at a central plant is also sometimes employed
with a lesser conservation of energy because of
the fuel needed to heat the material. However,
for heavy traffic conditions, the use of the
additional energy may be cost~effective and a
better blended and more uniform product is
obtained.

3. Rural Secondary (Farm to Market Roads, Park Roads)

Recycling of this type pavement often consists
of reworking the total pavement and base into a
new base with a surface treatment. The significant
cost and energy savings in these situations results
from the elimination of the need to purchase large
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quantities of aggregate and transport them to the
job site. Obviously, savings increase signifi-
cantly as the distance the new aggregate must be
hauled increases. In-place mixing with road
machines or manipulation with graders are most
often used on this class of roadway. The use of
emulsified asphalt in lieu of cutback asphalts or
hot plant mix is the most energy efficlent proce-
dure.

4. Urban Streets

Surface recycling with hot plant mixing is
likely to be required for urban streets. One
significant advantage to recycling in this situation
is the elimination of the need for raising levels
of manhole covers or correcting the heights of
curbs and drains as would be necessary for an over-
lay. One alternative that may be considered for
this class of roadway 1s to remove and stockpile
0ld surface material for use elsewhere In a less
demanding situation as part of a base or surface
course. In this situation, the savings in energy
and costs are not in the initial project but are
realized by salvaging the economic value of the
removed materlal on another project.

Conclusions

The conclusions to be drawn from the information
presented in this discussion as well as from indica-
tions from other sources, are as follows:

1. Various recycling techniques can be used to
save energy and reduce costs in rehabilitating pave-
ments. For each project, the amount of energy saved
or the reduction in cost will depend on the pre-
vailing conditions.

2. For highway reconstruction and rehabilita-
tion procedures, the more important energy consid-
erations are the amounts of transport and construc-
tion energies used. These are likely to have the
more significant effect on costs.

3. On-site cold recycling offers the greatest
potential for energy conservation. However, the
performance potential of the recycled pavement is
an important consideration in considering the life-
time cost-effectiveness or lifetime energy-effec—
tiveness. More information concerning the perform-
mance of recycled mixes is needed for judging the
lifetime effectiveness of different recycling optioms.

4. The cost and energy advantages for hot mix,
central plant recycling depend greatly on the
distances materials must be moved. As the distance
the new aggregate must be hauled becomes increasing-
ly greater than the distance between the asphalt
plant and the job site, the advantages of recycling
increase significantly. Conversely, as the distance
between the job site and the asphalt plant become
increasingly greater than the distance from the
plant source of new aggregate, the cost and energy
advantages of recycling reduce significantly. When
asphalt plants are located at or very near the
source of aggregate, and the job site is an appre-
ciable distance from the plant recycling could
require more energy and cost more than other alter-
natives.

References
1. U.S. Department of Transportation, Federal High-

way Administration, Region 15, Demonstration
Project Division, Arlington, Virginia. Reports



20

numbered FHWA-DP-39-1 to 14, 16, 17, 19 to 25.
R. W. Smith, "Energy, Material Conservation
and Economics of Recycling Asphalt Pavements',
National Asphalt Pavement Assoclation, River-
dale, Maryland. Presented at Federal Highway
Administration's Research Project Review,
Williamsburg, Virginia, December 1979.

W. J. Halstead, "Energy Concerns Relating to
Highway Construction and Maintenance"; Virginia
Highway and Transportation Research Council,

VHTRC 79-RP11l, Charlottesville, Virginia,

March 1978,

Texas Transportation Institute, "Interim Guide-
lines for Recycling Pavement Materials'. Pre-
pared for National Cooperative Highway Research
Program, Project 1-17, Transportation Research
Board, Washington, D.C., July 1978.

The Asphalt Institute, "Energy Requirements for
Roadways", 18-173, College Park, Maryland,
November 1979.



SPECIFICATIONS RELATED TO PROJECT SELECTION

21

Richard C. Ingberg, P.E., Minnesota Department of Transportation

This paper discusses the work done by Mn/DOT in
the last several years to develop specifications
designed specifically for the maximum use of sal-
vageable materials in the rehabilitation of
pavements. It describes the steps leading to
recent specifications for hot-mix recycling, the
benefits derived, and the anticipated future of
such projects. It also lists the problems in-
volved with these specifications because of the
general lack of historical information on pro-
jects involving recycling and/or rehabilitation.
This report also presents information on Mn/DOT's
sulfur extended asphalt projects including a
sulfur extended asphalt-recycled project. The
author recommends the changes that must be made
before a specification is developed that allows
competition between heater scarification, hot-
mix recycling, and conventional hot-mixing.

Other areas touched on are; removal, processing,
storage and ownership of salvaged materials; dif-
ferent types of specifications; how to write new
gpecifications; and the development of new spe-
cifications. The report contends that the de-
sign of a specification is so crucial that the
very life of the concept (in this case, recycling
and/or rehabilitation) may depend on it. One of
the final conclusions is that the proper specifi-
cation can lead to substantial savings. An ex-
ample is offered where a savings of about 35%

was experienced because a contractor was given
the option of two specifications.

It is in the public interest for engineers, ma-
terial suppliers and contractors to conserve re-
sources such as aggregates and asphalt cement so that
maximum use may be attained from the available sup-
ply. A large source of this supply has been pro-
cessed and placed in our present pavement structures.
Their usefulness as a pavement structure has deter-
iorated to the point that vehicle operating costs and
pavement maintenance costs have increased so that the
pavement is no longer efficiently serving it's inten-
ded purpose. Sound conservation practices demand
that we design specifications to allow the maximum
use of these salvageable materials to rehabilitate
our pavements as long as their use is compatible with
engineering and economic considerations. This paper
will discuss some of the experiences in Minnesota
to maximize the benefits of recycling salvageable

materials. Most of our experience has been with
hot-mix recycling. The design of recycling and re-
habilitation specifications is crucial to whether
or not the recycling of salvageable materials will
be economical or even be accomplished at all. Our
experience has shown that good specifications re-
sult when the interests of the user agency and the
contracting industry are integratéd and harmonized
to produce maximum benefits.

Experience with Hot-Mix Recycling

Maplewood-Urban
1976 20,000 Tons 50-503;40-60 Blends Batch Plant

Minnesota's first hot-mix recycling project was
constructed in Maplewood, Minnesota, in 1976.
(1, 2, 3) This is the project that gave birth to
the heat transfer concept of hot mix recycling.
The existing aggregate base and asphalt pavement
were processed into recycled base and binder cour-
ses, The major specification modifications were
to process the salvaged asphalt material to a size
smaller than 1% inches, a provision that the sal-
vaged asphalt mixture would not have to go through
the dryer, and the temperature of the clean aggre-
gate in the dryer could exceed the standard speci-
fication maximum. We learned that with the addi-
tion of 120-150 penetration virgin asphalt cement
the penetration of the recovered asphalt cement
from the recycled mixtures (new and old) was ap-
proximately equal to the penetration obtained by
the thin film oven test of the virgin asphalt ce-
ment. We also found, in this case, that it was not
cost effective to haul salvaged aggregate base ma-
terial long distances back to the hot-mix plant
site due to the low cost of new aggregate material.
We were extremely pleased at the minimal cost for
modification, the quality of the recycled mixture
and the ease of laydown and compaction operations.,

Fergus Falls-Rural
1977 50,000 Tons 50-50;60-40 Blends Drum

The following year, 1977, we reconstructed as-
phalt shoulders on Interstate 094 near Fergus Falls.
(2, 4, 5) This was our first rural project end our
first dryer drum recycling project accomplished
using the heat transfer concept. The salvaged as-
phalt material was fed into discharge end of the
drum with a slat conveyor. We recycled a blend of
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salvaged asphalt and salvaged aggregate material from
50-50 to 60-40 without excessive opacity at an accepta-
ble production rate of 300 tons per hour. Although we

cycling vs. conventional mixtures. This specifica-
tion is a part of all MnDOT projects. (8) No longer

were able to recycle the salvageable materials in the
dryer drum, a continous mix pug mill was placed bet-
ween the drum discharge and the storage tower in case
the drum concept did not work. As the penetration of
the old asphalt shoulder was very low (avg. 20) we
experimented with adding 200-300 penetration asphalt
cement in lieu of the 120-150 penetration asphalt ce-
ment we normally use. Even then, we had lower pene~-
tration on the -extracted asphalt of the recycled mix-
ture than we had anticipated. We believe the lower
penetration possibly was due to the recycled mater-
ial passing through the continous mix pug mill. We
were satisfied with the mixture quality and pleased
that the heat transfer concept was successful in a
dryer drum plant.

Litchfield
1978 100,000 Tons 60-40 Blend Drum

In 1978, we recycled the old bituminous pavement
and shoulders on a large rural project between Litch-
field, and Atwater, on T.H., 12 (2, 6). On this pro-
ject we did not specify the size of salvaged as-
phalt materials entering the drum mix plant. We did
specify that the recycled mixture must pass the 2"
sieve or one half of the course thickness when de-
posited into the truck at the plant site. All sal-
vaged asphalt material was processed by dozers run-
ning over the stockpile and the use of scalping
screens. The contractor would not use this method
again due to the cost invoived. The recycled mix-
ture was produced at a 60-40 blend of salvaged bi-
tuminous material to virgin aggregate at an average
production rate of over 450 tons per hour. The sal-
vaged asphalt material entered the drum at the mid-
point (center feed). All existing aggregate base
was left in place in the roadbed. Base, binder and
shoulder wearing courses were constructed with sal-
vaged asphalt material and new virgin aggregate.

Additional Projects 1978
200,000 Tons 60-403;50-50325-75 Blends

The above project was only one of several hot-
mix recycling projects in Minnesota in 1978. We were
encouraged by the variety of these projects, two
state projects, two city projects, and two airport
projects. We thought we were on our way with recy-
cling in Minnesota. What we didn't realize was the
amount of effort we were spending lining up specific
projects for recycling. We also were unaware that
recycling would fall off considerably in 1979.

Projects 1979

1979 was a disappointment for hot-mix recycling in

Minnesota. We had very limited tonnage. We were
using a permissable specification for recycling on
several projects, however, no contractors were produ-
cing recycled mixtures on these projects. Because

of this, we modified our specifications to pay for
the old asphalt in the recycled mixture.

Projects 1980
30-70;40-603;50-503;60-40;70-30 Blends

This year, 1980, Specification 2332 (7) permis-—
sable hot-mix recycling produced recycled mix on sev-
eral projects. We have a large airport runway pro-
ject, an interstate project, and two trunk highway
projects. We have turned the corner in hot mix recy-
cling. Every contractor has the incentive to look at
every project and weigh the costs and benefits of re-

do we have to specify hot-mix recycling for specific
projects. The contractor decides when and how to re-
cycle and bids accordingly. We recently let a pro-
ject which included the revised permissable hot-mix
recycling specification. The contractors bid for

the recycled hot mix portion of the project including
mobilization was $547,163.03 compared to the engineers
estimate based on conventional comstruction, of
$837,970.85 for the same items. This represents a
savings of approximately 35%Z. The first two bidders
bid $65.00 and $66.00 per ton for asphalt cement com-
pared to the engineer's estimate of $163.50/ton.

The free market mechanism is working in Minnesota.

Experience with Heater Scarification

We have had limited experience with hot surface
recycling in Minnesota. In 1978, we evaluated a
project in Tridley. This wethod used healer scari-
fication, then application of a rejuvenator. A hot
mix wearing course was placed on the scarified layer
several days later. 1In 1979, due to a shortage of
funds, the state let a maintenance contract to pro-
vide a short term solution for a four lane express-
way scheduled for reconstruction. This heater scar-—
ification procedure used a lead heater scarifier
unit followed by a heater scarifier paver combina-
tion. Both units had the ability to heater scari-
fy and add emulsified asphalt or rejuvenator. A
hot-mix wearing course mixture was placed over the
hot heater scarified pavement surface by the trai-
ling unit. Earlicr this year (1980) we used heater
scarification on a portion of an experimental pro-
ject using the same method as in Fridley, on a
heavily travelled portion of Interstate 094 north-
west of St. Cloud. The heater scarifier process
was included as part of three l-mile test sections
which were developed to find an economical solution
to our thermal cracking problem in the 1%" wearing
course and the 2" binder course. The two other
gections called for removal of the wearing course
and both the wearing and binder courses with subse-
quent placement of new material. We have made sev-
eral observations to date, At least on the more
heavily travelled pavements, the heater scarifica-
tion train using a trailing unit to place the hot
mix wear course over the hot scarified material shows
better pavement performance.

We would like to prepare alternative designs and
specifications to allow competition between heater
scarification, hot mix recycling, and conventional
hot-mix. However, before we can accomplish this
we feel some changes in the heater scarification
specifications are necessary:

1. We have been unable to find any reference to
density or void requirements for the old heater
scarified material. We believe this should be re-
quired.

2. We also have experienced segregation of the
heater scarified material.

3. Another problem is the addition of emulsi-
fied asphalt or rejuvenators to the scarified wat.,
The first problem that comes to mind is the water
you are adding to the heated mat, This has to have
a cooling affect and we don't believe water has any
place in an asphalt pavement,

4. Another question? How do we insure uniform
mixing of soft asphalt cement or rejuvenators with
the hot scarified mixture.

5. We feel that in Minnesota a 3/4" depth of
scarification of the old mat is the practical limit.

6. Many user agencies feel that heater scari-



fication procedures acts as a stress relieving inter-
layer to reduce reflective cracking. In the past we
have not had any success with stress relief inter-
layers of any type. This does not include recent in-
stallations not yet evaluated.

It appears that the train method with the trailing
unit (with integral paver) placing a new hot mix wear-
ing course could be modified to produce a pavement
structure that would be equal to recycled or
conventional hot-mix if we would:

1. Require density and voids similar to those of
hot-mix.

2. Insure a uniformly graded mixture without se-
gregation.

3. Insure distribution of soft asphalt cement or
rejuvenator in the scarified mat.

With these modifications we could take care of
the rideability problem and produce a durable wearing
course similar to a hot-mix overlay. This could also
eliminate hauling of material to and from the hot mix
plant.

Heater scarification could be an alternate to le-
velling and overlay if the pavement is structurally
adequate and used with an overlay.

Experience with Sulphur Extended Asphalt and
Sulphur Extended Asphalt-Recycled

1979 was a year we forgot about hot mix recy-
cling. We experimented with two sulphur extended
asphalt projects (9). One was a rural project in-
corporating approximately 44% sulphur to 56% as-
phalt cement by weight as binder. Gulf Canada pro-
vided the blending equipment and expertise. We were
pleased with the results. The other project was a
sulphur extended asphalt recycled, with salvaged as-
phalt material as a component as the paving mixture
along with sulphur and new asphalt cement. Sulphur
Development Institute of Canada provided the blend-
ing equipment and expertise. This project assured us
that we could combine sulphur with recycled sal-
vaged asphalt material without any problems.

Salvaged Materials

Source of Salvaged Material for Reuse

Where does the material come from to produce re-
cycled pavements? Unless a contractor owns an aggre-
gate supply or some other structure containing re-
claimable materials, his source of reclaimed material
must be provided by private industry or public agen-
cies. A point to keep in mind is that it is not
important where materials are obtained for producing
paving mixtures. The quality and gradation of these
materials is important as this will determine how
they will perform in the pavement structure. Urban
projects will differ from rural projects (10). Most
of these materials will be derived from existing
pavement structures. On large rural projects, the
characteristics of these materials can be determined
prior to design and construction and will in most
cases, be salvaged and recycled into the new pave-
ment structure. On urban projects, due to their
relatively small size, the materials removed from the
project can not easily be recycled and returned to
the same project. Therefore, on urban projects, the
quality of the material will be determined from the
previously stockpiled material from many and varied
sources. However, keep in mind that the characteris-
tics of the materials incorporated into the paving
mixture are the important aspects to be concerned
about.
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Removal of Salvageable Pavement Materials

Asphalt Pavement structures can be removed by
ripping, scarifying and then processed for re-use,
This is only practical when removing the entire
structure. Prior to incorporating this material
into a recycled mixture, crushing or processing to
a smaller size will be necessary., This can be ac-
complished with conventional aggregate crushing e-
quipment. The most popular seems to be a jaw with
two rolls. The first roll will produce pancakes
with the second roll breaking up the pancakes into
small fragments. A cone crusher will require the
addition of grouser bars on the cone to break up
the pancakes into small fragments., Hammermills can
be used on recycling projects that require ripping
and scarifying. Hammermills most likely will be
used for full depth inplace recycling.

Planing, either hot or cold, is capable of re-
moving asphalt pavements to a specified grade or
can remove the entire structure. This virtually
eliminates the need for a crusher in the recycling
operation. Up to 157 oversized material (over 2")
can easily be crushed with a dozer at the plant
site. It is also possible depending on the exper-
tise and method of recyeling to utilize fragments
larger than 2" nominal size if the final mixture
meets specifications.

Storage and Ownership of Salvaged Material

The entity responsible for producing the recy-
cled mixture should be responsible for the removal,
processing and recycling of these materials. For
example, some user agencies have specified removal
and stockpiling of asphalt pavement structure as a
part of a separate grading contract. One of the
basic problems in doing this is the lack of inter-
est in retaining the inherent quality of the pave-
ment removed and stockpiled. Experience has shown
that deleterious and objectionable material have
contaminated the stockpile thereby insuring an in-
ferior recycled mixture with a large potential for
premature failure of the recycled pavement struc-
ture. It also has allowed time for moisture con-
tents to build up in the stockpile thus requiring
fuel for drying, making pollution control more dif-
ficult, and reducing the rate of plant production
of recycled mixtures. This adds unnecessary ex-
pense to the user. A simple way to eliminate this
unnecessary expense 18 to make the removal, pro-
cessing and stockpiling of salvaged material the
responsibility of the persons producing the recycled
mixture, Contractors who have this responsibility
have the incentive to carefully remove process and
stockpile these materials and keep costs to a mini-
mum. This year contractors in Minnesota cover or
construct their salvaged asphalt material stock-
piles to prevent or reduce moisture buildup. With
the price of liquid fuel near $1.00/gallon each 5%
of moisture per ton of mixture will require $1.00
per ton to remove the moisture. Many unprotected
stockpiles have moisture contents ranging from 5-
15%Z. The user agency should not retain the owner-
ship of salvaged materials unless they are willing
to protect its quality. Ownership should go to the
person controlling the end use of the material.

“The user agency should pay for the removal of
materials on a project. These materials will then
become the property of the contractor to dispose of
as he sees fit, This is what we have been doing
with materials removed from all our projects in the
past. The only difference was that most of these
materials were being hauled to a landfill for dis-
posal or disposed of within the right of way and
not used in the pavement structure.
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without really knowing for sure, in some cases, whe-

The user agency should allow the contractor to in-
ther recycling was cost effective.

corporate these potentially valuable materials into re-

cycled mixtures for payment equal to conventional
mixtures. In other words, these salvaged materials
would continue to be hauled to landfills unless we
were willing to use and pay for the recycled mix-
tures that could be produced from these materials.

By allowing the use and payment for salvageable
materials in lieu of conventional materials, the
user has established value for salvageable material.
Unless this is done, salvageable materials will either
be hauled to a landfill or as some enterprising con-
tractors are doing, they will be incorporated into
recycled asphalt mixtures for the private market
sector.

Development of Permissable Hot-Mix Recycling

Specifications

The first step in developing specifications for
recycling were the special provisions used for the
Maplewood project. We used the maximum size require-
ments from other recycling projects in Texas and Ne-
vada. We designated the thickness of aggregate
base to be salvaged. The gradation of the salvaged
aggregate was required to be reasonably uniform from
fine to coarse with 100% passing the 1%" sieve. The
gradation of the processed salvaged bituminous mater-
ial was required to have as reasonably uniform grada-
tion from fine to coarse with 100% of the material
passing the 1%" sieve.

The salvaged materials were measured and paid
for by the ton. They were to be placed in separate
stockpiles. We also allowed up to 20% salvaged ag-
gregate to be incorporated into the salvaged bitum-
inous to facilitate crushing or processing.

The standard plant mixed bituminous pavement spe-
cifications were modified as follows:

1. The contractor was required to submit an ac-
ceptable proposal for preventing or eliminating ex-
cess air pollutants.

2. A means for adding the salvaged bituminous
material to the heated aggregate after the aggregate
has left the dryer. Also positive control on pro-
portioning the salvaged material into the mixture.

3. When adding salvaged bituminous mixture for
the bituminous base and binder courses it may not be
necessary to run the salvaged bituminous material
through the dryer.

4, We gave the approximate mixture proportions
which ranged from 20-407, for salvaged bituminous and
60-807% for the salvaged aggregate.

5. Aggregate leaving the dryer could be heated
in excess of 325 degrees F.

6. Costs for equipment modification at a
lump sum bid not to exceed $15,000. Also required
was the itemized cost for modification.

7. Payment similar to conventional mixtures ex-
cept there was no payment for old asphalt cement in
the salvaged bituminous material.

Our first change to the above special provisions
occurred in 1978 when we deleted the 1%" maximum size
in the salvaged bitumincus material. The maximum
size requirement applied to the recycled mixture af-
ter being processed through the hot mix plant and de-
posited into the tramsport vehicle.

Up to this point in time almost all our projects
had been specifically designed for recycling. If re-
cycling was ever going to reach its potential, we
had to provide a permissable specification for al-
lowing recycled mixtures in lieu of conventional mix-
tures on all projects. We also were spending to much
engineering time setting up projects for recycling

Therefore, in 1978, we began the development of
a permissable hot mix recycling specification to
allow the contractor to use recycled mix in lieu of
conventional mix. As a part of this specification,
we made several significant changes. The most im-
portant change was to establish mix design criteria
from recycled mixtures. They are as follows:

Using the representative samples submitted and
the proposed proportion of each, trial mix tests
will be run to determine the percentage of asphalt,
by weight to be added. The following criteria will
be used to determine the percentage of added as-
phalt required:

1. *Marshall Stability (50 below)

Minimilime  soivaismissesmiweiwaia SO0 1bs:
MaximUme: swsavenssanssasnesoms e 000 1bs,
2., #%Voids in Mix
MRS o 0 0 0se: 00 8580 0 0 0 0 00 0 200 0 o 0 47
Maximume.eoesseseans Ve niai W 67
3. #*Cold Water Abrasion Loss
Non Wearing..eoevusseossnanssne 15% Max.
WEALTTIR w s wow s v a w95 3 Wb 3 e 606 4 0 107 Max.

4. 1In no case shall the percentage of salvaged
asphaltic concrete in the recycled mixture exceed
70 percent by weight.

* Test procedures on file in the Department of
Transportation's Materials Engineering Laboratory
at the Transportation Building in St. Paul.

No recycled mixture shall be produced for use
on the project until the amount of asphalt materiail
to be added with the appropriate blend has been
established.

After the percentage of added asphalt has been
determined, it and the proportions of the other ma-
terials used in making that determination shall re-
main in effect until modified in writing.

Another change was establishing a job-mix for-
mula if virgin aggregate was used in recycled wear-
ing course mixtures. The requirements are the same
as those required for conventional wearing course
mixture. The job-mix formula applies only to the
virgin aggregate portion of the recycled wearing
course mixtures. The virgin aggregate portions of
recycled base and binder courses must meet the
broad gradation bands similar to conventional base
and binder course mixtures. We do not do design
mixes for conventional base and binder mixtures.

This specification was included in many pro-
jecis Lo be let In 1579. However, coniraciors were
not using the specification, therefore, the volume
hot-mix recycling did not meet our growth expecta-
tions. It did not take long to realize that the
way our pay items are set up in Minnesota, if we
were to continue not paying for the old asphalt
cement in our recycled mixtures there would be lit-
tle, if any, recycling.

This led to our most important and controversial
change in our specifications, paying for the old
asphalt in the salvaged bituminous material. Se-
veral engineers in Mn/DOT did not agree with the
philosophy of paying for asphalt cement we already
owned. However, the free market mechanism compen-—
sates for this in the competition bidding process.

An explanation of why it is necessary to pay
for old asphalt cement is best accomplished by the
following. The first step before a contractor can
build a project is to be the lowest successful bid-
der. Our permissable recycling specification al-
lowed recycled mixtures in lieu of conventional
mixtures. However, if the contractor was the
successful bidder and decided to recycle he would



get payment only for the new asphalt cement added to
the recycled mixture. For example, if the project
called for 20,000 tons of asphalt mixture at a bid
price of $10.00 per ton and 1000 tons of asphalt at
a bid price of $100.00 per ton, the contractor would
be paid $300,000 for the constructed pavement. Re-
member, first of all, he had to bid low to get the
job. Then, if he decided to recycle he would get the
bid price for the asphalt mixture and if he saved
500 tons of asphalt cement by recycling he would be
paid a total of $250,000 which produces a loss of
$50,000.

You can see the contractor had no incentive to
recycle. So we had to find a way to compensate the
contractor for the value of the asphalt cement in
the mixture. The method chosen was the Colorado Ex-
traction method applied to the final recycled mix-
ture. Under the revised specifications the contrac-
tor is paid for the amount of virgin asphalt added
to the mixture plus the amount of old asphalt in the
mixture.

This has been the key to establishing hot-mix
recycling in Minnesota as a standard operating pro-
cedure. In 1979, we had one supplemental agreement
where a contractor used the new specifications.

This year, 1980, the permissable specifications are
being used on all projects. (7)

Selection of Alternative Recycling and
Rehabilitation Procedures

When writing specifications for recycling and
rehabilitation procedures, keep in mind who is best
able to make the decisions that will maximize the
benefits of recycling and rehabilitation procedures.
The designer and the staff specialists such as the
bituminous engineer, materials engineers, research
engineers, planner, etc., have a very important role
to play in determining the present condition of the
pavement and what the pavement will be expected to
provide in the future. A very important factor to-
day is the lack of funds to most cost effectively
provide an acceptable transportation system. Fun-
ding levels will have a heavy impact on the best a-
vailable solutions which will provide the most ap-~
propriate level of service to the public. Another
problem facing us is the lack of a defensible service
life of various rehabilitation procedures. In ab-
sence of long term evaluation for durability a best
estimate of service life must be determined. This
is best accomplished by a team of experts. From
this best estimate future modification to the esti-
mate will be forthcoming as time and testing provide
more precise answers to service life. We are begin-
ning the process of establishing service lives for
recycling and rehabilitation procedures in Minnesota.
The Federal Highway Administration is also estab-
lishing a data bank on recycling projects. This
should help guide us in the future.

Method Vs. End Result Specifications

There are basically two types of specifications.
Method specifications, which specify exactly how to
do the work, what equipment to use, how to use it,
and to some extent, what the end result should be.
End result specification leaves it up the contrac-
tor to provide the end result without instructing
him how to produce that end result.

The most practical specification is a combina=-
tion of method and end result specifications that
combines the expertise of the user agency, contrac-
tors, material suppliers and equipment manufacturers
to produce a good end product almost all of the time
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at a reasonable cost.

Energy

The engineer need not concern himself with the
energy saved or consumed for any design alternative
provided the cost of energy is reflected by free
market condition and so long as the specifications
permit realistic alternatives to the bidders.

Development of Specifications

As you can see, the thrust in Minnesota is to
develop permissable recycling specifications along
with alternative rehabilitation procedures which
will allow the contractors as much latitude as pos-
sible. However, this cannot be accomplished unless
we find a way to make recycling a standard operating
procedure. Each user agency must develop their own
standard specifications for hot, cold and surface
recycling., In most cases, the state user agency
should be the leader in establishing these specifi-
cations.

The question then becomes, how do we transition
from our past practice of almost exclusively build-
ing pavements out of new materials to one of utili-
zing salvaged or reclaimed materials for reconstruc-—
ting or maintaining our pavements. This is a new
and challenging field. More challenging than new
design and construction because we have to find new
ways of evaluating recycling methods and materials
and predicting their future performance. If you
thought performance of our old designs were diffi-
cult to determine, recycling procedures are in-
finitely more difficult to predict. However, we
have no choice. We have to make intelligent deci-
sions based on past experiences until more definite
data is available for modifying our initial per-
formance predictions. The initial answer will be
to look at the properties of these salvaged material}
in comparison to the materials used in the past.
This is what we have done with hot-mix recycling.
This is what we are doing with sulfur-extended as-
phalt mixtures. (11). As with any new product or
procedure, we measure its properties and performance
in relation to what we have dome in the past.

We cannot wait another 15-20 years to determine
the actual service lives of recycling and rehabili-
tation procedure. By waiting, millions of tons of
potentially reclaimable material will be wasted and
forever lost at a tremendous cost to the public.
Also keep in mind that recycled pavements can have
an added bonus of costing less than our conventional
pavements. Another important benefit is less de-
mand for new aggregates and asphalt cement, both
non-renewable resources. Another important bene~
fit is that landfills in our urban areas will take
longer to fill and reduce the demand for new land-
fill gites further and further from the source of
waste material thus reducing the cost of trans-
portation.

Each area of the country must start with the
specifications they are now using and begin to mo-
dify them by comparison with the practices a num-
ber of experienced agencies as expressed in their
specifications., There are many specifications to
study and evaluate when writing your own specifi-
cations., Your specialists responsible for writing
your specifications know your area of the country
and are best equipped to modify or create speci-
fications that will fit your area. In addition, you
should involve the contracting industry to assist
and help you write specifications that will allow
the free market mechanism to work. There should
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be as many alternatives as possible to allow maximum
competition which will produce the desired product
at the least cost.

In summary, the user agency should:

1. Be responsible for the adequacy of design
alternatives. .

2. Write simple straight forward specifications
which clearly state what is expected.

3. Permit the contractor to select the materials
and methods which will accomplish the end result.

4. Use standard specifications familiar to the
contractors.

5. Modify standard specifications only as neces-
sary to obtain the end result.

6. Focus on end results by allowing the contrac-
tor flexibility in choosing the most economical me-
thods and procedures to accomplish the work.
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QUALITY CONTROL OF RECYCLED ASPHALT CONCRETE MIXTURES

Donald R. Gallagher, Gallagher Asphalt Corporation

This report addresses the numerous considerations
a contractor must give to material quality and
process quality control as they relate to the
recycling of asphalt pavement. Suggested
quality control procedures are described,
beginning with the pre-bid evaluation of the
asphalt pavement being considered for recycling.
Also described are the quality parameters that
influence this evaluation. Removal methods and
the stockpiling techniques employed are discussed
as well as the process control which occurs when
the recycling is done. Differences between
actual and anticipated fleld conditions are
mentioned throughout the report. Considerable
emphasis is placed on the inadequacy of the
present standard testing methods and procedures

when used for process control of recycled asphalt.

The serious shortage of qualified technicians
needed to fill the positions recycling has
created for them is also discussed.

Gallagher Asphalt Corporation has been in the
asphalt recycling business since April, 1977 with
the first pile of salvaged mix, or as it's called
now RAP. That means Reclaimed Asphalt Pavement.
All the reasons for being in this business will be
apparent after listening to three days of recycling
talks.

Unfortunately, today too many people are too
contented with the status quo. Far too many
federal, state, county, city, and consulting
engineers are contented with the way things have
"always" been. Far, far too many brother and
sister contractors fall into this category too.
It's truly amazing how much foot dragging goes
on in this business, but that's human nature.

When the funds go flat, and the resources go flat,
and the competition for work gets vicious, there'll
be a great deal more interest in this '"new idea"
from both sides of the marketplace.

Today the most beneficial thing to do is
provide, or highlight, the challenges, and the
opportunities that face the pioneers in this
hot recycling game with emphasis on quality control
in project selection. The following statements
are practical and realistic insofar as hot mix
recycling 1s concerned.

1. There must be a true economic benefit
to both buyer and seller.

2. There must not be any significant reduction
in performance in the finished pavement.

3. There must be a means and a method to
control the finished product that will provide
quality assurance to the buyer and product
confidence to the seller.

0f these three points, economics and
performance will be thoroughly treated at this
Seminar. Quality control probably will not get
the emphasis it deserves because today it offers
many more problems than it does solutions.
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There is much to be done by industry and
technologists in the area of quality control of
recycled mix. The approach in this paper will
be to look at things as they are for Gallagher
Asphalt today, and also as they will become when
recycling finally 1is a fully accepted practice
and is generally permitted for all types of
bituminous work. This is in contrast to the way
most recycling has been done to date-—a few large,
carefully selected jobs involving both the removal
of old pavement and its re-use on a specified
project.

Most of the recycling in the future will be
done as a contractor option on all types of work
and the salvaged asphalt used will not have
been earmarked for such use in advance. It will
come from accumulated piles of RAP hauled in
from prior asphalt removal jobs and stored in the
contractor's yard for later use on some, as yet
unknown, job. Much of the quality control, or
rather quality assessment, is done (or should be
done) long before there is an actual recycling.

Assessments of the Existing

Pavement Quality

As stated in the beginning, there must be
an economic benefit to both buyer and seller and
an economic evaluation is always the first thing
to be done. Along with, and a vital part of the
economic assessment, is a quality evaluation. The
old adage 'you can't make a silk purse out of a
sow's ear'" still applies. The potential, ultimate
use of salvaged pavement must be decided before
doing anything. Once this is determined, then
economic criteria can be applied and a rational
decision made to recycle or waste the reclaimed
pavement.

How is this done? There 18 just one way--sample
and test, sample and test. That's the name of the
game. Contractors rarely do a thorough job of
this and the reason most of the materials that
have been salvaged to date for the most part were
originally built under modern specifications, using
the same raw materials used today. This is true in
Gallagher Asphalt's case as their asphalt plants
have been in Thornton for over 50 years. For
many people this won't be the case. Then a more
or less extensive sampling and testing program
needs to be carried out.

It's worthy of mention here that sometimes
the method of removal of the old pavement could
make or break the possibility for future recycling.
If the upper levels of the roadway are composed
of high quality materials and the lower strata is
inferior, for whatever reason, recycling potentials
can't be evaluated without also deciding on the
removal method.

It 1s of prime importance that this be considered
by all those concerned with the project. At
times an excavator ends up as low bidder on a
pavement removal project and naturally figures
the cheapest way to remove the pavement, never
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considering the potential of re-use or re-sale of

the RAP to an asphalt producer. Valuable material
can be lost forever because it was contaminated in
the removal process.

Perhaps a simple note in the bid proposal
stating that a certain portion of the "to be
removed" pavement has recycling potential would
be all that is needed. This should alert the
bidders to a potential cost benefit when figuring
the work. It is not advocated as a bidding
requirement that pavement be removed in a certain
manner so that it can be recycled. Free market
competition should prevail so that the taxpayer
gets the best buy all around, with or without
recycling. However, it might be a good reminder
for a while to mention this potential in the
bidding documents, since it is such a new concept
to most people.

Assuming the contractor doesn't have any know-
ledge of how good or how bad pavement to be removed
is, he must go out and sample it. This presents
at least two problems.

1. The owner probably didn't allow enough
lead time for the contractor to do much or any
testing prior to bidding, and

2. The owner doesn't really want hordes of
contractors punching holes all over the project
before it's even let.

The only solution is for the owner to determine
the quality of existing pavement and publish these
data in the bid documents. Again, there are
trade-offs to consider. Ls the potential decrease
in the bid price worth the cost to do the
testing prior to issuing proposals? Each
authority must make this judgment on the pavement
removal projects under their jurisdiction.

Handling the Reclaimed
Asphalt Pavement

Assuming the pre-bid testing has been done
and the recycler has made a judgment in favor of
retaining the salvaged material for future
recycling, the second stage of quality control
begins. If the material is removed in layers
by means of planers, and some degree of job
control is exercised to keep the surface
material separate from the binder, etc.,
there is a good chance for some real high
quality material that can be recycled at a
high ratio in a surface mix. Lf, however, the
job control and/or stockpiling techniques are
poor, there could result a stockpile combination
that is only good for base work due to the
blending of gradations. It's important that
everyone be fully aware of the intended uses
of this salvaged material so that it is handled
by the contractor's own forces as a raw material
with real value.

For a lot of years, job foremen have sent
this material to refuse dumps for disposal, and
it's going to be some time before they are
re—-trained to realize that this is a valuable
commodity whose quality must be maintained. To
illustrate, there are continual problems with field
people disposing of old planer teeth, lunch bags,
beer and pop cans, two-by-fours, concrete curb,

broken scwer castings, ctc., ctc., in the
would-be reclaimed material.

When running a recycled mix through a batch
plant, a broken sewer casting can sure shatter
all dreams of profit when it hits the pugmill.

In more extreme cases, state forces cleaning up

the shoulders, ditches, and catch basins ahead

of the milling or planing operations have deposited
this trash in front of the planer to save time.
Even the situation where the street sweeper
subcontractor dumps the sweeper in front of the
milling machine to save trip time to the dump has
occurred.

Once the material is loaded and brought to
the plant site, there is the potential for a lot
of triage. It must then be decided what gets
dumped where. This is a problem now, but in the
future it's going to get a lot worse. If it's
known what is in those truckloads of salvage
mix, that's a big edge on the problem. If the
material quality is unknown at this time, it can
be a serious problem. Generally speaking, the
contractor should try to keep piles separated by
mix type--base, binder, and surface but also
have a GOK pile. Translated, that means God
Only Knows.

It's fortunate to have predictable sources of
RAP so that gradation, asphalt content, and
aggregate quality are quite consistent for each
type of mixture stockpiled. Twice blessed are
those who have a good bit of stockpile space at
the plant, and can afford the luxury of numerous,
separate piles. Contractors not situated to
handle this inventory problem are at a disadvantage
to stockpile RAP and speculate on future uses for
1€,

It isn't necessary to do a great deal of testing
prior to stockpiling if the quality and uniformity
of the RAP are pretty well known before it's
ever tested. Most contractors simply don't
have enough skilled manpower to perform much
testing; and the testing, to be very helpful,
would need to yield fast answers so that
decisions as to where the material should be piled
could be made promptly. No existing test
procedures are that ''quick".

Recycled Mix Quality Control

Asphalt Content

This leads to the next problem level of
quality control-—how to maintain on-going mix
quality control? Given a shortage of capable
technicians, time, and testing methods, it is
very difficult. Any experience with any of the
popular extraction testing techniques will show
that none of them are very fast and all are of
questionable accuracy and reproducibility,
especially when using different technicians and
test methods. On top of this is the fact that
extractions of RAP require considerably more
time to complete than does a conventional mix
extraction—--moisture, hard asphalt and generally
higher 200 mesh material add hours to the time
needed to complete these tests. Under preset
methods one can expect to get two RAP extractions
maximum a day--usually only one per technician.
The present state-of-the-art in mix extractions
1s the major impediment in good quality control
of RAP.



To illustrate this with some figures, an Illinois
DOT materials man using the Colorado vacuum
extraction--the fastest method available--takes
3 to 3% hours to wash the reclaimed aggregate
sample clean and uses 2 to 3 times as much
solvent as normally would be used on a virgin
mix extraction test+ It takes from 2% to 3%
hours just to dry the sample to a constant weilght.
The Illinois DOT central lab tried it in a reflux
extractor and it took 2 days to complete one test.
This is not an acceptable length of time for RAP
testing.

The asphalt industry deperately needs a
better and faster method of determining the
asphalt content and gradation of mixtures. The
three popular extraction methods--reflux,
centrifuge, and Colorado vacuum--are not good
enough today. These methods require too much
"operator technique' and too much time. This
is not only true of RAP, but also the regular or
conventional virgin mixtures. Someone out there
must come up with a better mousetrap.

Generally stockpiling RAP occurs before it's
known where, when, or even if it will be used,
so it's usually stockpiled on the South 40.

When a job comes along and the RAP material that
can be used in conjunction with virgin aggregates
and asphalt to turn out an acceptable mix is
available in the back lot, this stockpiled
material is moved into a "working pile" close to
the plant. This pile must be tested once or
twice each day and, if necessary, the mix
adjusted. Gallagher Asphalt uses a running
average of the last three extractions as a
"representative sample" (see Table 1). The
State of Illinois DOT uses a running average

of 10 extractions. Perhaps 10 are too many

and 3 are not enough--this will, in time,

be fine tuned and will probably end up with

five extraction samples as being most
"representative'. Again it should be noted

that faster testing would dramatically improve
control.

RAP Percentage

One final way, and the best way today, to
hedge uncertainty is to limit the percentage of
reclaimed material used in the recycled mix.
Illinois DOT permits a 50/50 proportion in batch
plants, but at such a ratio temperature,
gradation, and asphalt control become critical.
To limit risk, it is a good idea to recycle at
lower RAP percentates. Gallagher Asphalt
typically recycles at 30% RAP, but frequently
will use as little as 10%.

For the time being, the available supplies
of RAP will be used up even at low recycle ratios,
and by maintaining lower percentages there is a
lot better chance of turning out a high quality
product. The cost savings on a fixed available
quantity are the same no matter how fast it's
used, so the contractor should be conservative
and recycle at low ratios. This does not mean to
say that one must recycle at this low a percent-
age-—it just seems more prudent to do so at this
point in time. As RAP becomes more available,
higher recycling ratios will be necessary in order
to utilize the maximum benefits of the '"new"
material.
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Gallagher Asphalt Test Program

The method of quality control used by
Gallagher Asphalt 1s as described, that is to
say, on pavement removal jobs where the company
has been involved in the original construction
and/or has gathered information concerning the
material and mixture used in the original
construction, assumptions are made as to the
mixture grading and A/C content. If such
information is not available, samples are taken
on a random basis from the roadway, usually
at 500 + foot intervals per lane. At least
10 samples per job are obtained. Based on
extractions of these material samples the
potential value of the RAP for recycling is
evaluated.

Once the job has been awarded and removal
has started, the plant dump location is selected
based on what the initial assumptions and/or
sample reports showed concerning gradation--if
it's typical of binder that is in the stockpile
now, the material is added to that pile; if it's
surface, the same is true; and finally if it's
base, it is added to the base pile. Generally
speaking, if it's a conglomeration of binder
and surface, or base, binder and surface, or
just base, these materials are all mixed together
in the base pile. These materials are then used
only for base construction.

When the time arrives to use the material, it
is moved from the stockpile area into the working
pile. This is a relatively small pile of
material located close to the plant. The in-process
quality control routine then begins. This routine
involves daily samples (usually one or two) of
the working pile. Based on the average of the
last three samples extracted from this working
pile, adjustment is made of the gradation and/or
asphalt content of the mixture.

So far this routine has worked satisfactorily,
however, if reclaimed aggregate percentages
greater than 30% were used, one would question
the reliability of the meager extraction data
gathered for this purpose. Naturally once
the RAP material is combined with the virgin
materials in the asphalt plant, on-going
extractions of the completed mixture are conducted
which are compared with the preliminary calculated
mix proportions.

The Future of Recycling

So what's ahead and where is change needed?
The industry is just beginning to grasp the
potentials of recycling pavements. In the not
too distant future, recycling will go on all
the time on all types of work. The road
planer or roto-mill has just begun to reshape
thinking about roadway rehabilitation and
maintenance. At this time, structural pavements
made from recycled old pavements and surfaced
with skid resistant wearing courses which
themselves will be reclaimed and re-used as
they become ineffective or "worn out" seems
a reasonable projection.

There is economic pressure for more and
more use or re-use of materials such as the
many types of slags, glass, fly ash, kiln dust,
incinerator residue, etc. Though it's nice
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Table 1. Percent A/C Contributed by RAP - Recycle (RAP) for Kingery BAM & Binder RAP

Tested Date Today's A/C Residual A/C Contributed by RAP
By 1980 Content of Avg. of % RAM Added to Mixture

RAP Last 3 15 18 21 24 27 30
HLC 5/14 4.3
HLC 5/15 4.9
HLC 5/16 4.3 4.5 o7 .8 9 1.1 1.2 1.4
GACO 5/16 4.9 4.7 ol .8 1.0 1.1 1.3 1.4
HLC 5117 4.4 4.5 7 .8 .9 1.1 1.2 1.4
GACO 5/17 4.6 4.6 o .8 1.0 1.1 1.3 1.4
GACO 5/20 4.9 4.6 Wl 4 1.0 1.1 1.3 1.4
GACO 5/21 4.7 4.7 ol .8 1.0 1.1 1.3 1.4
HLC 5/21 4.6 4.7 o7 .8 1.0 1.1 1.3 1.4
HLC 5/22 b4 4.7 o7 8 1.0 1.1 1.3 1.4
GACO 5122 5.0 4.7 W7 .8 1.0 1.1 13 1.4
HLC 6/5 54l 4.8 wl .9 1.0 1.2 1.3 1.5
GACO 6/16 5.0 5.0 .6 79 1.1 1.2 1.4 1.5
HLC 6/17 4.7 4.9 ol <9 1.0 1:2 1.3 1.5
HLC 8/6 4.8 4.8 il &9 140 1.2 1.3 1.5
HLC 8/7 4.7 4.7 .8 .8 1.0 1.1 1.3 1.4

to think these things are being used for "patriotic"
or some other high sounding reason, the truth is
they're used because they have become economically
feasible. Depletion and high energy costs have
turned the tables on 'the way we always done it".
With this increased use of waste products and

re-use of finilshed products, it is a totally new
ball game.

Can industry, associated technical sclwouls,
colleges, and the school of hard knocks meet
the demands of this new way of doing business?
From the way things look right now, this industry
just won't be tooled up in time. Most contractors
are 111 equipped to handle the varieties of materials
and technology that will be needed to cope with
these new problems. The availability of any
skilled technician is horrible right now and tends
to get worse rather than better as time goes on.
The states and other public agencies are cutting
their field and lab manpower at an ever increasing
rate.

Consider this=~-back in the days when it was
grounds for celebration when a plant produced
1,000 tons a day, there were several state people
in the plant inspecting everything all the time.
Now, when plants are capable of 6,000 tons per day
on a routine basis, the state department of
transportation has difficulty finding ome plant
inspector or proportioning engineer and he's
so busy filling out forms he can't inspect anything
anyway .

The only hope is to encourage the contractors
to get into in-house quality control programs,
convince the powers that be (that means politicians
and bureaucrats) that the action that counts is in
the field nmot in the piles of 'documentation" they
presently require, and immediately develop better
and faster testing methods and equipment. Finally,
and perhaps the most vital, encourage the trade
schools, colleges, and unilversities to offer
and promote more courses on quality control in
this field of construction materials.
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Joseph L. Vicelja, Los Angeles County Road Department

Pavement recycling problems in the
urban environment are different than
those in rural areas. The size and
magnitude of the projects are generally
smaller in scope. Also, there are many
more physical constraints ie: curbs and
gutters, catch basins, driveways, cross
gutters, median curbs, manholes, etc.,
which influence the design. A typical
economic analysis is presented as well
as evaluation criteria. Presentations
should be made to local officials,
planners and citizens showing that the
benefits of recycling far outweigh any
inconveniences a few may encounter.
Encourage local contractors to obtain
the equipment needed for recycling by
demonstrating that it is economical and
beneficial. Also inform them of the
agencies intention to utilize this con-
struction technique.

Project Selection

Is this project a candidate for re-
cycling? This question should be asked on
all reconstruction, resurfacing and widen-
ing projects. The answer will probably be
yes, even if the project is very small
(1/10 to 1/4 mile). No longer can the
economic and environmental potential
through recycling be ignored, but these
considerations must be evaluated on each
project. If the economics are not favor-
able, the removed asphalt concrete can
still be utilized on a future project by
stockpiling it, thereby conserving our
natural resources and fuel. Environmental
and economical considerations may dictate
whether hot, cold or surface recycling
should be used.

With a trend towards the 3 R's--
resurfacing, restoration and rehabili-
tation of our interstate highways, county
roads and local streets, recycling of the
existing worn and tired pavements is a
very important development and technique.
Recycling should be added to the highway
engineer's arsenal for the maintenance and
construction of the transportation system.

In the urban environment, most of the

roads and streets are improved with curb
and gutters, catch basins, cross gutters,
driveways and in some cases raised median
curbs, which control the geometric and
horizontal alignment and many times also
provide the vertical control for finished
pavement elevation. With these types of
controls, considerable problems can be
encountered in designing and placing a
thick asphalt concrete overlay. Some of the
typical problems resulting from thick over-
lays are excessive crossfall ie: car doors
cannot be completely opened (Figure 1),
ridability of cross gutters (Figure 2) and
driveway access (Figure 3), reduced water
carrying capacity when storm runoff either
tops the curb or extends further out into
the traveled portion of the roadway than
originally designed, loss of curb height of
median barrier curbs (Figure 4) and raising
of manholes or utility vaults (Figure 5).
Recycling of the existing asphalt concrete
roadway can reduce the magnitude or elimi-
nate some of the problems illustrated.

Public Relations

When evaluating a project and determi-
ning if recycling should be used, project
location often limits the techniques avail-
able when working in a central business
district, industrial or residential area.
Traffic control considerations which must
be evaluated are: Will a detour be requir-
ed, can construction proceed utilizing a
portion of the existing roadway or can
the street be closed during construction?

Being good neighbors is a must and will
require determining the effect the increas-
ed dust and noise will have on the adjacent
properties when selecting inplace vs. off-
site recycling techniques. With the the
equipment available today, inplace cold
mix or surface recycling can be accom-
plished in most urban areas without
adversely affecting the environment. The
location of existing asphalt batch plants
or material storage areas for the removed
asphalt concrete must be included as part
of the economic study when determining
fuel, aggregate and paving asphalt cost
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savings through the use of recycled
materials.

It is incumbent upon the engineer to
inform their local officials and citizens
about the value of reusing the existing
pavement materials and that the economical
and ecological benefits far outweigh any
inconveniences a few may encounter. If
necessary, be prepared to go before your
local planning commission to request their
cooperation in granting contractors per-
mission to move in onsite crushing or
mixing equipment, on a temporary basis,
which may not meet the local zoning re-
quirements. Stress that they are helping
the local economy, the environmental and
ecological balance by conservation of
material resources and conserving energy
when the asphalt concrete and untreated
aggregate are recycled. Also point out that
pollution is being reduced even though some
additional localized noise and dust may be
created.

Pavement Analysis

Should the project have only localized
areas of distress, recycling can very
effectively be used in the distressed areas
and then an overlay or a surface treatment
placed to complete the project. It has been
demonstrated, when localized failures occur
only in the surface portion of the
structural section, that cold planing or
milling out a portion of the asphalt con-
crete can make an economical repair with
recycled asphalt concrete. In addition to
the savings previously mentioned, a double
benefit may be derived from trucks by
having them haul the milled material to a
plant or storage site and bring back
asphalt concrete to the project site for
placement in the milled area. This con-
struction method has proven to be very
effective in the business districts and
industrial areas. Work can begin on the
traffic lanes after the morning peak and
have them completed and ready for use in
time for the evening rush hour, thereby
eliminating the need to barricade off a
portion of the roadway or detouring traffic
around the project. If the distress in the
roadway is related to the untreated base
material, then by recycling the asphalt
concrete surface and the untreated base
into an asphalt concrete material a signi-
ficant structural improvement can be
attained. Thus, the structural value and
load carrying capacity of the pavement can
be increased considerably with no increase
in thickness or change in grade.

On the other hand, if a roadway is
structurally adequate but has developed
significant amounts of cracking due to
aging, its integrity and ridability can be
improved though recycling. It is also pos-
sible to reprofile a street with recycling.
These generally can be accomplished through
surface recycling techniques; however, cold
or hot recycling can also be used if a
considerable depth of asphalt concrete is
to be removed.

Many projects which would be postponed
awaiting funding or permitted to further
deteriorate prior to reconstruction can be
effectively rehabilitated at a lesser cost

by using recycling.

Economic Analysis

A typical economical analysis for a
small urban hot recycled asphalt concrete
mix is presented in Table I. It should be
noted that by recycling the existing as-
phalt concrete, significant savings can
be accomplished, $2,000 - $2,800. These
savings relate to lower project costs.

The relative locations of the aggre-
gate sources, batch plants and dump sites
to the the project location can greatly
affect the savings. Both of these batch
plants are about equidistant from the
aggregate source. The Inglewood plant
which is closer to the project site and
further from the dump and refinery shows
a greater savings when compared to the
Cardecna plant. However, the cxpected
savings will probably be nearer the cal-
culated maximum of $2,800 due to the
competitiveness of the two plants. This
competitiveness can only be accomplished
after demonstrating to the contractors
that whenever the economic and design
considerations are favorable, recycling
will be specified.

Surface recycling was not considered
on this project because of the pavement
condition (Figure 6) and inadequate exist-
ing structural section. Cold recycling
the surface with the cxisting sand sub-
grade was considered but discarded because
of underground utilities and grade con-
trols due to drainage problems.

The use of recycling must be ap-
proached in the same manner that an over-
lay or new construction project is being
evaluated. That is, the project must be
planned, programmed and scheduled to take
maximum advantage of available economics.

Do not just plan one or two projects
and then wait 5-10 years after they are
constructed to thoroughly evaluate their
effectiveness. Take advantage of the work
previously done by other agencies and con-
tractors. Review their reports, talk to
the design, construction and maintenance
engineers as well as the contractors and
learn firsthand what their experience has

been and hcw they have improved and re-

fined their construction and design
procedures. Before a local contractor
will invest in recycling equipment, he
must be assured that recycling is
economical and part of an ongoing high-
way program. Economic studies of pro-
jects (even previously constructed
nonrecycled projects) can help indicate
the number of projects you may have per
construction season. Once a market for
recycling is created and more contractors
become equipped to do this work, the
greater will be the competition and also
the savings to the agency.

Remember, that recyling of the exist-
ing roadways, combined with your resource-
fulness, ingenuity and determination, will
provide an additional economical method to
continue to improve and maintain your high-
way and street systems to the highest
standard.



TABLE I
PROJECT EVALUATION
Project: Mariposa Street Location: City of E1 Segundo
Limits: 565' W/0 Nash to Douglas St. Length: 1850 ft.

Existing Structural Section: 3" AC on Native Sand
Condition: Badly Alligatored
Existing Improvement: Curbs & 1' gutters @ 25' from C.L.

Proposed Improvement: Curbs & 2' gutters @ 32' from C.L. and 4"
on 10" Aggregate base.

Area: 1850 ft. x 60 ft. = 111,000 S.F.

Asphalt Concrete required: 4" x 111,000 sf. x 145 pcf. & 2000 =
(94.7% Aggr., 5.3% Asphalt)

AC

2700 tons

Surface Course 1000 tons, Base Course 1700 tons. Recycled Asphalt Concrete

to be used in base course only.

Economic Analysis based on asphalt concrete batch plant located in Gardena

Distance: Aggregate source to batch plant 30 miles
Paving Asphalt source to batch plant 8 miles
Batch plant to project site 9 miles
Project site to dump site 8 miles

Costs to get materials to batch plant

All new aggregate asphalt concrete

Virgin Aggregate 2700 tons x 94.7% x 30 mi x $0.10/ton-mi
Paving Asphalt 2700 tons x 5.3% x 8 mi x $0.60/ton-mi

Total

$7,671

$ 687

$8,358

Recycled asphalt concrete (30% reclaimed aggregate + 70% virgin aggregate)

to be used in base course of asphalt concrete only.

Base Course asphalt concrete

Reclaimed Aggregate 30% x 1700 tons x 94.7% x 9 mi x $0.30/ton-mi =
Virgin Aggregate 70% x 1700 tons x 94.7% x 30 mi x $0.10/ton-mi =
Paving Asphalt 70% x 1700 tons x 5.3% x 8 mi x $0.60/ton-mi =
Subtotal = $4,988
Surface Course Asphalt Concrete
Virgin Aggregate 1000 tons x 94.7% x 30 mi x $0.10/ton~mi =
Paving Asphalt 1000 tons x 5.3% x 8 mi x $0.60/ton-mi =
Subtotal = $3,095
Total =

$1,304
3,381

303

$2,841

254

$8,083

Haul costs & dump fees for removed existing asphalt concrete pavement.

Haul to dump (30% of 1700 tons) 510 tons x 8 mi x $0.30/ton-mi
Dump fee 510 tons x $1.00/ton

Total

Savings using recycled aggregate =

Asphalt Concrete Haul & Dump Costs Asphalt Concrete
(new aggregate) + (exist pavement) - (recycled aggr.)

$8,358 + $1,734 = $8,083

$1,224
$ 510

$1,734

$2,009

33




34

Economic Analysis based on asphalt concrete batch plant located in Inglewood

Distance: Paving asphalt source to batch plant 16 miles

Aggregate source to batch plant 33 miles
Batch plant to project site 4 miles
Project site to dump site 8 miles

Costs to get materials to batch plant

All new aggregate asphalt concrete

Virgin Aggregate 2700 tons x 94.7% x 33 mi x $0.10/ton-mi = $8,438
Paving Asphalt 2700 tons x 5.3% x 16 mi x $0.30/ton-mi = 687
Total = $9,125

Recycled asphalt concrete (30% reclaimed aggregate + 70% virgin aggregate)
to be used in base course of asphalt concrete only.

Base Course asphalt concrete

Reclaimed Aggregate 30% x 1700 tons x 94.7% x 4 mi x $0.30/ton-mi = $§ 580

Virgin Aggregate 70% x 1700 tons x 94.7% x 33 mi x $0.10/ton-mi = 3,719

Paving Asphalt 70% x 1700 tons x 5.3% x 16 mi x $0.30/ton-mi = 303
Subtotal = $4,602

Surface Course Asphalt Concrete

Virgin Aggregate 1000 tons x 94.7% x 33 mi x $0.10/ton-mi = $3,125

Paving Asphalt 1000 tons x 5.3% x 16 mi x $0.30/ton-mi = 254
Subtotal = 83,379

Total = $7,981

Haul costs & dump fees for removed existing asphalt concrete pavement

Haul to dump (30% of 1700 tons) 510 tons x 8 mi x $0.30/ton mi = $1,224
Dump fee 510 tons x $1.00/ton = 510
Total = $1,734
Savings using recycled aggregate =
Asphalt Concrete Haul & Dump Costs Asphalt Concrete
(new aggregate) + (exist pavement) - (recycled aggr.)
$9,125 + $1,734 - $7,981 = $2,878
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Figure 3,

Figure 5.




Figure 6,
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PROJECT SELECTION FOR RURAL RECYCLING

Bobby R. Lindley, Assistant District Cngineer, State Department of Highways

and Public Transportation, Abilene, Texas

Definition of recycle literally and in terms of
highway construction. Identifying size, magni-
tude, and miles of highway considered in the
Abilene District of the Department of Highways
and Public Transportation. Laboratory and de-
sign techniques used to arrive at a design for
the proposed construction. This includes
District policy and other relative items.
Examples of several types of rural recycling
used in rehabilitation projects. Summary
statements.

The subject being discussed here today indi-
cates to me that we are only looking at rehabil-
itation-type projects. Webster's Dictionary
defines recycle: 'to pass again through a series
of changes or treatments: as, to process in order
to regain material for human use, to return to an
original condition so that operation can begin
again'.

The above definition does not indicate a
specific place or time schedule for the use of a
recycled material. The boundaries for recycling
existing streets and highways are not, and have not
been, defined and I submit that no such boundaries
should he placed on this relatively new concept in
roadway construction.

The title of my presentation is Project
Selection for Rural Recycling. In order to follow
the program discipline outlined for us, I will try
to give you the method we use in District 8 of the
Texas Department of Highways and Public Transport-
ation. The District covers thirteen counties and
contains a total of 3271 miles of highways. Broken
down in catagories there are 160.77 miles of Inter-
state, 1109.27 miles of U. S. and State highways
and 2000.96 miles of Farm-to-Market highways.

Total lane miles for this district is 8074. The
age of all of the above highways necessitates heavy

maintenance and most of them are in need of complete

rehabilitation.

After funding for a project has been assured,
we begin our design analysis by going to the pro-
ject location and sampling all existing roadway
material. I believe that our sampling technique
is probably unique because in most cases we use a
front-end loader and make a transverse cut across

the pavement in each layer. These "samples' are
transported to the District Lab and smaller samples
are split from them for testing. This may seem
crude to you but we have made errors in design
procedures because our small (8 inch) core samples
were not representative of the entire roadway.
Also, I might add that the total roadway structure
from the surface through the sub-grade is sampled
and tested. We believe that you must know the
characteristics of the existing material before
you can properly design the new structure.

The designers' first rule is a District policy
that we do not ''waste' any material that we have
purchased in the past. With this policy in mind
we eliminate the urge to take the "easy'" way out
and dispose of all the existing structure or pile
new material on top of the deteriorated surface.
If laboratory tests prove the existing material
to be completely inferior, then our laboratory
technicians and design personnel recommend addi-
tives that can be used to upgrade the material to
tolerable specifications. One good example of
this is salvaged asphalt bituminous pavement.
Rarely does it meet the requirements of asphalt
stabilized base in this district but with the
addition of approximately 30% virgin coarse rock
and 3% new asphalt it becomes well within the
requirements of that Item.

If economic studies prove that recycling is
not practical, we ask the Contractor to stockpile
the salvaged surface within our right-of-way. In
doing this we are placing this material in a '‘bank"
for later use in the adjacent area. I reiterate
that no existing material is wasted on projects
within our district boundaries.

Flexible base often does not meet the modern
specifications. We have stabilized existing base
with lime, cement, and asphalt emulsions. In some
instances larger aggregate is added and on other
projects new material is added and incorporated
into the existing base.

One particular Farm-to-Market highway in this
district was in very bad distress. The base was
a pit-run silicious gravel. The surface ranged
in depth from 1%" to 6", and consisted mainly of
an accumulation of penetration seal coats and
patches of various materials. There was evidence
of sub-grade failures but the majority of distress
was in the base and surface.



After design procedures were accumulated it was
concluded that a whole new construction recycling
concept would be used on this project. The entire
base and surface was crushed, combined and stock-
piled adjacent to the right-of-way line. The
sub-grade was proof rolled and weak spots repaired
by lime stabilization. The combined base and sur-
face was picked up and placed through a Midland
Paver where 6 percent, by weight, of CMS-2 emulsion
was added and relaid in its original position. A
one-course penetration seal was applied and the
shoulders backfilled to complete the project. This
project gave the State a 50 percent savings in funds
and the construction time was reduced by approx-
imately 75 percent.

All major Interstate rehabilitation is per-
formed by full depth recycling on specification
demand or the Contractor is given an option. If
the Contractor chooses not to recycle, the salvaged
material is stockpiled in a designated location to
be utilized on another project.

One project on Interstate is underway at the
present time. The Contractor who bid this project
had a material source and a stationary hot-mix
plant within an acceptable distance from the job.
His bid was to remove the existing asphalt material
and replace it with new asphalt stabilized base
and surface. He has to stockpile all the salvaged
pavement at a designated location very near a
Farm-to-Market intersection. This FM highway has
a good base structure but the surface is in very
bad condition and the increased load limits
dictate the need for additional strength. Our
intention is to let another contract which will
recycle the salvaged material and overlay the farm
road with approximately 4" of recycled hot-mix.
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In some instances complete full depth recycl-
ing is not feasible because of funding restrictions.
When this type of construction is required, we try
to arrange an overlay that will last as long as
possible. One such project has been designed and
completed near Abilene. The existing pavement was
badly cracked and out of section, with evidence of
moderate rutting. Our construction process was to
profile the existing surface by Roto-Milling, place
a 1" plant mix seal for a surface course. Since
this raised the grade of the roadway, there was a
need for shoulder material. Borrow for this type
earthwork would cost us approximately $6.00 a cubic
yard, in place. The Roto-Milled surface material
had to be hauled to a stockpile location which
would increase the cost of that item tremendously.
It was decided that the existing grass shoulder
should be bladed away from the roadway and the
milled surface placed directly on the shoulder for
shoulder material. We believe this to be both
economical and also will conserve energy.

I think it should be clear to you by this time
that every rehabilitation project that we have is
related one way or the other to recycling. Yet,
we insist that we do not recycle just for the sake
of recycling. We have found after several years of
study and practice that all existing material has
some good qualities and minor modification can
make a superior product out of roadway materials
that appear inferior. There is no doubt in my
mind that the time has come when every Highway
Engineer is going to have to get more miles re-
paired with less people, less money, less virgin
material, and less energy related materials. The
only answer to this demand is to utilize every
grain of existing roadway to the best advantage.

Table 1 (Jon A. Epps)

A. Basiec Considerations for Project Selection

1. Type and amount of distress

2. Structural condition of pavement
3. Roughness

4, Traffic volumes

5. Skid resistance

6. Existing pavement cross section

7. Location and size of project

B. Comparison of Rural and Urbau Project Selection Criteria

IITEM RURAL

URBAN

Vertical control Shoulders, bridges,
safety appurtances

Traffic control More options

Road user costs

Time for construction Not as critical

Size of project
move-in costs

Environmental quality

vegetation damage

Do not always dominate costs

Large projects because of

Not as many complaints on
noise, heat, air quality,

Utilities, drainage structures,
safety appurtances
Major problem

Dominate project costs

Critical

Plants and equipment move-in
costs minimal

Critical but existing
plants have permits

Permits to operate plants require
up to 6 months to obtain

Aggregate and binder Fixed and new sources

availability
Contractor availability
work in rural areas

Existing pavement

Specifications

Most contractors prefer to

Non-hard surfaced, thin surfaced

Lower quality materials
Single project philosophy

Fixed sources

More competition

Thicker asphalt sections

High quality materials
Multiple project philosophy
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STATE-OF-THE-ART OF SURFACE RECYCLING

R. A. Jimenez, University of Arizona

The present knowledge and practice of asphaltic
surface recycling is presented. A review of the
available information has shown the practicabil-
ity of restoring the desirable characteristics
of pavement surfaces through the use of heater
planer or scarifier processes. Also discussed
are specifications for recycling agents and for
construction procedures.

This report is concerned with a specific portion
of the National Seminar on Asphalt Pavement Recycl-
ing. As indicated by the title, this presentation
covers the topic of surface recycling as a review of
the experiences and recommendations of those who
have been involved in surface recycling principally
in a restoration mode. Although some phases of
present procedures of surface recycling have been
performed, some 40 (1) or less years ago, the total
process may still be considered as an art. Webster
(2) defines an art as being a "skill in performance
obtained by experience". However, the contributions
of science to the successes of recycling cannot be
disregarded.

The o0i1 embargo of 1973 and other shortages in
the highway construction industry gave an impetus
and urgency to the reuse of materials in existing
asphaltic roads for reconstruction or restoration of
the roadway. Since the restoration processes are
relatively new and have been practiced by various
people over the country, a new jargon has developed
and will be defined and summarized in the presenta-
tions of this seminar.

In general, recycling of pavement materials in-
volves its transfer or moving to a processing area
and then being returned to a/the roadway; thus com-
pleting a circuit. Recycling is practiced princi-
pally for economical reasons based on cost and avail-
ability of materials for making and processing pave-
ment layers. Although not always so, recycling is
concerned with the maintenance and restoration of an
existing facility. (Asphaltic concrete from aban-
doned parking lots and roadways is being stockpiled
for recycling into future pavements.)

The title of this presentation, Surface Recycl-
ing, indicates that the process involves reusing only
the surface (top 1.91 to 2.54 cm [3/4 to 1 in.]),
that its purpose is to restore or improve the road's
surface condition, and that the recycling circuit
(hauling distance) is very short. Some of the rea-
sons for surface recycling arc as follows:

1. To correct or eliminate surface deformations
of rutting or shoving,

2. To correct or eliminate a slippery surface,

3. In correcting the above, to maintain the
original elevation of the surface, and

4, To minimize reflection cracking to an
overlay.

In the process of surface recycling, heat may or may
not be used for breaking up the surface; new materi-
als or modifying agents may be added; and the con-
struction may be a continuous one-phased or a multi-
phased one.

Prior to selecting a surface recycling-restora-
tion program, preliminary investigations must be
performed to establish the causes of the surface
deficiencies and to show that surface recycling is
a viable remedy. Subsurface weaknesses or failures
in a pavement will appear on the surface as cracks
or deformations. Shear failures of surfaces, bases,
or subgrades will eventually appear as ruts at the
surface. Fatigue or shrinkage weaknesses or fail-
ures in the pavement system will result in cracking
of the surface. It is generally accepted that recy-
cling for restoration of only the top 2.54 cm (1 in.)
of the surface will not serve for a significant
period of time before the existing failures recur.
However, under certain conditions of age and moderate
surface cracking, recycling of the pavement surface
prior to an overlay is justified. The breaking-up
of the old pavement surface destroys the crack pat-
tern; the softening (low modulus of elasticity) of
the recycled material will serve as a strain-
attenuating layer; and the strengthening effect of
the overlay; all contribute to minimize reflection
cracking of the new surface course.

The design and construction of the recycled sur-
face must be considered as carefully as for a new
overlay. Thought must be given as to the effects of
additives and construction procedures on the stabil-
ity and bleeding characteristics of the recycled
course, especially where more liquid is added to the
recycled material.

Methods and Construction Procedures

There are two basic processes in use for the re-
cycling of asphaltic pavement surfaces; one utilizes
the heating of the pavement and the other does not.
Figure 1 (1) presents a visual descripliun of Lhe



Figure 1. Basic surface recycling procedures.
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Heater-planer

Process
involving
additional heat

Heater-scarifier

Hot-miller

SURFACE
RECYCLING | |

Process with

Cold-planer

—— no additional

heat

Cold-miller

processes and subdivisions for each.

From the third column of Figure 1, it is noted
that the names of the processes are obtained from the
type of equipment used. Accordingly, in defining
the process using heat (1,3,5),

1. The heater-planer is a device that heats the
pavement surface and then shears up to 2.54 cm (1 in.)
of the hot material with a steel blade or plate,

2. The heater-scarifier is a device that heats
the pavement surface and rips the surface up to a
depth of 2.54 cm (1 in.) by raking spring loaded
steel points over the hot materials, and

3. The hot-miller is a device(s) by which the
pavement surface is heated and then miller or ground
up to a depth of 5.08 cm (2 in.) with a rotating
drum that has cutting tips mounted over the cylin-
drical surface.

As indicated earlier, this presentation is con-
cerned principally with the restoration mode of
recycling in which the material will be reused in
the same pavement layer.

Cold Process

The cold-planing and cold-milling processes are
used to remove surface material that is deteriorated
or causes surface roughness or slipperiness. Although
this material can be recycled for use in another
layer of another pavement, it is not generally re-
turned to reconstruct the original surface. It is
to be pointed out that the material has not been
reused for restoration principally because of the
cold process itself,

Heated Process

The several operations using a heated process of
surface recycling are involved mainly with the reuse
of the material in the surface. However, a form of
the heated process is used for removal of surface
material and for reuse elsewhere. Figure 2 shows
the possible variations in the techniques available
for surface recycling as suggested by Reference 3.
It was not intended to give the objectives of the
operations shown in Figure 2. The following para-
graphs will describe procedures (1,3,4,6,7,8.9,10)

that have been used to restore surface deficiencies
by recycling or reclaiming methods.

To Correct a Slippery Surface. The pavement sur-
face may have low skid resistance due to character-
istics of the aggregate or to a bleeding or flushed
condition. Analysis of the pavement and its surface
material should guide in the selection of one of the
procedures from the following:

1.

a. The surface is heated and scarified,

b. The surface material may be mixed for

uniformity,

A Tiquid recycling agent is sprayed, if

needed,

The recycled mixture is compacted,

Skid resistant aggregate is spread,

The aggregate and pavement is heated, and

Steel wheel rolled to embed aggregate to

proper depth.

. The treatment of item (1) may be modified
by adding and mixing new asphaltic . mix-
ture to the scarified material, and then
spreading and compacting.

. If the problem is a polished or nontex-
tured surface, .

b. Skid resistant aggregate is spread over
the surface,

c. The aggregate and pavement is heated, and

d. Steel wheel rolled to embed the aggregate.

4. a. The treatment of “item (3) has been sug-
gested for a flushed pavement surface;
however, one must recognize that deforma-
tion may be imminent in such a situation.

. If the existing material is not suitable
for recycling into a surface course, then
it must be planed and hauled away for
possible reuse in some other location.

b. The planed surface is then overlaid with

a new mixture.

(2]

Q@ —-Hhm

nN
=1}

To Correct a Deformed Surface. The reasons for
the rutting, shoving, or bumps must be established.
Structural failures cannot he remedied with correc-
tion of only the upper 2.54 cm (1 in.) of the pave-
ment surface. The following descriptions are
related to possibie treatments:
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Figure 2. Surface recycling procedures using heat.
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1. a. For a limited area of bumps or humps, the To Correct for a Cracked Surface. An asphaltic
surface can be planed or heater-scarified, pavement surface may be cracked for a variety of
b. The excess material is used to fill the reasons. These reasons or causes can be generalized
low or depressed areas, as due to shrinkage of the surface course, reflection
c. If necessary, liquid recycling agent is of underlying cracks, failure by flexural fatigue,
added, or construction shortcomings. Restoration of the
d. Then the planed and filled areas are surface generally requires recycling a position of
compacted. the top course plus the addition of added asphaltic
2. a. For the deficiencies or deterioration concrete or an overiay as described in one of the
within a thin (3.81 cm [1 1/2 in.]) following methods.
surface course, the layer can be removed
by heater scarification or planing, 1. a. The pavement surface is heater scarified,
b. Then a new surface is iaid. b. A Tiquid recycling agent is added,
3. a. Under certain conditions the upper 2.54 cm c. New asphaltic concrete is mixed with the
(1-1 1/2 in.) of the surface can be heater reclaimed material,
scarified and mixed, d. The new mixture is spread and compacted.
b. If necessary, a liquid recycling agent is 2. a. The pavement surface is heater scarified,
added, b. A 1liquid recycling agent is added,
c. New asphaltic paving material is mixed c. The reclaimed material is spread and
with the old loose mixture, and compacted,
d. Then Llhe screeded and vibrated layer is d. A new plant-mix overlay is spread and
compacted, forming a new layer generally compacted.
less than 6.35 cm (2 1/2 in.). 3. a. The pavement surface is heater scarified,
4, a. If the existing material is not suitable b. The scarified material is compacted,
for recycling into a surface course, then ¢. A Tliquid recycling agent is added,
it must be removed for possible reuse d. If needed, a flush or tack coat is added,
elsewhere, and e. A new plant-mix overlay is spread and
b. Then a new surfacing material must be compacted.

Taid.



The original plus recent thinking on the successes
of the above procedures is that (a) scarification
breaks up the regularity of the surface crack pat-
tern, (b) the recycled material plus the asphalt
softening agent serves as a strain-attenuating layer
to minimize relfection cracking, and (c) the recy-
cled and new layer adds strength to the pavement by
preventing surface water infiltration into the sub-
soils.

In addition to correcting surface failures des-
cribed above, it is apparent that the processes of
surface recycling and reclaiming can also be used
for the purposes shown below.

1. To maintain curb height while repairing
surface failures,

2. To maintain overhead clearance at overpasses
while repairing surface failures,

3. To maintain, instead of adding to, the dead
load on bridges while repairing surface failures.

Construction Equipment

A great variety of equipment for surface recy-
cling has been used over the past years. For low
volume farm-to-market roads constructed with liquid
asphalts, the surface was planed or scarified and
then recompacted to restore the surface smoothness.
As can be imagined, blades, and disc or spring har-
rows could have been used. Development of some
present day equipment has been regionalized and by
people such as Cutler (6), Jackson (15), Payne (16)
and Moench (17) for heater-planer scarifiers. Photo-
graphs of the various types of heater-scarifiers are
shown in Figure 3. It is apparent from the size of

Figure 3. Heater scarification in Arizona,

il
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these units that their operation and maintenance are
quite involved and specialized. These units must be
capable of heating the surface to a specific depth
and within a certain range of temperature.

Controlled heating is necessary to soften the
pavement for scarifying or planing without damage to
the asphalt for reuse. Penetration of the heat into
the pavement is tied to the speed of travel of the
heater or heaters in tandem so as to leave a finite
temperature gradient to the depth desired. Also,
the heating of the surface must be such so as to
minimize burning emissions and meet air pollution
standards. In scarifying 1.90 to 2.54 cm (3/4 to
1 in.) of surface, a general requirement is that the
temperature of the mixture behind the scarifier
should range between 107-138°C (225-280°F) (9,12).

There are several methods used for heating the
pavement surface. The fuel used may be a liquified
petroleum gas (LPG) or diesel oil and the heating
may be from an open flame or from a radiant tube
for indirect heating.

A recent publication by V. Servas (22) describes
a process developed by Wirtgen GmbH in West Germany
for surface remixing. The procedure is similar to
the U. S. practice except that the surface material
is heated to temperatures between 140-160°C (284-
320°F) and up to 8.0 cm (3.1 in.) can be heated and
scarified. The pavement is preheated with a gas-
fired, infra-red heater unit.

Costs of Surface Recycling

In some cases, certain operations of surface
recycling may be subcontracted to specialists for
heater-planing or scarification only. As a
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Table 1. Ranges of unit costs for surface recycling.
Item Cost $/m Comments (Ref.)
Heater-planing 0.18 - 1.07 Removal of 1.9 cm (12,18,19)
Heater-scarifying 0.30 - 0.95 1.9 cm. + additive, + compaction (;gjgg)
a. plus 0.95 cm chip seal 0.95 - 1.67 Complete (12,18)
b. plus 5.08 cm asphaltic concrete 3.09 - 4.76 Complete (12,18)
Cold-milling 0.42 - 1.43 Removal of 2.54 cm (18)
a. plus 90 kg asphaltic concrete 2.38 - 3.57 Complete (18)
2.54 cm =1 in.
0.84 m? = 1 yd?
0.45 kg =1 1b

consequence, and along with all the variables that
affect bid prices, there is a wide range in the unit
cost for surface recycling. The listings in Table 1
range in unit costs for various items in surface
recycling.

The unit costs shown in the table were obtained
from references dated 1980 and serve for immediate
comparisons. The range in cost for a particular
item, as shown, is based on difference in surfacings.
The low cost operation would most Tikely be for a
fine grained or soft surface; while the high unit
cost would be for an old, hard, and 1.9C cm {3/4 in.)
aggregate asphaltic concrete. According to Reid (19),
one of the most important factors affecting cost of
heater scarification is the depth of surface heating
required in one pass of the equipment and meeting
controls on temperature and air pollution at the
same time.

Specifications for Surface Recycling

It appears that it has been the practice for
specifications to be developed by promoters of spe-
cialized equipment to perform a particular operation
or function. In some cases through ignorance or on
purpose certain aspects required for an improved
product have been omitted from the specifications.
This does not imply that the specifications are not
adequate, especially since a certain amount of flex-
ibiTity should be afforded the contractor to incor-
porate more efficient methods or products.

In the Appendix, two specifications for surface
recycling have been reproduced. One is that recom-
mended by the Asphalt Recycling and Reclaiming Asso-
ciation and the other is one that was developed by
the Arizona Department of Transportation following
12 years (10) of experience in surface restoration.

A review of the two recent specifications shows
there are some variations in the methods for control-
1ing the processes of heater scarifying or remixing.
Examples of these differences are as follows:

1. One reguires the heating unit to have a mini-
mum rating of 10,584 MJ's (10 million BTU's) per hour
and an hourly production of scarified material to be
between 840-1,260 m? (1,000-1,500 yd?); the other one
does not set limits on heating capability or pro-
duction rates,

2. One requires the pavement surface to be
heated and remixed to a depth of 1.5 to 2.0 cm (0.6
to 0.8 1in.); the other one controls the amount of
scarification on the basis of 44 kg/m® (9 1bs/ft?)

to represent a scarification depth of between 1.90
to 2.54 cm (3/4 to 1 in.),

3. One does not mention weather or calendar
restrictions; the other one does on the basis of
project elevation.

Other than the three items listed above, the two
specifications have much in common.

Recycling Agents

It is generally accepted that the asphalt on the
surface of a pavement will age the most rapidly and
to the greatest extent as compared to some lower
Tocation in the layer. This is to be expected since
the highest temperatures and the most amount of air
occur on the surface. In order to recycle the top
1.90-2.54 cm (3/4-1 in.) of the pavement for reuse as
a surface cover, the asphalt must be returned or
changed to have properties of an original asphalt.
This transformation has been effected by incorpor-
ating liquid additives to the mixture being recycled.
These additives have been called by various names
such as asphalt-softening agent, asphalt rejuvenator,
and recycling oil, and have been typed as being an
asphalt emulsion, high penetration asphalt, or one
of several proprietary materials,

A prototype specification was discussed by Kari
(20) at the 1980 Annual Meeting of AAPT. Since at
present there are no standards for specifying these
materials, the basics of the Kari, et al., report
will be discussed.

First, this class of material will be called
"recycling agent" and defined as "A hydrocarbon
product with physical characteristics selected to
restore aged asphalt to the requirements of current
asphalt specifications".

And secondly, specification tests and values are
to be based on functional needs of:

Grade and consistency - viscosity
Handling and shipping - flash point
Volatility - oven weight change
Compatibility and solvency - saturates
Durability - viscosity ratio
Accounting - specific gravity

OO W N
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Table 2 (20) presents the suggested specification
grades and test values for recycling agents. It is
noted the recycling agents (RA) are graded from RA 5
to RA 500 on the basis of viscosity at 60°C (140°F).
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Table 2. Proposed specifications for hot mix recycling agents.a
s RA 5 RA 25 RA 75 RA 250 RA 500
Test Method min. max. min. max. min.  max min. max. min. max.
Viscosity @ 140°F, cSt 02170 or
2171 200 800 1000 4000 5000 10000 15000 35000 40000 60000
Flash point, COC, °F D92 400 - 425 - 450 - 450 - 450 -
Saturates, wt. % D2007 - 30 - 30 - 30 - 30 - 30
Residue from RTF-C oven b
test @ 325°F D2872
Viscosity ratio® - - 3 - 3 - 3 - 3 - 3
RTF-C oven weight b
change, + % D2872 - 4 - 3 - 2 - 2 - 2
Specific gravity D70 or
D1298 Report Report Report Report Report

3The final acceptance of recycling agents meeting this specification is subject to the compliance of the reconstituted

asphalt blends with current asphalt specifications.
b

The use of ASTM D1754 has not been studied in the context of this specification, however, it may be applicable.

cases of dispute the reference method shall be ASTM D2872.

RTF-C Viscosity at 140°F, cSt
Original Viscosity at 140°F, cSt

cViscosity Ratio =

The amount and grade of the recycling agent to
be used for a particular pavement depends on the char-
acteristics of the asphalt that one would require
for new construction; that is, whether one would
specify high or low viscosity of the asphalt. In
order to determine the quantity of a recycling agent
required, the pavement asphalt must be recovered and
blended with varying amounts of the agent. Follow-
ing the blending, the viscosity measurements would
be made to pinpoint the amount of agent needed to
give the desired viscosity for the new binder. Man-
ufacturers of recycling agents have developed charts
for obtaining the amount of recycling agent needed
to obtain a specific viscosity or penetration value
once the viscosity or penetration of the recovered
asphalt is known. Kari, et al., (21) presented such
charts and discussed the roll of recycling agents in
hot-mix recycling.

Summary

The review for this state-of-the-art presentation
has shown a lack of professional reports in the Tit-
erature. Most of the information has been obtained
from personal correspondence and promotional
brochures. However, it seems evident that at the
present the state-of-the-art of surface recycling
is in transition into a well defined procedure that
involves pavement evaluation, material evaluation,
material proportioning, and construction controls.

Surface recycling has been used principally for
conservation of materials and energy, and for re-
ducing cost for correcting or minimizing pavement
surface deficiencies of skid resistance, deformation,
and cracking.

Future improvements to the present processes
will most 1ikely be in the equipment used.

In
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Appendix

A. Exerpts of a 1968 General Specification Covering

Heater Scarification (13).
1. LOCATION
The work covered by these specifications is lo-
cated on runway 30-12 and east apron and taxiway,
Shafter Airport, Cawelo, California.
2. SCOPE OF WORK
A. Runway and Connecting Taxiway
The work to be done consists, in general, of
heating, mixing and adding asphalt rejuvenat-
ing agent to existing surfacing and of sur-
facing with 3/16" minimum thickness slurry
seal, as shown.
B. Taxiway and Apron

3, INSPECTION OF SITE

4, GENERAL REQUIREMENTS

5. SUPERINTENDENCE

6. EQUIPMENT

a. All equipment, tools and machines used shall
be subject to the approval of the engineer as
determined by their effectiveness in performance
of operations to be accomplished, and shall be
maintained in a saibisfactory working condition
while in use. Equipment not specifically meeting
these specifications and rejected by the engineer
shall be removed from the job site and replaced
with suitable types.

b. The asphalt heater-scarifier shall be a self-

contained machine specifically designed to repro-
cess upper layers of bituminous pavements. The
machine shall be self-propelled, capable of
operating at speeds of 0 to 70 fpm and consists
of an insulated combustion chamber adjustable

in width from 8' to 12' with ports permitting
fuel and air injection for proper combustion.

The heater shall have a minimum output of heat of
10,500,000 BTU per hour. The scarifier attach-
ment shall be divided into sufficient sections
individually controlled to conform with the
existing pavement cross section, including in-
verted sections, and shall provide satisfactory
protective devices to insure that no damage will
be done to manholes, water valves or other exist-
ing structures. The scarifier shall be adjust-
able and consist of at least two rows of spring
loaded rakes. Spacing of teeth shall be on

1-1/2 inch centers and the two rows shall be
adjusted to provide maximum scarifying effect
without ridging. The Contractor will be re
quired to furnish a minimum of one 12-ton, 3-
wheel roller or tandem roller; surface shall be
rolied immediately following application of
asphalt rejuvenating agent. Following the steel
rolling, the area shall be thoroughly rolled
with a rubber-tired roller.

c. Slurry seal shown on the plans shall be done
in accordance with the State of California, De-
partment of Public Works, Division of Highways
"Standard Specifications" dated January 1964,
Section 37, Bituminous Seals, Part 37-2, Slurry
Seal, with the following cxception: Only con-
tinuous pugmill mixer type equipment shall be
used. Transit mix, or rotating drum mixers will
not be used. Items 37-2.07 and 37-2.08 shall
not apply.

GENERAL

The work will consist of preheating and scarify-
ing existing asphalt surfacing in one operation
which will be followed immediately with the
addition of an asphalt rejuvenating agent and
slurry seal application.

PREPARATION

Immediately before heating, the pavement shall
be thoroughly cleaned of all dirt, debris, and
loose material.

MATERIALS

The asphalt rejuvenating agent shall conform to
the requirements for asphalt rejuvenating agent
set forth in these special provisions.

a. The asphalt rejuvenating agent shall be com-
posed of a petroleum resin 0il base uniformly
emulsified with water and shall conform to the
following requirements:

Test procedure AASHU Designation: T59 to be
modified by using distilled water in place of
2 per cent sodium oleate solution.

A test report shall be furnished in duplicate by
the vendor at the time of shipment of each lot



of asphalt rejuvenating agent. The report shall
show the shipment number, date of shipment, con-
tract number or purchase order number, quantity,
and the results of the specified tests.

Before spreading, the asphalt rejuvenating agent
will be cut back with water at the approximate
rate of 33 per cent of water by volume, of the
combined mixture. The asphalt rejuvenating
agent mixture shall be spread at the rate of
from 0.10 to 0.15 gallon per square yard of sur-
face covered. The exact rate of application will
be determined by the Engineer.

10. APPLICATION

a. The existing pavement shall be evenly heated
and scarified to a depth of from 0.05 to 0.07
foot by a single continuously moving surface
heater scarifier. The surface shall be left in
an evenly spread condition and aggregate shall
not be pulverized, spalled or broken. The mini-
mum temperature of the scarified material shall
not be less that 225°F. when measured three
minutes following reprocessing. At least 90%

of the aggregate shall be remixed by turning or
tumbling. Following the scarifying operation,

a cationic oil and resin emulsion, asphalt re-
juvenating agent, shall be applied at the rate
of .10 to .15 gallon per sq. yd. by a pressure
distributor while the remixed material is still
hot enough to cause demulsification. Overlap-
ping applications of asphalt rejuvenating agent
and leaking of the pressure distributor spraybar
will not be allowed.

b. The spreading of slurry seal as specified in
these special provisions shall follow after
surface is rolled to engineer's satisfaction.

11. AIR TRAFFIC CONTROL

12. CLEAN UP

Upon completion of the job, the site shall be
cleaned of any paving material, oil matter, and
debris caused or left over in the process of
this work.

13. GENERAL SPECIFICATIONS

This Contractor shall provide the Engineer with
sieve analysis reports of the aggregate and
emulsion weigh slips.

14, TRAFFIC CONTROL

This Contractor shall work in close cooperation
with the Airport manager. Runways 30-12 shall
be "X"'d out or closed as per plan for the dura-
tion of application and curing time of this
project.

B. Asphalt Heater-Scarifying or Remixing (4).
SCOPE

This item shall be part of a multi-step process of
asphalt surface rehabilitation that consists of sof-
tening the existing flexible pavement with heat and
thoroughly stirring, spinning or tumbling the mix-
ture; applying an asphalt rejuvenating agent; and
installing a surface treatment or overlay.
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The operation shall be planned so as to be safe for
persons and property adjacent to the work, including
the traveling public (the route may or may not be
kept open to traffic during construction).

The contractor shall take such additional precautions
as he deems reasonable for the safety of his opera-
tion.

EQUIPMENT

The equipment for heating and scarifying shall be of
a type that has operated successfully on similar work
completed prior to the award of this contract or
equipment proven through test results.

The heating unit shall have a minimum rating of
10,000,000 BTU's per hour. The hourly production of
heated and scarified material shall be between 1000-
1500 square yards per hour. The heater scarifier
may be equipped with a Teveling device to provide
for an even distribution of loose material. The
scarifier shall be of a type to insure continuous
and undiminished pavement contact without damaging
manholes and valve boxes. Overhanging trees shall
be trimmed in advance to a 9' minimum clearance.
Parkway trees may be protected from heat damage by
individual shielding and water spray or any combina-
tion the contractor deems practical.

SURFACE PREPARATION

The pavement surface to be heater scarified shall be
first cleaned of trash, debris, earth or other dele-
terious substances present in sufficient quantity to
interfere with the work to be performed.

HEATING AND SCARIFYING

The pavement surface shall be evenly heated and
remixed to a depth of between 0.5 to 0.7 foot (.0155
to .0127m) by a continuously moving surface heater
scarifier machine. At least 90% of the aggregate
shall be remixed by spinning or tumbling. Heater
material shall have a temperature in a range between
220 degrees - 260 degrees Fahrenheit measured imme-
diately behind the heater scarifier. The remixed
layer shall be uniformly and evenly heated through-
out. No uncontrolled heating, causing differential
softening of the upper surface will be permitted.
The asphalt binder shall not be carbonized in excess
of .10 of one percent. The scarified material shall
be left in an evenly spread condition. Aggregates
shall not be pulverized, spalled or broken. Width
of scarified surface shall be sufficient to accom-
modate subsequent processing.

NOTE: When the surface to be scarified is to have an
overlay of new pavement placed thereon, the scarified
material adjacent to any concrete structure can be
shaved or graded to provide a uniform cross-slope.
The excess material may be distributed and compacted
as a leveling course over the adjoining scarified
surface or removed from job site depending upon the
finished grade design contour. Excess material or
oversized aggregate dislodged by the planing or remix
operation too large to be covered by the overlay,
shall be removed and disposed of by the contractor

at his expense.

ALTERNATE

A standard header or gutter cut should be normally
performed prior to heater scarifying. The excess
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material is loaded and hauled to a site for reuse off
the project. In the event a 1" or greater depth of
cut is required, the planing or removal operation
should be scheduled first as the speed of performing
it is generally slower than heater scarifying.

LEVELING DEVICE

Following the heater scarifier and before overlay
installation, a leveling device reduces ridge buildup
present from heavy scarification of soft mixtures.
Material processed by the Teveling device should be
monitored to assure Teveling of grooved and loose
stike-off.

ALTERNATE - SCREED DEVICE {for special situations)

Following scarification and before compaction, if a
surface treatment has been specified, an oscillating
or vibratory device shall spread and distribute the
loosened mix. Rolling may be required to compact
oversized aggregate and finish the mat closing the
voids.

Contractor shall furnish the services of a registered
professional engineering laboratory specializing in
asphalt technology. Abson recovery tests shall be
made on representative cores prior to construction

to obtain asphalt penetration (ASTM D-5) and to
determine results of treating binder with variable
types of additive. No work shall be undertaken until
the laboratory report has been approved by the Engi-
neer.

The cost of testing and preparation of reports shall
be included in the cost per square yard for heating
and remixing surface. The number of cores required
shall not exceed 1 per 10,000 square yards of treated
pavement.

Contractor shall minimize the escaping of particulant
into the air by either the machine or burning of
pavement during the heater remix operation. The
machine shall be operated to conform with standards
of the Air Pollution Control District.

ASPHALT PRIMER

An asphalt primer shall be applied at the rate of .1
to .25 gallon per square yard by a pressure distrib-
utor at the end of each work shift. The primer may
be scheduled to be applied in one continuous oper-
ation to obtain uniformity and prevent overlapping.

PRIMER ALTERNATIVES

Primer--Type 1

The asphalt rejuvenating primer shall be composed of
a petroleum resin oil base uniformly emulsified

with water and shall conform to the following
requirements:

Specification
Designation Test Method Requirements
Viscosity, S.S.F.  AASHTO T59 15-40
at 77°F,
Seconds
Sieve Test % ASTM D244-60 60
Max.* (Mod)
Particle Charge Calif, 343A Positive
Test
Tests on Residue
from ASTM
D244-60 (Mod)
Viscosity, cs.
140°F ASTM D445 100-200
Asphaltenes
% Max. ASTM D2006-65-T 0,25
Ratio N+Al
P+A2 ASTM D2006-65-T 0.3-0.5

*Test procedure identical with AASHTO T59 except
that distilled water shall be used in place of 2%

oleate solution.

Primer--Type 2

The asphalt primer shall be composed of asphalt
cement uniformly emulsified with water and shall

conform to the foiiowing requirements:

Specification
Designation

Test Method

Requirements

Viscosity, S.F.
at 77°F,
Seconds

Residue, % by wt.

Tests on Residue

per 77°F
100g 5 sec.

Ductility 77°F cm

Primer--Type 3

The asphalt rej
a 50/50 blend

emulsified with water and sha]] conform

ejuven
of pe

AASHTO T59

AASHTO T49

AASHTO T51

ol

following requirements:

20-100

57-62
100-200

40+

Specification
Designation Test Method Requirements

Viscosity, S.F. AASHTO T59 12-25
at 77°F
Seconds
Residue, % by wt. Calif. 351 50-65
Particle Charge Calif. 343A Positive
Test
Viscosity, cp, ASTM D445 20-65
275°F
Asphaltenes, Calif. 352 9-13

% Max.



DISTRIBUTOR

The distributor should also comply with specifica-
tions. While spraying, the pressure should be high
enough to give the desired appiication through uni-
form spread along with constant straight edged spray
fans at each nozzle. The spray bar should be at a
constant height to prevent streaking.

ROLLERS

The use of self-propelled smooth tread pneumatic tire
rollers is recommended on surface treatments so that
the aggregate is imbedded firmly into the asphalt
without crushing the particles. In general there are
three types of rollers which may be used to compact
heater scarified treatments. A pneumatic tired
roller or steel wheel roller should be in a range of
10-12 tons overall.

The vibro roller is a unique tool which is capable

of achieving very high density with only a few passes
over the surface. The vibrating effort of the roller
is controlled and produces density without causing
horizontal displacement. The steel wheel and vibro
roller may be used effectively on surface of uniform
grade without abrupt breaks at the quarter point or
crown, If a surface is distorted, a satisfactory
result is obtained by specifying the pneumatic tire
roller.

The multi-step process should be kept as close to-
gether as practical to insure the maximum benefit is
achieved from each phase for complete integration
and to permit easy traffic arrangement.

MEASUREMENT AND PAYMENT
Heater Scarified - Heating and scarifying treatment

will be measured by the square yard or square meter
and shall include all work completed and accepted.

The accepted quantities of heating and scarifying
treatment will be paid at the contract unit price
per square yard for heating and scarifying treatment.
Testing and preparing reports prior to treatment of
pavement shall be included in the unit price per
square yard or square meter. Surface regrading or
leveling course constructed as described in the plans
and specifications, including all operations of
planing and compaction shall be included in the unit
price per square yard or square meter and no addi-
tional payment will be made.

Alternate - The asphalt pavement adjacent to gutter
is to be planed or removed in the form of a wedge
5' to 6' wide to desired depth as a separate opera-
tion. The Tinear feet of cut will be measured and
shall include all work to cut, load, haul material
for reuse, and sweep surface as directed by the
Engineer.

The accepted quantity of gutter cut will be paid at
the contract unit price per Tinear foot for per-
forming all work.

Asphalt Rejuvenating Agent - is paid for by weight
and shall be weighed on sealed scales, regularly
inspected by State Bureau of Weights and Measures,
or may be measured in some other approved manner. A
load s1ip shall be delivered to the Engineer at
point of delivery of their material. Asphalt con-
crete overlay required shall not be paid for under
this section.
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C. Recycling of Existing Bituminous Surface (14)
DESCRIPTION:

The work under this item consists of recycling the
flexible pavement. It shall be accomplished by
heating, scarifying, remixing, releveling, compacting
and rejuvenating the existing bituminous surfacing
material.

EQUIPMENT:

The equipment used to heat and scarify the bituminous
surface shall be fueled by liquified petroleum gas.
It shall fully meet the standards of the Bureau of
Air Pollution Control, Division of Environmental
Health Services, Arizona Department of Health Ser-
vices.

One pneumatic tired compactor shall be furnished to
compact the scarified material; however, in addition
to the pneumatic tired compactor, the contractor may
furnish any other type of compactor. Pneumatic tired
and tandem power (steel whee]? compactors shall

comply with the requirements of Subsection 406-3.05(F)
(2) and (3) respectively of the Standard Specifica-
tion.

CONSTRUCTION DETAILS:

The work shall generally be accomplished only between
the dates hereinafter shown as applicable to the
average elevation of the project; however, the begin-
ning date may be moved ahead and the ending date may
be extended if, in the opinion of the engineer,
weather conditions, surface temperatures and other
factors will not have an adverse effect upon the work.
At any time the engineer may require that the work
cease or that the workday be reduced in the event
that weather or other conditions will have an adverse
effect upon the work.

Average Elevation

of Project, Feet Beginning and Ending Dates

0 - 3499 February 15 - December 15
3500 - 4999 April 1 - October 31
5000 and Over May 1 - September 30

Prior to commencing heater-scarifying operations, the
existing pavement shall be cleaned of all extraneous
material. Power brooming shall be supplemented, when
necessary, by hand brooming until all deleterious
material has been removed from the existing surface.

The number of heater units utilized shall be deter-
mined by the contractor; however, if all heater units
are equipped with scarifiers, ‘only the scarifier on
the Tast heater unit of the series shall be utilized
for scarification. Multiple heater units shall be
utilized in tandem such that the heat emitted and the
rate of travel will achieve the specified require-
ments.

The existing bituminous surface shall be heated not
less than six nor more than 12 inches wider than the
width of the material to be scarified. The tempera-
ture of the scarified material shall be not less than
200 nor more than 300 degrees F. when measured imme-
diately behind the scarifier.

The weight of the existing bituminous surface has
been estimated to be approximately 144 pounds per
cubic foot. On this basis, a minimum of nine pounds
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per square foot of the existing bituminous surface
shall be scarified for a depth betwen 3/4 inch and
one inch of unscarified material. If tests indicate
that the material weighs either less than 137 or
more than 151 pounds per cubic foot, the pounds per
square foot to be scarified will be adjusted accord-
ingly by the engineer.

If the specified amount is not being scarified after
the first full hour of operation, the work shall be
stopped and shall be resumed only after adjustments
have been made by .the contractor which will satisfy
the engineer that the requirements can be met.

The scarified material shall then be processed by
mechanical equipment equipped with an operating
vibratory or oscillating screed capable of producing
results approximating those obtained by an asphaltic
concrete laydown machine. The equipment shall effec-
tively distribute and Tevel the material to a width
no greater than the original width of the material
scarified. The equipment may be a separate unit or
it may be attached to or be a part of the scarifying
equipment. Any equipment deemed to be producing
unsatisfactory results will be rejected by the engi-
neer.

The bituminous surface shall be compacted immediately
after it has been distributed and leveled and while
it is still hot.

Within 30 minutes after compaction, the rejuvenating
agent shall be applied; however, no material to which
the rejuvenating agent has been applied shall be
reheated and rescarified.

If the engineer determines that excessive ravelling
has occurred, he may direct the contractor to apply
Emulsified Asphalt (Special Type) to the scarified
material. The application rate will be specified
by the engineer.

ACCEPTABILITY OF SCARIFICATION:

Scarification will be deemed to be acceptable when
the moving average of a minimum of three consecutive
random tests per hour indicates that the required
amount per square foot, based on the weight per cubic
foot, of the existing bituminous surface has been
scarified.

The amount of material scarified will be determined
in accordance with the requirements of Tentative
Arizona Test Method 409.

The weight of the existing bituminous surface will
be determined in accordance with the requirements of
AASHTO T-166 from scarified material compacted in
accordance with the requirements of AASHTO T-245,
with the exception that the compaction temperature
shall be 24C+5 degrees F.

METHOD OF MEASUREMENT:

Measurement of this work will be made by the square
yard of bituminous surface scarified.

BASIS OF PAYMENT:

Payment for this work will be made at the contract
price a square yard for ITEM 4060701 - RECYCLING OF
EXISTING BITUMINOUS SURFACE, which price shall be
full compensation for the item complete, as herein
described and specified.

No adjustment in the contract unit price will be made
if tests indicate a weight per cubic foot of the
existing bituminous surfacing differing from that
shown hereinbefore and the amount of material to be
scarified is adjusted accordingly.

Rejuvenating Agent for Bituminous Surface Recycling
will be measured and paid for under Item 4012311.

Emulsified Asphalt (Special Type) will be measured
and paid for under Item 4030001.



URBAN SURFACE RECYCLING

Gordon F, Whitney, P.E., G,J. Payne Company

Over the past decade, pavement construction and
maintenance costs have more than doubled while pub-
lic works budgets have remained relatively constant,
sometimes even decreasing. The escalating rise in
new street construction and malntenance cost is a
direct result of the current OPEC situation, our
dependence on foreign oil and the correlation be-
tween asphalt and crude oil product prices. Today's
Public Works Engineer has fast become maintenance
oriented, as he should be. A major concern must be
one of increasing the strength and serviceability
of existing streets, while adhering to the neces-
sity to economize. The more expensive method of
restoring a worn flexible pavement by resurfacing
with a strengthening overlay is now often revaluated
in favor of surface recycling and applying a seal
coat to waterproof the underlying pavement structure.

The idea of recycling pavement sometimes evokes
fears that the recycled material may not possess
satisfactory quality and will soon fail under traf-
fic loading. Great improvements have been made in
quality control, particularily over the past several
years, to eliminate uncertainty and upgrade the end
result. Work performed using new "Arizona" specifi-
cations and Asphalt Recycling and Reclaiming Associa-
tion (ARRA) standards (1) with rigid inspection
bears no resemblence to earlier heater scarifying
work. The technology for successfully recycling
asphalt pavements has already been developed and is
now available to engineers for more extensive usage
on urban projects.

Pavement Evaluation

A pavement study to establish a properly budget-—
ed, long range maintenance program is the primary
step frequently taken by Public Works Engineers. An
ongoing street evaluation program should provide
that in each successive year, certain streets pre-
viously studied will undergo additional testing.
Successive repetitions will permit the establishment
of accurate "rates of change" curves. With addition-
al inputs of data, it is possible to accurately pro-
gram the type, amount and cost of future maintenance,
and determine which pavement design, construction
method of maintenance technique provides the most
economic service to the community.

Corrective procedures may be developed after
considering roadway sufficiency, serviceability,
structural adequacy and physical conditions of pave-.
ment materials. Investigations should include de-

51

flection testing, fleld and laboratory testing of
pavement and base materlals; correlation of field
date with historical design and construction infor-
mation; reviewing maintenance records and traffic
loading and analyzing the information gathered to
prepare recommendations.

Recommendations vary from immediate routine main-
tenance to extensive repairs by means of a program
of resurfacing, reconstruction, seal coating, sur-
face recycling or some combination of these to treat
existing surfaces and establish priority schedules
for each, based on need, with programmed reviews for
updating the priorities. This report will focus pri-
marily upon the maintenance procedures involved in
surface recycling.

As might be expected, virtually all streets
possess some deficiencies that merit maintenance
attention. This maintenance may be of major or mi~
nor consequence, but failure to correct a deficiency
will lead to further deterioration and increased
maintenance costs.

Frequently, streets are structurally sound and
not in need of improvement insofar as the pavement
section 1s concerned. There may be deficiencies in
the pavement materials which will lead to deteriora-
tion of the surface and ultimate structural failure,
but which can be corrected by proper preventative
maintenance.

Many pavements possess highly embrittled asphalt
binder and faillure to correct this condition will
lead to deterioration of the pavement and ultimate
structural failure. The asphalt aging phenomenon
occurs frequently in the Southwestern United States
and 1s aggravated by the climate, quality of petro-
leum crude used to produce the asphalt matrix and
many other complex ecological and little understood
factors.

Deflection Testing and Analysis

An important predesign study is the determina-
tion of present structural condition as compared to
its original design strength. The deflection test-~
ing is often conducted using the "Road Rater" which
1s a hydraulic test apparatus that determines the
pavement's strength by non-destructive means. The
machine, with warning devices, 1s fast moving and
allows traffic to pass with very little delay or
interruption and no significant congestion. The
Benkleman Beam may also be used, but does not equal
the former's speed for data collection.
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Asphalt concrete overlay requirements are deter-
mined by measuring surface deflections resulting
from imposing a known combination of static and dy-
namic loads and relating this to the strength or
load carrying ability of the "in-situ" material.

Generally, the greater the deflection, the lower
the strength of pavement. Thin pavements are rela-
tively more flexible and permit greater deflections
than thick pavements. An exception to this general-
ization could occur with an older pavement with di-
minished asphalt viscosity value due to aging. It
may glve the appearance of strength when, in fact,
its rigidity indicates the approach of brittleness,
cracking and failure.

Pavement Samples

Sufficient cores are taken from problem pave-
ments to reveal the make-up of the structural sec-
tion, with data from city records to frequently
supplement and verify the findings.

Kesults afforded by laboratory analysis of the
pavement core components are important in under-
standing the reasons for pavement distress. The
laboratory should determine the percent of asphalt
in the pavement surface layer, its viscosity and
the density of the entire asphalt concrete pave-
ment layer.

Pavement Materials

Although some streets are structurally weak,
much of the visible distress can be directly attri-
buted to physical deterioration of the pavement 1t-
self. Laboratory analysis (2) of the representa~
tive samples extracted from roadways reveal that
most pavements have asphalt binder that has be-
come highly embrittled. It 1s also observed that
many areas exhibiting extensive alligator type
crack patterns are not structurally weak, thus elim-
inating load associated reasons for failure.

Non-load assoclated distress sometimes is the
result of thermal cracking of asphalt binder which
has lost its viability and reflective cracking of
underlying Portland Cement Concrete joints and
failures. The inability of a pavement to withstand
movement whether due to temperature induced expan-
sion~-contraction cycles or the movement of under-
lying slabs, increases as the asphalt binder hardens
and ductility is lowered.

Research

A proper evaluation of sireeis requires exten-—
sive knowledge of design, construction and mainte-
nance. Plans and reports should provide design "R"
value and Traffic Index, street construction speci-
fications and maintenance history. Additionally,
"R" value and construction data may be obtained
from County Road Departments and the State Division
of Highways.

Condition surveys document distress and street
deficlencies, as observed during many trips over
city streets. Adverse conditions such as cracks,
raveling, bumps and roughness result from failure
or deficlencies in the pavement and can be corre-
lated with deficlencies reported by the various
testing procedures. Such reviews are often made
by city engineering and maintenance personnel and
provide information that, when combined with test
results and other data gathered, permit development
of recommendations,

Historical Recycling Background

Modern surface recycling originated in a pro-

cess which began in the 1950's. Gibbons and Reed
Contractors of Salt Lake City developed early heat-
er planers, utilizing the motor grader chassis
equipped with a small combustion chamber., They
built and improved these tools which were used
throughout the Western United States to remove irre-
gularities and instabilities from asphalt pavements.

Gradually, larger more complex machines evolved
which were able to heat, cut and load the upper
layers of the asphalt pavement. Increased depth
requirements for planing were satisfied by repeat-
edly cutting the surface one half inch at a time
until the desired grade was achieved. The machines
often caused visible emissions due to variations of
the asphalt content in the pavement being processed.
Crack pouring material, transmission oil dripping
and paint on the surfaces aggravated ecological
problems with the public. The relative hardness
of old asphalt pavements and the need to maintain
a constant temperature in a combustion chamber (sub-—
ject to wind and variations of the burner draft)
made the heater planer a very difficult machine to
operate within stringent pollution standards. The
slow production of these machines contributed to
high cost of removing deep layers, and heat escaping
from the burner to adjoining trees and shrubs caused
damage while wasting fuel and energy. The loosened
asphalt mix material produced by heater planing
could be reclaimed when still hot, which meant that
it was only possible to reuse and compact within a
short distance of the planing project.

Heater scarifying, or remixing, developed by
modifying heater planers with scarifier rakes to
probe the surface which had been heated. As burner
deslgus continued tu improve, machines were able to
penetrate a uniform thickness causing only minor
visible emission.

The economic reason for surface recycling (scar-
ifying and rejuvenating) was to relevel the surface
and eliminate the cost of transportiang asphalt
materials to other locations when it might be uti-
lized on site. The use of cleaner, low sulfur fuels
improved the general performance of these machines,
although 1t was a process which had to be closely
controlled by the operator when using only one
machine.

Surface Recycling Advantages

On certailn projects, heater recycling can offer
significant improvements to conventional overlays,
as well as prepare a surface for receiving thin
overlays, chip or slurry seal treatments (3),

Because of the roughened texture caused by the
scarifier teeth and elevated temperature of the
new asphalt mix placed as an overlay, a bond
develops at the interface of new and the exist-
ing asphalt layers. This means the resurfacing
shows greater resistance to deflection and shear
than an overlay installed upon a conventional
tack coat.

As a result of heat and the re-arrangement of
aggregate particles by scarification, reflec-
tion cracke through a thin overlay or seal coat
will be minimized.

Pavements exhibiting moderate surface distor-
tion are leveled by the rakes to recelve a uni-
form thickness overlay or seal treatment with-
out a separate and costly planing operationm.

When surface treatments or thin overlays are
programmed, raw material 1s comnserved and drain-
age capacities of curb and gutter are retained



longer. More miles of street may be treated due
to low cost of surface recycling.

Analysis

Surface recycling can only correct certain de-
fects. Asphalt pavements exhibiting minor corruga-
tions, alligator cracking, raveling, polished aggre-
gate, or bleeding are all candidates for the pro-
cess. On the other hand, if the distress results
from an inadequate base and shows up in pavement
failure, pot holes, upheaval, or severe rutting,
extensive base reconstruction must be considered.

As the technology improved, it was determined
that if a pavement temperature is increased slowly,
in steps, using multiple machines, the pavement
would never reach a temperature to emit particulate.
In some instances, cold planing was required to
first remove any imperfections or contaminates
which have accumulated on an asphalt pavement and
which might produce emissions. E.P.A. standards
and maximum permissable limits for emissions may
not be exceeded. A current ‘requirement of the
South Coast Air Quality District covering the Los
Angeles Basin, one of the country's most sensitive
ecology areas, is to be found in Appendix B,

Today's operation for high quality work (4) is
monitored by removing a known volume of scarified
material to weigh and determine specification com-
pliance. The design engineer can now specify a
weight per square foot of recycled material just as
he would when purchasing a new asphalt concrete
material. The recycling agent application is also
closely controlled after laboratory tests indicate
the type and amount of agent needed to renovate or
rejuvenate the asphalt binder. When treating deep
lifts of surface recycled material, the loosened
mix is generally struck off by a screed, then com-
pacted while still at an elevated temperature and
the recycling agent is applied uniformly at the
end of the work shift. A thin overlay of new as-
phalt concrete, or a seal coat, is installed some-
time later to complete the process. The basic rea-
gsons for utilizing surface recycling are:

1. Pavement rehabilitation. Here the depth of
scarification is of major importance and the con-
tractor and engineer should endeavor to achieve the
maximum depth of penetration from the rakes, This
should be done with care to insure the asphalt ce-
ment binding material in the treated layer is not
damaged or destroyed by over application of heat.

2. Surface preparation for a strengthening
overlay. Frequently specified for airport and
highway construction. Recycling functions to in-
sure the existing surface does not possess contami-
nants, such as paint stripes, fuel and oil drip-
pings or rubber tire impact marks. The necessity
for load transfer from the new overlay to the old
is extremely important and adds to the structural
value of an overlay. It is thought that this may
be due to the mechanical keying action, but may
also be a result of addition of the recycling oil
which greatly enhances the performance characteris-
tics of aged asphalt binder in the original pave-
ment.

Methods of Recycling

There are two methods of performing surface re-
cycling, i.e., the paving train method and the two
stage technique (5). The paving "train" came first
and involved pretreating the surface and install-
ing an overlay at the same time in a coordinated
operation. This "train" consisted of a heater scar-
ifier machine, o1l distributor and conventional
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paving equipment. All operations are programmed to
be performed within a distance of 700 feet. The
coordination of such a paving operation and the
difficulty in applying a uniform spread of asphalt
recycling agent on the treated surface led innova-
tors to develop other methods of installing the sur-
face. The two stage method 1s more frequently used
today and separates the paving operation and sur-
face recycling crew.

Heating

In either case, the process consists of passing
one or more machine-mounted high intensity heaters
over the surface to be repaired at a speed which
will allow the distressed material to be softened.
This speed varies widely, depending on several fac-
tors. Typical speeds range between 1.5 and 15m/min
(5 to 50 ft/min). The heaters should bring the sur-
face asphalt to a temperature somewhere between 110
to 150°C (230 to 300°F) with the ideal temperature
generally in the 125°C (250°F) range during the com-
paction process. Although much argument and dis-
cussion has been directed toward the terms 'radiant"
and "direct" heating, there is little supporting
evidence that any one machine is superior to an-
other in raising pavement temperature. The time of
exposure of a constant heat source will cause an
elevation of temperature in direct relationship and
two machines or more will develop a uniform rise of
temperature in the recycled layer without harm to
the binder.

Care should be exercised to avoid charring the
pavement which may damaged the asphalt, resulting
in undesirable visible emissions. This can be a-
voided by either reducing the burner combustion
heat or increasing the equipment rate of travel.

The temperature may be verified or measured by
mounding the scarified mix and inserting a thermo-
meter as with conventional new paving material.

Scarifying

A scarification depth of 19 mm or 3/4" minimum
is recommended; and as mentioned, for certain types
of pavement, multiple heaters may be necessary to
allow the heat to penetrate a seal coat. When
multiples are used, the first preheats only to
raise the temperature, while the last machine heats
and scarifies the pavement.

Equipment Improvements

1. Extended length, highreflective combustion
chambers (16-30 feet) insure deeper heat penetration.
2. Improved down pressure on scarifier rakes

with stronger rake assemblies improves operation.
3. Aheavier power train facilitates scarifying.
4, Better combustion is achieved with LPG fuel
for cleanliness in a lightweight refractory oven.
5. Dual operator controls help.

Applying Recycling Agent

The process of pavement aging or oxidation con-
sists of a chemical reaction which slowly changes
the characteristics of the asphalt cement. The
effect of this change is a gradual embrittlement
of the pavement (6). An oxidized pavement usually
appears gray, dried out and dull.

The theory for surface recycling is based on
the fact that oxidation occurs most rapidly at the
surface, which is in contact with the elements.

The surface may have lost some of its resiliency
and perhaps has begun to show cracking; while under-
neath the asphalt binder is relatively unaffected
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by its environment and in nearly new condition.
Studies reported by Coon and Wright (7) indicate no
change in relative viscosity of binder below 3/4"
level on pavements 4 to 151 months of age.

Chemical additives, called recycling agents,
have been developed which reverse this oxidation
process by restoring some of the lost constituents,
and in so doing, replasticize the asphalt cement.
The selection and application of one of these lig-
uids is an important step in surface recycling.

Some agents are proprietary recycling agents,
while others are emulsified asphalts which are
usually applied using a distributor truck. The a-
gent should be applied at the highest temperature
recommended by the refiner to permit even distribu-
tion throughout the loosened material.

Testing

The amount of recycling agent to be applied to
the scarified material layer is determined prior to
beginning work. This 1s done by removing three or
more six inch diameter core samples from the struc-
ture for testing in a laboratory (8). One core is
tested as is to determine the viscosity and duc-
tility of the existing asphalt in the top 3/4".

The other two are heated, scarified to a depth of
3/4", then 0.1 gsy of recycling agent concentrate
is pread on one core and 0.2 gsy on the other.
These cores are then placed in a 140°F oven for a
minimum of three days, after which the asphalt is
extracted from the top 3/4" of each core and tested.
The quantity selected is mathmatically added to the
existing asphalt percentage to determine feasibil-
ity of improving the binder qualities without over-
asphalting the layer. Regardless of the type of
recycling agent used, the same type of test can be
performed to first ascertain the lowering of vis-
cosity obtained from using a specific additive and
then compare various agents available to treat a
hardened asphalt cement. Field adjustment should
be made by the inspector when it is apparent that
there is a discontinuity in material or that the
indicated laboratory amount is causing either a
deficiency or excess of oil.

Asphalt Pavement Overlay

Generally, in the "train'' mode, a standard over-
lay follows surface recycling as soon as practical.
It takes but a few minutes for the remixed material
to cool to ambient temperature, but the new mix
arriving on the job at 270 F reheats the loosened
material, welding the surface together. A closely
spaced operation can cause difficulties in that
large construction equipment (heater scarifier, dis-
tributor truck, haul trucks, asphalt paver and
rollers) is concentrated in a relatively small area.
Coordination of the equipment to function smoothly
can be a problem. If it is not possible to achieve
an even oil spread application or coordinate recy-
cling equipment production with paving material,
it may be advisable to adopt two stage operation.

The thickness of the pavement overlay chosen
depends upon the purpose of the recycling. If the
primary goal is to rejuvenate the upper layer of
existing material and improve the riding qualities
of the street that is structurally adequate, a min-
imum thickness will suffice. This minimum thick-
ness depends mainly upon the gradation of aggregate
in the new mix. As a general guide, the overlay
thickness should be no less than 1.5 times the
maximum particle size in the new mix.

Crack Prevention

The pavement overlay mix design selected to
cover the recycled surface requires consideration
of its function. 1In areas of sparse rainfall where
existing pavements show signs of actinic aging, an
open graded plant mix is extremely effective. The
wide shrinkage cracks common in desert regions due
to the drying out of the pavement, render the sur-
faces rough. During cold weather, wind blown mate-
rials often fill the open cracks preventing them
from closing during the warm season which causes an
extruded bump on either side of the crack. The open
graded plant mix fills the crack and the heavier
asphalt film on the aggregate keeps the crack from
reappearing in the finished surface. This improves
the appearance and riding qualities of an otherwise
difficult pavement for a much longer duration of
time.

Waterproofing Structure

In other sections of the country, a dense graded
asphalt plant mix is chosen for its waterproofing
qualities to prevent snow and molsture from penetra-
ting the subgrade and softening the entire structure.
Should alligator cracks indicate a diffused or even
distribution of stresses in the existing pavement,
the addition of a conventional dense graded plant
mix overlay will improve the structure and provide
years of continuous service.

Heavier Load Service

If the primary purpose of resurface/recycling is
to increase the structural capacity, the overlay
should be designed according to conventional proce-
dures to yield the required strength. While each
project must be analyzed for its specific needs and
thickness of new asphalt to be placed, it generally
is placed at 1" minimum thickness; however, the
upper limit can range from 2 to 4'" depending upon
the improvement to the structural section that may
be required.

Variations of the Procedure

Frequently, the sequence of operations in the
paving "train" method recycling is reordered. The
steps in the two stage construction are heat, scar-
ify, compact, apply oil additive and overlay.
Usually there is a delay between application of the
recycling agent and the overlay. A roller should
follow immediately behind the scarifying machine
so that the mix is compacted at an elevated temper-—
ature. The recycling oil is than applied, usually
at the end of the working day, insuring a continuous
uniform application.

After the pretreatment 1s completed, the asphalt
laydown operation proceeds at a uniform rate of
speed, coordinated with the arrival of trucks to the
spreader. This is most evenly matched with the
plant capacity which leads to a higher quality
finished surface at a reduced paving cost.

If the street is open to traffic for a prolonged
period before a cover is installed, some caution
should be exerted to prevent high speed traffic de-
gradation of the surface. 'This can be done by signs
or a light application of emulsified asphalt on the
surface to tighten up the aggregate and provide an
armour until the resurfacing or seal treatment is
scheduled.

Process Improvements

1. Contaminants or multiple chip seals should
be cold planed in advance to allow proper heat
transfer to underlying material.



2. Multimple machines raise temperature in even
gradients without damaging asphalt binders.

3. Mechanical screeding levels and redistributes
material from deep scarifying.

4, Rolling densified recycled mix while temper-
ature remains elevated.

5. Recycling agents available in varieties to
suite different pavement conditions are applied after
compaction.

6. Two stage construction permits lower cost of
installing thin overlays.

A project will usually be more efficiently accom-
plished using stage construction for the following
reasons.

The two stage operation is more economical for
each operation and will actually provide a more
uniform and better product in the final analysis.
In post job samples of two stage and train oper-
ations, there is no visible lack of bond when
using the two step operation.

The inspector viewing surface recycling can mea-
sure scarification depth and control the rate

of application of recycling agent. He can later
observe the paving operation without dividing
his time between the two functions. Density re-
quirements specified by most agencies can be
more easily obtained in the two stage operation.
A rubber tired compactor is preferred, but a
steel roller may be utilized to densify the re-
mixed surface and provide compaction immediately
following heater scarifying.

Should the condition of the existing pavement
warrant a heavy application rate of recycling
agent, a delay of several daysmay be necessary
for the agent to be absorbed into the pavement
so that bleeding through the overlay is avoided.
A uniform application eliminates the distributor
marks caused by overspray and laps.

It i1s my belief by the use of seal coats and thin
asphalt overlays to cover the streets that need
improved riding qualities the waterproof flexible
structures can be extended. Surface recycling
offers engineers an ideal way of preparing and re-
habiliting the pavement section to bring it to the
conditions where these thin overlays can be install-
ed to add life. Many Western cities have pioneered
the development of higher quality surface recycling
to virtually eliminate reflective cracking through
thin asphalt overlays and save as much as 25 to 30
percent of the cost of new material at today's
prices. As the cost of asphalt cement escalates
and its availability diminishes, the use of surface
recycling must be considered in more and more in-
stances to rehabilitate existing streets.
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Appendix A - Guide Specification

The work shall be accomplished by heating, scar-
ifying, releveling, compacting and applying a recy-
cling agent to the existing asphalt surface.

Equipment

1. The equipment used to heat and scarify as-
phalt surface shall be fueled by liquified petroleum
gas, It shall fully meet the standards of the State
and Local Bureau of Air Pollution Control. The com-
bustion chamber shall be insulated, rear wheel posi-
tioned and equipped with burmers rated at a minimum
of 15,000,000 BTU's per hour. The machine shall be
equipped with two rows of spring-equalized scari-
fier leveling rakes, removable heard-faced teeth in-
corporating an automatic release for manhole and
valve protection. A competent operating crew, in-
cluding a service vehicle shall be provided.

2. The equipment used to distribute and level
the scarified material shall be an approved paving
machine equipped with an operating vibratory or
oscillating heated screed. A two man operating crew
shall be provided.

3. One pneumatic-tired roller with operator
shall be furnished to compact the scarified material.
The contractor alternately may furnish another type
compactor 1f approved by the engineer.

4, One asphalt, cab-controlled, liquid spreader
with operator shall be furnished to distribute the
asphalt rejuvenating agent.

Construction Details

Prior to commencing surface recycling, the pave-
ment shall be cleaned of all extraneous material.
Power brooming may be supplemented by hand brooming
until all deleterious material has been removed.

A minimum of two heater units will be utilized
in tandem so that the heat emitted and the rate of
travel will achieve specified requirements. The
number of additional heater units shall be deter-
mined by the contractor; however, only the scarifier
rakes on the final heater unit of the series shall
scarify. A minimum production of 15,000 square yards
per day shall be required.

The existing asphalt surface shall be heated
from 6 to 12 inches wider than the width to be pro-
cessed. The temperature of the scarified material
shall be between 200 and 300°F when measured behind
the scarifier,

The weight of existing asphalt surface has been
estimated to be approximately 144 pounds per cubic
foot. On this basis, a minimum of nine pounds per
square foot of existing surface shall be scarified
to obtain a depth of between 3/4 and 1 inch. If
tests indicate that the material weilghs either less
than 137 or more than 151 pounds per cubic foot, the
welght per square foot requirement will be adjusted
accordingly by the engineer.

Scarification will be deemed acceptable when the
moving average of three consecutive random weight
tests per hour indicates that the required depth
has been scarified. The welght of the existing as-
phalt surface will be determined in accordance with
the requirements of AASHTO T-166 from scarified
material compacted in accordance with requirements
of AASHTO T-245, with the exception that the compac-
tion temperature shall be 270°+F,

The scarified material shall be distributed and
leveled only the width processed and be rolled im-
mediately while it possesses sufficient heat to be
properly compacted. Following compaction, the as-
phalt recycling agent shall be applied undiluted to

the retreated surface. The rate of application shall
be determined by the enigneer based on laboratory
tests of the materlal and analysis of the effect on
the embrittled asphalt binder.

In addition to the applicable specification cov-
ered by R.A. Jimenez (1), the following items are
of specilal interest for urban work.

Protection of Existing Improvements

Since high temperatures are required in the sur-
face recycling operation, the Contractor shall exer-
cise care against possible injury or damage to exist-
ing improvements. The Contractor shall protect all
exiating curbs, gutters, trees, shrubbery and other im-
provements from damage. The smaller parkway trees
shall be protected by shields and overhanging trees
may be sprayed with water to inhibit damage. No
machine with an open flame exhaust will be permitted.
Existing improvements damaged by the Contractar shall
be repaired or replaced to the satisfaction of the
City Engineer at no cost to the Clty.

Smog Control

The Contractor shall minimize the escaping of
solids into the air by either the machine or burning
of pavement during the heater-remix operation. The
machine shall be operated under a permit of the local
Alr Pollution Control District and shall not be in
violation of Rule 1120, South Coast Alr Quality
Management District requirement. In the event that
a smoke problem develops and becomes excessive, it
may be necessary to remove the contaminant by cold
planlng Luv reduce the problem. No additional com-
pensation will be allowed for any necessary steps
required to reduce emissions.

Testing and Control

The Contractor shall furnish the servicesof a re-
glstered professional engineer and laboratory spe-
clalizing in asphalt technology. Abson recovery tests
shall be made on representative cores prior to con-
struction to obtain asphalt penetration (ASTM D-5)
and to determine results of treating binder with
variable types of additive. No work shall be under-
taken until the laboratory report has been approved
by the Engineer. At an appropriate period following
construction, cores shall be taken from the streets
and a report made to the Engineer indicating changes
in asphalt penetration and ductility obtained by
recycling. The cost of testing and preparation of
reports shall be included in the cost per square
yard for heating and remixing surface. The number of
cores required shall not exceed 1 per 10,000 square
yards of treated pavement.

Measurement and Pavement

Cost of pretreatment, including cleaning and
heater-remixing, but excluding recycling agent,
shall be pald for in square yeards of surface area
covered regardless of the number of operations in-
volved to obtain a satisfactory job in the opinion
of the Engineer,

The asphalt recycling agent, paid for by weight,
shall beweighed on sealed scales regularly inspected
by State Bureau of Weights and Measures, or may be
measured in some other approved manner. A load slip
shall be furnished for each vehicle weighed and slip
shall be delivered to the Engineer at point of de-
livery of material. Asphalt concrete overlay re-
quired shall not be paid for under this section.



Appendix B

Rule 1120 - Asphalt Pavement Heaters

A person shall not operate an asphalt pavement
surface heater or an asphalt heater-remixer for the
purpose of maintaining, reconditioning, reconstruc-
ting or removing asphalt pavement unless all of the
following requirements are met:

1. Black or gray smoke emission of more than
60 consecutive seconds duration shall not be dis-
charged to the atmosphere and in aggregate, black or
gray smoke emissions shall not exceed a total of
three minutes in any one hour of heater operation.
For the purpose of this rule, black or gray smoke is
to be viewed by an observer at the point of greatest
opacity.

2. Visible emissions of more than 40% opacity,
other than black or gray smoke, shall not be dis-
charged to the atmosphere for a period of periods
totalling more than three minutes in any one hour.
For the purpose of this rule, visible emissions are
to be viewed by an observer at a point no lower than
36 inches above the pavement.

3. All units of equipment are fired with gas-
eous fuels that do not contain in excess of 80 ppm
by volume of sulfur compounds calculated as H,S, or
with diesel fuels that do not contain more sulfur
than specified by the California Air Resources Board.

4, Grease, crack pouring materials or oily
substances that burn or produce smoke are removed
by mechanical grinding, by cold planing or by other
mechanical means prilor to the use of the heating
equipment on the contalminate area.

5. Asphalt pavement at the work site 1s cleared
of paper, wood, vegetation and other combustible re-
fuse prior to operation of the heating equipment.

6. The Executive Officer is notified of an
operation using pavement heaters within 10 days
after a contract is signed authorizing such work
and again, at least 24 hours before an operation
starts. Each notification shall describe the loca-
tion, estimated starting time and an estimate of the
time to complete the work.

7. The equipment is operated only during days
on which open burning is allowed. However, an
operation that begins on a day when open buring is
allowed, may be continued on successive days whether
open burning is allowed or not allowed. Information
concerning whether a proposed operating day meets
the criteria specified in this subparagraph (g) may
be obtained from the Executive Officer or his au-
thorized representative.
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LARGE SHRINKAGE CRACKS FROM EMBRITTLED ASPHALT, ACCUMULATED
TRANSMISSION OIL DRIPPINGS, AND WATER DETERIORATION AT GUTTER

LOOSE REMIXED PAVEMENT ON LEFT
THIN 10 LB/SQ. FT. OVERLAY
AT RIGHT

1963 PHOTO OF FATIGUED SECTION

(2" AC OVER 8" CRB) WITH RECYCLED
SURFACE AND 1" AC BLANKET AT RIGHT,
OVERLAY IS STILL IN SERVICE TODAY
WITHOUT MAINTENANCE



HEATER SCARIFYER, RAKERS AND ROLLER FORM RECYCLING OIL ADDED TO COMPACTED PAVEMENT
CITY MAINTENANCE PROGRAM

CLOSEUP OF RAKES SHOWING LOOSENED MATERIAL SECOND SLURRY COAT APPLIED OVER PRETREAT-
AND STRIKE-OFF MENT TO FINISH THIS PROJECT
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COMPACTED SURFACE AFTER RECLAMITE APPLICATION

CHIP SEAL WITH UNSEALED CONTROL SECTION IN
FOREGROUND

e e o R 3 e : e

CLOSEUP OF 3/8" MAXIMUM CHIP TREATMENT ON
RECYCLED PAVEMENT
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EXTRA LONG 30' COMBUSTION CHAMBER FOR SURFACE
RECYCLING MATERIAL, COURTESY ASPHALT EQUIPMENT, INC.

CLOSEUP OF RAKE PENETRATION FROM H.D. SCARIFYER
ASSEMBLY PRODUCING 1" SURFACE RECYCLING - NOTE
SHRINKAGE CRACK AT RIGHT
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TWO STAGE RECYCLING IN COOLIDGE, ARIZONA WITH SCREEDED MATERIAL 9 LB/SQ. FT. AT 270°F
2 HEATERS - NOTE CLEANLINESS OF OPERATION PRIOR TO COMPACTION

sy 2

SCREED, RUBBER TIRED COMPACTOR AND OIL RUBBER TIRED COMPACTOR FOLLOWS CLOSE
SPREADING TRUCK TO SCREED

9



INSPECTOR MEASURES TEMPERATURE AND TAKES SAMPLE
OF RECYCLED MATERIAL FRONT OF SCREED

» " " (! )
'  Lwi e LR PN <

CLOSEUP OF MATERIAL AND GRADUATED TEST RING

A S

SAMPLE WEIGHT IS NOTED AND MOVING AVERAGE OF
3 PER HOUR DETERMINES COMPLIANCE
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RURAL SURFACE RECYCLING

Rowan J. Peters, Arizona Department of Transportation

Federal, state and local agencies are currently
faced with a number of very critical problems
which include the reduction in available funds
due to inflation, a declining tax base, and
declining revenue from taxes on fuel. A pos-
sible answer to these current problems is the
serious consideration to re-use existing in-—
place materials be recycling for construction
and maintenance needs. By recycling we conservye
energy and materials (aggregates, binders,
guardrail etc.) and are able to preserve the
pavement geometrics and environment. The Ari-
zona Highway Division began using the surface
recycling-Reclamite rejuvenating agent process
about 12 years ago. Before that time it was
using the rejuvenating agent as a surface treat-
ment only to routinely maintain its roads. How-
ever, there were limitations to its use since

in many instances the pavement surfaces were

far too deteriorated for this type of treatment
to be effective. The advent of the surface re-
cycling program, in which heater scarification
of the old pavement surface and Reclamite re-
juvenation treatments are combined, overcame
these deficiencies. Control techniques devised
by the Highway Division of the Arizona Depart-
ment of Transportation have played an important
part in the success of a continuing program to
repair deteriorated asphalt pavements by surface
recycling methods. The effectiveness of the
quality control practies, which deal primarily
with close control of proper scarification depth
of the old pavement, has made it possible for
the division to gain optimum results from sur—
face recycling which not only produces durable
asphalt road surfaces but also helps conserye
resources and energy.

Control techniques devised by the Highway
Division of the Arizona Department of Transportation
have played an important part in the success of a
continuing program to repair deteriorated asphalt
pavements by surface recycling methods. The effect-
iveness of the quality control practices, which
deal primarily with close control of proper scari-
fication depth of the old pavement, has made it
possible for the division to gain optimum results
from surface recycling which not only produces

durable asphalt road surfaces but also helps con-
serve resources and energy.

The Arizona Highway Division began using the
surface recycling-Reclamite rejuvenating agent
process about 12 years ago(l,2). Before that time
it was using the rejuvenating agent as a surface
treatment only to routinely maintain its roads.
However, there were limitations to its use since in
many instances the pavement surfaces were far too
deteriorated for this type of treatment to be ef-
fective. The advent of the surface recycling pro-
gram, in which heater scarification of the old pave-
ment surface and Reclamite rejuvenation treatments
are combined, overcame these deficiencies.

What is more important about the ability of the
process to reduce asphalt consumption is the con-
servation of resources that are dwindling. This
is a very practical consideration. The energy re-
quired for making new asphalt pavement and the
crude oil-based ingredients of asphalt cement it-
self are becoming more costly and scarce.

What is presently called asphalt pavement sur-
face recycling in today's envirommentally conscious
world would have been described in the past by other
terms; e.g., heater—-scarification or heater remix-
ing, etc. Aside from terminology, the process has
always been a multi-step procedure of heating the
existing surface, scarifying, remixing, compacting
and adding a rejuvenating agent.

Design Objective

The prime purpose behind the use of the strate-
gy of surface recycling is to develop a low modulus
layer of bituminous material with the flexibility
to retard the propogation of cracks. In effect,
the attempt is to break the cracking pattern of the
existing pavement surface and form a restructured
layer capable of disseminating the stresses that
develop in pavements. The restructured layer is
only effective if it has been adequately formed
and its ultimate performance is dependent upon a
number of parameters such as environment, pavement
structure and construction.

To this point there has been little consider-
ation given to assigning any structural value to
the recycled surface layer. As our experience in-
creases and we improve our ability to achieve the
desired objective including the increased depths of
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scarification that we can begin to quantify the cracking we should begin to look at those alter-
"structural" improvements and perhaps reduce overlay nate strategies.

thicknesses accordingly when they are employed with

the surface recycling strategy.

When we consider the fact that we may never Figure 1. Approximately 10% Cracks
again have the opportunity to rejuvenate this par-
ticular layer of the pavement structure due to sub-
sequent overlays, seal coats etc, it becomes that
much more important that due consideration be given
all elements involved. Proper rejuvenation requires
an adequate addition of recycling agents to the re-
cycled surface. This quantity of recycling agents
should be determined by laboratory testing on cores
taken from the surface to be recycled. Assuming a
scarification depth of 2cm (3/4 inch), this top
2cm (3/4 inch) of the cores is removed for testing.
The asphalt recovered from the 2cm (3/4 inch) slice
is tested for absolute viscosity at 60°C (140°F).
The quantity of recycling agent required to return
the asphalt to a viscosity level which would be
comparable to a new asphaltic concrete is determined
by trial additions of the agent with the recovered
asphalt.

The quantity of the recycling agent specified
is dependent upon the complete interaction with the
asphalt throughout the 2cm (3/4 inch) depth.
Realistically the success of this interaction is
dependent upon many factors with the prime factor
being our ability to achieve the specified amount
of scarified material. The quantity of the rejuve-
nating agent actually used 1s also dependent upon
the ability of the recycled surface to "accept" the
specified fog application of recycling agent. A
complete rejuvenating interaction may require 1.13
liter per square meter (0.25 gallon per square yard)
of the agent; however, the condition of the recycled
surface may be such that a greater or lesser quanti-
ty is appropriate. It is suggested that specimens
should be formed that approximate the compacted
scarified material and varying application rates
tested for completeness of penetration or potential Figure 2. Approximately 357 Cracks
flushing problems.

It is further suggested that variatilons in road-
way surfacing be handled separately. For instance,
malntenance seal areas that are usually higher in
asphalt quantities may not be able to handle the
same quantity of rejuvenating agents. The key
point is that adjustments to the design must be
considered throughout the project as varying con-
ditions arise. We should not expect to set appli-
cation rates at the beginning of a project and not
expect to have need to alter them throughout the
course of the project.

Design Decision Criteria

The question 1s often asked as to when one
should consider the use of the surface-recycling
strategy. Many times, without firm design criteria
at hand, this decision is made based on ones person-
al experience and intuition. Besides the advantages
of rehealing and restoring the surface, we mainly
look at the use of the strategy for inhibiting re~
flective cracking.

In order to determine when to employ the strate-
gy, utilization of a cracking index photo represent-
ation is relied upon(3). The cracking index re-
presents the percentage of cracks of a sample of
1000 square feet of roadway. Currently we consider
surface recycling a pavement that has greater than
10% cracking. The difficult decision 1is to deter-
mine the point when we begin to more seriously
consider hot-mix recycling or in-=place cold recycl-
ing. At this point, it appears that above 407
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Construction Quality Control

As mentioned previously, the most important as-
pect of surface recycling needed to produce a satis-
factory product is to achieve the design depths of
scarification and to add the proper amount of the
recycling agent to this total depth. To accomplish
this end it is important to exert control over a
number of construction details such as:

1. Weather Consideration. It has been found
necessary to control the time of year the surface
recycling should be done depending on project el-
evation. The work is generally restricted to the
dates shown; however, the beginning date may be
moved ahead and the ending date may be extended if,
in the opinion of the engineer, weather conditionms,
surface temperatures and other factors will not have
an adverse effect upon the work. At any time the
englneer may require that the work cease or that
the workday be reduced in the eyent that weather or
other conditions will have an adverse effect upon
the product.

Average Elevation

of Project, Feet Beginning and Ending Dates

0 - 3499 February 15 — December 15
3500 - 4999 April 1 - October 31
5000 and over May 1 - September 30

2. Heating Units. The number of heater units
utilized is determined by the contractor: however,
if a1l heater wmits are equipped with scarifiers,
only the scarifier on the last heater unit of the
series is allowed to be used for scarification.
Multiple heater units are utilized in tandem such
that the heat emitted and the rate of travel will
achieve the specified depth requirement.

Figure 3. Operating Train ~ Two Heating Units
Followed By a Heating and Scarifying Unit

The existing bituminous surface is heated not less
than 15cm (6 inches) nor more than 30.5em (12 inch-
es) wider than the width of the material to be
scarified. The temperature of the scarified mate-
rial measured immediately behind the :scarifier
should be not less than 93.3°C (200°F) nor more
than 149°C (300°F).

3. Depth of Scarification. Here is where the
new quality control practices have proved so valu-
able(4). One of the keys to successful surface re-
cycling is following the specification for scari-
fication depth, which is critical for achieving
proper penetration of the rejuvenating agent.
Optimum scarification depth is considered to be 3.3
cm (1 1/4 inches) of loose or 2cm (3/4 inch) of
compacted scarified asphalt mix depending upon
specific project conditions. Deoth probes have not
been very satisfactory as a means of determining
vwhether the proper scarification denth is being
maintained. Instead the division has devised a new
positive method.

Based on a specific weight of 2306Kg per cubic
centimeter (144 pounds per cubic foot), the weight
of one square foot of scarified mix at the specifi-
ed depth is 4.09Kg (9 pounds). In order to confirm
that specifications are being met, a state inspect-
or periodically monitors weight on-site be setting
known-diameter rings into the asphalt surface after
the scarifier and ahead of the roller operations.
He scoops the loose contents out completely and
weighs them to ascertain that they conform to the
4.09Kg (9 pounds) per square foot criterion. Rings
are set out at 20-minute intervals and placed in a
continous pattern from one side of the road to the
other and then to the center. If samples from
three successive rings do not weigh out correctly,
operations are halted and the speed adjusted until
proper depth scarification is achieved.

These specifications and the quality control
measures used to enforce them are strict, but they
do not help attract the qualified contractors who
can provide the kind of results needed for this
program.

Note: The complete specification for the
"Recyeling of Existing Bituminous Surface' can be
obtained from the author or is available on a
report given to the Asphalt Recycling & Reclaiming
Assoctation(§5).

The Highway Division is committed to the sur-
face recycling concept because of the very real
advantages that can be gained from its use. One is
the increase in the quality of new asphalt pavement
surfaces. When using a conventional 5.3cm (2 inch)
asphalt pavement overlay - an approach employed for
many years and still used in many areas - the new
surface inherits many of the defects of the old one.
Since the overlay is placed on top of a surface con-
taining cracks and other irregularities, overall
stability of the new surface is reduced and the need
for future maintenance attention is increased.

4, Leveling and Recycling Agent Fog. The
width of the bituminous surface processed is limit-
ed to the original widih vl the material scarified.
The bituminous surface is compacted immediately
after it has been distributed and leveled and while
it is still hot. Within 30 minutes after comnaction
the Emulsified Recycling Agent should be applied.
No material to which Emulsified Recycling Agent has
been applied can be reheated and rescarified. If
the engineer determines that excessive ravelling is
or has occurred, he may direct the contractor to
apply an Emulsifled Asphalt.




Future Needs

As has been said before "nothing is as constant
as change itself" and this is so true in the evolu-
tion of surface recycling specifications. There is
little reason to believe that we will not go through
additional alterations as processes and needs dic-
tate change.

It has been repeated on numerous occasions that
the addition of a recycling agent is very much a
part of the surface recycling strategy. If there
is a weakness still remaining in the strategy, it
would be the need for a field control method for
determining application rates for the recycling
agent during construction. As we control depth
of scarification so must we be able to adjust
application rates of the recycling agent for varying
field conditions.

Another need might be to insure that we have
optimized the depth achievable or can equipment
development obtain additional recycled depth?
Greater depths may preclude the needs for cold re-
cycling on some occasions. The basic need being
the determination of where and when to surface re-
cycle as compared to hot and cold recyecling. With
time developments will address these needs and an
improved surface recycling strategy should evolve.
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STATE-OF-THE-ART COLD RECYCLING

Jon A. Epps, Department of Civil Engineering and Texas Transportation Institute,

Texas A&M University

Cold recycling is desirable. Not much equipment
is required and processing in-place enables
structural and material problems to be corrected
quickly without much disruption to traffic.
Where an existing asphalt concrete course is
pulverized and mixed together with the existing
aggregate base, the residual asphalt acts as an
excellent binder to help make the recycled base
waterproof and less frost susceptible. The
addition of new binder or chemical stabilizer
may further upgrade the recycled base by re-
ducing swell potential where active clays are
present in the base, by reducing freeze-thaw po-

tential, by waterprcofing the base aggre

"
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and/or by increasing the load-carrying capacity
of the pavement structure. With an increased
load-carrying capacity in the base course, the
pavement structure may be constructed thinner.
The ultimate decision as to application of in-
place recycling is based on a total evaluation
considering user utility, structural require~
ments, energy expenditures, and cost.

Rehabilitation and maintenance of our present
transportation system is costly, time consuming and
material intensive. In the last five years reuse or
recycling of existing pavement materials has emerged
as a viable rehabilitation and maintenance alter-
native as it offers several advantages over the use
Among the major benefits are lower costs, conser-
vation of aggregates, binders and energy, and
preservation of the environment and existing highway
geometrics.

Since the benefits of recycling appear promising
from a wide variety of viewpoints a number of
agencies including the National Cooperative Highway
Research Program (NCHRP) have sponsored research
(1, 2). NCHRP Synthesis 54, 'Recycling Materials
for Highways'" was the first comprehensive summary of
recycling information (1). TFederal Highway Admin-
istration sponsored programs include: Demonstration
Project No. 39, "Recycling Asphalt Pavement' (3, 4);
Demonstration Project No. 47, "Recyecling Portland
Cement Concrete Pavement" (5); National Experimental
and Evaluation Program (NEEP) Project No. 22 (6);
Implementation Package 75-5 (7); Office of Research
studies on "Softening or Rejuvenating Agents for

Recycled Bituminous Binders," '"Tests for Efficiency
of Mixing Recycling Asphalt Pavements,' Data Bank
for Recycled Bituminous Concrete Pavement' and
"Materials Characterization of Recycled Bituminous
Paving Mixtures" and HPR and special state studics
(8, 9). Other government sponsored studies have
been performed by the Corps of Engineers (10) and
the Navy (11).

Associations and Institutes that have contrib-
uted to the collection and distribution of recycling
information include the American Concrete Paving
Association, Asphalt Emulsion Manufacturers Associ-
ation, Asphalt Reclaiming and Recylcing Association,
The Asphalt Institute (12), National Asphalt Pave-
ment Association (13, 14), Portland Cement Associ-
ation (15) and West Coast User-Producer Group on
Asphalt Specifications (16). In addition conference
sessions and symposiums have been held on pavement
recycling at the Transportation Research Board,
American Society for Testing and Materials (17) and
Association of Asphalt Paving Technologists meet-
ings.

Definitions

The term pavement recycling has not been for-
mally defined. However, most individuals concerned
with roadway rehabilitation use the term to indicate
"the reuse (usually after some processing) of a
material that has already served its first-intended
purpese in a readway' (18).

Definitions for recycling categories have been
prepared by the Federal Highway Administration
Demonstration Project No. 39 Technical Advisory
Committee (3), a joint National Asphalt Pavement
Association-Asphalt Institute Committee (19), As-
phalt Recycling and Reclaiming Association (20),
National Cooperative Highway Research Program (1,
2), U. S. Army Engineers Waterway Experiment Station
(10), and Navy Civil Engineering Laboratory (11).
Although formal definitions for recycling categories
have not been developed those advanced by a joint
National Asphalt Pavement Association, The Asphalt
Institute and Federal Highway Administration com-
mittees are the most widely accepted and are given
below:

Asphalt-Pavement Surface Recycling. One of



several methods where the surface of an existing as-
phalt pavement is planed, milled, or heated in-
place. 1In the latter case, the pavement may be
scarified, remixed, relaid, and rolled. Additional-
ly, asphalts, softening agents, minimal amounts of
new asphalt hot-mix, aggregates, or combinations of
these may be added to obtain desirable mixture and
surface characteristics. The finished product may
be used as the final surface or may, in some in-
stances, be overlayed with an asphalt surface
course.

Cold-Mix Asphalt Pavement Recycling. One of
several methods where the entire existing pavement
structure including, in some cases, the underlying
untreated base material, is processed in-place or
removed and processed at a central plant. The
materials are mixed cold and can be reused as an
aggregate base, or asphalt and/or other materials
can be added during mixing to provide a higher
strength base. This process requires that an as-
phalt surface course or surface seal coat be used.

Hot-Mix Asphalt Pavement Recycling. One of
several methods where the major portion of the ex-
isting pavement structure including, in some cases,
the underlying untreated base material, is removed,
sized, and mixed hot with added asphalt cement at a
central plant. The process may also include the
addition of new aggregate and/or a softening agent.
The finished product is a hot-mix asphalt base,
binder, or surface course.

Portland-Cement Concrete Pavement Recycling. A
process by which an existing portland cement con-
crete pavement is processed into aggregate and sand
sizes, then used in place of, or in some instances
with additions of conventional aggregates and sand,
into a new mix and placed as a new portland cement
concrete pavement. This process is a phase of the
econo-crete concept in that the broken concrete is
considered to be a local aggregate.

This conference is directed towards asphalt
pavement recycling while this paper presents the
state-of-the-art relative to cold-mix asphalt pave-
ment recycling.

Cold-Mix Asphalt Pavement Recyecling. As indi-
cated by the definition cold-mix recycling involves
the reuse of existing surface, base, subbase and/or
subgrade materials. The material can be reprocessed
in-place or it can be removed and processed in a
central plant without the addition of heat. New
binders such as lime, portland cement and bitumi-
nous materials can be used in the recycling process.
After the roadway has been pulverized, mixed and
placed, it will normally require a new wearing sur-—
face such as a surface treatment or asphalt con-
crete.

Cold recycling is an attractive pavement reha-
bilitation alternative. Equipment required for cold
recycling is of basically a conventional nature,
much the same as used in conventional soil or ag-
gregate stabilization procedures. Thus, the equip-
ment is readily available. The major advantages and
disadvantes of in-place cold recycling operations
are compared with surface and hot recycling oper-
ations on Table 1.

Advantages. Major advantages of cold recycling
operations include:
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1. Ability to achieve significant pavement
structural improvements,

2. All types and degrees of pavement distress
can be treated,

3. Reflection cracking can be eliminated if the
depth of pulverization and reprocessing is adequate,

4. Frost susceptibility of subgrade and subbase
soils can be improved by use of the process,

5. The pavement ride quality can be improved,

6. Skid resistance can be improved (depending
upon type of surface placed on cold recycled sec-
tion) and

7. Hauling costs can be minimized if processing
takes place on grade.

Disadvantages. Cold recycling operations have
several disadvantages when compared to other pave-
ment rehabilitation operations. The disadvantages
include:

1. Pulverization equipment is often in need of
frequent repair and thus production can be low,

2. Traffic disruption can be greater than some
other types of rehabilitation activities,

3. Portland cement concrete pavements cannot be
recycled in-place,

4. Curing is normally required for strength
gain,

5. Strength gain and construction is suscepti-
ble to climatic conditions including temperature and
moisture and

6. Quality control for in-place operations is
not as good as central plant operations.
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