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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 attended by 419 persons from the following types of 

organizations. 

States and Canadian Province 

Commercial (Contractors, Consultants, 

Materials Suppliers, etc.) 

Academic 

Cities and Counties 

Federal Government 

Other 

The following geographical areas were represented. 

United States 

North America 

South America 

Europe 

Africa 

Asia 

75 

240 

17 

34 
44 

9 

373 

18 

3 

20 

2 
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ECONO~ICS 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 savin~s 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 1Q67. 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 operations 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 hund~ed 
presentations on tqis 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. 

1 
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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 agencies 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 1s 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 f ollowing figures have been accumulated from 
27 major hot-recycling projects: 

Recycle Nix (Total) 
Virgin Aggregates Conserved 
Asphalt cement conserved 

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

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 cove r the projec t background and cost data. 



The first project is in Millard County, Utah, (2) 
on Route U.S. 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, 
(~_) 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 ll:, 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 
oil 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 (~)· 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.. rn 
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. 
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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 
is 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 
conununity must endure to develop much needed 
technology. 

The fifth project is a hot recycling project in 
Kossuth County, Iowa (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 
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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 
7Y, 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 
j_ncluded 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°F-: during the summer. The mean annual snowfall 
within the limits of this job varies from 24"± at 
the west end to 200"± 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 analysis 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 virgin 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. 

On 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 
aGphalt 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 all 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 PAVEMENI' RECYCLING 
OVERVIEW OF PROJECT' SELEC!'ICN 

Fred N. Finn, P. E. 

Project selection is the first neoessai:y step to 
asphalt pavenent recycling. '!his paper attempts 
to discuss the primary considerations neoessacy 
for a project selection which favors recycling. 
Such factors as paverrent condition, econanics , 
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 cxinstruction, 
reconstruction, resurfacing, restoration and re­
habilitation. There are sarre obstacles which 
are causing recycling not to be considered as 
often as it should; for exarcple, a lack of con­
tractors with equiµrent and experienoe, and a 
concern for unverified engineering criteria. 
The major potential benefits of cost and energy 
are judged to be sufficiently cx:Jlllelling to 
justify sare additional effort in design and 
construction to select one of several recycling 
alternatives, even though engineering and life 
cycle infonnation is not fully dOCll!lEilted. Re­
search and infonnation fran dem:>nstration pro­
jects indicate that material durability and 
structural capacity of recycled materials are 
catparable to new construction, and ~efore, 
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 paveirents as a major oojective in 
pavenent construction. This paper conclu:les 
that recycling p,rocedures are available for a 
wide selection of projects and that engineers, 
cxintractors, and public agencies have a res­
ponsibility to prarote recycling as a viable 
alternative for paverrent cxinstruction and to 
support studies designed to verify needed 
engineering and construction criteria. 

Asphalt pa:verre11t recycling would appear to be an 
idea or concept whose "tine has care." In spite of 
this, the rate at which technology is being develop­
ed and oontracts are being advertised appears to be 
relatively slCM. 

An analogy could be made to the current health 

craze taking place in the United States at the pre­
sent tine. The mmber of people who are exercising 
regularly has increased trerrendously during the 
past several years; however, translated into the 
percentage of the total eligible pcpulation the 
nUl!ber would be small. 
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Asphalt paverrent recycling is not new. Sare 
foms of recycling were used in California in 1952 
on airfield construction for the O. S. Navy. The 
procedures at that tine were satEWhat primitive and 
equii;mmt wear and tear in pulverizing old asphalt 
concrete was considered exoessive and costly. Since 
that tirre rretals and equiprrent have inproved, and 
productivity has increased to a degree that recy­
cling of asphalt concrete by a variety of proo:?dures 
is increasingly attractive to the engineer and 
should be even rrore attractive to those people 
responsible for selecting construction alternatives. 

Epps, et al (1) provide sare carpelling reasons 
for recycling including (1) conservation of aggre­
gate, (2) conservation of asphalt, (3) oonservation 
of energy, ( 4) environmental preservation; e .g. re­
duoed mining for new aggregate and ( 5} selective 
rehabilitation; e.g. elimination of need for full 
width overlays on nulti-laned highways. With all 
of these advantages, why do we see such a slow 
evolution toward asphalt paverrent recycling, CCI1par­
ed to other developrents, such as the use of dl'.yer­
drum asphalt plants? 

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

In any new developnent ·there are surely going to 
be sare setbacks . Problems not anticipated will 
occur that will require sare adjust:rrents in the pro­
cess. This should not be cause for abandonrrent of 
the procedure if the potential benefits are of 
significant inportance. ReJmrrber that much of our 
engineering technology has been developed enpiri­
cally; i.e. based on experience arrl that includes 
sare premature failures. 

The U. S. public is always looking for the 
spectacular fast result; no trial and errors, just 
results. u. S. engineers a:re no different; we 
always want spectacular benefits. For ex.anple, a 
five percent savings in cost may not be sufficient 
to justify the additional effort and risk associated 
with a new idea of procedure. Hcmever, if the long 
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term benefits or needs can be identified, the econo­
mic benefits can ~zero or even negative during the 
early stages of devel~t. 

In rrrt opinion as a consultant, who deals with a 
variety of public agencies , we have very little 
choice but to rove ahead with the use of pavenent 
recycling procedures . The traditional choice of 
using all new materials is no longer a.viable alter­
native. Sorrehow we must convince the decision maker 
to make the choice for recycling. In order for con­
tractors to invest in special equiprrent and to train 
personnel, he needs to kn"'1 that recycling is going 
to be a long range developrent with a significant 
al!Dunt of work expected in the future. Such an 
environrn:mt is necessary in order to create the can­
peti ti ve situation so necessary to the full exploita­
tion of the recycling ooncept. 

The success of aI'r:f paveirent design and oonstruc­
tion process is first one of selection. Thus, the 
topic assigned to rre is to review project selection 
procedures. I have elected to discuss sane of the 
pros and cons or .=l-ycling. In this sense, cons are 
really sorre of the obstacles in the way of recycling 
as differentiated frcm the negative considerations . 
There are really no negative considerations; however, 
there are sane obstacles. 

The apporach I have used in gathering infonna­
tion involves three sources; (1) literature , (2) 
discussions with federal , state, county and aity 
officials and (3) rrrt o:vn experience and judgenent 
applied to project selection for recycling. 

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

1. Pavemant condition 
2. Contractor availability 
3. Cost and energy catparisons 
4 . Envirorurental regulations 
5. Engineering technology 
Several of these topics will be covered in irore 

detail by other speakers at this oonferena:?; ho.vever, 
this overview should serve as an intrOduction fol­
lcwed by irore in-depth developrrent . 

Pavement Condition 

One of the first decisions nea:issary in select­
ing· a project for possible recycling is the oondi­
tion of th.e paverrent. For asphalt paverrents , the 
need for resurfacing, restoration and rehabilita­
tion or even reconstruction, is usually brought 
about by one or rrore of the folla.-Iing paverrent defi -
ciencies: 

(1) Paves-rent roughuesf:i 
(2) Excessive cracking of the asphalt concrete 
(3) Exo::ssive rutting in the wheel paths 
( 4) I.ow surface coefficient of friction 
(5) Surface wear (raveling) 
(6) Inadequate stru.cture 
(7) Inadequate traffic capacity 
The subject of inade:ruate structure will be dis­

cussed further under engineering oonsiderations. 
Inadequate traffic capacity can be cause for reha­
bilitation or reconstruction particularly if it is 
anticipated that truck volurres and weight will 
increase significcmtly . Inadequate traffic capacity 
will not be discussed further in this presentation . 

The use of recycled material for new o::mstruc­
tion will be discussed under engineering considera­
tions. 

I believe that sare type of recycling (surface, 
in-plaoe or central plant mix) can be used to ac­
ccnodate any of the first six deficiencies enmrerat­
ed previously. 

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

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

Surface :tecycling - Reworking and/or reroval of the 
surface of a pavement to a depth of approximately 1 
inch by heater-planer, heater scarifier , hot milling 
cold milling 0r oold planing devices . The operation 
may involve the use of reN na.terials (or recycled 
materials) including aggregates , m:difiers and/or 
asphalt ooncrete. 

In-~laa:? recycling , surface and base - In-place pul­
verization to a depth greater than 1 inch follCMed 
by reshaping and cx:xrpaction. 

Central plant recycling - Ieroval of the pavenent 
frau the roadway after or prior to pulverization , 
processing of material with or without the addition 
of a rrodifier , followed by laydown and CCITpaction to 
the desired grade (and depth) . 

Paverrent rou~hness in irost cases can be corrected by 
surface profiling, by cold milling, or heater plan­
ing , canbined with resurfacing, using recycled hot 
or cold mixes. 

Specific criteria for selection of recycling 
procedures are provided by q>ps et al (_~) • 

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

The Arizona oor is one of the few agencies which 
has tentative guidelines for selection of recycling 
procedures related to surface craddng. A cracking 
index has been develct>OO by Arizona which provides 
a systematic procedure for identification of the 
extent and severity of cracking (2). Based on this 
procedure, surface recycling is oonsidered 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 recomrendations 
include all three recycling techniques; i.e. surf are. 
in-place and central plant mix recycling . 

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

Excessive rutting can generally be corrected by sur­
face planing or milling in o:Jlllbination with a sur­
faa;! treatrrent or thin overlay. The thin overlay 
could be produced fran a carbination of recycled and 
virgin material on rocrls of medium and low traffic; 
e.g. less than 5000 vehicles per day. 

In sare cases surfaoe recycling may not be suf­
fici~t to correc problem> in the base or subbase, 
in which case in-place or central plant mix may be 
the proper option . 

L::M skid nurrber can be corrected with surface 
planing or recycling with a minimum of new materials. 
In extreme cases central plant mix recycling with 
sare pP.r<"l:'ntagp of virgin non-p::>lishi.ng aggregate 
may be required . 

Severe raveling can be corrected without recy­
cling in many cases . HC7Never, for heavily traf­
ficked highways, surface recycling, with new or 
recycled materials added, may provide cost effi­
cient benefits. 

Inadequate paverrent structure can be oorrected by 
increasmg the depth of stabilization by rreans of 
in-place or central plant-mix recycling . In effect, 
this is incTP.ilsi.ng thP strnnr11r;;1l m.Inl:v.>_r 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 surrrnary, 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 constJ:ued as indicating there 
are no problems associated with recycling. There 
are same problems, but in concept the techniques are 
applicable to the full spectrun of design and con­
struction, including rehabilitation. 

There may be sorre 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 same caution will 
need to be exercised in project selection for thin 
(one course) overlays or as a wearing surface. One 
reccmnendation would be to use recycled materials as 
a wearing surface only for paverrents 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 equiprrent is portable and can 
be rnoved over large distances quickly. As the 
volume of work increases, contractors can station 
rnore equiprrent in central locations and provide rnore 
oompetition in all areas. Also, a range of equip­
rrent, for large or small projects, and using hot or 
cold procedures, is available. 

contractors with the~ type of Equiprrent 
for in-place recycling are sarewhat rnore limited 
when ccmpared with surface recycling; however, it is 
available. In-place mixing has been a standard 
operating technique in paverrent 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 == on rela­
tively small projects. The project was designed to 
recycle the asphalt concrete surface and base by 
stabilization with cerrent, plus a new wearing sur­
face; a procedure used on selected projects by 
Caltrans and Nevada ror (3). The project was two 
lanes of a four lane highway, approximately O .6 
miles in length. Only one contractor bid on the 
project. An award was made in order to correct 
same aggrevated distress. However, it developed 
that the contractor did not have the proper equip­
rrent, as referenced in the specifications , and the 
contract was cancelled and subsequently awarded 
using a more conventional design. 

It is believed that if rnore agencies in the 
area would specify in-place recycling, contractors 
would acquire the equiprrent which would create a 
rnore =rpetitive situation. 

If the project is sufficiently large the con­
tractor can afford to bring in the proper equiprrent. 
The experience reported by E. Aguirre (4) of Victor­
ville, California is such an exarrple. In this case 
a $100,000 savings was reported by in-place 
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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 acquired equiprrent 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 rnoney for equiprrent 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 allONing 
the use of recycled materials. However, specifying 
agencies are reluctant to use recycled materials 
unless there are a number of contractors in the 
vicinity who are properly equipped and who have 
experience in processing recycled materials. 

In surrrnary, contractors for surface recycling 
are available in rnost parts of the United States and 
oompeti ti ve conditions exist in many cases. However, 
availability of contractors for in-place and central 
plant recycling is sarewhat limited by the size of 
the project. 

To irrprove 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 cxmsideration which may 
or may not be reflected by conparati ve cost is 
energy. Both of these subjects will be presented 
by another author at this seminar . HCMeVer, a few 
cnnrents ney 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 ccmparative 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 Hawaii 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 Calif ornia, four projects were analyzed 
which sh<Med substantial savings as somrarized 
belON: 
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Project 

I-BO (Gold Run) 
I-5 (Weed) 
SR 395 (Bishop) 
I-10 (Blythe) 

Recycled Aggregate 

50% 
50% 

100% 
55% 

Average 

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

Discussions with one materials supp.lier, 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, whim 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 dmrps are charging $70 per load for dunp­
ing street rubble including asphalt concrete. Sare 
contractors are nCM accumulating asphalt concrete for 
recycling by allCMing contractors to durrp 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 
durrping. 

Thus, the econcrnic benefits are there. Even in 
Arizona it is believed the benefits are real although 
the rrethod of bidding may in sorre way disguise these 
benefits. Also, haul distances and plant location 
will have an effect on cost cx:mparisons. 

Economics on a particular project can also be 
affected by selling salvaged materials to contractors. 
For example, the s alvaged 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 rerrove, 
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 jab 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 scrre 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 anounted to ll perrent. 

Peters et al (5) have sumnarized typical energy 
cx:mparisons, including transportation, for new and 
recycled asphalt concrete. Based on their assmp­
tions a typical energy requirernent for new asphalt 
concrete W·JUld be 432,300 BTU/ton and for recycled 
asphalt concrete the value is 327 ,992 BTU/ton or a 
24 percent reduction in e.'1ergy . 

Factors included were (1) manufacture of asphalt 
oerrent, (2) hauling asphalt oerrent, (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 cx:mpacting either 
type mix. 

With sane 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/I'on New 

$16 .Bl 
$29.59 
$22.66 
$22.0B 
~22.7B 

Recycled 

$12.91 
$20.09 
$20.35 
$13.39 
$16 .6B 

I 6 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 re=rrendation to make ex­
cept to suggest that rrore sophisticated evaluations 
are necessary which go beyond standard econcrnic can­
parisons. 

Regulations 

One possible conrern for the use of recycling 
procedures is government regulations; specifically, 
requirernents 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 requirerrents associated with central plant mix 
requirerrents . This problem has not yet been satis­
factorily resolved (6). The =ent solution is to 
spray water on the c0ld feed materials, to increase 
the amount of virgin material or decrease plant 
production. None of these is entirely acreptable 
and each tends to increase the cost of construction 
using recycling procedures. 

Some rrodifications in equii:nent have helped to 
reduce the air pollution problem; hCMever, 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 rrost frequently 
quoted. This is not ideal; 100 percent recycled 
would be preferable. HCMever, 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
nrum of new materials , surface r ecycling will prove 
satisfacto:ry. If substantial co=ections are re­
quired, rrore extensive actions will be necessary 
which can be achieved by in-place or rentral plant 
mixed procedures. Serre of the major advantages and 
disadvantages are enurrerated in Table 1. 

Specific engineering considerations or design 
pararceters which will influence project selection 

1. Mix design 
2. Durability of recycled mixture 
3. Structural properties 
4. Construction uniformity 

A detailed discussion of these items is beyond 
the scope of this report; hCMever, some surnna:ry 
remarks are pertinent. 



Recycling Ptocedure 

Surf ace Recycling 

In-place Recycling 

Central-plant Recycling 

Table 1 

Advantages and Disadvantages of 
Recycling Asphalt Paverrents 

Advantages 

1. Reduces reflection cracking 

2. Prorrotes bond betw$!1 old pavement 
and recycled material 

3. Reduces tendancy for raveling at 
confm:rns 

4. Corrects a variety of distress types 
at all levels of severity 

5 • Selective rehabilitation 

1. Significant structural illprovarents 

2. Corrects all distress types at all 
levels of severity 

3. Selective rehabilitation 

1. Designed illprovarent in structural 
capacity 

2. Corrects. all distress types at all 
levels of severity 

3 . Inproved quality control over surface 
and in-place recycling 

4. Selective rehabilitation 

9 

Disadvant ages 

1. Limited structural irrproverrent 

2. Potential air pollution 
problem:; (dust, smJke) 

1. Problems of quail ty control 

2. Sane design paraneters unknown 

1. Inproved quality control 
required 

2. Sare design paraneters of 
questionable reliability 

3. Potential air pollution 
problem:; 
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Mixture Design 

The elerrents of mixture design have been rather 
thoroughly researched and surmiarized in the litera­
ture (1 , 3, 7, 8, 9) • Basically, the mix des ign ap­
proach --USe:d by fovestigators 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
diires proposed by others is sumnarized in Table 2. 

Table 2 

Recycle Mix Design Process 

1. Evaluate salvaged material 
gradation 
arrnunt and consistency of asphalt 

2. Establish consistency requirenents for recycled 
material 

3. Determine proportions of recycling agent; i.e. 
lCM 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. 

hll 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 tline there is no reason to suggest they will 
not. M:lre 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 enhancerrent by increas­
ing the thickness of the stabilized layers and for 
overlays. 

Epps, Little et al (1) surrmarize extensive 
studies made to evaluate- the structural properties 
of recycled materials. The procedure used to make 
such comparisons was largely by means of computer 
sirrulation 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 number of 
f i eld 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 sumnarized as follCMs: -

1. Based on a structural evaluation, recycled 
asphalt concrete bases stabilized with either 
asphalt emulsion, cutback, cerrent, lirre, or with the 
addition or an asphalt rrodi!ier are superior to 

aggregate bases in terns 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 
frc:rn an analysis of dynaflect measurements, are a:::m­
parable with properties of conventional materials. 
It can be concluded that overlay designs would not 
be affected by the use of recycled materials. 

In surrmary, 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 sanewhat 
tentative. HCMever, the information is sufficiently 
conclusive to justify using conventional design 
parameters for project selection. 

Selective Dccign hlternatives 

Arizona oor has pioneered a design procedure 
which combines recycling procedures (5). Specifi­
cally, for multi-laned highways, Aoor-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 canbinations 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 
ADOr to rrrudmize 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 irrportant 
whether it be for all new construction or recycling. 
Because of non-uniformity of salvaged materials, or 
handling techniques , uniformity may be somewhat 
Il'Ore 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 unifornuty. 

Surrmary 

In t..1--ie prece~~ng sec+-....i.or1s of this ref{)rt a 
brief discussion has been presented concerning 
selection of projects for asphalt paverrent recycl­
ing. Based on the information available it would 
seem reasonable to conclude that recycling proce­
dures are an acceptable alternative for all types 
of design including new construction, resurfacing, 
restoration and rehabilitation. 

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

Unfortunately, in the absence of contractor 
capability, there appears to be sare reluctance to 
establish a long-range policy to implerrent recy­
cling as an alternative for every construction 
project. Contractors need that reassuranre before 
they can a~re for therrselves 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 
signiricant beginning to meet th.l,; Hee<l. Hl.Mt!Vl:!L, 



additional mix design guidelines are needed and rrost 
specifically , rrodel specifications and construction 
control r~renents need to be put in the hands of 
public agencies and consul ting 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 is 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 
off er 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 hP R hPttPr Alternative. UndQr 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 construction 
of asphaltic highways is related to the increase 
in the cost of petroleum based fuels and asphalt, 
a derivative of petroleum. While it iR 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 potential 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 considered in 
deciding whether or not a given recycling alternR­
tive is desirable is 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.(11) 
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 ev·alua tion of cos t-effec ti veness 
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 is 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 is 
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." (~) 

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 lb.) 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 1 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. Indirect 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.(_~) 

Transport and construction energy are the 
categories of major interest to highway contractors 
and engineers. These categories 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 is 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 circumstances 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 suitable alternative will be used for a given 
project. However, if proposed 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 is 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 is available. Under present 
circumstances, the generally large amount of 
residual fuel available 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. 
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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~ 
pair operations on pavement surfaces not often 
associated 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 available 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 situations. 
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, until 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 conventional 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 units, 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 conditions. 

All calculations were made using the factors 
published in "Energy Requirements for Roadway Pave­
ments " , (_2) with the following assumptions. 

Composition of overlay: 

Asphalt 6%, 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% moisture 
Reclaimed mix contains 2% moisture 
Aggregate and reclaimed mix enters drier 

at 21 •c (70°F) 
Final mix heated to 149°C (300°F) 



Report 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Classification 
of Pavement 

Recycled 

Rural 

Urban (curb­
gutter) 

Interstate 

Material from 
Detour 

State Road 

State Road 

U.S.-Secondary 

Rural 

Interstate 

Rural 

Interstate 

U.S.-Secondary 

General Description of 
Recycling Process 

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. Old 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. 

Energy Saved in Equiv. 
Gal. Diesel Fue1la) 

Total 

11,900 

0 . 06 per 
s.y. -in. 

76,200 

1,100 

32,400 

9,100 

Per Lane 
Mile 

4,000 

420 

4,760 

70 

1,120 

810 

Cold. Top 1 3/4 in. milled, re- 246,600 5,000 
placed on shoulder. 

Cold. Top 3 in. scarified, SA-1, Not Reported 
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. 

27,200 

154,500 

o. 21 gal. I 
ton 

113,000 

450 

7,730 

5,280 

Estimated Do.llar 
Saving Cb) 

Total 

26,600 

Nil 

320,700 

59,400 

408,300 

Per Lane 
Mile Cc) 

6, 700 

Nil 

20,000 

4,950 

14,080 

Not Reported 

737,600 15,000 

23,260 

146,000 2,430 

138,400 6,920 

Not Reported 

232,000 10,841 

.... 

' 

Remarks 

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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14 

16 

17 

19 

20 

21 

22 

23 

24 

25 

Rural 

u.s.-Prilllary 

Interstate 

U.S. -Prilllary 

Material from 
Runway 

U.S.-Secondary 

State Road 

State Road 

Urban 

3-Projects: 
Interstate, 
Rural, 
Secondary 

Rural 

(a)1 gal. = 3.78 litres 

Cold. Total pavement pulverized, 
111ixed, relaid as base. Two inch 
overlay applied. 

Hot. Overlay over P.C.C. removed, 
crushed, bl.ended with new 
material in hot plant, relaid 
as surface. 

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

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

Hot. Old 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. 

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

Cold. Pavem•mt ripped, pulver-
ized, aggregate added, relaid 
as base. 0.1erlaid. 

Cold. Pavem•mt ripped, pulver-
ized, new aggregate added, road-
mixed with SS-lh, co111pacted. 
Chip seal added. 

1 gal/lane mile = 2.36 litres/lane ki l omet re 
(b)costs of recycled techniques l'..'omparE•d with costs of 

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

0.48 gal/ 
ton 

NH 

Nil 

52,200 

10,700 

0.67 gal/ 
s.y. 

1 ,070 

1,690 

4, 720 

Not Reported 

19,200 1,330 

5,130 390 

Not Reported 

11,880 2,700 

None 

None 

Nil 

Nil 

59,600 9,370 

2.21/s.y. 15,560 

Not Reported 

85,350 5,930 

26,800 2,040 

Not Reported 

54,000 12,270 

Recycled base cost more 

ll~'l' ton. 

Long haul. to crusher and 
high capital costs for 
equipment. 

Compared with new base 
and overlay. 

Compared with new 4 in. 
mat. 

...... 

°' 
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Figure 1. Major steps in constructing overlays and in central plant, 
hot mix recycling. 

OVERLAY 

REFINE HAUL ___.. TO 
ASPHALT PLANT 

A-1 A-2 . 
QUARRY, HAUL STOCKPILE STORE 

CRUSH ASPHALT ___.... TO - -AND SCREEN (MAINTAIN 
AGGREGATE PLANT AGGREGATE TEMPERATURE) 

S-1 S-2 S-3 A-3 

I 

HEAT MIX HAUL 
~ 

AND i---.- IN I-+- TO 
DRY PU GM ILL JOB SITE 

AGGREGATE 

S-4 S-5 

+ 
S- 6 

CYCLE R-5 R-6 R- 7 RE 

SCARIFY CRUSH STOCKPILE I LAY DOWN HAUL PICK UP ,.......... TO i---- OLD ---- MIX 
OLD FOR >-- COMPACT 

PAVEMENT PLANT PAVEMENT RECYCLING 

R-1 R-2 R-3 

Figure 2 illustrates 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 figure 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 i. of diesel fuel 
per tonne of mix placed (1 gal. per ton). If an 
80-20 blend can be used, about 7 i. 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 energies were 
calculated and plotted for various distances from 
the job to the plant. 

As can be seen, the energy advantage of recy­
cling is lost if new aggregate is available near 
the plant and the material for recycling must be 
hauled an appreciably 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 transport and construction 
energy for recycling than for an all new overlay. 
When the aggregate is hauled 64 km (40 mi.), recy­
cling retains its advantage until the distance 
between the job site and the plant exceeds 96 km 
(50 mi.) 

R-4 S-7 
R-8 

Another significant conclusion to be drawn from 
these calculations is 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. For 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 is 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.(~) 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. Urban 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. 
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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 

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 efficient proce­
dure. 

4. Urban Streets 
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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 is to remove and stockpile 
old 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 material 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 options. 

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. 
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SPECIFICATIONS RELATED TO PROJECT SELECTION 

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 
specifications; 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 veh'icle 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 integrated and harmonized 
to produce maximum benefits. 

Experience wi t .h Hot- Mix Recyc 1 ing 

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

Minnesota's first hot-mix recycling project was 
constructed in Maplewood, Minnesota, in 1976. 
(I, 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 and our 
fTrst 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 salvageu aggregate material from 
50-50 to 60-40 without excessive opacity at an accepta­
ble production rate of 300 tons per hour. Although we 
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) ~'e 
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 
s~ecify 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 involved. 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 p~ace 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 60-40;50-50;25-75 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 
sta:e projects, two city projects, and two ~irport 
pr~Jec~s. _we thought we were on our way with recy­
cling in Minnesota. What, we didn't realize was the 
amo~nt of effort we.were spending lining up specific 
proJe~ts 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;40-60;50-50;60-40;70-30 Blends 

This year, 1980, Specification 2332 (7) permis­
sable hot-mix recycling produced recycled-mix on sev-
7ral proj7cts. We have a large airport runway pro-
3ec7, an interstate project, and two trunk highway 
pr~Jects. 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-

cycling vs. conventional mixtures. This specifica­
tion is a part of all MnDOT projects. (8) No longer 
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 
mob~lization was $547,163.03 compared to the engineers 
estimate based on conventional construction, of 
$837,970.85 for the same items. This represents a 
savings of approximately 35%. 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 Fridley. This u1etl1oc.l u,;etl healer si.:ar i­
fication, then application of a rejuvenator. A hot 
mix wearing course was placed on the scarified layer 
several days later. In 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 surf ace by the trai­
ling unit. Earlier this year (1980) we used heater 
~carifi~ation 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 1-mile test sections 
which were developed to find an economical solution 
to our thermal cracking problem in the li" wearing 
course and the 2" binder course. The two other 
sections 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 
SCarifieRtinn. hot mix rPrvrlino . ~n~ rnn'7~n~~nn~1 

hot-mix. How~ver, b~for~-~~-~~~, a~~~m~ii~h·-~hi~--
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 mat. 
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. 

s. 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: 

J, 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 (JO). 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 15% 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 recycling 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 thi s is the lack of inter­
es t 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 is to make the removal, pro­
cess ing and stockpiling of salvaged material the 
respons ibility of the persons producing the recicled 
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%. The user agency should not retain the owner­
ship of salvaged materials unless they are willing 
to protect i ts quality . Ownership should go to the 
person controlling the end use o f the material. 

The user agency should pay f or 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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The user agency should allow the contractor to in-
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 mata:ials 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 l~" 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 l~" 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: 

I. 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 20-40%, for salvaged bituminous and 
~/"\ 01"\07 .c; ___ ..._t.._ ___ ., ______ , ________ ...___ 
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S. Aggregate leaving the dryer could be heated 
in excess of 325 degrees F. 

6. Cost~ 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 l~" maximum size 
in the salvaged bituminous material. The maximum 
size requirement applied to the recycled mixture af­
ter being processed through the hot mix plant and de­
posited into the transport 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 

without really knowing for sure, in some cases, whe­
ther recycling was cost effective. 

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: 

I. *Marshall Stability (SO below) 
Minimum ••• , ••.• ,, .••• ,......... 500 lbs. 
Maximum •• , •• , •• , ••••• , .• , ••• , •• 3,000 lbs, 

2. *Voids in Mix 
Minimum ••• ,.................... 4% 
Maximum •• ,,.................... 6% 

3. *Cold Water Abrasion Loss 
Non Wearing ••••.•• , ••.•••••• , • . 
Wearing ..•... , ..........•.....• 

15% Max . 
10% Max. 

4. In 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. t:ne project: unn.1 the amount of asphalt material 
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
jer..:l~ Lu be leL ln 1979. Huwever, r..:unLi;a.cLuro we:re 
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, CJ.) 

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. 

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 materialj 
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, (II). As with any new product or 
procedure, we measure its properties and performance 
in relation to what we have done 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 sites 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 



26 

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: 

t. 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 field 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 b~ing in this busin-;ss 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 is 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. 

Of 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. 

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 is 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. M~ch 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 
Pav ement Qua lity 

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 befor.e 
doing anything. Once this is determined, then 
economic criteria can be applied and a rational 
decision made to recycle or waste the reclaimed 
pavement. 
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How is this done? There is 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 is 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 "tci 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 surf ace 
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. If , 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 
everyo1e 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 sewer castings, etc., etc., 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 Qod 
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 
it. 

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 
is 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 weight. 
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 a t 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 r ecycle 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. 

Gallagher Asphalt Test Program 

The method of quality control used by 
Gallagher Asphalt is 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 
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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 Re cycling 

So what's ahead and where is change needed ? 
The industry is just beginning to grasp the 
potentials of r e cycling 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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Tabl~ 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 
By 1980 Content of Avg. of % Ri\M Added 

RAP Last 3 15 18 

HLC 5/14 4.3 
HLC 5/15 4.9 
HLC 5/16 4.3 4.5 . 7 .8 
GACO 5/16 4.9 4.7 .7 .8 
HLC 5/17 4.4 4.5 .7 .8 
GACO 5/17 4.6 4.6 .7 .8 
GACO 5/20 4.9 4.6 ,7 .8 
GACO 5/21 4.7 4.7 . 7 .8 
HLC 5/21 4.6 4.7 .7 .8 
HLC 5/22 4.4 4. 7 . 7 .8 
GACO 5/22 5.0 4.7 . 7 .8 
HLC 6/5 5.1 4.8 . 7 .9 
GAGO 6/16 5.0 5.0 .6 .9 
HLC 6/17 4.7 4.9 . 7 .9 
HLC 8/6 4.8 4.8 . 7 .9 
HLC 8/7 4.7 4.7 .8 .8 

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 finished products, it is a totally new 
ball game. 

Can industry, associated technical sdwuls, 
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 ill 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 one 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 not 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 universities to offer 
and promote more courses on quality control in 
this field of construction materials. 
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PROJECT SELECTION IN URBAN RECYCLING 

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 prQject 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 recyclinq 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 col~ 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 untreate~ haRe 
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 
Gardena plant. However, the expected 
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 existing 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 how 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 El Segundo 

Limits: 565' W/O Nash to Douglas St. Length: 1850 ft. 

Existing Structural Section: 3" AC on Native Sana 

Condition: Badly Alligatored 

Existing Improvement: Curbs & l' gutters @ 25' from C.L. 

Proposed Improvement: Curbs & 2' gutters @ 32' from C.L. and 4" AC 
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. f 2000 = 2700 tons 
(94.7% Aggr., 5.3% Asphalt) 

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 
Paving Asphalt source to batch plant 
Batch plant to project site 
Project site to dump site 

Costs to get materials to batch plant 

All new aggregate asphalt concrete 

30 miles 
8 miles 
9 miles 
8 miles 

Virgin Aggregate 
Paving Asphalt 

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

1000 tons x 94.7% x 30 mix $0.10/ton-mi 
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) 
Dump fee 

Savings using recycled aggregate 

510 tons x 8 mix $0.30/ton-mi 
510 tons x $1.00/ton 

Total 

Asphalt Concrete 
(new aggregate) + 

Haul & Dump Costs 
(exist pavement) 

Asphalt Concrete 
(recycled aggr.) 

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

$1,224 
$ 510 

$1,734 

$2,009 
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Economic Analysis based on asphalt concrete batch plant located in Inglewood 

Distance: Paving asphalt source to batch plant 
Aggregate source to batch plant 
Batch plant to project s.ite 
Project site to dump site 

Costs to get materials to batch plant 

All new aggregate asphalt concrete 

16 miles 
33 miles 

4 miles 
8 miles 

Virgin Aggregate 
Paving Asphalt 

2700 tons x 94.7% x 33 mix $0.10/ton-mi 
2700 tons x 5.3% x 16 mi x $0.30/ton-mi 

$8,438 
_ill 

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 mix $0.30/ton-mi 
Virgin Aggregate 70% x 1700 tons x 94.7% x 33 mi x $0.10/ton-mi 
Paving Asphalt 70% x 1700 tons x 5.3% x 16 mi x $0.30/ton-mi 

Subtotal 

Surface Course Asphalt Concrete 

Virgin Aggregate 
Paving Asphalt 

1000 tons x 94.7% x 33 mix $0.10/ton-mi 
1000 tons x 5.3% x 16 mi x $0.30/ton-mi 

Subtotal 

$4,602 

$3,379 

Total 

Haul costs & dump fees for removed existing asphalt concrete pavement 

Haul to dump (30% of 1700 tons) 
Dump fee 

510 tons x 8 mix $0.30/ton mi 
510 tons x $1.00/ton 

Savings using recycled aggregate = 

Asphalt Concrete 
(new aggregate) + 

$9,125 + 

Haul & Dump Costs 
(exist pavement) 

$1,734 

Asphalt Concrete 
(recycled aggr.) 

$7,981 

Total 

$ 580 
3, 719 

303 

$3,125 
254 

$7,981 

$1,224 
510 

$1,734 

$2,878 
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Figure 1 , 

Figure 2. 
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Figure 3. 

Figure 4. 

Figure S. 
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Figure 6. 
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PROJECT SELECTION FOR RURAL RECYCLING 

Bobby R. Lindley, A55i5tunt Di3trict Cngineer, State DepaJ.'Lme11L uf 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 typc5 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 mat~rial. 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 Recycli11g. 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 foi· this di:;trict is 8074 . The 
age of all of the above highways necessitates heavy 
maintenance and most of them are in need of complete 
rehabili ta ti.on. 

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 oi:iT'""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 
aml tesLec.l. 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 surf.ace 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 112" 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 Rota-Milling, place 
a l" 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 Rota-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. Basic Considerations ror Projeot 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 Urban Project Selection Criteria 

I ITEM 
Vertical control 

Traffic control 

Road user costs 

Time for construction 

Size of project 

Environmental quality 

Aggregate and binder 

availability 
Contractor availability 

Existing pavement 

Specifications 

RURAL 
Shoulders, bridges, 

safety appurtances 
More options 

Do not always dominate costs 

Not as critical 

Large projects because of 

move-in costs 

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

Permits to operate plants require 
up to 6 months to obtain 

Fixed and new sources 

Most contractors prefer to 
work in rural areas 

Non-hard surfaced, thin surfaced 

Lower quality materials 
Single project .philosophy 

URBAN 
Utilities, drainage s ~ructu res, 

safety appurtances 
Major problem 

Dominate project costs 

Critical 

Plants and equipment move-in 

costs minimal 

Critical but existing 
plants have permits 

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 oil 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. Jl.lthough 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 ma.v 
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 aae 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. 
rigure 1 (_!) presents a visual Jescr·iµLiurr ur Llrt! 
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Figure 1. Basic surface recycling procedures. 
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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 C!_,1_,~). 

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 fo llowi ng para­
graphs will describe procedures (!_,,1 , .1_&,l_&.~ • .!Q) 

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

To Co rrect a Sli p~ery Surface . The pavement sur­
face may have low ski res i s tance 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 mi xed for 

uniformity, 
c. A liquid recycling agent is sprayed, if 

needed, 
d. The recycled mixture is compacted, 
e. Skid resistant aggregate is spread, 
f. The aggregate and pavement is heated, and 
g. Steel wheel rolled to embed aggregate to 

proper depth. 
2. a. The treatment of item (_l) may be modified 

by adding and mixing new asphaltic . mix­
ture to the scarified material, and then 
spreading and compacting. 

3. a. 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. 

5. a. 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. 

To Correct a Deformed Surface. The reasons for 
the rutting, shoving, or bumps must be established. 
Structural failures cannot be remedied with correc­
tion of only the upper 2.54 cm (1 in.) of the pave­
ment surface. The following descriptions are 
related to possible treatments: 
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Figure 2. Surfuce recycling procedures using heat. 
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1. a. For a limited area of bumps or humps, the 
surface can be planed or heater-scarified, 

b. The excess material is used to fill the 
low or depressed areas, 

c . If necessary, liquid recycling agent is 
added, 

d. Then the planed and filled areas are 
compacted. 

2. a. For the deficiencies or deterioration 
within a thin (3.81 cm [l 1/2 in.]) 
surface course, the layer can be removed 
by heater scarification or planing, 

b. Then a new surface is laid. 
3. a. Under certain conditions the upper 2.54 cm 

(1-1 1/2 in.) of the surface can be heater 
scarified and mixed, 

b. If necessary, a liquid recycling agent is 
added, 

c. New asphaltic paving material is mi xed 
with the old loose mi xture, and 

d. Then Lile screeded and vibrated layer is 
compacted, forming a new layer generally 
less than 6.35 cm (2 1/2 in.). 

4. a. If the existing material is not suitable 
for recycling into a surface course, then 
it must be removed for possible reuse 
elsewhere, and 

b. Then a new surfacing material must be 
laid. 
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To Cor rect fo r a Cracked Surface . An asphaltic 
pavement surface may be cracked for a variety of 
reasons. These reasons or causes can be generalized 
as due to shrinkage of the surface course, reflection 
of underlying cracks, failure by flexural fatigue, 
or construction shortcomings . Restoration of the 
surface generally requires recycling a position of 
the top course plus the addition of added asphaltic 
concrete or an overl ay as described in one of the 
following methods. 

1. a. The pavement surface is heater scarified, 
b. A liquid recycling agent is added, 
c. New asphaltic concrete is mi xed with the 

reclaimed material, 
d. The new mixture is spread and compacted. 

2. a. The pavement surface is heater scarified, 
b. A liquid recycling agent is added, 
c. The reclaimed material is spread and 

compacted, 
d. A new plant-mix overlay is spread and 

compacted. 
3. a. The pavement surface is heater scarified, 

b. The scarified material is compacted, 
c. A liquid recycling agent is added, 
d. If needed, a flush or tack coat is added, 
e. A new plant-mi x overlay is spread and 

compacted. 



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 hea ter-sca rifi ers a re 
shown in Figure 3. It is apparent from the size of 

Figure 3. Heater scarification in Arizona. 
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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 mi xture behind the scarifier 
should range between 107-138°C (225-280°F) (9,12). 

There are several methods used for heating"°"fhe 
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 Wi rtgen 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-
3200F) 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 

Heater-planing 

Heater-scarifying 
a. plus 0.95 cm chip seal 
b. plus 5.08 cm asphaltic concrete 

Cold-mi 11 i ng 
a. plus 90 kg asphaltic concrete 

2.54 cm = 1 in. 
0.84 m2 1 yd 2 

0. 45 kg = 1 lb 

Cost $/m 

0.18 - 1.07 

0.30 - 0.95 

0.95 - 1.67 
3.09 - 4.76 

0. 42 - 1. 43 

2.38 - 3.57 

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 likely be for a 
fine grained or soft surface; while the high unit 
cost would be for an old, hard, and 1.90 cm (3/4 in.) 
aggregate asphaltic concrete. According to R~id (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
ibility should be afforded the contractor to incor­
porate mor'e erricient 111elhuds 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 foll owi ng 
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
ling the processes of heater scarifying or remixing. 
Examples of these differences are as follows: 

1. One requires the heating unit to have a mini­
mum rating of 10,584 MJ's (10 million 8TU's) per hour 
and an hourly production of scarified material to be 
between 840-1,260 m2 (1,000-1,500 yd 2

); 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 in.); the other one controls the amount of 
scarification on the basis of 44 kg/m2 (9 lbs/ft 2

) 

Conmen ts 

Removal of 1.9 cm 

1.9 cm. + additive, + compaction 
Complete 

Complete 

Removal of 2.54 cm 

Complete 

(Ref.) 

(g.~.1_~) 

(_!.?_,~) 

(!£.~) 

(g.~) 

(~) 

(~) 

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 
location 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: 

1. Grade and consistency - viscosity 
? , Handling and shipping - flash point 
j, Volatility - oven weight change 
4. Compatibility and solvency - saturates 
5. Durability - viscosity ratio 
6. Accounting - specific gravity 

Table 2 (20) presents the suggested specification 
grades anatest values for rec,ycl ing agents. It is 
noted the recycling agents (RAJ 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 

ASTM RA 5 RA 25 RA 75 RA 250 RI\ 500 Test 
Test Method min. max. min. max. min. max. min. max. min. max. 

Viscosity@ 140°F, est 02170 or 
2171 200 800 1000 4000 5000 10000 15000 35000 40000 60000 

Flash point, COC, Of 092 400 425 450 450 450 

Saturates, wt. % 02007 30 30 30 30 30 

Residue from RTF-C oven 
02872b test @ 325°F 

Viscos1ty ratioc 3 3 3 3 3 

RTF-C oven weight 
02872b change, ± % 4 3 2 2 2 

Specific gravity 070 or 
01298 Report Report Report Report Report 

aThe final acceptance of recycling agents meeting this specificat1on is subject to the compliance of the reconstituted 
asphalt blends with current asphalt specifications. 

bThe use of ASTM 01754 has not been studied in the context of this specification, however, it may be applicable. In 
cases of dispute the reference method shall be ASTM 02872. 

c i i i _ RTF-C Viscosity at 140°F, cSt 
V scos ty Rat 0 - Original Viscosity at 140°F, est 

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 
bl ended with varying amounts of the agent. Fo 11 ow­
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., (,gl) presented such 
charts and discussed the roll of recycling agents in 
hot-mix recycling. 

Sumnary 

The review for this state-of-the-art presentation 
has shown a lack of professional reports in the lit­
erature. Most of the infonnation 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 paven~n t evaluation, material evaluation, 
material proport ioning, 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 likely be in the equipment used. 
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Appendix 

A. Exerpts of a 1968 General Specification Covering 
Heater Scarification (.!~)-

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 

~ . INSPECT ION OF S !TE 

4. GENERAL REQUIREMENTS 

5. SUPERINTENDENCE 

6. EQUI PMENT 

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 
mainta ined it1 a sa Lis foe Lury 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-

7. 

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 
rolled 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 Ja.nuary 1964, 
Section 37, Bituminous Seals, Part 37-2, Slurry 
Seal, with the following exception: 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. 

8. PREPARATION 

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

9. MATERIALS 

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

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

Test procedure f.\ASHO 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(_~) . 

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 leveling 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. 

LEV ELI NG DEVI CE 

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 leveling device should be 
monitored to assure leveling 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 
overs1zed aggregate and f1n1sh the mat clos1ng 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 

Viscosity, S.S.F. AASHTO T59 
at 77°F, 

Seconds 

Sieve Test % 
Max.* 

Particle Charge 
Test 

Tests on Residue 
from ASTM 
D244-60 (Mod) 
Viscosity, cs . 
140°F 

Asphaltenes 
% Max. 

Rat1o N+Al 
P+A2 

* 

ASTM D244-60 
(Mod) 

Cal if. 343A 

ASTM D445 

ASTM D2006-65-T 

ASTM D2006-65-T 

Requirements 

15-40 

60 

Positive 

100-200 

0.75 

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 
Desi gna ti on Test Method Requirements 

Viscosity, S. F. AASHTO T59 20-100 
at 77°F, 

Seconds 

Residue, % by wt. 57-62 

Tests on Residue AASHTO T49 100-200 
per 77°F 
lOOg 5 sec. 

Ductility 77°F cm AASHTO T51 40+ 

Primer--Type 3 

The asphalt rejuvenating primer shall be composed of 
a 50/50 blend of petroleum resin oils and asphalt 
emulsified with water and shall conform to the 
following requirements: 

Specification 
Designation 

Viscosity, S.F. 
at 77°F 

Seconds 

Test Method 

AASHTO T59 

Residue; % by wt. Calif. 351 

Particle Charge Calif. 343A 
Test 

Viscosity, cp, ASTM D445 
275°F 

Asphaltenes, Calif. 352 
% Max. 

Requirements 

12-25 

50-65 

Positive 

20-65 

9-13 



DISTRIBUTOR 

The distributor should also comply with specifica­
tions. While spraying, the pressure should be high 
enough to give the desired application through uni­
fonn 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 s.quare 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 linear 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 linear foot for per­
forming all work. 

As~halt Retuvenating Agent - is ·paid for by weight 
an shall e weighed 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 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 (Ji) 

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 wheel) 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 

0 - 3499 
3500 - 4999 
5000 and Over 

Beginning and Ending Dates 

February 15 - December 15 
April l - October 31 
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 last 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 level 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 t o which 
the rejuvenating agent has been applied shaii 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 240±5 degrees F. 

METHOD OF MEASUREMENT: 

Meas1Jrement. of this work wi 11 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 maintenance 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 surf ace 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 Reclaimin~ 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, l ong 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 counnunity. 

Corrective procedures may be developed ~fter 
considering roadway sufficiency, serviceability, 
structural adequacy and physical conditions of pave-· 
ment materials. Investigations should include de-
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flection testing, field and laboratory testing of 
pavement and base materials; 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 is 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 failure 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 is 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 of ten conducted using the "Road Rater" which 
is a hydraulic test apparatus that determines the 
pavement's strength by non-destructive means. The 
machine, with warning devices, is 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 re.quire.me.nts 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 give 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. 

Results 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 it­
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 is 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 associated 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 s t reet s require~ ext~n­

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 
deficiencies, as observed during many trips over 
city streets. Adverse conditions such as cracks, 
raveling, bumps and roughness result from failure 
or deficiencies in the pavement and can be corre­
lated with deficiencies 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 gathe'red, permit development 
of recommendations. 

~listorical Recycli11g 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 
of ten 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 surf aces aggravated ecological 
problems with the public. The relative hardness 
of old asphalt pavements and the need to maintain 
a constant temperature :In a combust:l.on chamber (sub­
ject to wind and variations of the burner draft) 
made the hellter planer 11. very cllfflcult mac!tlue Lu 

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 
piobe the surface which had been heated. As burner 
cleslgus 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 it was a process which had to be close!~ 
controlled by the operator when using only one 
machine. 

Surface Recycling Advantages 

On certain 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 cracks through a thin overlay or seal coat 
will be minimized. 

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

When surface treatments or thin overlays are 
programmed, raw material is conserved 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 

Surf ace 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
sons 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 surf ace 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, oil 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 is more frequently used 
today and separates the paving operation and sur­
face recycling crew. 

Fl eating 

In either case, the process consists of passing 
one or more machine-mounted high intensity heaters 
over the surf ace 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 b tween 110 
to 150°c (230 to 300°F) with the ideal temperatu·re 
generally in the 125°c (2S0°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, high reflective 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 "i:rain facilitates scarifying. 
4, Better combustion is achieved with LPG fuel 

for cleanliness in a lightweight refractory oven. 
S. 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 
appear s gray, dried out and dull. 

The theory for surf ace 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 liq­
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 is done by removing three or 
more six inch diame ter 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 perceuLage tu determine feasibil­
ity of improving the binder qualities without over­
asphalting the layer. Regardless of the type of 
recycling agent used, the s·ame 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. 

As·pl1alt Pavement Overl ay 

Generally, in the "train" mode, a standard over­
lay follows surf ace recycling as soon as practical. 
It takes but a few minutes for the remixed material 
to cool to ambient tempera5ure, 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 pavP.mP.nt overlay mix design selected to 
cover the recycled surface requires consideration 
of its function. In areas of sparse rainfall where 
existing pavements ahow 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 moisture 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 l" minimum thickness; however, the 
upper limit can range from 2 to 4" depending upon 
the improvement to the s tructural 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 is 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. 'l'his 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 severaldaysmay 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 is 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
habili ting 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 surf ace 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 burners 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 scaritied 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 if approved by the engineer. 

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

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. 

!ne weignc of exiscing aspnaLc 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 surf ace shall be scarified 
to obtain a depth of between 3/4 and 1 inch. If 
tests indicate that the material weighs either less 
than 137 or more than 151 pounds per cubic foot, the 
weight 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 weight 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 material 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 special interest for urban work. 

Protection of Existing Improvements 

Since high temperatures are required in the sur-
f ace recycling operation, the Contractor shall exer­
cise care against possible injury or damage to exist­
ing improvements. The Contractor shall protect all 
existing 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 Contractor shall 
be repaired or replaced to the satisfaction of the 
City Engineer at no cost to the Clly. 

Smog Control 

The Contractor shall minimize the escaping of 
solids into the air by either the machine or burning 
of pavement during the heater-remixoperation. The 
machine shall be operated under a permit of the local 
Air Pollution Control District and shall not be in 
violation of Rule 1120, South Coast Air 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 
planlug Lu reuuce 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 services of a re­
gistered professional engineerand laboratory spe­
cializing 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 
reporrn shall be included in t.!te 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 paid for in square yeards of surf ace 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 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 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 H2s, 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 prior to the use of the heating 
equipment on the contaiminate area. 

5. Asphalt pavement at the work site is 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 ~IOTO OF FATIGUED SECTION 
(2" AC OVER 8" CRB) \flTH RECYCLED 
SURFACE AND J" AC BLANKET AT RIGHT, 
OVERLAY IS STILL IN SERVICE TODAY 
WITHOUT MAINTENANCE 



HEATER SCARIFYER, RAKERS AND ROLLER FORM 
CITY MAINTENANCE PROGRAM 

CLOSEUP OF RAKES SHOWING LOOSENED MATERIAL 
AND STRIKE-OFF 

RECYCLING OIL ADDED TO COMPACTED PAVEMENT 

SECOND SLURRY COAT APPLIED OVER PRETREAT­
MENT TO FINISH THIS PROJECT 

..,, 
"' 



DEEP SCARIFYING LEVELING WITH SIMPLE BLADE DRAG 

COMPACTED SURFACE AFTER RECLAMITE APPLICATIO~ 

CHIP SEAL WITH UNSEALED CONTROL SECTION IN 
FOREGROUr~D 

CLOSEUP OF 3/8" MAXIMUM CHIP TREATMENT ON 
RECYCLED PAVEMENT 

°' 0 



EXTRA LONG 30' COMBUSTION CHAMBER FOR SURFACE 
RECYCLING MATERIAL, COURTESY ASPHALT EQUIPMENT, INC . 

CLOSEUP OF RAKE PENETRATION FROM H.D. SCARIFYER 
ASSEMBLY PRODUCING l" SURFACE RECYCLING - NOTE 
SHRINKAGE CRACK AT RIGHT 
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TWO STAGE RECYCLING IN COOLIDGE, ARIZONA WITH 
2 HEATERS - NOTE CLEANLINESS OF OPERATION 

SCREED, RUBBER TIRED COMPACTOR AND OIL 
SPREADI\JG TRUCK 

\\: f ,.. 

SCREEDED NATERIAL 9 LB/SQ. FT. AT 270°F 
PRIOR TO COMPACTION 

1 

RUBBER TIRED COMPACTOR FOLLOWS CLOSE 
TO SCREED 

cr­
N 



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

CLOSEUP OF MATERIAL AND GRADUATED TEST RING 

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 conserve 
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 conserve 
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 rejuvenatin,Q; agent 
process about 12 years ago(l, 2). Before that time 
it was using the rejuvenati-;:;-g 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 environmentally 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 surf ace recycling is to develop a low modulus 
layer of bituminous material with the flexibility 
to retard the propagation 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 



scarification that we can begin to quantify the 
"structural" improvements and perhaps reduce overlay 
thicknesses accordingly when they are employed with 
the surface recycling strategy. 

When we consider the fact that we may never 
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 600C (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 is 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 therecyoled 
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 
flushing problems. 

It is further suggested that variations in road­
way surfacing be handled separately. For instance, 
maintenance 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 Criter i a 

The question is of ten 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 surf ace, 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 is 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 40% 

cracking we should begin to look at those alter­
nate strategies. 

Figure 1. Approximately 10% Cracks 

Figure 2. Approximately 35% Cracks 
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Construction Quality Contxol 

As mentioned previously, the most important as­
pect of surf ace 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 surf ace 
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 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 product. 

Average Elevation 
of Project, Feet 

0 - 3499 
3500 - 4999 
5000 and over 

Beginning and Ending Dates 

February 15 - December 15 
April 1 - October 31 
May 1 - September 30 

2. Heating Units. The number of heater units 
utilized is determined by the contractor; however. 
if all hPFltPr nnitR RrP P.C[llippPd with RCArifiprs, 
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 30.5cm (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 (3QQOF). 

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
cycli;;:g 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 l/ 4 inches) of loose or 2cm (3/ 4 inch) of 
compacted scarified asphalt mix depending upon 
specific project conditions. Deoth orobes have not 
been very satisfactory as a means of determining 
whether the proper scarification deoth 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 
1irp spt out At 70-minutP intf'rv11ls 1mr1 placPd in 11 
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 speciPication for the 
"Recycling of Existing Bitwninous Surface" can be 
obtained from the author or is available on a 
report given to the Asphalt Recycling & Reclaiming 
Association(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 01·igiual wl<lLh u[ 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 Emulsified Asphalt. 



Future Needs 

As has been said before "no-thing 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 recycling. 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 waterproofing the base aggregate 
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 
of conventional materials and techniques (Figure 1). 
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). Federal Highway Admin­
istration sponsored programs include: Demonstration 
Project No. 39, "Recycling Asphalt Pavement" (3, 4); 
Demonstration Project No. 47, "Recycling 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 studies 
(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 .. A ... sphalt 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 
purpose in a roadway" (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-PavemPnt S11rface Recycling. One of 



several methods where the surface of an existing as­
phalt pavement is planed, milled, or heated in­
place. In 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 Recycling. 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: 

1. Ability to achieve significant pavement 
structural improvements, 

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

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. 

Future of Cold-Mix Recycling. During the last 
10 years highway construction, rehabilitation and 
maintenance costs have increased by a factor of 
nearly three. Funding at the federal, state and 
local level during this same time period has in­
creased slightly. Therefore, it is critical that 
each available dollar be expended in the most cost­
ef f ective manner. 

This funding situation which is expected to con­
tinue through the next few years is forcing govern­
mental agencies to expend the available funds for 
roadways on rehabilitation and maintenance opera­
tions. Since recycling is a cost-effective reha­
bilitation and maintenance alternative, the future 
for all forms of pavement recycling is encouraging. 
Recycling will capture an increasing proportion of 
the estimated 34 billion dollars expended on high­
ways in the United States. 

Cold recycling will capture .a significant share 
of those funds expended on recycling. The advan­
tages listed above make cold recycling a prime can­
didate for roadways without surfaces and roadways 
with this asphalt bound wearing surfaces. Table 2 
indicates that 48 percent of our nation's 3,884,761 
miles of road are non-hard surfaced (21). An ad­
ditional 28 percent of the roads are surfaced with 
thin layers of bituminous materials. Since several 
surface recycling operations can not be used on thin 
surfaced and non-hard surfaced pavements and since 
large scale hot-mix recycling operations may not be 
economical on thin surf aced and non-hard surf aced 
pavements, "the future for cold recycling is very 
promising." 

Methods, Equipment and Quality Control 

In-place recycling of old asphalt concrete and 
portland cement concrete pavement is not a new con­
cept. Almost every state has used conventional 
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construction equipment such as bulldozers, vibratory 
compactors, rollers, etc., to crush old pavement and 
combine it with a portion of the existing base or 
subbase to form a reconstituted structural layer. 
Development of pulverizing equipment and'processing 
techniques are among the more important recent re­
finements of in-place recycling. 

The various alternatives for in-place pavement 
recycling with no additional heat are shown in 
Figure 2. Stabilizers such as lime, cement, as­
phalt, and other.chemicals have been used in these 
processes. Use of cement as stabilizers for re­
cycled bases and surfaces dates to 1942 (22). Use 
of asphalt with recycled material probably dates to 
the early 1940's, although the most recent work in­
dicates 1966 (23). States that have performed in­
place recycling of the type described include 
Arkansas, California, Florida, Illinois, Indiana, 
Kansas, Kentucky, Louisiana, Maine, Michigan, 
Nebraska, Nevada, New Jersey, New York, Pennsylva­
nia, Tennessee, Texas and Washington. Probably 
all states have recycled existing bases and surf aces 
without the addition of a stabilizer. 

Methods (In-Place). The basic sequence of oper­
ations for in-place surface and base recycling is 
shown in Figure 2. As noted the separation of tech­
niques is based on the thicknesses of the surface 
course (stabilized material). When the thickness 
of the stabilized layer is approximately ' 2 inches or 
lP.ss, pulverization can be performed without a rip­
ping and breaking operation. Pulverization of 
stabilized materials at depths greater than 2 inches 
can be performed economically with special equip­
ment. Cold milling machines and specially altered 
soil stabilization equipment can pulverize to depths 
of about 5 to 7 inches economically. 

The second separation of in-place recycling 
techniques is based on the use of a stabilizing 
agent. The stabilizer is most often an emulsified 
asphalt, lime, cement or fly ash in combination with 
lime or cement. 

Experimental models of recently designed ma­
chines now make it possible to pulverize, add and 
mix a stabilizer and grade the surface in a single 
pass - single machine operation. The appearance of 
these types of machines in everyday practice will 
reduce costs and traffic disruption. 

The literature indicates that a number of con­
struction sequences have been utilized to complete 
the essential steps of pulverization, adding and 
mixing stabilizers and grading and compacting the 
recycled material. Figures 3 and 4 present typical 
operations. Figure 3 shows the recycling operation 
using no additional stabilizer but adding existing 
base and/or new aggregate to the processed bitumi­
nous bound material . Figure 4 shows the recycling 
operation using a stabilizer, the existing base and/ 
or new aggregate. Note that a recycling agent or 
modifier has been added to the pulverized recycled 
bituminous bound material prior to the addition of 
the existing and/or new base. 

With the advent of new equipment it is not un­
usual to pulverize with one machine in one pass and 
add stabilizer and mix with a second machine. What­
ever the sequence of operation used in cold recy­
cling the major operations consist of 

1. Pulverization, 
2. Adding and mixing stabilizers or water, 
3. Fine grading, 
4. Compaction and 
5. Curing. 

Equipment Rssoc.fatP.d with t·hPsP opPrations will be 

briefly discussed in another section of the report . 

Methods (Central Plant). Central plant cold re­
cycling operations are very similar to those per­
formed in-place. Pulverization of the recycled 
material can take place 1) on grade as part of the 
pavement removal operation, 2) on grade after ini­
tial ripping and breaking or 3) at the site of the 
central plant after initial ripping and breaking has 
taken place on-grade. Typical cold-central plant 
operations are shown in Figure 5. 

Central plant mixing operations afford the best 
opportunity to produce uniform stabilized materials 
and can achieve close to 100 percent mixing ef f i­
ciency as measured by the strength of the treated 
soil measured after field versus laboratory mixing. 
Of the two major types of central plants, the batch 
plant will normally have better uniformity and con­
trol than the continuous plant. However, contin­
uous plants are used more often than batch type 
plants due to their high production capabilities. 

equipment. The types of equipment used for in­
place recycling are very similar to those used for 
on-grade stabilization with lime, cement or asphalt. 
Generally, the only specialized equipment is that 
used to properly size bound materials prior to 
stabilization. 

Typical soil stabilization construction equip­
ment is identified in Figure 6 and identified with 
type of stabilizer in Table 3 (24). Excellent 
general summaries of soil stabilization construction 
equipment and construction operations can be found 
in References 25 and 26 for lime stabilization oper­
ations, References 27 and 28 for lime-fly ash, 
Reference 29 for cement stabilization and Reference 
30 for asphalt stabilization (24). 

As indicated above pulverization and pavement 
removal equipment developments have greatly con­
tributed to the economic viability of cold recycling 
operations. John Wood's paper "Equipment for Cold 
Recycling" (31) presented at this conference sum­
marizes equipment developments unique to cold re­
cycling. A brief summary will be presented here for 
completeness. 

Categorization of pavement removal and pulveri­
zation equipment commonly associated with cold 
recycling operations is shown in Figure 7 (1). It 
should be noted that the majority of this equipment 
is associated with either surface recycling or soil 
stabilization operations. 

Heater-Planers and Heater-Scarifiers. Heater­
planer and heater s'carification is an outgrowth of 
equipment developed by Gibbons and Recd Contractors 
of Salt Lake City in the 1930's (32). Advancements 
in equipment technology have been made and now in 
excess of 10 companies have developed this type of 
equipment (1). Bituminous bound materials removed 
from heater-planer and heater-scarification equip­
ment have been used without the addition of stabi­
lizers on shoulder, as pavement base courses and for 
maintenance patching. This type of equipment is 
normally not used as a pavement removal process for 
cold recycling operations. 

Hot-Millers. Hot-milling has not been used ex­
tensively in the United States. The process is 
limited to asphalt - surfaced roadways and has not 
been used extensively as a pavement removal process 
for cold recycling operations. Wirtgen and the 
Millars Company manufacture equipment. 



Cold-Planing. Motorgraders have been used to 
plane asphalt pavements in the summer months. These 
materials have been reused to a limited extent. 

A pavement planer capable of being used for cold 
recycling operations is under development by Enviro­
dyne in Reno, Nevada (1). This planer removes pave­
ment by use of the vibratory beam concept. 

Cold-Milling. Cold-milling equipment has been 
used extensively for pavement removal and pulveri­
zation. Much of this equipment has been developed 
since 1973. Most of the larger units were not de­
veloped until after 1976. CMI, Barber-Greene and 
BARCO presently manufacture larger machines while 
BJD, Cutler, Galion, Payne, Reconeco and Sakai are 
some of the manufactures of smaller cold planers. 
One company is developing a machine capable of pave­
ment removal, pulverization, adding stabilizer, 
mixing and laydown in a single pass. 

Pavement Rippers. Typically pavement ripping is 
performed by crawler tractors pulling one to two 
ripper teeth. Large scale trenching tools have been 
used for pavement loading on at least one job in 
Nevada. 

Traveling Hammer Mills. Traveling hammer mills 
have been developed and used for cold recycling 
operations by Pettibone and Independent Construction 
Company (1). This equipment is often used to pul­
verize the ripped and windrowed pavement. 

Soil Stabilization Equipment. Some contractors 
have improved existing soil stabilization equipment 
with or without the cooperation of soil stabili­
zation mixing equipment manufacturers. This equip­
ment is capable of pavement removal and pulveri­
zation in a single pass. Pulverization can be 
obtained to depths of 5 inches in stabilized materi­
als. Old P&H pulver-mixers, Koehring and Pettibone 
equipment has been upgraded by contractors and 
equipment manufacturers. Considerable detail on 
these commonly used cold recycling equipment items 
can be found in John Wood's paper. 

Quality Control 

The objective in cold recycling is to obtain a 
thorough mixture of a pulverized pavement (with or 
without new aggregate) with the correct quantity of 
stabilizer (if used) and sufficient fluids to per­
mit maximum density during compaction. To achieve 
these ends equipment must be selected, operated and 
sequenced to provide the following: 

1. Pulverization of recycled pavement material, 
2. Proper water content (uniformly mixed), 
3. Proper stabilizer content (uniformly mixed), 
4. Attainment of some minimum specified 

density, 
5. Favorable temperature and moisture condi­

tions for strength development during the curing 
period and 

6. Protection of the stabilized surface from 
traffic to prevent abrasion and to ensure adequate 
time for strength development. 

Specifications. Guide specifications have been 
prepared for and are contained in Reference 1 for 
the following cold recycling operations (1): 
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1. In-Place Recycling of Existing Asphalt Sur­
face and/or Existing Base (Subbase) Without Chemical 
Stabilization. 

2. In-Place Recycling of Existing Asphalt Sur­
face and/or Existing Base (Subbase) Employing Lime 
Stabilization. 

3. In-Place Recycling of Existing Asphalt Sur­
face and/or Existing Base (Subbase) Employing 
Portland Cement Stabilization. 

4. In-Place Recycling of Existing Asphalt Sur­
face and/or Existing Base (Subbase) Employing 
Asphalt Stabilizers. 

Other specifications can be obtained from references 
cited in this report or from governmental agencies 
conducting cold recycling operations as identified 
herein. 

A review of the specifications contained in the 
literature will indicate that they were largely de­
veloped from soil stabilization specifications and 
quality control guides. At present sufficient data 
are not available to develop statistically based 
quality assurance specifications for recycling oper­
ations. Potential quality control problem areas 
associated with cold recycling operations are: 

1. Depth of pavement removal, 
2. Degree of pulverization, 
3. Control of additional binder, 
4. Control of recycling agent, and 
5. Distribution of additional binder and/or 

stabilizers. 

Cl i ma t ic and Safety Considerations . The use of 
lime, lime-fly ash, portland cement, cement-fly ash 
and asphalt stabilizers in cold recycling opera­
tions have certain climatic limitations and con­
struction safety precautions. These limitations 
and precautions are listed on Table 4. Climatic 
limitations include minimum temperatures of about 
40°F and sufficient time before the first freeze to 
prevent damage to newly stabilized layers. Flash 
and fire points should be considered when handling 
bituminous materials and protective clothing worn 
at all times when lime and portland cement are 
utilized. 

Mixture Design 

In-place and central plant cold recycling oper­
ations will often make use of chemical additives 
such as lime, portland cement, asphalt cement and/ 
or recycling agents to improve the engineering 
properties of the recycled materials. Selection of 
this type of additive or stabilizer and the amount 
for a given recycling project is of concern to the 
engineer. This section of the report describes a 
soil stabilization index system (SSIS) which was 
developed for the U. S. Air Force by Texas A&M 
University (33), later modified by the Air Force 
Academy (34) and utilized in a FHWA soil stabili­
zation manual (24). This index system can be used 
to select the type and amount of stabilizer to be 
used for a given recycled material. 

Type of Stabilizer. Figure 8 provides a sta­
bilizer selection procedure based on the percent 
passing the No. 200 sieve and the plasticity index 
(PI). Based on these criteria it is evident that 
the majority of the cold recycling projects uti­
lizing stabilizers will use either lime or bitumi­
nous materials. The use of bituminous materials 
may involve selection of an appropriate recycling 
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agent (softening agent). 
After an appropriate stabilizer or appropriate 

stabilizers are selected, design sub-systems can be 
used to select the amount of stabilizers. Appro­
priate test methods and criteria are briefly out­
lined for each type of stabilizer. Detailed infor­
mation can be found in Reference 24. Design sub­
systems for lime, portland cement and asphalt 
stabilization follow. Design sub-systems for lime­
fly ash and cement-fly ash are contained in 
Reference 24. 

Lime Stabilization . The design sub-system for 
stabilization with lime is shown in Figure 9. The 
procedures for the nonstandard tests are outlined in 
Reference 2. 

The design curve for the freeze-thaw test and a 
correlation curve between three-cycle freeze-thaw 
strength and vacuum immersion strength are shown in 
Figures 10 and 11, respectively. The purpose of 
Figure 10 is to allow the interpolation of the 
freeze-thaw strength loss a fter a predicted number 
of freeze-thaw cycles from three freeze-thaw cycles 
in the laboratory. 

The family of design curves in Figure 10 was 
developed from an extensive testing program (34). 
These curves showed that the additional strength 
loss after 7 cycles was negligible. 

In using Figure 10, first determine the expected 
number of freeze-thaw cycles during the first winter 
after rehabilitation then interpolate along the 
appropriate design curve from the laboratory 
strength loss after 3 cycles to that after the ap­
propriate number of freeze-thaw cycles (streng th 
loss is the difference between the reactivity test 
strength and the strength after the f reeze-thaw 
cycle). 

Figure 11 allows use of vacuum immersion in lieu 
of fre e ze-thaw. The streng tl1 loss l s determi ned as 
described above. Table 5 contains the minimum re­
sidual strength criteria that must be maintained. 

Cement Stabilization. The modified SSIS cement 
design sub-system is as shown in Fi gure 12. The 
MacLean and Sherwood pH test discussed below is the 
only nonstandard test procedure employed. However, 
if a high sulfate content is suspected in the soil 
to be stabilized, a check on the amount of sulfate 
present should be made . An upper limit of 0 . 9 
percent is set for sulfate content (33). The turbi­
dimetric method used to determine sulfate content 
can be found in Reference 2. Because of the nature 
of the test it is only warranted when a high sulfate 
content is suspected. 

After the soil cement mixture has been checked 
fur dele t erious organics content, standard PCA 
procedures are followed (36). In the base course 
procedure the wet-dry test is often much less 
severe than the well-established freeze-thaw test 
(34). Therefore, solely the PCA freeze-thaw weight 
loss criteria is suggested for use for base course 
design (Table 6). 

Asphalt Stabilization. Asphalt binders present 
in recycled pavements often contain physical and 
chemical properties which make the "old" asphalt 
undesirable for reuse without modification. Mate­
rials have been developed to restore these old 
binders to a condition suitable for reuse. This 
concept is not new and has been the subject of a 
number of extensive studies during the last several 
years (37-44). 

Materials used to alter properties of asphalt 

cements have been called softening agents, re­
claiming agents, modifiers, recycling agents, flux­
ing oils, extender oils, aromatic oils, etc. Most 
of the major oil companies market products of this 
type will be used to designate this type of ma­
terial in this report and originate from ASTM Sub­
committee D4.37 (Modifier Agents for Bitumen in 
Pavements and Paving Mixtures). The general defi­
nition of modifier is "a material when added to 
asphalt cement will alter the physical-chemical 
properties of the resulting binder." A more spe­
cific definition has been developed by the Pacific 
Coast User-Producer Group for the term "recycling 
agent." A "recycling agent" is a hydrocarbon 
product with physical characteristics selected to 
restore aged asphalt to requirements of current as­
phalt specifications (45). It should be noted that 
soft asphalt cements, as well as specialty prod­
ucts, can be classified as recycling agents or / 

modifiers. 
The purpose of the modifier in asphalt pavement 

recycling is to: 

1. Restore the recycled or "old" asphalt char­
acteristics to a consistency level appropriate for 
construction purposes and for the end use of the 
mixture, 

2. Restore the recycled asphalt to its optional 
chemical characteristics for durability, 

3. Provide sufficient additional binder to coat 
any new aggregate that is added to the recycled 
mixture and 

4. Provide sufficient additional binder to 
satisfy mixture design requirements. 

The design method outlined below allows the 
engineer to select the types and amount of bitumi­
nous modifiers to produce the desired mixture (46). 

The proposed method is applicable for both hot 
and cold recycling operations a nd includes modifiers 
such as softening agents, rejuvenators, flux oils 
and soft asphalt cements. The method consists of 
the following general steps: 

1. Evaluation of salvaged materials, 
2. Determination of the need for additional 

aggregates, 
3. Selection of modifier type and amount, 
4. Preparation and testing of mixture s and 
5. Selection of optimum combinations of new 

aggretates and asphalt modifiers. 

The overall philosophy of this approach is to 
utilize the recycled materials, new aggre5ate and 
modifier to produce a mixture with properties as 
nearly like a new asphalt concrete mixture as pos­
sible. Standard test methods have been utilized 
where possible. The mixture design procedure is 
shown in Figure 13 and has been modeled after that 
suggested in Keferences 37 to 42. The circled num­
bers on the flow diagram refer to the steps pre­
sented below. 

Field Samples (1). Representative field samples 
should be obtained from the pavement to be recycled. 
A visual evaluation of the pavement should be made 
together with a review of construction and mainte­
nance records to determine significant differences 
in the material to be recycled along the pavement 
section. Roadway sections with significant differ­
ences in materials should not be lumped together 
because uniformity and predictability of results 
will be impaired. Locations within a project can be 
dete rmined on a random basis using the procedure 
outlined in Reference 46. At leAst ~ nr 6 lnrAtions 



should be used as a minimum and a total composite 
sample of about 200 lbs. is recommended for labo­
ratory evaluation. If desired, core samples may 
also be obtained and used for comparison of origi­
nal and recycled propertles such as stability and 
resilient modulus (~) (47). 

Extract and Recover Asphalt and Aggregate (2). 
Extraction and Recovery tests should be performed 
at each location sampled. Results of these tests 
(penetration, viscosity, asphalt content) together 
with thickness measurements made from the cores 
should help determine the uniformity of the section 
under consideration for recycling. Sufficient as­
phalt should be recovered to permit blending with 
asphalt modifiers for further testing. 

Aggregate Properties (3). Aggregate recovered 
from the samples in step (2) above should be tested 
for gradation, durability such as Los Angeles 
Abrasion and Polish Value if the recycled mixture is 
to be utilized as a surface course. These data can 
be used to establish project uniformity together 
with the recovered asphalt data obtained in step 
(2). 

New Aggregate (4). New aggregate may have to be 
added to the mixture for one or more of the follow­
ing purposes: 

1. Satisfy gradation requirements, 
2. Skid resistance requirements for surface 

courses, 
3. Air quality problems associated with hot, 

central plant recycling, 
4. Thickness requirements and 
5. Improved stability, durability, flexibility, 

etc. 

Gradation requirements for recycled mixtures should 
be those presently required by the specifying agency 
or those in ASTM D3515. 

To provide initial and long lasting skid resis­
tance for the recycled bituminous surface course, it 
may be necessary to blend coarse non-polishing ag­
gregate with the recycled pavement. It appears as 
if 40 percent by volume of the plus No. 4 fraction 
should be non-polishing to provide the desired skid 
performance on moderate to high traffic volume 
facilities. 

Replacing the recycled pavement with a thicker 
section of asphalt stabilized material may be re­
quired from a structural pavement design standpoint. 
This can be accomplished by blending new aggregate 
with the recycled material or by the addition of 
layers of new asphalt stabilized materials. 

Asphalt Demand (5). The asphalt demand 
proposed recycled material can be estimated 
following equation: 

where: 

and 

of the 
from the 

(1) 

(2) 

DR asphalt demand for salvaged or recycled 
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aggregate, percent 
D = CKE derived Oil Ratios for salvaged or 

CKE 
recycled aggregate, percent 
~ = asphalt content of salvaged or recycled 

aggregate 
DN = CKE derived Oil Ratios for new aggregate, 

percent 
VR volume of recycled aggregate in mixtures 

v = volume of new aggregate in mixtures 
N 

It should be noted that if new aggregate is not uti­
lized, Equation 1 becomes Equation 2. 

The asphalt demand determined in this manner 
should be considered an estimate and can be used as 
a starting point for mixture design purposes. It 
should be noted that the asphalt demand will be 
satisfied by the modifier as specified in Tables 7 
and 8. These modifiers can be softening agents, 
asphalt cements or blends of softening agents and 
asphalt cements or emulsified products. 

Asphalt Properties (6). Asphalt recovered from 
the samples in step (2) above should be tested for 
penetration at 77°F and viscosity at 140°F. Asphalt 
content, penetration and viscosity should be deter­
mined on all extracted samples. These data can be 
used to determine project uniformity 

Determine Type and Amount of Modifiers (7) (8). 
The type and amount of modifiers can be selected by 
utilizing Figure 14 and Tables 1 and 2 (48) together 
with a definition of the penetration or preferable 
viscosity of the binder in the processed recycled 
mixture and a knowledge of the asphalt demand of the 
recycled mixture which was obtained in step (5), 
Equation 1. For example, assume the following: 

1. CKE Oil Ratios on extracted salvaged or re­
cycled aggregate, DCKE = 5.0% 

2. Percent asphalt in salvaged or recycled 
material, ~ = 4.0% 

3. Viscosity of aged asphalt 20,000 poises 
4. Additional new aggregate, VN = 30% 

5. CKE Oil Ratio of new aggregate, DN = 6.0% 

6. Desired viscosity of recycled asphalt = 

2,000 poises 

From Equations 1 and 2 the following asphalt 
demand can be calculated: 

DT VRDR + VNDN 

DR DCKE - AR 

DR 5.0 - 4.0 = 1.0 

DT (.70) (1.0) + (.30) (6.0) 

DT 2.5% 

(1) 

(2) 

The maximum predicted percent modifier by weight 
of total binder in the recycled mixture is there­
fore: 
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25 
(. 70) (4.0) + 2 . 5 x lOO 

47% 

By use of Figure 14 the viscosity of the modifier 
can be approximated. The figure is entered with the 
volume percent of lower viscosity modifier (47%) and 
the desired viscosity of the recycled binder to lo­
cate Point A. Point -A is connected with the viscos­
ity of the recovered salvaged binder and the line 
projected to obtain the viscosity of the modifier. 
Table 1 indicates that modifier grade RA 5 would 
likely be suitable. 

It should be noted that new asphalt cement and a 
softer modifier could be utilized to form the new 
binder provided air quality requirements can be met. 

Modifier Tests (9). Samples of modifiers to be 
used on the job should be obtained and subjected to 
tests to establish their conformance to specif ica­
tions (Table 7 or 8) as well as establish the vis­
cosity of the modifier in order to obtain a more 
realistic modifier content (Figure 14). 

Blend Modifier With Recovered Asphalt (10). The 
modifier which may consit of an asphalt cement and 
softener should be blended with the recovered as­
phalt and subjected to viscosity and penetration 
tests to determine if the precicted viscosity (pen­
etration) of the blend was accurate. It is sug­
gested that two blends, one 5% above and one 5% 
below the pPr"f'nt. rf'r.yd.ing agent determined in 
steps (7) and (8) be made. About 75 to 100 grams of 
recovered asphalt for each blend should be utilized. 
A third blend may be required to confirm the desired 
viscosity or penetration. 

Some recy cling base stock modifiers may not be 
compatible with the salvaged asphalt. Therefore, a 
thin film oven test should be performed on the 
selected recovered recovered salvaged asphalt-modi­
fier blend. A ratio of the aged viscosity to origi­
nal viscosity of less than 3 will indicate that t he 
recycling agent is likely to be compatible with the 
recovered salvaged asphalt. 

Preliminary Mixtures (11). Five different mix­
tur es of recycled aggregate , new aggregate if de­
sired, and modifier should be fabricated. Three 
samples of each mixture should be fabricated and 
subjected to stability t esting and tests to deter­
mine the air void content. These preliminary tests 
should vary the percent new asphalt cement and/or 
the type and amount of modifiers. It is helpful to 
have an experienced engine er present during the 
mixing and molding operation as subsequent trial 
mixtures may depend upon the appearance of the first 
few trial mixtures. It should be realized that the 
modifiers often have a delayed softening reaction. 

Standard mixing and molding operations should be 
utilized. An oven curing procedure after mixing and 
prior to compaction such as that used in California 
appears to be desirable. 

Detailed Mixture Evaluations (12). The three 
most promising mixtures evaluated in step (11) 
should be evaluated in detail for properties which 
can be used in pavement thickness design and for 
durability considerations such as water susceptibil­
ity. The testing plan as shown in Figure 15 can be 
used as a guide. The amount of testing will depend 
upon the capability of the agency considering the 

recycling project. However, the authors feel that 
extraction and recovery tests are important as well 
as resilient modulus tests. 

Properties of the extracted and recovered bitu­
minous material from the laboratory prepared and re­
cycled mixture are an indication of the compatibili­
ty and durability of the recycling modifiers. Pre­
liminary laboratory testing has indicated that 
extraction and recovery tests will identify poten­
tial problems between the "old" asphalt and the 
modifier that tests performed on the blend of "old" 
asphalt and modifier do not identify. 

The resilient modulus appears to be the best 
single test to identify the effect of the modifier 
on the mixture. This test is sensitive to the 
properties of the binder and will help define the 
amount of modifier required to produce a binder of 
known consistency. Resilient modulus values of the 
order of 200,000 to 400,000 psi (measured at 77°F, 
0.0 record load duration) are typical of recycled 
mixtures blended with modifiers to produce binders 
equivalent to AC-10 asphalt cements. 

Select Optimum Mixture Design (13). The optimum 
mixture design should be based on results of steps 
(11) and (12) and economic and energy considera­
tions. Reference 46 can be used as a general guide. 
In general, final mixture designs should be based on 
stability requirements and air void criteria; how­
ever, the resilient modulus versus temperature re­
lationship shoul be considered. The resilient mod­
ulus versus temperature relationship should be 
considered. The resilient modulus should be below 
about 900.000 psi (77°F and 0.1 second load dura­
tion). 

Mixture Containing Emulsified Modifiers. The 
above discussion has been primarily directed toward 
the use of recycling agents specified in Table 7 in 
cold operations. Recycling in central plants or in 
place with emulsified modifiers is also an alter­
native that is considered one number of projects. 
The design of mixtures containing emulsions r equi r ed 
special considerations as outlined below: 

1. The properties of the base modifier should 
be used in step (7) to determine the type and amount 
of emulsified modifier to be used 

2. The modifier sample tested in step (9) 
should be subjected to those tests required for 
specification compliance. Table containes an 
example specification for emulsified modifiers, 

3. The base modifier should be used for the 
blends prepared in step (10). Tests should be per­
formed as outlined in step (10), 

4. Mixing and t e sting o f recycled mixtur e s con­
taining emulsified modifiers should be performed 
according to procedures outlined in Reference 49. 
Of the 11 methods identified in the reference it is 
suggested that The Asphalt Institute Method be 
utilized. Curing of the samples prior to testing is 
critical and should be closely followed and 

5. Criteria for mixture designs are shown in 
Table 9. These criteria should be used on an in­
terim basis. 

Pavement Design 

Pavements containing cold recycled layers should 
be designed using me t hods whi ch are capable of con­
sidering the load carry capability of stabilized 
materials. Design procedures advanced by the 
American AssnriRtion of State Highway and 



Transportation Officials (AASHTO) (50), U. S. Forest 
Service (51), The Asphalt Institute (52), Arizona, 
California, Illinois, Louisiana, New Mexico, Ohio, 
Texas, Utah (53) and Wyoming have developed proce­
dures in which pavement layer coefficients are 
utilized for thickness determination. 

Layered elastic approaches can also be utilized 
for the design of pavements containing cold recycled 
materials. Methods available for use in manual form 
include those developed by Chevron (54), Shell (55) 
and the Federal Highway Administration. Reference 
56 contains descriptions of these methods and is a 
good reference for pavement design. 

Because of its general widespread acceptability 
and use the AASHTO method of pavement design has 
been utilized in this paper. A brief description of 
the method follows. 

AASHTO Me tbod. The AASHTO design procedure is 
based on the AASHTO Road Test in Ottawa, Illinois, 
and on latter satellite programs. The "AASHTO 
Interim Guide for Design of Pavement Structures, 
1972" (50) along with National Cooperative Highway 
Research Program (NCHRP) Report 128 which reports on 
data accumulated by State Highway Departments since 
1961 (57) and Highway Research Board Special Report 
73 (58) form the background for the procedure. 

Figure 16 shows the nomograph solution to the 
pavement design equations resulting from the AASHTO 
Road Test and with terminal serviceability index 
values (PE) values of 2.0 and 2.5. The nomograph 
solution is obtained by first finding the unweighted 
structural number (SN) on the center scale for a 
given soil support value (S) and total equivalent 
18-kip single axle loads (Wt18). The unweighted 
structural number value is then corrected by the 
regional factor (R) to determine the required design 
structural number (SN). The structural number can 
then be utilized to calculate pavement layer thick­
nesses. A description of each term associated with 
the nomographic and the method used to determine 
pavement layer thicknesses follows. 

Terminal Serviceability. As noted in the design 
nomograph, commonly used values of the terminal 
serviceability are 2.0 and 2.5. The Pt value is the 
lowest serviceability that will be tolerated on the 
road at the end of the traffic analysis period be­
fore resurfacing or reconstruction is warranted. 
For major highway facilities a value of 2.5 is rec­
ommended while a Pt = 2.0 is suggested for lesser 
traffic volume roads. Normally it is recommended 
that the Pt value selected should never be less than 
2.0. For minor highways, the approach is to keep 
Pt = 2.0 but reduce the traffic analysis time 
period. 

Soil Support Value (S). The arbitrary manner in 
which the soil support scale was introduced into the 
AASHTO design procedure is discussed in the litera­
ture (57, 58). Because this input value (S) cannot 
be directly obtained by testing, each design agency 
using the guide must establish correlations between 
standard soil tests (e.g., CBR, R, triaxial 
strength) and soil support value. Figure 17 illus­
trates such a correlation. Figure 17a is based on a 
Utah study while 17b is based on a layered elastic 
study (57). A close examination of these two 
studies shows that even though the two are in fairly 
good general agreement, differences in (S) for a 
given soil test procedure do occur. This fact il­
lustrates the obvious necessity to use as much en­
gineering judgement as possible with the selection 

of the soil support value. 

Equivalent Wheel Load Repetition (Wt18). For 
the AASHTO design method, mixed traffic within a 
given period of time (termed the traffic analysis 
period) is accounted for by equivalent damage fac­
tors relative to the standard 18-kip single-axle 
load (see Reference 56, Chapter 4). 
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Traffic may be equated to daily 18-kip load ap­
plications if a common 20-year traffic analysis pe­
riod is selected or it may be expressed as the total 
18-kip load applications within the traffic analysis 
period. Equivalency factors, and hence Wtl8 appli­
cations, are a function of p and SN. For most de­
sign problems, an SN value of 3.0 may be assumed for 
the equivalency analysis. This value will normally 
result in an overestimation of the Wtl8 but in gen­
eral, the resulting error will be insignificant. 

Regional Factor. The regional factor was placed 
into the AASHTO design procedure to allow for its 
use in climatic environments other than the one that 
existed during the Road Test. In its present form, 
the R value constitutes a fairly significant input 
value but unfortunately is one that, at present, is 
not well documented. Based upon an analysis of the 
Road Test results dealing with the rate of loss of 
serviceability during various climatic periods dur­
ing various climatic periods during the testing, 
typical values of R were developed by the AASHTO 
guide. These values are shown in Table 10. Based 
on an NCHRP state evaluation study of the AASHTO 
design guide (57), a generalized R value contour map 
has been developed for the U. S. (Figure 18). In 
most cases, the selection of the proper R value must 
be based upon the local conditions of the highway in 
combination with the judgement of an experienced 
engineer. The recommended range in R by the AASHTO 
design guide for U. S. conditions is from 0.5 to 
4.0. 

Structural Number (SN). The SN is defined as an 
index number derived :from an analysis of traffic, 
road-bed soil conditions, and regional factor that 
may be converted to thickness of various flexible­
pavement layers through the use of suitable layer 
coefficients related to the type of material being 
used in each layer of the pavement structure. The 
layer coefficient (designated by a1, a2, and a3, 
for surface, base and subbase, respectively) is the 
empirical relationship between SN for a pavement 
structure and layer thickness, which expresses the 
relative ability of a material to function as a 
structural component of the pavement (50). 

Analytically, the SN is given by 

where the D1 values are the respective layer thick­
nesses. 

At the AASHTO Road Test, four types of basic 
materials were used in the study: crushed stone, 
gravel, cement-treated gravel, and bituminous­
treated gravel. Based upon the results of the study 
along with an estimation from results of special 
base studies at the test, layer coefficients were 
established by the AASHTO Committee on Design and 
are shown in Table 10. 

Since the initial publication of the layer co­
efficients, several state highway departments and 
trade agencies have developed their own layer co­
efficients for materials commonly used by their 
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respective agencies. Based upon the NCHRP evalua­
tion study of the AASHTO design guide (57), nomo­
graphic solutions of the layer coefficients have 
been proposed from a combined analysis of individu­
al state highway results and a theoretical multi­
layered elastic analysis. These nomographs are 
shown in Figure 19 and are presented as guides in 
assessing relative changes in the a1 values as the 
measured test response of the material varies. 

Since the solution of the AASHTO equation in a 
design, SN, it should be realized that any combina­
tion of layer thicknesses and material types satis­
fies the design equation. However, Van Til, et al. 
(57) have advocated that, since the flexible pave­
ment is a layered structure, each layer must be 
checked to insure that an adequate thickness of 
proper material is provided as cover. This logic 
parallels that of the CBR design method in which the 
thickness of pavement above any specific layer must 
be such that excessive stresses (greater than the 
strength) do not occur in that layer. 

Figure 20 illustrates the suggested procedure 
for checking the pavement design on this layered 
concept. In essence, the procedure is to select ap­
propriate S1 values for each layer and then compute 
the required SN1 value from the design equation or 
nomograph. By using the differences in SN between 
the computed SN required over each layer, the mini­
mum allowable thickness of any given layer must be 
obtained. 

Minimum Layer Thicknesses. The suggested mini­
mum layer thicknesses for surface, base and subbase 
course are 2, 4 and 4-inches, respectively. These 
minimums are based primarily upon construction and 
maintenance considerations. Obviously, the minimum 
thickness for the subbase layer is only applicable 
when such a layer is used in the pavement structure. 

Coefficieni:s for Recycl ed Materials. From the 
above discussion it is apparent that determination 
of layer coefficients for cold recycled materials 
is important if pavement structures are to be de­
signed properly. Since cold recycling produces 
materials very similar to those produced by conven­
tional stabilization operations, a summary of co­
efficients has been prepared for stabilized mate­
rials and is shown in Table 12. Layer coefficients 
for recycled materials have been recently calcu­
lated at Texas A&M University (2, 59, 60, 61). 
Table 13 presents a summary of these data obtained 
for various types of recycling operations. Struc­
tural coefficients for cold recycled materials con­
taining bituminous binders are shown in Table 14. 
These coefficients were determined from laboratory 
measured properties of field cores according to the 
method explained in References 2 and 20. 

Table 15 contains structural coefficients for 
cold recycled materials containing lime, cement, 
asphalt and SA-1 binders. These coefficients were 
determined from in-situ deflection testing accord­
ing to the methods explained in References 2 and 20. 
Structural ratios based on stiffness of cold re­
cycled materials are shown in Table 16 (2, 60). 

It should be recognized that the structural 
layer coefficient is not only dependent on the 
material properties of the layer in question but 
also on the material properties of the other layers 
in the system, the thicknesses of the other layers 
and the material properties of the subgrade. In 
turn, since the elastic material properties of the 
other layers may be either stress sensitive, tem­
perature sensitive or both, the structural coef­
ficients are also a function of the type and magni-

tude of loading and the climate . 

Properties of Cold Recycled Materials. Typical 
properties of cold recycled materials are available 
in the literature and unfortunately have been re­
ported on a job by job basis. Preparation of a 
summary table of these data would be almost meaning­
less because of the variety of molding, curing and 
testing techniques utilized by the various agencies. 
Data are, however, being generated at Chevron, 
Purdue University and Witco Chemical (among others) 
for a wide range of materials. Comparison of these 
data which are not available in the literature in­
dicates that cold recycling materials can be pro­
duced which meet the commonly accepted criteria used 
for stabilized soils. 

Resilient moduli data have been obtained on a 
number of core samples obtained from cold recycled 
pavements in California, Kansas and Texas. These 
data were obtained over a temperature range and are 
reported in Reference 2. Figures 21 to 25 illus­
trate typical results for cement, cut-back and emul­
sion stabilized projects. It is interesting to note 
that low percentages of cement introduced into mix­
tures does not greatly effect the temperature 
dependence of the resulting recycled mixture. 

Economics and Energy 

Selection of the most appropriate rehabilitation 
or maintenance alternative for a particular project 
is largely dependent upon cost and energy compari­
sons. A method for selecting appropriate recycling 
operations for a given job has been outlined by Finn 
(62) at this conference while Halstead (63) has 
defined cost and energy considerations associated 
with project selection. Cost and energy data as­
sociated with recycling operations will be included 
in summary form for completeness. 

Cost Considerations 

The initial and recurring costs that an agency 
may consider in the economic evaluation of alterna­
tive rehabilitation strategies have been defined in 
Reference 64 and include the following: 

1 . Agency costs 
a. Initial capital costs of rehabilitation, 
b. Future capital costs of reconstruction 
or rehabilitation (overlays, seal coats, 
etc.), 
c. Maintenance costs, recurring throughout 
the design period, 
d. Salvag e return or residual value at the 
end of the design period, 
e. Engineering and administration and 
f. Costs of investments. 

2 . User costs 
a. Travel time, 
b. Vehicle operation, 
c. Accidents, 
d. Discomfort and 
e. Time delay and extra vehicle operating 
costs during resurfacing or major mainte­
nance. 

3. Nonuser costs 

Certainly all of these costs should be included if a 
detailed economic analysis is desired. However, 
definition of many of these costs is difficult while 
other costs do not significantly affect the analysis 
of alternatives for a given roadway segment. For 



the sake of simplicity the method of analysis sug­
gested for use in recycling operations should con­
sider the following costs: 

1. Initial capital costs of rehabilitation, 
2. Future capital costs of reconstruction or 

rehabilitation, 
3. Maintenance costs and 
4. Salvage value. 

It is suggested, however, that certain user costs 
such as time delay costs during rehabilitation be 
considered on high traffic volume facilities. The 
reader is directed to Reference 64 for additional 
detail. 

Initial capital costs of various recycling oper­
ations are available from Reference 2 and are shown 
in Tables 17 and 18. Costs of common construction 
and rehabilitation operations are shown in Tables 19 
and 20. 

The cost figures given above are intended to be 
representative only. If cost data are available 
from the agencies historical records, they should be 
substituted appropriately, 

Energy Considerations 

Transportation of goods and services required 25 
percent of the total 90 quadrillion (1015) Btu 
(95,000 quadrillion J) annually consumed in the 
United States in 1977. This amount increases to 42 
percent if the total amount of energy required for 
1) the production of raw materials used in transpor­
tation vehicles, 2) manufacture of transportation 
vehicles and 3) the production of materials for con­
struction, rehabilitation and maintenance of 
transportation facilities is considered. 

Estimates of the energy consumed for highway 
construction are of the order of 1.7 percent of the 
total annual U. S. energy demand while maintenance 
and rehabilitation operations are estimated to re­
quire an additional 1.5 to 2.0 percent. Information 
developed by the author indicates that a reasonable 
energy estimate for routine pavement maintenance 
operations on our country's 3,800,000 mile highway 
system is 0.1 percent. Even with this relatively 
small percent of total energy consumption associated 
with highway construction and maintenance, it is, 
none-the-less, important that the engineer optimize 
these operations based on energy requirements just 
as he presently optimizes his operations based on 
cost. 

Information given in, Table 21 defines energy 
requirements for recycling operations. These energy 
requirements are intended to be representative only. 
If energy requirements for these operations are 
available from the agencies' historical records, 
they should be substituted appropriately. Energy 
requirements for typical construction and recon­
struction operations can be found in Reference 2. 

Case Histories and Example Project 

Case Histories. Cold recycling case histories 
will be presented in papers prepared by Canessa (48) 
and Spelman (65). In addition Reference 1 contains 
a summary of over 10 cold recycling projects located 
throughout the United States, performed with a vari­
ety of different types of equipment and utilizing 
several different construction operation sequences. 
A partial list of recycling projects together with 
appropriate references are given in Table 22. Re­
view of this literature will be encouragement for 
those individuals planning their first cold 
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recycling project. 

Example Project. An existing highway in central 
Nevada presently carries 50 daily equivalent 18-kip 
single axle loads. The pavement has extensive al­
ligator cracking in the wheel path and transverse 
and longitudinal cracks. The pavement was con­
structed in 1954 with a six-inch crushed gravel base 
and two inches of asphalt concrete. The R value of 
the subgrade material is 8. 

Deflection measurements have been made along the 
6-mile project and samples of the material have been 
obtained. Overlay design methods based on deflec­
tion measurements indicate that a 4-inch asphalt 
concrete overlay is required. 

The pavement is located a considerable distance 
from a central hot mix plant and cold recycling with 
an asphalt emulsion is being considered. 

Based on Figure 16 and with the following as­
sumptions; 

1. 
2. 

(given) 
3. 
4. 

sumed) 

Soil support = 4 (Figure 17a) 
Daily equivalent 18-kip axle loads 50 

Regional factor = 1 (Figure 18) 
Terminal serviceability index = 2.5 (as-

a structural number (SN) of 3.1 can be calculated. 
An acceptable cold recycled pavement section that 
will provide this structural number is given below: 

1. Surface treatment (chip seal) 
2. Nine inches of cold recycled surface, base 

and new aggregate 

The structural layer coefficient has been assumed to 
be 0.35 (Table 13) for the recycled material; thus, 
the structural number provided by the section is 
3.15 (9 x 0.35). 

The anticipated cost of the recycled pavement 
section is 

Surface treatment = 0.45 (Table 19) 
Recycled material (9 x 0.60) = 5.40 (Table 17) 

Total = 5.85 per square yard 
Due to the remote location and the long haul re­
quired for the aggregates, hot mix is expected to 
cost $30 per ton in-place. The cost of the 4-inch 
overlay would be $6.00 per square yard. In addi­
tion, it is expected that the shoulder work re­
quired for the overlay would be equivalent to adding 
another $1.50 per square yard to the cost of the 
job. 

Energy requirements associated with the two al­
ternatives can be calculated as shown below: 

Cold Recycling Alternative 
Surface treatment 4,000 (Reference 2) 
Recycled material 9 x 17,000 = 153,000 

· (Table 21) 
Total= 157,000 Btu per square yard 

Overlay Alternative 
Asphalt concrete 4 x 28,000 = 112,000 

(Reference 2) 
Shoulder work = 42,000 (estimated) 

Total = 154,000 Btu per square yard 

It is important to realize that the comparison 
of alternatives based on cost should be over their 
life. Life cycle costing techniques ' are defined and 
worksheets are available in Reference 2. 

Mixture designs using emulsions can be performed 
as outlined in this paper. As stated above Refer­
ence 49 is an excellent guide to assist in selection 
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of the emulsion content. Since the amount of binder 
in the old surface is small compared to the total 
binder requirements for the 9-inch recycled layer it 
is doubtful if the hardness of the old asphalt 
should be considered in the selection of the emul­
sion. 

Conclusion 

Cold recycling offers several advantages. E­
quipment required for the process is minimal and 
processing in-place affords the opportunity to cor­
rect structural and material problems quickly and, 
therefore, without prolonged disruption of traffic. 
Where an existing asphalt concrete course is pul­
verized and mixed together with the existing aggre­
gate 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, such as lime or cement, may 
further up-grade the recycled base by reducing swell 
potential where active clays are present in the 
base, by reducing freeze-thaw potential, by water­
proofing the base aggregate 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 con­
structed thinner. A thinner pavement structure 
could mean less total materials required and, there­
fore, a savings of "virgin," select materials. 
Another advantage is that any material generated as 
waste due to grade requirement of the new surface 
course can be sold or stockpiled for future use. 

Generally the equipment required for in-place 
recycling is of the basic road building type and is, 
therefore, available at almost any location. Fur­
thermore, since in-place recycling is quite versa­
tile in terms of the equipment required and the con­
struction sequence, the engineer can tailor the 
operation to handle any peculiarities of the proj­
ect. Since the equipment required is widely used, 
equipment operators are readily available. 

The binders most widely used to upgrade the 
existing base aggregate (i.e., liquid asphalt, lime, 
cement, and fly ash) are usually acquired economi­
cally. In addition, the agencies associated with 
these products (The Asphalt Institute, the National 
Lime Association, the Portland Cement Association) 
provide detailed construction procedures and sug­
gestions for optimizing the benefits from the use of 
these binders. 

Major items of present concern should be recog­
nized. These are stated very briefly below: 

1. Reliability and productivity of pulveriza­
tion and mixing equipment. 

2. Uniformity of distribution of stabilizers 
and/or recycling agents. 

3. Uncertain strength gain associated with cold 
recycled materials. 

4. Rate of softening of the old asphalt cement 
by the emulsified recycling agents. 

Obviously many of these concerns are common to soil 
stabilization. 

The ultimate decision as to the application of 
in-place recycling is based on a total evaluation 
considering user utility, structural requirements, 
energy expenditures, and cost. 
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Table l. Major advantages and disadvantages of recycling techniques 

Recycling Techniques Advantages --
Surface • Reduces frequency of reflection cracking 

• Promotes bond between old pavement and 
thin overlay 

• Provides a transition between new over-
lay and existing gutter, bridge, pave-
ment, etc. that 1s resistant to raveling 
(eliminates feathering) 

• Reduces 1 oca l ized roughness due to 
compac tlon 

• Treats a variety of types of pavement 
distress (raveling, flushing, car-
ruga tions, rutting, oxidized pavement, 
faulting) at a reasonable initial co;t 

• Improve skid res 1 stance 

In-Place • Significant structural improvements 

• Treats all types and degrees of 

• 
pavement distress 
Reflection cracking can be eliminated 

• Frost susceptibllity may be improved 

• Improve ride quality 

• Improve skid resistance 
• ltini111izes haulinµ 

Central • Signi fi cant s tructura I improvements 

• Treats a 11 types and degrees of pave-
ment distress 

• Reflection cracking can be eliminated 

• I mp rove skid resistance 

• Frost susceptibility may be improved 

• Geo111etri cs can be 1oore easily altered 

• Improved quality control if additional 
binder and/or aggregates must be used 

• Improve ride quality 

After reference 2. 

Table 2. Road and Street Mileage in the United States Classified by Type 
of Surface-1978. 

Type of Surface Mileage Percent of 
Total ~ileage 

Non-Hard Unimproved 283,976 7 .3 

Surfaced Graded and Drained 397 ,986 10.2 

Soil and Rock 1,192 ,052 30. 7 

Total 1,874 ,052 48.2 

Bituminous 1,078 ,382 27 .8 
Hard Low Strength 

Surfaced Bitum1nous 811,553 20.9 
High Strength 

PCC 
. 

120,812 3.1 

Total 2 ,010,747 51.8 

Total 3,884,761 100.0 
Mileage 

•Portland cement concrete with or without asphalt concrete overlay 

After reference 21 . 

• 
• • 
• • 

Disadvantages 

• Limited structural improvement 

• Heater-scarification and heater-
planing has li111ited effectiveness 
on rough pavement without multiple 

• 
passes of equipment 
Limited repair of severely flushed 
or unst~ble pavements 

• Some air quality problems 

• Vegetation close to roadway may be 
damaged 

• Mixtures with maximum size aggregates 
greater than 1-inch cannot be 

• 
treated with some equipment 
Limited disruption to traffic 

Quality control not as good as central 
plant 
Traffic disruption 
Pulverization equipment in need of 
frequent repair 
PCC pavements cannot be recycled in-place 
Curing is often requ1 red for strength gain 

·-

• Potantial air quality problems at 
plant site 

• Traffic disruption 

Table 3. Equipment Typically Associated with Mixed-In-Place 
Subgrade Stabilization Operat1ons. 

STABILIZER 
(Ud_llQffll)l_af'UA.ttda 

.?~~nm~"' "l&tUICATlO• 
SOILPACPARATION AHOHn lHG COHPACTION CURING 

LIP11 •Slngl1-sh1ttrol1ry • Dry-b.!.991d •Slngl1-1nd • lhu~·· fool •A, ~11 -eitlbrnu 
111her (flat type) • i>rybulk ... 1t1-1h1ft •PH~tl( •W..ur ••r111, U11_q 

•l'>otorqr1cler TSlurry rot1ry111ll!r'5 •1tnl wll11 I 
•Dlt(Harl"Ool •l'>otorgr1dtr1 
•OU1er 1grlcultur1I- -~:::? lhl"ll •Othtraqri(ultural-
typ11tq•Jlpm1nt typeequli-nt 

Lt .. .,- 0 Stngl1-1h1rtrot1ry ·~, .. •!W•n 1tn1 
c-nt, 2 111l1er {fltl type) 
Flynh •Hotargradtr •Lt111t--dryar •Dlsclltr,,,... slurry •OUl1r1grlcultur1l- -ny Uh•• typ1equlpm1nt 

con<llttontd 

•COlllblned 
~ 

·Dry-b1991d 
·Orrllulk 

C.-nt 3 •Sln9l1-1haftrottry ·O.-y-baq91d •S.- h u .. 
11tur(fl1tlype) •Dry bulk 

•Motarqradtr 
•Ol$Chtrrow 
•Dth9r1grtcultur11· 

typetqu1p1111nt 

Asphalt ~ •Motor9r1dtr •AspP1tlt1pray •Stqh• U4 
•Slngl1-1hlftrot1ry distributor ... ,.~·IJl• ft 
11l11r(fl1ttype) •Dllr1nq11h- ro1..1ry11l1er 

lngproctu (fl1ttyp1) 
•ltolor9r1dtr 

Fl, n ll. -nc " <~HIO!lll ....... hlW t ,,,.,. «I •htrtbutlOll 
to 1"~111.t 1.;u1,,.. 
Mhl~t ""~.en~'' 11'1111'1 ~ c:1111111 l ttu1-Nnh 1n ... , 1t.11btll­
ur , u1tt.1li•, 
Th• 11<1ffu1f 1l r ttllllu•Ciltt 11!.oulclia '"''"'......,. •o·-so•F to 
tn'•"Hll-hlt i..itr'f"11Ulfl i .. 
C011U'lfUf4"1 ,....,.1, M c..-itt•• Uih ~:Iii Ill. 1"8'11' or '•11 
so l'Ul \11i1Pfltlt11tGwr1110l\)'•lll M1.• lM"l tt1u 1u th••· 
frklltclla-. 

Ml1l1191nd C0111p1Ctlon ... 1tbe CC111Pl1ted,hortly1tllr 1.t1btltur 
1ppllc1tlon. 
lh1soi11nd1lrtt111111rtturnsllouldbegre1t1rt-... ..,•Fto 
tnsur-. 1n 1dequ.1t1 rtU of Hrtn9th9atn. 
Constrvct1anshouldbeta.ri11t1durlye1111uqhln,_ r- orf11l 
so tlllt 1uftlclm11t durabllHy11lll bt g1ined lo u1 lu . frtl!II!• 
th1111ctlon. 

After reference 24. 

·hul ~hul •AUll1ll ..C.f1-"'1 
•Piw11 .. u' 
•Yllrn• ry 

•WUt~ lf.rl1•ll~9 

•Shttp'sfoot •A1ph1 1l 11111111uM 
• Pfl1!1.911tlC •WIUr,p1J ... l llnq 

(cl1rsolls l 
· Ytbrttory 

(gr1nul1r 
sollsl 

• P .. 1.911llC •Yolttiln should 
•httl whul b1111o-tdto 
•Ylllrlto•y ncap11nd/ar 

thepn .. ntta 
,~, 

SAfETY PROCEWRES 

Ll11111pr1adln91houldllti1voldtdon•l• dy .... , .. 
,l"ll_ j:'lloP ~flH ILlO<J U..Ulfwr.,,.,t1W1 .... -.,. 

=~~·;::!1,:~llr!f:i:c~t.1~:i:.~::· 
•H.ti.1t ... W11rulklMtlftlltrill . 

fl1 1 ~, ll•1nd c~' spr-.1d111<ashould 

::,:;:!d::O~'ld11!::t1~~ion91d cone.ct 
•l11o u.1 sttlllllutt PC bre1th!n9 Ult 
ttlllllitrs. 

c-ntsprt1dln91houldbe1votd1don · 
11tndydly1 . 
WorU..11 '11auld avoid prol f11!19f11 <&Olt.tct 
wltll.,Mlltl'lll1ndbre1thln9tM,....,,ldu5t. 

Pra.ier clothh19 should be worn so thtt 
workllen ctn 1vold s~ In cont.llct wi tfl 
qulcklh•c. 
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Tclbl1~ 4. Clin•,llic L1miLalions and Con'>tnKtion Silfety PrC'cautions . 

Type of Stabilizer Climatic Limitations Construction Safety Precautions 
----------------------------. ··------··-------·-----

Line 

and 

L i1l">-Fly Ash 

Cen~nt 

and 

Cen'ent-Fly Ash 

Asphalt 

l in ~ 2 . 54 x 10-2 
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nm , 

Oo not use with frozen soils 

Air temperature should be 40 'f (5 C) 
and rising 

Complete stabilized base construction 
one month before first hard freeze 

Two weeks of wann to hot weather are 
desirable prior to fall and winter 
tempera tu res 

Do not use with frozen soils 

Air temperature should be 40 F (5 C) 
and rising 

Complete stabilized layer one 
week before first hard freeze 

Air t~mperature should be above 32 F 
(0 CJ when using emulsions 

Air temperat,ires should be 40 F (5 C) 
and rising when placing thin 
lifts (1-inch) of hot mixed 
asphalt cone re te 

Hot, dry weather is preferred for 
all types of asphalt 
stabilization 

T~ble 5. Tentative Short-Term Soil-Lim~ Mhture Compressive 
Strength Requ i rernents. 

Anticipated Use 

Modified Subgrade 

Subbase 

Rigid Pavement 

Flexible Pavement 

Thickness of Cover 

10 Inches 

8 Inches 

Inches 

Base 
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Residual Strength 
Requirement, PSI 

20 

20 

30 

40 

60 

100 

Quicklime should not come in contact 
with moist skin 

Hydrated lime [Ca(OH)?] should not come 
in contact with moilt skin for pro-
1 onged periods of time 

Safety glasses and proper protective 
clothing should be worn at all times 

Cement shou 1 d not come in contact with 
moist skin for prolon9ed periods of time 

Safety glasses and proper protective 
clothing should be worn at all times 

Some cutbacks have fl ash and 
0

fi re 
points below 100 F (40 C) 

Hot mixed asphalt concrete temperatures 
may be as high as 350 F (175 C) 

1e1u 1e G. Cr-i tend fur ;:,011-l.ement as 1na1catet1 Dy wet-Dry 
and Freeze-Thaw Durability Tests 

AA SH TO Unified Soil Max. Allowable Weight 
Soll Group GrouE! Loss - Percent 

A-1-a GW, GP, GM, SW, SP, SM 14 

A-1-b Gii, GP, SM, SP 14* 

A-2 GM, GC, SM, SC 14 

A-3 SP 14 

A-4 CL, ML 10 

A-5 ML, MH, CH 10 

A-6 CL, CH 

A-7 OH, MH , CH 

·10~ is maximum allowable weight loss for A-2-6 and A-2-7 soils . 

~dditional Criteria: 

l , Maximum volume changes during durability test should be less 
than 2 percent of the initial volume. 

2. Maximum water content during the test should be less than the 
quantl ty required to saturate the sample at the time of moldin13 , 

.J. Compr'es s ive strength should increase with age of specimen. 

After reference 24. 



Table 7. - Proposed Specifications for Hot Mix Recycllng Agents 1 

ASTM Test RA 5 RA 25 RA 75 RA 250 RA 500 
Method Min . Max , Min . Max . Min. Ma x. Min. Max. Min. Max. 

Viscosity @ 140°F, D 2170 or 
est 2171 200 600 1000 4000 5000 10000 15000 35000 40000 60000 

Flash Point 
COC, °F D 92 400 425 450 450 450 

Saturates, wt . x D 2007 30 30 30 30 30 

Residue from 
RTF-C Oven 

D 26722 Test @ 325°F 

Viscosity Ratio3 3 

RTF-C Oven 
Weight Change 

D 28722 
i % 4 

Specific Gravity 0 70 or 
0 1298 Report Report Report Report Report 

1. The final acceptance of recycling agents meeting this specification h subject to the comp11ance 
of the re cons tltuted asphalt b 1 ends with current asphalt speci flea ti ons. 

2. The use of ASTM 0 1754 has not been studied in the context of this specification, however, ft 
may be applicable. In cases of dispute the reference method shall be ASTM O 2872, 

3 Viscosity Ratio . RTF-C Viscosity at 140°F, est 
• Or igina l Vi scosity at 1406 F, est 

After Reference 48. 

Table 8. Interim Specifications for Emulsified Modifiers . 

Property 
function and 

Purpose 

Ease of Hand! i ng 

Test Method 

ASTM 0 244-76 Viscosity @ 77°F, SFS 

Pumping Stab11 i ty Prevention of Premature Breaking G.B. Method( 2l 

Emulsion Coarseness, Percent Optimal Distribution 

Sensitivity to Fines, Percent Adequate Mixing l1 fe 

~~~~e oTm:,6 cmo< 3> 

Cement Mixing, 
ASTM 0 244- 76 

Particle Charge Preferential affinity to Asphalt ASTM D 244-76 

Concentration of Oil Phase, Percent Assurance of Oil Content and 
for Calculations ASTM D 244- 76 (mo) ( 4> 

1. Oils used for emulsions must meet specifications 11sted in Table 7. 

Specifications 

15-85 

Pass 

O. 1 Max. 

2.0 Max. 

Positive 

60 Min. 

2. Pumping stability is determined by charging 450 ml of emulsion into a one-liter beaker and 
circulating the emulsion through a gear pump (Roper 29,822621) having 1/4" inlet and outlet, 
The emulsion passes If there 1s no significant oil separation after circulating ten minutes. 

3. Test procedure 1dent1cal w1th ASTM D 244 except that distilled water shall be used 1n place of 
two percent sod11111 oleate solution . 

4. ASTH D 244 Evaporation Test for percent of residue 1s mod1f1ed by heating 50 gram sample to 
300°F until foaming ceases, then cooling immediately and calculating results. 

After Reference 48. 
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Table 9. Test Methods. 

Base or Temporary Surface Pennanent Surface 

Coating, :0: 

Test 
Method 

Run-off, % Residual Asphalt 

Wash-off, ~ Residua 1 Aspha 1 t 

Combined (Run-off and Wash-off), '.; 

Resistance Rt-Value 

@ 73 + 5°F 
(23-.!. 2.8°C) 

Stabilometer 5-Value .. 
@ 140 + 5°F 

(60 ! 2.a•c) 

• Early Cure 

Fully Cured + 
•• Water Soak 

Cohesiometer C-Value Cure* 
@ 73 + S"F Early 

Dense 
Graded 

50 min . 

N. A. 

N. A. 

N. A. 

70 mfn. 

78 min. 

N. A. 

*** 50 mfn. 

Open 
Graded 

50 min. 

0.5 max. 

0.5 max. 

0.5 max. 

H. A. 

H. A. 

H. A. 

H. A. 

Dense 
Graded 

75 min. 

N. A. 

N. A. 

N. A. 

N. A. 

N. A • 

30 mfn. 

H. A. 

Open 
Graded 

75 min. 

0.5 max. 

0.5 max. 

0.5 max • 

H. A. 

H. A. 

H. A. 

N. A. 
( 23-.!. 2·8"C) -Fu_l_l_y_C_u_r-ed-+-----.----------------

Cohesfometer C-Value 
** @l40+5°F 

(60 ! 2.8°C) 

* 

Water Soak*'* lOO min. 

N. A. 

H. A. H. A. 

N. A. 100 min. 

Cured 1n the mold for a total of 24 hours at a temperature of 
73 .!. s"F (23 .!. 2.s•c). 

•• Cured in the mold for a total of 72 hours at a temperature of 
73 .!. 5°F (23 .!. 2.8°C) plus vacuum disiccat1on. 

*** Applicable to temporary wearing surface only. 

Note: Besides meeting the above requirements, the mix must be 
reasonably workable (i.e., not too stiff or sloppy). 

After Reference 13. 

Table 10. Regional Factor•• 

Condition R Value 

o. 2-1. 0 

Roadbed m.ateriala dey, summu and fall O.J-1.5 

Roadbed iu.t111riala wee, t1pr1nl chaw 4.0-5.0 

&prom AASHtO Inc or ill Guido ( 50). 

N. A. 

N. A. 

Tabl• 1 L Structural Layer CoefUcimt• Propoeed by 

MSHO C~ttH on Duip. a October 12, 1961 

Pav.._c COllpOaent 

Surface courea 

loadai& (lov suh111cy) 

Plancaiz (h11b nab1l1ty) 

Sand ••Ptuilt 

Baaa cour•a 

Sandy 1raval 

Cruhed 1r.oaa 

c-..c-tr•tld (ao aoil-c•et) 

Co.prH•ive nrmath @ 7 daY• 

630 pai or .,r• d 

400 pe1 to 650 pai 

400 pa1 or laH 

Bituainoua-trucad 

Coura.-1raded 

Sand .. phalc 

U..-crMc.d 

SubbH• coune 

Sandy gravel 

Sand or aaady clay 

*!.atabliehad fro-. .\&SRO load ?Ht data 

•y._ MSBO Inur1m Guid• (50), 

Coefficientb 

0 . 20 

o.44• 

0.40 

o.o7c 

0.14* 

o. 2Jc 

0.20 

0.15 

o. J4c: 

O. JO 

0 . 15-0 . JO 

o. u 
0.05-0.10 

bit ia axpacud that .. ch atata vill study thHe coeffichnu and 
•Ire 1uch changu u uperienc• indic&CH necauary . 

c:Thb value ha• bam Hti.-tad frcn1 MSHO Road Tait daca, but not 
to cha accuracy of thoaa facton urkad vich an Htari.1k. 

dCompra••iva 1trangch at 7 d&ya. 



Table 12. Structural Layer Coefficients Developed 
from Various Sources. 

STA81LIZER LAVER MATERIAi. COEFFICIENT (note) 

1Surf1ce Road mtx (low stabtllty! 0.20(1) O. lS(k) 
Plant mtx (high stabtl, 0.44(8) O.lO(h) 

Sand 1Sph1l t 
0.25 - 0.34(1) O.lO(k) 
0.40(old,n) 0.20(h) 
0 .25(e 0.28(9) 

Asphalt 
ba .. e Bituminous treated 0.175 - 0.21 (9) 

coarse 9r•ded 0.3411,b) 0.24(m) O.lO(d) 
sand uphalt 0 . 30 1) 0 .25(d) 

Sand gravel 0.25 - 0.34(•) 
Asphalt stlbtltzed O. lO(f) 

bease Sindy gravel 0.1711,b) 
Crushed stone 0.14 •) 

Untreated 
cSubbue Sindy grovel 0.11(*) 

Sand or sandy clay 0.05 - O.lO(a) 

b8u• Ll•e-treoted 0.15 - 0.39(a,n) 
0.15 - 0.20(h) 

Lt me 
cSubbue Ltme-treattd clay-grntl 0.18(c) 0.14 

O. ll(p) L tm1-treated sotl 

LI• - bB&se L In - fly ash blse 0.25 - 0.30(c) 
Fly ash 

7-day compressive 
strength: 

650 ps t or more 0 .23(a,b,n,k) 

bBue 
400-650 pst o.201a·n! 0.17(k) 

Cenwnt 400 psi or less 0.15 a,n 0.12(k) 

Sotl cement o.2o!f,1J 
Gravel 0.11 JI 
Cetnent-trea ted 0.15 - 0.25(p) 

1 pst • 6.89 x 103 Pa 
Notes for Table 12 

• Establ hhed from AASHO Road Test 

a Fro11 MSHO Interim Gut de, 1972 ( 50) 

Thh value has been esttmated from AASHO Road Test data, but not 
to the accuracy of those marked with en astertsk. 

c :~~:~ !~~h~~~~~!s~!9(';".f t'actlce, No. 37, "lt•-Fly Ash-Stabilized 

d Alab1111 (from a abovei 

e Arizona (from a above) 

Oeleware 

Minnesota 

Montana 

Nevada 

New Hemps ht re 

h'1il• u. lyplc.tl ~10 SlnKlwnl lil)'U CWUttfaflll 

lt'fllf0411McY.:t .. .MIUf"lal 
.,., 
"'"°" =1:·· 

C..tul PIMl Wrrau 0.>1-D.H 
lac::ycl ... A~IL 
Concrtlt SUrtK• 

Ctilllr•I Plaat 
.. C)'Clff Asphalt .... O.J1-0.4' 
CeMn•• lase 

l1111•Pl1U 1Ktclff 
Asph.tlt CQftCrele 
Slallllhed with l<lphlll .... 0.22-0.49 
_./or ..n AspMlt 
MU let 

111-Plau l9cf'l .. 
As.-u C.Cnl• _. 
hhlllti .. M lllllerle) 
St.atllUed with C-l 

l!IHe 0.23-0.U 

111-Pl"elarc:IN 
Al ... lt CoMnl• -"'"""""•• .... . ... 
lt~lll1•wlU1 , ... 
ht·Pl•O IKycled 
As .... ll ,_d Nia 
St.til11Hd 111101 

s.i,.ru• D.42 

AspMll 

Alur rtf111'1t1Kc Ma. 

New Mexico 

a Pennsylvania 

m South DI ko ta 

n Wisconsin 

p . Wyonln9 

~·"• 
....,rotre.u 11 for"'ro,.,...t~"9 .. -· 

•1 -~C.\hllfl1 
1 tli)•umlllltitrfll 
tlM~IO~IHt .... 14 0.44 

0.42 O.lS 

D.lt O.JS 

O.Jl O.l5·0.2l 

. ... o.as-0.>0 

D.42 

·-----· ·--·-·--

...... 14. Sln.iclur•I Cwfftcl•U of klH:ydW IHIH .,.. OM 11Krdll4 .. , .. Writ Slat.tlt111d 11ltl1 • 
llli.lnous IUMr (CMr.clerltllll •1 UlaMlra1 !Wstl lcit1l HDdwlus Wfll'WI r-..r•lwe). 

l&fe,cl911hH a.r • .-.1111.. ..... CmtN•c •> 
I!!!s.lm: • .J!e!!I! 

llltb AWll!Alle, Cruslllld Ac: -t • 0.41 .... ,. .. l.51 Ctcletet1 • o.u 
C:ell(otela (lejuw ... l&r) 12 O.l8 

awy. O.JI 

ar.uel Awdfllil1, Cr11•Mlll At. t • U.42 

fres•Counlr l.llCrcloV" • O.JI 

taUfarnh ( .. juw .... lor) 12 O.J5 .,,. O.H 

U.S . lllvtwr H, C:n"Mill Ac: I I.ii • o.u 
~s:rl.!°il .. .._ ... c-ta.i1.h I 0 .111 

Valer " O. H 
0.14 •11y . 

U. S. 111 ....... y §6, busllllslAC+ 11 • O.J!I 

p..,....[u, , hllHI MC • llUO • O.l6 
CS~clhNI J) " O.H 

aw9. u.n 
U.S. lllvteiMr Mi, cni.-..AC• 1,s1 • .... 
, ..... c •.• ~'"' C.-l • ""Ac: - 1 • D.ll 
IS•cllo.iO •IMI 41 Vll•r " O.Jl 

•v9 . u.u 
Jniatlll\lleM¥' M, CrusM!J Al: t • .... 
"huk:~Ole hhllny leH + Z,H • D.U 

M. " 0.41 

'"•· U.42 

110, lio\t;OO, COl•t.i M I • u.u 
hodi hhlt ... l•H I • 0.40 

Z.11 M. • l ·~ 
O,l6 

evg . 0.]J 

u.::.. lll!fhw•y Cnnt.I AC i • 0,56 

tl4, ~ .. ydur, hlll•U 1.11 ... ,, • 0.6' 
a"*'u l•hl"" 12 D.48 
(SU(llllfl a) .... ,. 0.49 

Mt11r nrerence 2. 

1 ... 1., 16. SlnKlural Courflcltllll l)f ll"tycled l•H• llwr" tl111 laec:ycled UJU ""'' Ctwra.:.l•rhelli by 
ln-Sllu D.r•••c IHllnti. 

lluulpllot er ln·Sl"tOy..,.lc: le(ertM• leH ec.,-itd 

ICllcrc:htd IH• lec1cl•• ••Ml ...... , ... ~• 1111c•Mu, hKhU ., 
·----· 

Pua4iln111 AnlMMI, Cn111M!ll AL I • 0 . 34 

lndllMld Vllhge, ~:!:::i::/ 41) 
190,000 • O. JI ....... " 0 . 21 ..... 0.26 

U. S. IU!lhw•J !IO, ,,.. ..... A£ .. • 0, 29 

g,,,y1on, MavW• ~!:1:~:11'. l 611 
1'10,000 • 0 , 26 

" 0 . 2l .... 0 . 2] 

Y. S. Ml .... 191. CrinW AC 1 • ._ .. 
W.lh, Mnad• ~~!:nr:~:/ l , H) 

IW ,000 • .... 
" 0. 4l 

A111i1 , 0 , 42 

~~r .. ~·~.~:ior"1• C1·u11wi1AC• • 0, 0 

~!i!!"L!;~:.""41 s.. ........ • o.o 

" .... 
1 ftwnu. 41 l I• .... . . ., 

(l.,.11rl, l11dh11• CrulhN M. t • o.:n 
Cw11lyR1Hd J (ltllhtg IHe 14111,000 • O. ZB 

SlilbllUed .. Uh " 0 . 25 
SA·I Sll'611tuir Avt. 0. 26 

fllnl, Nlthlyalill C1uthNAc:t • O. Z1 

l11ler1Ulc 6t hhtllllllltH 116,UOO • 0, 24 
Slt~lllnd wllh " D, 22 
A•ptwll f11~1111 u .... 0. 22 
Shu.ild•li 

Aftu r•flll"ftKt 2. 
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Table 16. Structural Stiffness Ratios for Recycled Layers. 

Reference 
Project Description or Layer illli....___ 

11th Avenue, Recycled Asphalt Canventiona l 
Hanford, California Road Mix Surface Road Mix Surface 

Russell Avenue, Recycled Asphalt Conventional 
Fresno, California Stabilized Base Road Hix Base 

18th Avenue, Recycled Aspha 1t Conventional 
Le Moore, Cali forn 1a Stabilized Base Aggregate Base 

Highway 4S, Recycled Lime AC Surface 
Yolo, California Stabi 1 i zed Base 

u. 5. 56, Pawnee Recycled Cement AC (ful 1 depth) 
County, Kansas Stab l i zed Base 

u. s. 50, Re eye led Cement AC Surface 
Dayton, Nevada Stabilized Base 

u. s. 93, Recycled Cement 
Woll•, Novada Stabil 1zad Bau AC Surface 

Ponderosa Avenue, 
Inclined V1llage, Recycled Cement AC Surface 
Nevada Sta bi 1 i zed Base 

After reference 2. 

Stiffness 
Ratio 
Recycled/Rtference 

1.00 

3. 44 

2.40 

l. 24 

1. 12 

0.42 

1. 15 

o. S6 

Table 17 . Costs of Comnon Recycl i ng Operations - 1979. 

Recycling Operation 

Heat •nd Phne Pavement - 3/4 inch depth 

Heat and Scarify P•vement - 3/4 inch depth 

Cold Mi 11 Pavement 

Rip, Pulverize and Compact - Existing 
Pavement less than 5 i nches of 
Asphalt Concrete 

Rip, Pulverize, Stabilize and Compact 
Existing Pavement less than S inches 
of Aspha 1 t Concrete 

Rip, Pulverize and Compact - Existing 
Pavement greater than 5 inches of 
Aspha 1 t Concrete 

Rip, Pulverize, Stab;Jize and Compact -
Existing Pavement greater than S 
inches of Aspha 1 t Concrete 

Remove and Crush Portland Cement Concrete 

Remov@ and Crush Asphalt Concrete 

Cold Process - Remove, Crush, Place, 
Compact, Traffic Control - (Cold 
Process) without Stabilizer 

Cold Process - Remove, Crush, Mix, Plate 
Compoct, Troffic Control - (Cold 
Process) with Sta bi 1 i ze r 

Hot Process - Reoove, Crush, Place, 
Compact, Traffi c Control - without 
Stabilizer 

Hot Process - Remove, Crush, Mix, Place, 
Compact, Traffic Control - with 
Stabilizer 

Represen ta ti ve Cost 
Ool lars - Per . 

Square Yard - Inch 

Average Range 

0.30 0 . 15 - 0.60 

0 .so O. lS - 0.90 

0.85 0.30 - 1.25 

0 .2S 0 . 13 - 0.4S 

0.45 0.20 - 0. 50 

0.30 0.15 - o.so 

0. so 0.25 - 0 .60 

0.60 o. 30 0.90 
0.40 0.20 0.60 

0 .50 0 .JO 0. 75 

0.60 0.3S - 0.90 

0. 75 0.45 - 1.20 

0.90 o.so - 1.25 

·casts are for a square yard inch except where listed. 

1 yd ' B.361 x 10-l m2 1 in. • 2.S4 x 10-2 m 

Aft~r rl!ferencl! 2. 

Table 18. Representative Costs for Pavement Recycling Operations - 1979 . 

Type 

"' u 
.;'! ... 
" "' 

Operation 

Heater Planer 

Heater Scariff 

Surface 
Milling or 
Grinding 

Option or fxpected Results 

Without additional aggregate 

With additional aggregate 

Heater scarify only 

Heater scarify pl us thin 
overlay of aggregate 

Heater scarify pl us thick 
overlay 

Surface mil 1 i ng only 

Surface milling pl us 
thin overlay 

Surface milling plus 
thick overlay 

Representative Cost 
Per Square Yard 

Average Range 

Al 0.60 0.45 l. 15 

A2 0. 55 0.40 l.00 

A3 0.60 0 . 35 - l.00 

A4 0 . 40 l .00 - l. 75 

A5 4 . 10 3.25 - 5 . 00. 

A6 0. 75 0. 45 - l. 50 

Al 3. 25 2 .50 3. 75 

AB 5. 75 4. 70 - 7. 20 

Assumptions 

Heat, plane, clean-up, haul, traffic control. 

Spread aggregate, heat, roll, traffic 
control and clean-up . 

Heat, scarify, recompact, traffic control 
(3/4 inch scarification). 

Heat, scarify, recompac t, add 50 1 bs. of 
aspha 1 t cone re te per square ya rd, conopac t, 
traffic control (3/4 inch scarification). 

Heat, scarify, recompact, add 300 lbs. of 
asphalt concrete per square yard, compact, 
traffic control (3/4 !nch sc~rific•tinn) , 

Milling, cleaning, hauling, traffic control 
( 1 inch remova 1). 

Milling, cleaning, hauling, 200 lbs of 
asphalt concrete, traffic control (l incti 
reJOOva l). 

Milling, cleaning, hauling, 400 lbs. of 
asphalt concrete, traffic control (1 inch 
l"eJOOVa 1), 



Table 18. Continued , 

Opera ti on 

Aspha 1 t Concrete 
Surface less 
than 5 inches 

Asphalt Concrete 
Surface 
greater than 
5 inches' 

Table JB. Continued, 

Type Operation 

Cold Mix 
Process 

.., 
c: 
"' ;;:: 

"' !:. 
c: .. 
u 

._; 

After reference 2. 

Option or Expected Results 

Minor structural improvement Bl 
without new binder 

Minor structural improvPment B2 
with new binder 

Major s true tura 1 improvement BJ 
with out new binder 

Major structural improvement B4 
with new binder 

Mi nor s true tura l improvement BS 
without new binder 

Minor structural improvement B6 
with new binder 

Major structural improvement B7 
without new binder 

Major s true tura 1 improvement BB 
with new binder 

Option or Expected Results 

Minor structural improvement Cl 
without new binder 

Mi nor s true tura 1 improvement C2 
with new binder 

Major s tructura 1 improvement CJ 
without new binder 

Major structural improvement C4 
with new binder 

Minor structural improvement cs 
without new binder 

Mi nor structural improvement C6 
with new binder 

Major structural improvement Cl 
with out new binder 

Major s tructura 1 1mprovement CB 
with new binder 

Representative Cost 
Per Square Yerd 

Average Range 

3.50 2. 75 - 4. 25 

3.00 2.40 - 3.70 

6. 50 5. 10 - 7. 90 

5.10 4.10 - 6.20 

3. 75 3.00 - 4.50 

3. 25 2.60 - 3.90 

6.90 5.50 - B. 25 

5. 50 4. 35 - 6. 65 

Representative Cost 
Per Square Yard 

Average Range 

4. 50 3.60 - 5.40 

3. 75 3.00 - 4 . 50 

8.00 6. 40 - 9. 70 

6.25 5.00 - 7.50 

4.90 J. 90 - 5. 90 

4.10 J. 25 - 5 .00 

8 . 25 6.60 - 9 . 90 

6.50 5.25-7.75 

Assumptions 

Rip, pulverize and remix to 4 inch depth with 
2 inches of asphalt concrete, traffic 
control. 
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Rip, pulverize and remix with stabilizer to 4 
inch depth with 1 inch of asphalt conc rete, 
traffic control. 

Rip, pulverize and remix to 6 inch depth with 
4 inches of asphalt con crete, traffic 
control . 

Rip, pulverize and remix with stabilizer to 
inch depth wi th 2 inches of asphalt con­
crete, traffic control . 

Rip, pulverize and remix to 4 inch depth with 
2 inches of asphalt concrete, traffic 
control. 

Rip, pulverize and remix with stabilizer to 
4 inch depth with 1 inch of asphalt con­
crete, traffic contra 1 . 

Rip, pulverize and remix to 6 inch depth with 
4 inches of asphalt concrete, traffi c 
contra 1. 

Rip, pulverize and remix with stabilizer to 
6 inch depth with 2 inches of asphalt con­
crete , traffic control. 

Assumptions 

Remove, crush and replace to 4 inch depth 
with 2 inches of asphalt concrete, 
traffic control. 

Remove, crush, mix and replace to 4 inch 
depth with 1 inch of asphalt concrete, 
traffic control . 

Remove, crush and replace to 6 inch depth 
with 4 inches of asphalt concrete, 
traffic control . 

Remove, crush, mix and replace to 6 inch 
depth with 2 inches of asphalt concrete, 
traffic control . 

Remove, crush and replace to 4 inch depth 
with 1.5 inches of asphalt concrete, 
traffic control . 

Remove, crush, mis and rep 1 ace .to 4 inch 
depth with l /2 inch of asphalt concrete, 
traffic control. 

Remove, crush and replace to 6 inch depth 
with 3 inches of aspha 1t concrete, 
traffic contra 1 . 

Remove, crush, mix and replace to 6 inch 
depth w1 th 1 inch of asphalt concrete . 
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Tobit 19. Cost of Conmon Pavement Construction Operations • 1979. 

Construction Operation 

Crushed Stone Base 

Gravel Base 

L l11e Stab11 I zed Subgrade 

Cement Stabi11zed Subgrade 

Ce11ent Treated Base 

Asphalt Treated Base 

Llme--Fly Ash--Aggregate Bau 

Chip Seal 

Aspha 1 t Concrete 

Portland Cenent Concrete 

Representltfve Costs 
Ool lars • Per Square 

Yard • Inch 

Average 

0.60 

0.50 

0.30 

0.40 

1.00 

1.00 

0.90 . 
0.45 

1.25 

1.65 

Range 

0.30 • 0.75 

0.20 - 0. 75 

0.15 • 0 .45 

0.20 • a.so 

0.60 • 1.40 

0.60 • 1.25 

0.60 • 1.00 

0.20 - o.55• 

0.70 • 1.50 

1.00 • 2.50 

•Price per square yard of surface. 

1 yd2 • 8.361 • 10"1 .. 2 

1 tn. • 2.54 x 10·2 m 

Table 20. Cost of Pavement Rehab11 itatlon Operations • 1979. 

Rehabilitation Operation 

Chip Seal Coat 

Fabric lnterhyers 

Asphalt-Rubber Interlayer 

Open Graded Friction Course 

As pha 1 t Concrete (Dense Graded) 

Asphalt Concrete (Oense Graded) 

Asphalt Concrete (Dense Graded) 

1 yd2 • 8.361 x 10" 1 m2 

1 in. • 2.54 X 10"2 
II 

Approximate 
Thickness, 

Inch 

1/2 

1/4 

1/2 

5/8 

Representative Cost 
Dollars • Ptr 
Square Yard 

Average Range 

0.45 0.20 • 0.55 

1.10 0 .75 • 1.75 

1.25 0.90 • 1.50 

1.50 1.00 • 2.50 

1.50 1.00 • 2.50 

2 .60 1.80 • 4.50 

3.30 2.40 • 6.00 

Table 21. Representative Energy Requiremrnts for Pavemont Recyc11ng 
Operations. 

Recycling Mothod 

He1ter-Planer 

Ht1ter-Starlfy 

Hot-Ml 11 Ing 

Cold-Hil 11ng 

In-Place Recycling 

Hot Central Plant Recycling 

After Reference 2. 

Btu/Yd2 

10,000 20,000 

10,000 20,000 

2,000 • 4,000 

1,000 • 2 ,500 

15,000 - 20,000 

20,000 • 25,000 

1 Btu/Yd3 • 1381 J/m3 

Thlckne<S of 
Treatntent, In. 

3/4 

3/4 
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Table 22. Partial Listing of Cold Recycling Projects 

State Recycled Material Type of Agent Reference 

Alabama Surface, Base Cetnent 65 

California SubBase, Sub_grade 2, 65, 71, 88, 92 

Florida L imerock Base 66 

1111no1s Surface Cement 65 

Indiana Surface, Base None , Chem1ca ls '83 

Kansas Surface, ease Cawent, Cutback, Emulsion, 2, 79, 82, 91 
Bi t11111nous Recyc 11 ng Agent 

Louisiana Surface, Base Cement 91 

Haine Surface, Base 73, 74, 77, 86 

Massachusetts Surface, Base 75 

Michigan Surface and Base 67, 68, 71, 81, 89, 90 

Misssourl Surface, Base Emulsion 87 

Nevada Surface and Base 2, 69, 91 

New Mexico Surface, Base Ceinent 91 

Horth Dakota Surface Hone 65 

Texas Surface 70, 76, 78, 80 

Utah Surface Cement 65 

Ven110nt Surface, Base E1111lsion B5 

Virginia Surface, Base Cement 65 

Wisconsin Surface, Base None, Cement, E1111lsion, 84, 91 
Chetnicals 

FHWA Surface, Base None, Emulsion, Chemical 65 
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Figure l. Recycling as a rehab111tatlon alternative . 
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Figure 2. Cold In-Place Surface and Base Recycling. 
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Figure 3. Typical Cold In-Place Recycling Operation Wit~out Restabil ization . 
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Figure 4. Typical Cold In-Place Recycling Operation with Modifier Agent and Additional Binder. 
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Fig~re 5. Cold Central Plant Surface and Base Recycling. 
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F1gure 6. Soil Stab1lization construction equipment . 

After reference 24 . 
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F1g4re 7. Pavement Removal and Pulverization Equipment Associated with Cold 
Recycling Operations 
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Figure 8. Selection of Stablllzer. 
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Figure 9. Design Subsystem for Stabil1zat1on with Lime. 
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Figure 10. Design Chart for Freeze-Thaw Loss. 
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F1gure 11. Des1gn Chart for Three-Cycle, Freeze-Thaw Strength from Vacuum lmners1on Strength. 
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Figure 12. Design Subsystem for Stabil1zation with Portland Cement. 

After reference 24. 

Figure 13. Mixture design procedure . 
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Figure 14. Viscosity Blending Chart . 

After reference 39. 

figure 15. Test Sequence for Mixture Evaluation . 
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Figure 16. AASHO flexible-pavement design nomographs. 
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Figure 17a. Soil support value correlations, (a) after Utah State Highway 
Department and (b) from reference 57. 
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F1gure 18 . Generalized regional map of the United States . 

After reference 57 . 

F1gure 19. Suggested AASHO layer coefficient nomographs. (a) variation in a1 with surface course 
strength parameters; ( b) vari at1 on 1 n a1 for granular subbase and subbase strength parameters; 
( c) var1 ati on in a for b1tumi nous-treated bases with base strength parameters; ( d) variation 
in granular coeffic,ent a2 with base strength parameters in a2 for cement-treated base with base 
strength parameters. 

After reference 57. 

Figure 19 . Continued 
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Figure 20. Alternate procedure for determining 
flexible-pavement layer thicknesses. 
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After reference 57. 

Figure 21. MR - temperature relationship for the recycled asphalt concrete. 
U.S. Highway 56, Kansas - Section l. (Recycled asphalt Concrete with 20% 
cement). 
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Figure 22. MR - temperature relationship for the recycled asphalt 
concrete, U.S. Highway 56, Kansas - Section 2. (Recycled Asphalt 
Concrete with l . 5% cement) . 
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Figure 23. MR - temperature relationship for the recycled asphalt 
concrete, U.S. Highway 56, Kansas - Section 3 . (Recycled Asphalt 
Concrete with !% MC-8VV ). 
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Figure 24. MR - temperature relat1onship for the recycled asphalt 
concrete, U. S. H1ghway 56, Kansas - Section 4. (Recycled Asphalt 
Concrete with 1.51. Cement and !.SS AC-7) . 
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F1guro 25. ~e - temperature relationsh1p for the recycled asphalt concrete, 
U.S. Highway 277, Ab1lena, Texas. (Recycled Asphalt concrete w1th Emu1&1fiad 
Recycl 1ng Agent). 
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COLD - ASPHALT RECYCLING EQUIPMENT 

John F. Wood, Midwest Asphalt Paving Corporation 

Following is a general outlook on the history 
and development of construction equipment for 
use In the cold-asphalt recycling process: 

Mixed In place road construction was first In­
troduced In the Un 1 ted States about 1980, In 'south• 
ern Cal lfornla. In most cases, standard farm equip­
ment was used. Disk harrows, tow blades .and drags 
mixed the liquid road oil Into the road bed, The 
distribution of the I lquld road oil was very poor at 
that time. With the Introduction of liquid distrib­
utors around 1920 and SC (slow curing I !quid asphalt) 
around 1925, road mix (mixed-In-place) finally became 
a widely used procedure In the farm to market type 
road construction, 

Specialized equipment for mixed-In-place (now 
called cold-In-place recycl Ing) was first developed 
In 1926 by the Barber-Green Company. Other companies 
that made stabll lzation equipment at about the same 
time were; Iowa Manufacturing, Madsen Manufacturing, 
Woods (now Pettibone) and Jager Machine Company, All 
of the aforementioned machines were developed to 
el lmlnate the use of I lquld distributors for the 
distribution of liquid asphalt. Construction equip• 
ment designing for use In the cold-In-place recycl Ing 
process Is continuing at the present time. 

In-Place Equipment 

In-Place Crushers 

Grid Rollers. Grid rollers In conjunction with 
grader and scarlf lers were f lrst used to breakup 
existing road beds about 1928 to 1930. The grid 
roller was made of steel rebar Interwoven to a 411 

opening. Others were made with smaller openings 
down to a 211 opening, 

Other types of grid or Impact crushers are made 
by Ateco and Gemco. They attach to a motor grader 
and after the road Is scarified, the Impact crusher 
Is used by applying down pressure from the grader 
and the foreward speed causes the material to break 
down. They are mostly used on seal coat roads, or 
as a pre--crusher for use with a Hanvner-mlll. 
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Hanmer-mills. Hanmer-mills were Introduced In 
the late 1940 1 s by The Brother's Company. They were 
originally designed as rock crushers to build roads 
In the heavy rock country of Montana and other 
mountainous regions. When used in the recycling 
process, the road bed must first be scarified and 
placed In a windrow prior to being crushed. The 
grid In the rear of the machine determines the size 
of the crushed material, Hammer-mills are still 
being produced at the present time by Pettibone 
Company. 

Rotary Reduction Machines. The following Is the 
definition of crushing equipment for in-place cold 
recycl Ing from the Michigan OOT: 11\./hen the use of 
crushing equipment Is specified In the proposal, 
the equipment shall be an approved rotary reduction 
machine having positive depth control adjustme~nts 
In Increments of one-half Inch and capable of reduc• 
Ing material which Is at least six Inches In thick­
ness. The machine shall be of a type designed by 
the manufacturer specifically for reduction in size 
of pavement mater i a I, In p I ace1,' and be capab 1 e of 
reducing the pavement material to the specified 
size. The cutting drums shall be enclosed and shall 
be enclosed and shall have a sprlnkl Ing system around 
the reduction chamber for pollution control. The 
rate of forward speed must be positively controlled 
In o.rder to ensure consistent size of reduced mat-
er la I. The machine must be equipped with an accur­
ate tachometer which is mounted in full view of the 
operator, The crush Ing equ I pment sha 11· meet the 
approval of the Engineer."<!.:_) 

Several of the machines presently being pro­
duced are Barber-Green, CMI, Barco, Rancho, and 
several foreign machines, 

Advantages and Disadvantages, Advantages and 
disadvantages of the above machines are as follows: 
The grid or Impact roller, although suitable for 
tearing up and crushing of seal coat and oil agg 
roads, Is too time consuming to be profltable In 
crushing of plant mixed roads. 

HaJ1V11er-mllls are very well suited for the 
crushing of plant-mixed roads, except when the 
asphalt ls In excess of four Inches. The problem 
then becomes not the crushing, but the scarification 
of the thicker asphalt and the placing of this 
material In a windrow suitable for the hammer-mill 
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to crush. 
Most Rotary Reduction or Cold Mi ll Ing machines 

on the market are suitable for reducing all types of 
asphalt roads and to most any depth. They also have 
the advantage of not disturbing the underlying base 
and traffic dl.sruptlon Is minimal. Th

0

e one disad­
vantage to these machines Is tha t their cost of 
operation does not make it feasable to use on sea l 
coat or thin 3/4" to 1~ 1 1 of plant•m ixed asphal t , 

The decision on what type of equipment to be 
used In cold-In-place recycling should not be spec• 
ified as to type but rather to an end result spec, 
such as 111, 21r or 311 maximum s lze and a percent of 
over size such as 95% to pass a 2" screen, etc. 
This end result type specification then becomes the 
responsibll ity of the contractor and the type of 
equipment and the amount of time that he must spend 
meeting that spec will determine the type, size, and 
number of equipment pieces he will use. 

Single Rotor Stabll lzers 

Clockwise Rotation, Clockwise ratatlon machines 
are made by several companies such as, Rex, Seman, 
Brothe rs & Koherlng and Pettibone, Most of the 
machi nes use an L type tine or mixing tooth, All of 
these can be adap ted to cold·in·place recycling by 
addition of tacometer wheels to give the operator 
a Ft/Min reading and an asphalt pump and meter with 
a Gal/Min meter, therefore, with Ft/Min width of 
machine and depth of cut, Gal/Min can be easily 
determined to give the proper percent of 1 !quid 
aspha1 t. 

Counte r Clockwise Rotat ion. Counter clockwise 
machines are produced by Raygo- Koherlng & Bros. 
All machines have the same a bil ity as the above to 
be adapted for cold-in-place recycling with the 
addition of tac wheel and pump and meter, 

Advahtages and Disadvantages , The advantages of 
the down cut (Clocj<wlse) Is that the material being 
mixed remains in the mixing chamber for a longer 
period of time, The disadvantage of the down cut Is 
the amount of power required to down cut, 

The Counter Clockw ise machines has less down time 
for mai ntenance as the up cut requires less effort , 

Multi Rotor Stab II izers 

Advantages and Disadvantages . The P & H was so l d 
to Kohering In 1957 and the single pass multlrotor 
machine was produced until 1962 or 1963, There ere 
many of these machines sti ll In use today . With the 
mu l t i rotor machine you are able to co l d- In-place 
recycle usi ng penetration grade asphalt cement, with 
production rates of two ful l width road mi l es per day, 

The big disadvantage of the machine Is It's age 
and most rep lacement parts must be made special order. 

Travel Ing Pugmills 

Advantages and Disadvan tages, Midland machinery 
produces a self-conta ined travel Ing pugmill that 
includes; asphalt tank, conveyor for loading material 
and a twin shaft pugmill that discharges the mi xed 
material to an asphalt screed to leave a finished 
surface. 

Pettibone also makes a travel Ing pugmlll that 
picks up a sized windrow and deposits the material 
In a windrow behind the machine to be laid out with 
a grader, 

Both of the above machines produce a qua! ity 
product because the material to be mixed is removed 
from the grade and therefore the metered material 
(asphalt and gravel) are proportioned to a predeterm­
ined mix design, 

The disadvantage is the production per day is 
less than one mile. 

Future Design 

Needed Improvements . The future design needed 
to meet all requi rements for cold· in-place recycl Ing 
woul d be a machine that would crush the existing 
road material, (I.e. Seal Coat, road mix, or hot 
plant-mixed asphalt) remove the material from the 
grade, meter this material and meter the addition 
of additional binder, then pave with th is material 
to the proper grade and cross section. The machine 
should also be capable of changing width where and 
when needed, such as a screed extentlon on most 
conventional asphalt pavers. 

Many companies are using conventional stationary 
crushers and asphalt plants as well as portable 
crushers and mixers, however, the cost of removal 
and replacement of materials from the road bed are 
very expensive and therefore, lmpract I cal. I make 
this statement with reservation, because for small 
jobs, It would not be practical for a contractor to 
Invest in cold· In-place recycling equipment when he 
had stationary equipment suitable to do the job. 

1. Michigan Department of Transportation. 1979 
Standard Specifications for Construction. Div· 
ls ion 4, Section 4,07, b,, pg. 171. 



URBAN COLD RECYCLING 

William Canessa, P.E., Golden Bear Division Witco 
Chemical Corporation, Bakersfield, California 
93308. 

ABSTRACT: Following is a general discussion 
of the basic procedures for asphalt pavement 
recycling covering (a) preparatory steps re­
quired, (b) description of a proper recycling 
agent, and (c) important steps in cold re­
cycling affecting the mechanics of field pro­
cedures. It includes a description of two 
recent cold recycling projects performed in 
California, and a comparison of energy re­
quirements for new construction with four dif­
ferent recycling procedures. 

The subject assigned to me for discussion is 
"Urban Cold Recycling." The work to be performed 
on urban and rural roads is somewhat different be­
cause of differences . in grade control, obstruction, 
traffic, access to adjacent property and other fac­
tors. However, contractors have moved from urban 
to rural, from congested to desolate areas, and 
from complicated to very simple projects with ease 
and hardly a ripple. Therefore, there should be 
no problems in adapting to recycling techniques, 
either rural or urban. 

This paper presents an overall picture of the 
procedures followed on two typical cold recycling 
projects recently completed, one by the City of 
Victorville, California, and the other a Kern 
County, California project. The Victorville pro­
ject involved breaking up and removing the asphalt 
concrete pavement to adjacent empty lots to allow 
correction of base problems, and hauling the 
crushed material back to the road to be mixed and 
laid. The Kern County project involved breaking 
up the existing asphalt concrete pavement, mixing 
and laying without moving it off the site. This 
was done within a 12 foot lane width with a con­
crete curb on one side and a concrete traveling 
lane on the other side. In other words, it was 
accomplished in a confined and controlled grade 
set-up similar to any city street, 

Before going into the details of these two 
projects, I believe it appropriate to discuss 
briefly some facts and aspects basic to recycling 
and recycling agents in general. 

There are three characteristics of any pave­
ment to be recycled which must be known before the 
design engineer can develop the final mix formula. 
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This is true for any pavement regardless of what 
recycling procedure is contemplated -- hot, cold, 
on- or off-site, 100% recycled pavement or a blend 
of recycled pavement and new aggregate. The three 
facts to be determined in the laboratory are: 

I) Percent of residual asphalt in the 
existing pavement; 

2) Consistency of the residual asphalt 
(penetration value or viscosity); and 

3) Asphalt demand of the recycled aggregate. 

With this information, the design engineer can 
determine amount and type of recycling agent re­
quired to achieve a final mix of the quality de­
sired by the agency in charge. 

After the laboratory investigation of the pave­
ment to be recycled is completed and the design 
engineer has the necessary information to develop 
the final mix, the next step is to make certain 
that a properly formulated recycling agent is 
specified as the additive. This recycling agent 
must have characteristics which will result in a 
final mix exhibiting workability, stability and 
durability. Workability and stability can be 
achieved with many available additives; however, 
durability is by far a more difficult achievement. 
But it must be fulfilled. There is no point in 
going to all the trouble, effort and cost to re­
cycle a pavement if durability is not achieved. 
This can be assured by the simple expediency of 
setting up meaningful material specifications with 
the proper limits for specific properties. The 
properties that must be specified in all specifi­
cations of general validity are: viscosity, flash 
point, weight change, saturates, compatability 
with residual asphalt as measured by the ratio N/P, 
aging ratio and specific gravity. We at Golden 
Bear have gone even further and included in our 
quality control specification tests, volatility 
and all values for chemical composition. 

The emulsified versions of our commercial re­
cycling agents must be made of the approved base 
oils and in addition must comply with set require­
ments for the emulsion including pumping stability 
and stability in the cement mixing test, must con­
tain a minimum of 60% residual oil, and must be 
cationic. Tables I and 2 show our own laboratory 
acceptance specifications for recycling agents 
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Table I. Specif i cations for Cyclogen Recycling Agents. 

Property Test Method La Ma Ha 22a 

Viscosity @ 140 F, est ASTM D 2170-74 200-800 1000-4000 5000-10000 15000-35000 

Flash Point, coc, F ASTM D 92-72 400 min. 450 min. 450 min. 475 min. 

Volatility, IBP, F ASTM D 1160-61, 10 300 min. 325 min. 350 min. 

2%, F 375 min. 400 min. 425 min. 475 min. 

5%, F 410 min. 430 min. 440 min. 500 min. 

RTFC weight change, % ASTM D 2872-74 4.0 max. 2.0 max. 2.0 max . 0.5 max. 

Compatibility, N/P ASTM D 2006-70 0.5 min. 0 . 5 min. o.s min. 

Saturates, % w ASTM D 2007-75 28 max. 28 max. 28 max. 28 max. 

Chemical Composition ASTM D 2006-70 0.2 - 1.2 0.2 - 1.2 0.2 - 1.2 
(N+A I) I (P+A2) 

RTFC Ratiob ASTM D 2872-74 2.5 max. 2.5 max. 2.5 max. 2 .5 max. 

Specific Gravityc ASTM D 70-72 0.98 - 1.02 0.98 - 1.02 0.98 - 1.02 0.98 - 1.02 

aSuitable pumping temperatures are the following: L= l40 F, M= l90 F, H=200 F, 22=230 F, and 47=250 F 

bViscosity, RTFC Residue @ 140 F est/Viscosity, Original Material @ 140 F, cSt 

cFor conversion of the L, M & H Series .use 242 gal./ton; for 22 & 47 use 238 gal./ton 

Table 2. Specifications for Emulsified Cyclogen Recycling Agents, LEa, MEa, HEa 

PROPERTY 

Viscosity @ 77 F, SFS 

Pumping stability 

Emulsion coarseness, 
percent 

Sensitivity to fines, 
percent 

Particle charge 

Concentration of oil 
phase, percent 

TEST METHOD 

ASTM D 244-76 

G.B. methodb 

Sieve Test 
·ASTM D 244-76 

(MOD)c 

Cement Mixing 
ASTM D 244-76 

ASTM D 244-76 

ASTM D 244-76 
(MOD)d 

Note: CYCLOGEN 22 and 47 are not furnished as an emulsion. 

SPECIFICATIONS 

15-85 

Pass 

0. 1 max. 

2.0 max. 

Positive 

60 min. 

aOils used for emulsions must meet specifications for the CYCLOGEN recycling agents L, M, H. 
For the conversion of LE, ME and HE use 242 gal./ton. 

47a 

40000-60000 

500 min. 

475 min. 

500 min. 

0.5 max 

28 max. 

2.5 max. 

0.98 - 1.02 

bPumping stability is determined by charging -450 ml of emulsion into a one-liter beaker and circulating the emulsion 
through a gear pump (Roper 29 82262) having !;;" inlet and outlet. The emulsion passes if there is no significant oil 
separation after circulating ten minutes. 

cTest procedure identical with ASTM D 244 except that distilled water shall be used in place of two percent sodium 
oleate solution. 

dASTM 0-244 Evaporation Test for percent of residue is modified by heating 50 gram sample to 300 F until foaming 
ceases, then cooling immediately ~nd calculating results. 

Table 3. Calculation of Asphalt Demand of 
Recovered Aggregate 

p 4R + 75 + 12F 
100 

X J, I 

P = Total % asphalt required in recycled mix 
(old asphalt + recycling agent) 

R Rock (retained on #8 sieve) 

S Sand (passing 118 sieve; retained on 11200) 

F = Fi nes (passing #200 sieve) 



(base oils and emulsified grades) which we manufac­
ture and which, by our tests, will fulfill all the 
necessary and needed requirements to achieve work­
ability, stability and durability. 

To go into further detail on the chemistry of 
recycling agents would be outside the scope of this 
paper. For those interested in some of the de­
tails, I refer you to two review papers I presented 
recently on the chemical aspects of pavement recy­
cling affecting engineering considerations: (I) a 
prepared discussion for the Symposium on Recycling 
of Asphalt Mixtures, published in the Proceedings 
of the Association of Asphalt Paving Technologists, 
Vol. 43, pp. 327-339, 1979, and (2) "Rejuvenating 
Materials," presented at the Conference on Recy­
cling of Asphalt Pavements, University of Michigan, 
March 25-26, 1980. These two papers describe the 
asphalt chemistry as practiced by Golden Bear, in 
language easily understood by engineers as well as 
chemists. 

It would be well to mention at this time the 
fallacy of specifying high penetration asphalts 
or asphalt emulsions as the sole additive for any 
recycling project. Although a high penetration 
asphalt contains all the components specified in 
a recycling agent, if the ratio of the components 
is uncontrolled, the composition of the cement in 
the final mix is unknown and end results are un­
predictable. Recycling is a costly procedure. To 
consider workability only and ignore durability is 
wrong. Why gamble and waste all the effort, energy, 
money and time for what will in practically all 
cases be a pavement of questionable durability? 
Those who advocate using high penetration asphalts 
for recycling are in essence advocating a mix de­
sign which, in most cases, will contain a binder 
which might result in a pavement of impressive ap­
pearance when freshly laid, but which is a gamble 
as to future performance. 

To return to the subject of actual field con­
struction of urban cold recycling, I want to pre­
sent to you now the pertinent facts of the City of 
Victorville and Kern County projects. 

City of Victorville 

For the City of Victorville, estimated savings 
of approximately $100,000 by cold recycling of res­
idential streets was the main incentive. The 
existing pavement was 21" thick and the design re­
quirements in this area, due to soil conditions 
and traffic requirements, called for four inches 
of pavement. If the old time-honored procedure of 
removing and disposing of the existing pavement 
and replacing it with four inches of new pavement 
were to be followed, Victorville could not afford 
to proceed with the project. 

A representative sample of the asphalt pave­
ment was analyzed showing an asphalt content of 
5.4% with a penetration value of 7 and a viscosity 
of 653,000 poises. The asphalt demand of the 
aggregate was 6.3%. This was arrived at by using 
the surface area formula shown in Table 3. This 
asphalt demand called for an addition of approxi­
mately Ii. of a recycling agent. Since -t:his was to 
be a cold recycling project, the emulsion form of 
the recycling agent was required". The emulsion 
contained 60% residual, meaning that the total 
amount of emulsion needed was J.7% by weight. The 
recycling agent used by the contractor was 
CYCLOGEN LE, a one-component material developed, 
manufactured and supplied by Golden Bear Division­
Witco. The specifications also required the old 
asphalt pavement to be broken up so that 100% would 
pass the 11" sieve, 90-100% would pass the I" sieve 
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and 0-8% would pass the No. 200 sieve. Since base 
repair had to be performed, the old crushed pave­
ment was stored in empty lots adjacent to the pro­
ject. When the base work was completed, the old 
pavement was hauled back to the roadway, dumped 
into the hopper of a Midland mixer-paver. The 
Midland mixer-paver had the capability of intro­
ducing the CYCLOGEN LE into the mix at the pre­
determined rate, mixing and laying the 21" depth 
12 feet wide in one pass. Compaction followed 
with a vibrating roller, The street was opened 
immediately to traffic and received the final 11" 
of new asphalt mix several days later. 

The City of Victorville plans more cold on­
grade recycling work; however, the final riding 
surface will be a slurry seal, which should be 
adequate under most conditions prevailing on res­
idential streets. 

Kern County Project 

In the Kern County project, all preliminary 
work was the same as in the Victorville jobs, but 
the field procedure was slightly different. There 
was no base problem to correct. The total thick­
ness of pavement was four inches. The specifica­
tions called for recycling the top three inches, 
leaving 1" undisturbed. Using a milling machine, 
the old pavement was broken up on the grade to the 
same gradation requirements as in Victorville. 
The crushed material was left on the roadbed and 
windrowed, A Midland mixer-paver with a Ko-Call 
on the front then moved down the grade, picking 
up, mixing and laying to grade in one pass. The 
recycling agent used on this project was again 
CYCLOGEN LE, supplied by Golden Bear, and was in­
troduced into this mix at a rate of 2.7% by weight. 
This project is scheduled to have a chip seal as 
its final riding surface. 

General Observations 

Having been personally involved in many cold 
recycling projects, I believe I should mention 
several items regarding the actual mechanics and 
procedures that one must make sure are followed. 
The pavements must be crushed or milled so that 
100% passes the 11" sieve. This is necessary to 
assure a reasonable gradation, proper mixing and 
compaction. Oversize material can be detrimental 
to these requirements. It is advisable to use 
the amount of recycling agent calculated for the 
mix regardless of what the immediate visual ap­
pearance may be. It must be kept in mind that the 
recycling agent needs a certain amount of time to 
react completely with the residual asphalt, but 
the ability of the recycled mix to perform and 
function is {n no way inhibited during this reac­
tion time. Traffic should be allowed to use the 
facility as soon as possible after compaction. It 
is also usually required that some type of seal, 
such as conventional asphalt emulsion or reju­
venating agent be sprayed on the recycled mat 
prior to placing the final riding surface. The 
reason for the seal is that most cold recycling 
projects end up with voids in the area of 6%, and 
it is well to seal them off from the intrusion of 
air and water. 

Features unique to urban projects are the ob­
structions, such as curbs, gutters, manhole 
covers, valves and other utility features which 
must be protected from damage and meet the final 
grade. Small, maneuverable milling equipment is 
available to grind around obstructions or in small 
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areas so all the old pavement can be utilized, If 
it is impractical or impossible to recover material 
from small, inaccessible areas, it can be removed 
and hauled off to a central stockpile for further 
use. In other words, recycling can be performed 
economically and expeditiously regardless of the 
locality or conditions. 

For recycling where a given grade must be main­
tained but traffic and soil conditions indicate 
need for additional thickness of pavement or 
strengthening the base, the following procedure 
may, and in most cases will, fulfill the structural 
requirements. In this case, the procedure would 
be to grind up the existing pavement and windrow it 
off to the side or stockpile it off the site. 
Using a standard asphalt emulsion, a black base can 
then be made of the existing material to the nec­
essary thickness to meet the structural require­
ments. However, this can be done only if the 
existing base material meets requirements, such as 
a reasonable gradation and proper sand equivalent 
so that it can be converted from an untreated rock 
base to an asphalt treated base. This will allow 
the design engineer to assign a greater gravel 
equivalent thickness to the existing untreated base 
and will generally be sufficient to satisfy the 
structural thickness requirements in residential, 
secondary or collector streets, without removing 
or hauling base material. 

There are those who advocate mixing the exist­
ing base with the crushed pavement for the recy­
cling procedure. This should be considered only 
if the thickness of the pavement is less than two 
inches. Then the mixture of crushed pavement and 
base should be treated and mixed on the same basis 
as an untreated base due to the insignificant 
amount of residual asphalt. If the pavement is at 
least two inches thick and the structural design 
calls for additional overlay or load carrying cap­
acity, the base should be separated from the sur­
face and the two mixed separately. 

There are also other advantages to cold recy­
cling which are of utmost importance. No serious 
air pollution problems are involved, and there is 
a considerable savings in energy which in turn 
translates to a savings in money. 

To point out the savings in energy, I want to 
give a brief review of a specific project setting 
forth the energy requirements for five different 
approaches - four recycling procedures and one pro­
cedure replacing the road with all new materials. 
The project comprises a three-mile long asphalt 
pavement, 24 feet wide, four inches thick. The 
plant where all off-site work (hot or cold) is to 
be performed or from where the new mix would ori­
ginate, is 15 miles from the project. 

Approximate BTU requirements for each con­
struction function involved, generally accepted as 
reasonably accurate, are as follows: 

2,500 

5,000 
20,000 

70,000 
150,000 
250,000 

BTU to produce one gallon paving 
asphalt 
BTU to haul one ton one mile 
BTU to mix one ton of cold-mix (no 
recycling agent) 
BTU to produce one ton aggregate 
BTU per gallon of paving asphalt 
BTU to dry and mix one ton of hot-mix 
aggregate (no asphalt) 

The weight of the asphalt mix is assumed to be 
140 lbs./cu. ft. and is the same for all procedures. 

Tests on the aged pavement indicate that 1.6% 
recycling agent is required. The new aggregate 
hot-mix will require 6% paving asphalt. Based on 
this information, energy requirements of the tive 

different procedures can be compared in BTU values. 
However, BTU requirements, difficult to visualize, 
can be easily comprehended when converted to the 
equivalent in energy content of gallons of paving 
asphalt. The energy requirements of the four dif­
ferent recycling procedures and new aggregate hot­
mix in terms of gallons· of paving asphalt, are as 
follows: 

100% recycled aggregate mix 70,000 gallons 
cold on-site 

100% recycled aggregate mix 79,000 gallons 
cold off-site 

70% recycled aggregate, 30% 88,000 gallons 
new aggregate hot off-site 

50% recycled aggregate, 50% 106,000 gallons 
new aggregate hot off-site 

100% new aggregate hot-mix 155 ,ooo gallons 

These figures do not include the energy require­
ments for breaking up the old pavement, laydown 
and compaction since these values would be approx­
imately the same whichever procedure is used. 
The above figures speak for themselves and should 
require no further comment except that recycling, 
especially the cold procedure, saves energy - a 
most important consideration not only at this 
point in time, but also in the foreseeable future. 
And, as mentioned previously, saving energy re­
lates directly to savings in dollars. 



RURAL COLD RECYCLING 

Stewart R. Spelman, Region 15 Federal 
Highway Administration, U.S. Department 

of Transportation. 

Cold recycling of deteriorated 
pavements in two National Parks is 
discussed. Information on the cost 
saving is presented. A tabulation 
of some cold recycle projects is pre­
sented. It is concluded that cold 
recycling is a viable economic 
rehabilitation process. 

This paper covers rural recycling. 
Specifics on one recycling project in an 
eastern National Park are presented, 
a summary of a second Park project, and 
tabulation of other cold recycling 
projects are given. 

The specific project discussed is 
one built in the Cape Cod National 
Seashore Park in Massachusetts. This 
project consisted of recycling an 
existing pavement in place. The roadway 
was closed to traffic during the con­
struction except for emergency traffic. 
This project was successful and presented 
no problem. 

The second Park project consisted of 
recycling an existing pavement after 
removal in Catoctin Mountain Park near 
Thurmont, Maryland. Part of this second 
project used an emulsion as a compaction 
aid. This project had a number of 
problems from which modifications for 
future projects of this type are under 
consideration. 

Cape Cod National Seashore Park 

This project consisted of reconstruction 
of 0.96 km (0.6 mi) of Moor's Road and 
3.52 km (2.8 mi) of Province Lands Road 
in the Cape Cod National Seashore 
located near Provincetown, Massachusetts. 

The existing pavement on 2.56 km 
(1.6 mi) of the Province Land Road 
consisted of 10 cm (4 in) of bituminous 
concrete (two, 5 cm (2 in) wearing 
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courses of different ages); 10 cm (4 in) 
of sand-asphalt; and 15 cm (6 in) of a 
sand-clay mixture over a sand subgrade. 

The remaining 0.8 km (0.5 mi) of 
Province Lands Road had a similar section. 
This portion of the road had been 
recently rebuilt and had only minor 
surface cracking so it was overlaid with 
3.13 cm (1.25 in) of hot bituminous 
concrete. 

The existing pavement on 0.96 km 
(0.6 mi) of Moor's Road was also recycled. 
The layers in this roadway were as 
follows: 7,5 cm (3 inch) of old bitumi­
nous concrete surface; 7.5 cm (3 inch) 
of sand asphalt; and 15 cm (6 inch) of 
sand-clay mixture. 

This section of the 
roadway had been recently rebuilt and 
had only minor surface cracking. 

The typical sections for the two 
roads as they existed prior to con­
struction appear in Figure 1. The 
existing pavement condition of these 
roadways is shown in Figures 2 and 3. 
Thermal cracks are evident in both 
roadways. The existing asphalt appeared 
to be oxidized and brittle and to have 
undergone considerable oxidation since 
placement. 

The National Park Service recommended 
that reprocessing and relaying the 
existing roadway material prior to 
placing a new wearing course be con­
sidered during the design stage in lieu 
of adding a new leveling course and 
wearing course to the existing pavement. 

Pavement Design 

Based on the findings of the field 
investigation, on the flexible pavement 
design analysis (1, 2), and considering 
the National Park Service's request, the 
following pavement structures were 
recommended. See Figure 4. 
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Figure 1. Typical roadway sections before construction. 

10 cm (4 in) HBCP 

10 cm (4 in) Sand-Asphalt 

15 cm (6 in) Sand-Clay Mixture 

0.04% -0.02% 0.04% 

ar . 3.3 m (11') 3.3 m (11') 

Shoulder e r 

PROVINCE LANDS RoAD 

7.5 cm (3 in) HBCP 

7.5 cm (3 in) Sand-Asphalt 

0.02% 15 cm (6 in) Sand-Clay Mixture 

0.9 mL-~~~~~~~~~~r-~~~~~~~~~--J0.9 m 
(3') .( 3') 
Var . 3.6 m (12') 3.6 m (12') Var . 

Shoul Shoulder 

Figure 2. Transverse cracks in the 
existing pavement. 

MooR's RoAD 

Figure 3. Localized deterioration in 
the existing pavement. 
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Figure 4. Typical secti ons for new ro a dwa y s. 

2.5 cm (1 in) HBCP 

3.75 cm (1.5 in) HBCP 

20.0 cm (8 in) Reconditioned Roadbed 

cm (6 in) Sand-Clay Mixture 
0.02 % 0 • 04 % (existing) 

0. 9m L-+- - - ---- --1--------+.--..J 0.9 m 
( 3') . 6 m (3' l 

Shoulrer 
La teral Pa Limits for Reconditioned Roadbe d 

---1:.RovINCE LANDS RoA!2 

15.0 m (6 in) Sand-Clay Mi xture 
(existing) 

2.5 cm (1 in) HBCP 

3.75 cm (1.5 in) HBCP 

15.0 cm (6 in) Reconditioned Roadbed 

O. 9 mL--- --- - - - - i---- ----- --h. 9 m 
(3.) (3') 

e r 
Late r al Pay Limits for Recon ditioned 

1. Province Lands Road. Section 1 
(2.56 km (1.6 mi)). 
6.25 cm (2.5 in) hot bituminous 
concrete 
20.0 cm (8.0 in) cold recycled 
material 

2. Province Lands Road. Section 2. 
(0.8 km (0.5 mi)). 
3.12 cm (1.25 in) hot bituminous 
concrete 

3. Moor's Road (0.96 km (0.6 mi) ), 
6.25 cm (2.5 in) hot bituminous 
concrete 
15.0 cm (6.0 in) cold recycled 
material 

; 

Pulverization and cold recycling of 
the existing bituminous surfacing 
material was recommended in lieu of 
overlaying to prevent reflective cracking 
and to provide a base of uniform strength 
and cross section. A layer coefficient 
of 0.25 was used for the recycled 

pavement in this analysis. This is 
equivalent to the value normally recom­
mended by the AASHTO pavement design 
guide (2) for cold mix material. 

Construction 

Contractor. The prime contractor for 
this project was M. F. Roach of North 
Eastham, Massachusetts. He subcontracted 
the recycle work, called "reconditioning of 
roadbed" under this contract, to Bell and 
Flynn of Stratham, New Hampshire. They 
had done previous work of this type for the 
State of Maine, so were familiar with this 
type of operation. 

Recyc ling . Reconditioning of the 
roadbed was accomplished by cold recycling 
the existing 20 cm (8 in) of bituminous 
pavement. A grader equipped with a ripping 
tooth scarified the existing pavement into 
relatively small pieces ie. 30 cm (24 in) 
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by 90 cm (36 in) or less. The material was 
then bladed into a windrow. A BROS prepa­
rator, portable hammermill, was then towed 
by a front end loader over the windrow. 
After each pass of the hammermill the 
material was reformed into a windrow for 
additonal passes of the BROS preparator 
until the material was broken down to the 
desired size and uniformity. The specifi­
cations required 100 percent passing 
the 5 cm (2 in) sieve. There was no 
problem meeting this requirement with this 
material since it was primarily sand­
asphalt concrete, which readily broke down 
under the action of the hammermill. Water 
was added during the processing with the 
hammermill to control dust, and keep the 
hammers cool by reducing friction. After 
the material was properly pulverized it was 
shaped by the grader and compacted. See 
Figures 5, 6, and 7 . 

Figure 5. Front end loader towing BROS 
preparator. 

Figure 6. BROS preparator pulverizing 
windrowed material. 

Figure 7. Partially compacted recycle 
material. 

The project was designed for the 
finished grade of the recycled base material 
to match the original grade of the old 
roadways. Due to the recycling process and 
widening of the roadways this could not be 
accomplished and the finished grade of the 
base material was lowered approximately 3 
cm (1.2 in). This did not affect the 
overall depth of the base material. 

A prime coat was not used on the cold 
recycle material as the existing roadways 
had been constructed on a layer of clay or 
"hardening" used as the subbase to bridge 
the underlying sand. This added clay 
helped to make the resulting recycled base 
very tight and impervious to the penetration 
of the prime so it was eliminated. 

Compaction. The compaction require­
ment for the re cycled base material was 
95 percent of AASHTO T-180 Method D (3). 
Since asphalt was present, a correction 
factor had to be determined for the 
nuclear density gauge being used to 
control compaction. This was done as 
recommended by the manufacturer of the 
gauge. A Troxler Model 3411 moisture­
density gauge (4) was used. 

Bituminous Concrete. A 3.75 cm 
(1.5 in) hot bituminous concrete binder 
course was placed over the recycle 
material and was followed by a 2.5 cm (1 
in) wearing course. The gradations for 
the binder and wearing courses met the 
Massachusetts Specifications for Class I 
bituminous concrete pavement (5). These 
are nominal 1.9 cm (3/4 in) and 0.38 cm 
(3/8 in) dense graded mixes. These 
mixes were placed using a Slaw Knox 
track paver and compacted with two, 
2-axle tandem steel rollers. See 
Figures 8 and 9. 

Berms. Since the prevalent material 
on Cape Cod is sand and it is highly 
erodable along highways, surface drainage 
is controlled by the use of "Cape Cod" 
bituminous concrete berms and waterways. 
Figures 9, and 10 show the placement and 
end product of this operation. 



Cost Comparison 

Equivalent Hot Mix Cost . A cost 
comparison between the recycled pavement 
and an equivalent amount of new hot 
mix was made. 

The structural coefficient for the 
recycled mix was assumed to be 0.25 as 
mentioned before. For the 20 cm (8 
in) recycled pavement on the 2.56 km 
(1.6 mi) of Province Lands Road, 12.5 cm 
(5 in) of hot mix would be needed for an 
equivalent thickness using 0.40 for the 
hot mix coefficient. At a price of 
$19.80/t ($22/ton) this 12.5 cm (5 in) 
section of hot mix would cost $139,000. 

For the 15 cm (6 in) of recycled 
pavement on the 0.96 km (0.6 mi) of 
Moor's Road, 9.38 cm (3.75 in) of 
bituminous concrete would be needed or 
1476t (1640 tons) of 720 cm (24 ft) wide 
pavement. At a price of $19.80/t 
($22/ton) this 9.38 cm (3.75 in) would 
cost $36,000. The total would be 
$175,000. 

Figure 8. Placement of wearing course 
over newly placed binder course. 

Figure 9. Compacting the wearing 
course. 

Figure 10. Placement of bituminous 
concrete berm. 

Figure 11. Completed section of berm. 

Recycle Cost. The recycle was paid 
for under three different pay items. 
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One was by 30.3 m (100 foot - station) 
for Province Lands Road, one by square 
kilometers (sq yds) for Moor's Road, and 
one for the water in 760 ML (Mgal) for 
all recycle. 

The contract and total costs for 
these items were as follows: 

1. 

2. 

3. 

Recycle-Province Lands Road 
30.3 m x $4108.75/m = $124,495 
(116.18 Sta. x $1072/Sta. = $124,495) 
Recycle-Moor's Road 
2,424 m2 ~ $4.313/m2 = $10,454 
(3,030 yd x $3.45/yd 2 = $ 10,454) 
Water 
760 ML x $2.631/ML = 
(200 Mgal x $10/Mgal 

Total 

$2000 
$ 2,000) 

= $136,949 

Savings . Based on this data the 
savings would have been as follows: 

Additional hot mix 
Recycle mix 

$175,000 
$136 ,949 
$ 38,051 
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This amounts to $38,051/3.52 km (2.2 
mi) = $10,810/km ($10,378/0.6 mi). This 
does not include the added hauling cost to 
dispose of the old pavement. 

Summary 

This project proved very successful in 
that there were not any construction 
problems and the completed pavement 
looked excellent. See Figure 12. Also, 
the roadway has not shown any signs of 
problems in its one year life. 

Figure 12. View of completed pavement. 

Catoctin Mountain Park 

Project Location 

This project consisted of recycling an 
existing Pavement in Catoctin Mountain Park 
near Thurmont, Maryland. This location may 
be familiar to the reader because "Camp 3" 
or "Camp David," the President's retreat, 
is adjacent to the park grounds. In fact 
the construction work on this project had 
to be discontinued when the Egyptian -
Israeli Summit Conferences were held there 
in 1979. 

Construction 

The project was four miles long and 
included reconstruction of the existing 
pavement with some widening and some new 
alinement. The roadway was essentially 
closed to traffic during construction. 
The existing roadway that was recycled 
consisted of a 5.4 m (18 ft) wide 
pavement of variable depth bituminous 
concrete of 7.5 cm (3 in) to 20 cm (B 
in) thickness, the latter thickness 
being at the pavement edge. A CMI 
PR-750 Roto Mill was used to remove the 
old pavement - see Figure 13. The 
thicker pavement at t.he edges of the 
roadway that was not removed by rotomil-
1 ing was crushed in place with a D-7 
dozer and became part of the subgrade. 

The material removed was stockpiled at 
two parking areas adjacent to the main 
roadway. A "Pelican" portable pugmill 
was used to mix the blend of 50 percent 
recycled material and 50 percent crushed 
stone with 4 percent emulsion (SS-lh). 
and 1 percent water - see Figure 14. 
The material was then placed on the 
prepared subgrade with a Barber Greene 
Paver and compacted with a 10-ton Hyster 
roller - see Figure 15. The final 5 cm 
(2 in) bituminous concrete overlay was 
placed after the recycled material had 
cured. 

Figure 13. Roto-Mill removing old 
pavement. 

Figure 14. Portable pugmill mixing 
emulsion with recycle-aggregate blend. 

Problems 

There were some problems encountered 
on this project as follows: 

1. The stockpiled recycle material 
hardened in storage and had to be 
broken down with a bulldozer. 



Figure 15. 
material. 

Placement of recycled 

2. There were some oversize pieces in 
the stockpile because the Roto-Mill 
did not break up alligatored 
pieces of pavement during removal. 
These had to be scalped on the feed 
bin to the pugmill. 

3. Crushed stone had to be blended 
with the recycle material to 
facilitate feeding the material 
through the cold feed hopper. 

4. The maximum particle size require­
ment of 7.5 cm (3 in) for the 
recycled material prevented 
converting the lift thickness to 
two 5.0 cm (2 in) thick lifts to 
accelerate curing of the SS-lb 
emulsion. 

5. The late fall season and forest 
location with considerable shade 
and high humidity caused delays 
in curing the emulsion type used 
here. 

Specification changes 

Based on this experience we are 
considering the following specification 
changes on future projects of this 
type. 

1. Cement should be used with all slow 
set emulsions. 

2. The use of mixing grade emulsions 
should be allowed as an alternate 
to the slow set type, particularly 
when the project may carry over 
into the late fall, the work is 
to be done in high humidity 
areas, and/or the use of pugmill 
mixing and machine placement is 
utilized. 

3. Some laboratory and in place 
strength measure should be incorpor­
ated into the specifications for 
material containing an emulsion for 
a compaction aid. 
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Other Projects 

There have been many reports (6,7,8) 
in the literature describing cold 
recycling projects on interstate highways, 
county and State roads, city streets, 
and park and Indian reservati~n.r~ads. 
Various additives and/ or stab1l1z1ng 
agents such as lime, liquid asphalts, 
emulsions, asphalt cements, and portland 
cement have been used. The end use of 
these cold recycled materials has 
normally been as a base material and 
usually protected by a bimuminous 
overlay or seal coat. Table 1 presents 
a summary of some of these projects. 

Summary 

Cold rural recycling is a viable 
construction procedure that utilizes 
existing materials in an economic manner 
and provides improved roadway structures. 
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Table 1. Cold Recycling Projects (6,7,8). 

State 

California 

Indiana 

Maine 

Michigan 

North Dakota 
Kansas 
Texas 

FHWA 
(Reg. 15) 
FHWA 
(Reg. 15) 
FHWA 
(Reg. 10) 
California 

Illinois 
(Peoria) 
Utah 
Nevada 
Alabama 
(Montgomery) 
Virginia 

Roa dway 

S . R. 45 

C.R. 28/80 

I-95, S.R. 9, 
S.R. 17 

I-75 

us 281 
S.R. 568 
us 277 

C.R. "M" 

Cape Cod NSP 

BIA 
Reservation 
C.R. (Modoc) 

City Streets 

us 160 
us 40 
City Streets 

City Streets 

Re cycl e d Material 

A.C. Pavement and base 
bituminous materials 
A.C. Pavement and 

gravel base 
A.C. Pavement 

A.C. Pavement 

A.C. Pavement 
A.C. Pavement 
A.C. Pavement 

A.C. Pavement 

A.C. Pavement 

Emulsion Base 

A.C. Pavement + 
untreated base 
A.C. Pavement 

A.C. Pavement 
A.C. Pavement + base 
A.C. Pavement + base 

A.C. Pavement + base 

Agent End Use 

Lime Base 6.25 cm 
(2.5 in) 

Chemical Base 
+ Liquid A.C. 
Cut back Base 
+ emulsion 
Asphalt Base 
Cement 
none 
Cutback 
Rejuvenation 
& emulsion 

Shoulder 
Pavement (+seal) 
seal 

Chemical & Base 
none & Emulsion 
None 

Emulsion 

Cement 

Cement 

Cement 
Cement 
Cement 

Cement 

Base 

Base 

Base 

Base 

Base 
Base 
Base 

Base 



STATE-OF-THE-ART HOT RECYCLING 

Richard W. Smith, National Asphalt Pavement Association 

Hot recycling pertains to the recycling or re­
processing of reclaimed pavement materials into 
hot mix asphalt in a central plant . Although 
reclaimed uncoated, aggregate and Portland cement 
concrete materials can be reprocessed into hot­
mix asphalt, hot recycling is usually meant to 
specifically include the reprocessing of reclaimed 
hot-mix asphalt or asphalt treated aggregate. 
Reclaimed uncoated aggregate materials are re­
processed in the conventional manner as new 
aggregates, whereas reclaimed asphalt coated . 
aggregates are reprocessed using slightly modi­
fied techniques. Both reclaimed uncoated and 
coated aggregate materials may be reprocessed 
into hot-mix asphalt during the same operation. 
In either case, the use of some additional new 
aggregate may be required in the recycling pro­
cess for the purpose of producing a hot-mix 
asphalt which meets the stated quality criteria 
for the mix and/or for the hot-mix plant opera­
tion, itself, which requires a certain quantity 
of uncoated aggregate to operate efficiently 
and within air quality standards. In all instances 
new asphalt cement and/or a suitable rejuvenating 
agent will also be added as part of the recycling 
process to restore the properties of the aged 
asphalt and to coat reclaimed or new aggregates 
that have been added. Hot recycling can be done 
in any type of hot-mix plant including the drum, 
batch, and continuous types. The hot-mix ~lant 
must be modified or retrofitted for recycling, 
if not originally equipped when new. In terms 
of overall plant replacement cost, the investment 
is relatively small. The actual hot recycling 
process is not complicated, and in fact not much 
different from the conventional process. The 
technology and equipment necessary to do recycl­
ing is developed and available. What makes hot 
recycling seem complicated sometimes is the seem~ 
ingly infinite number of ways to go about it. 
In addition there are numerous factors unique 
to the highway industry and the asphalt industry 
in particular, that would make one recycling 
technique preferable in one area and not in another . 
These factors need to be addressed in order to 
meld hot recycling into the normal operating 
procedures of the asphalt paving industry. The 
concept of hot recycling has grown from Qne con-· 
cerned with the utilization of pavement materials 
being disposed of in landfills to one also con­
cerned with finding situations where pavement 

material removal for subsequent recycling 
provides an economic advantage over other 
pavement rehabilitation alternatives. It 
is the latter that is the most difficult 
to identify and to accomplish . 
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THE ROLE OF PAVEMENT MATERIAL REMOVAL AND RECYCL­
I NG I N PAVEMENT REHABILITATI ON 

Obviously, if one is going to recycle, one 
must obtain pavement materials from some place. 
Since approxi ma tely 80 percent of all hot-mix 
asphalt produced is purchased by public agencies, 
only approximately 20 percent commercial and 
private, one could assume that potentially 80 
percent of all recyclable materials will come . 
from public owned pavements. Hence, the public 
agency is, or will be, the keystone in providing 
the bulk of materials for hot recycling and the 
manner in which they perceive and practice the 
concept of hot recycling is all important in 
determining the quantity of materials that will 
ultimately be made available for recycling . 
The estimated quantity of materials to be made 
available, as the hot-mix contractor interprets 
the agency attitude toward recycling, is all 
influential in motivating the necessary equipment 
purchases and modifications to do recycling . 
This in turn also has a rebound affect on the 
agency attitude . Hence negativism on one side 
will bring deeper negativism on the other side. 
Conversely, a positive attitude has a similar, 
but opposite effect . 

Hot recycling has been considered by some 
to be a pavement rehabilitation alternative. 
In other words, the entire procedure of removing 
pavement materials and reprocessing them thr~ugh 
the hot-mix plant to subsequent replacement in 
the pavement is compared against other alternatives, 
as for example, an asphalt overlay. Others consider 
that pavement material removal is the rehabilita­
tion alternative and that hot recycling is a 
separate process . In other words, pavement mater­
ial removal can be done independently of recycling 
and vice-versa, or both can be combine.d and planned 
together as above. 

The National Asphalt Pavement Association 
and The Asphalt Institute have adopted the second 
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point of view and have published the following defi­
nitions associated with hot recycling. 

DEFINITIONS RELATED TO RECYCLING OF PAVEMENT MATERIALS 

Pavement Material Removal - A pavement rehabili­
tation alternative. 

Methods of Material Removal 

(1) ripping and crushing 
(2) cold milling 
(3) hot milling 
(4) heater planing 

Reclaimed Asphalt Pavement (RAP) - Removed and/or 
processed pavement materials containing asphalt and 
aggregate. 

Reclaimed Aggregate Material (RAM) - Removed and/or 
processed pavement materials containing no reusable 
binding agent. 

Recycling - The reuse, usually after some processing, 
of a material that has already served its first-intend­
ed purpose. 

Hot-Mix Recycling - A process in which reclaimed 
asphalt pavement materials, reclaimed aggregate 
materials, or both, are combined with new asphalt, 
and/or recycling agents, and/or new aggregate, as 
necessary, in a central plant to produce hot-mix 
paving mixtures. The finished product meets all 
standard material specifications and construction 
requirements for the type of mixture being produced. 

It is important to recognize that the two opera­
tions, pavement material removal and recycling, are 
separable. There will be situations where it will 
be advantageous to combine them as a single rehabili­
tation plan and there will be situations where only 
pavement material removal is desired, and still other 
situations where no pavement material removal will 
be done, but recycling would be permitted if other 
material were available. 

FACTORS INFLUENCING THE DECISION TO RECYCLE 

There can be instances where if the two opera­
tions are not combined and other situations where 
if they are combined, then no recycling will be done 
because there are a number of associated factors 
which can make recycling seem to have the lesser 
economic advantage. Some of these are listed below: 

A. Size of project (Recycling Ratio) 
B. Availability of asphalt plants modified for 

recycling 
C. Salvage value of removed pavement materials 
D. Pavement material ownership policy 
E. Reclaimed asphalt material content of re­

sultant hot mix 
F. Types of asphalt plants permitted/available 
G. Location of project (rural or urban) 

Almost all of the above factors are interactive 
with one another. For example, there are almost 
as many different situations that one has to contend 
with as there are possible combinations of the above 
factors. For this reason it is difficult to discuss 
each of these factors separately as the effect of 
each on whether recycling will be done can be different 

depending on the other fa.cto'Cs. It is essential 
that the ultimate decision on whether recycl~ng 
should be done, however, be based upon a life 
cycle coat analysis. 

Initial cost is sometimes used as the basis 
with no consideration to the future costs of 
the various rehabilitation alternatives. Hence 
it is possible that recycling will be rejected ' 
as an alternative because initial costs might 
be higher, yet it could be the most economic 
choice based on annual cost over a specified 
service life. Part of the difficulty in life 
cycle analyses is the uncertainty of pavement 
service life of all types of pavements, in gen­
eral, future repair needs, and availability of 
future funds for planned maintenance or rehabili­
tation programs. One cannot hope, however, to 
make a rational selection of any pavement rehabili­
tation alternative without some consideration 
to life cycle cost analysis of all possible alter­
natives. 

A. Size of the Project 

This factor needs to be considered in two 
parts; (1) tonnage of hot mix to be removed and, 
(Z) tonnage of hot mix to be replaced. A secondary 
factor that is very influential is the recycling 
ratio, which is the ratio of the amount of material 
removed to the amount of material replaced. 

If this ratio is greater than 0.7 (it is 
assumed here that a rehabilitation plan has been 
selected that is adequate structurally to handle 
the projected traffic over the desired service 
life at the desired pavement serviceability level), 
there will in all probability be excess reclaimed 
asphalt pavement materials left over after the 
project is completed. The economic value (salvage 
value) of this excess material is dependent on 
whether there is another place to use it within 
a reasonable haul distance. If there is no other 
place to utilize the economic value of the excess 
material, the agency should consider increasing 
the tonnage replaced to lower the ratio to at 
least 0.7 (increase pavement thickness above 
projected level of need, pave shoulders, etc.). 
This decision should be based on the economics 
of life cycle cost analysis as the two resultant 
pavements will have different service lives, 
different rehabilitation needs in the future, 
and different annual costs (or present worth). 
If there were another nearby location for use 
of this excess material, the economic value of 
the excess materials could be subtracted from 
the initial cost of this project or if the contrac­
tor purchased the excess material from the agency, 
the same effect is obtained. Then the recycling 
ratio would not have to be lowered. 

In the above example, it was assumed that 
a drum mixer plant was to be used. If there 
are no drum mixer plants available, or if the 
agency does not want to exclude the use of batch 
plants, the recycling ratio should be lowered 
to at least 0.5. This limitation, as well as 
the preceding one, is mentioned because of plant 
type recycling limitatio~s which will be discuss-
ed later. Depending on the number of drum mixer 
plants available, this latter course of action 
could improve the economics of recycling by stimu­
lating competitive bidding. However, the economics 
may have been worsened because more hot-mix material 
is being replaced than originally determined 
to be ne•~ssary or wanted for the desired service 
life. A life cycle coot analysis would help 



determine whether or not this is the case. 
A project designed with a recycling ratio of 

0.7 in conjunction with a batch plant which has a 
maximum limitation on the reclaimed material content 
of the resultant mix of 0.5, means that excess mater­
ial would be left over after project completion, 
whereas with a drum plant, it quite possibly would 
not. In instances where there is other possible 
use of the excess material (either on another public 
project or if the excess material becomes the pro­
perty of the contractor it could be used on private 
or commercial work), it may be economically justified 
to still plan the project at a recycling ratio which 
exceeds the reclaimed material content capability 
of the batch plant (or even above that of the drum 
plant for that matter). The batch plant owner can 
only be competitive in this instance with the drum 
plant owner if he acquires ownership of the excess 
pavement materials rather than the agency retaining 
ownership, and if the former can find an economic 
use for the excess material on some other project 
either public, commercial, or private. 

In instances where there is no other possible 
use of any excess removed materials either public, 
private, or commercial (no economic value) it is 
quite likely that the use of a drum plant will pre­
vail and will provide the lowest cost to the agency, 
but this may not be guaranteed unless there are several 
drum plants available to provide the competitive 
bidding necessary for the lowest possible cost. 

The industry has barely begun to gear-up for 
recycling. This is because recycling is not permitted 
on a routine basis. Of the 4,000 plus or minus batch 
plants and the 800 plus or minus drum plants in the 
United States, it is extremely doubtful if there 
are more than 100 plants that have been completely 
modified or have the recycling capability. Contractors 
are aware that recycling is a process that will gain 
momentum in the years ahead. Partial plant modifica­
tions are typically included when a new plant is 
purchased. The auxillary accessaries are not purchased 
but left until such time as a recycling opportunity 
becomes a reality. Therefore before a "recycling 
project" (remove material and reuse in same pavement) 
can be done, it is likely that the contractor on 
an average will have to expend approximately $50,000 
to $75,000 to modify his plant. With no other defi­
nite prospects to recycle in the future, (no permis­
sive statewide specification for routine reuse of 
removed materials) this equipment purchase will be 
figured into his bid. Thus, if the "recycling pro­
ject" does not have sufficient tonnage to be replaced, 
this extra cost could negate the savings obtained 
from the value of the removed pavement materials. 
There is therefore a lessor chance, at the present, 
that pavement material removal and recycling on the 
small remotely located paving project can be economi­
cally feasible under these circumstances. In the 
future when more asphalt plants have been equipped 
for recycling, pavement material removal and recycl­
ing will be more feasible economically for the small 
remotely located project because the equipment modi­
fication will have been paid for or is being amorti­
zed. 

We have been assuming here that the pavement 
materials, if removed, would have no other use but 
to recycle them back into the pavement structure 
from which they were removed and any excess material 
had no other use and a zero salvage value. For the 
small "recycling project" located within a reasonable 
haul distance to an asphalt plant, the same situation 
is evident except that the reclaimed pavement materials 
can be stockpiled by the contractor (thus their econo­
mic value is inventoried) for use at some later time 
when more modified plants become available. It is 
economically disadvantageous for the public agency 

to stockpile the excess material . The reasons 
for this are discussed later. 

B. Availability of Asphalt Plants Modified for 
Recycling 
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As discussed previously, relatively few asphalt 
plants are equipped for recycling. Unless a 
potential "recycling project" is located near 
one of these, the "recycling project" will have 
to be sufficiently large to overcome the cost 
of the plant modification in order for recycling 
to be the most economic rehabilitation alternative 
and/or an immediate use seen for any excess removed 
pavement materials. Public agencies can stimulate 
the contractors to begin making the necessary 
modifications to do recycling by adopting a permis­
sive specification which permits the contractor 
to use reclaimed pavement materials in the hot­
mix asphalt he produces for them. If a contractor 
is permitted to do this on a routine basis and 
not just on a project basis the necessary capital 
equipment modification can be amortized over 
several years of work (tonnage) rather than on 
just one project. This approach accomplishes 
not only the same thing as a large single recycling 
project, but much more. Instead of only stimulating 
the modification of one plant, many contractors 
will be encouraged to make the modification. 
This would be especially true when they begin 
to obtain a number of projects where pavement 
materials are being removed as part of the pavement 
rehabilitation plan and they begin to develop 
stockpiles of these materials. 

C. Salvage Value of Reclaimed Pavement Materials 

The salvage value of reclaimed asphalt pavement 
materials is equal to the value of the asphalt 
and aggregates less the costs to remove and haul 
these materials and any costs necessary to prepare 
them for the recycling process. The value of 
reclaimed aggregate materials or concrete are 
less because no binding agent is present. In 
the case where cold milling was used to remove 
the materials, they may essentially be sized 
enough for recycling without any other processing 
except perhaps for scalping of a small percentage 
of oversized chunks. 

In the event where pavement material removal 
was performed because there was no other alterna­
tive available, (the base had failed and additional 
overlays would have been fruitless), or where 
the savings derived from pavement material removal 
resulting from not having to reposition bridges, 
curbs, gutters, manholes, guard rails, overhead 
signs, raise shoulders, etc., exceeds the cost 
of pavement material removal, the salvage value 
of the removed materials is equal to the cost 
of replacement materials. 

This latter situation illustrates where pavement 
materials can be removed assuming a zero salvage 
value. That is, they will be removed regardless 
if any recycling is intended to be done. Typically, 
this material has been disposed of in landfills, 
etc. Today there are a number of contractors 
who have substantial quantities of these reclaimed 
materials stockpiled at their plant sites that 
have been obtained in this manner, but with little 
opportunity to use them. 

A public agency can obtain additional benefits 
from those stockpiled materials (even though the 
contractor now possesses them) by simply permitting 
the contractor to use those materials in the mixes 
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he sells to them. Several state highway departments 
have taken this approach and permit the addition 
of reclaimed materials to base course mixes provided 
that conventional mix specifications are still 
met. The use of reclaimed materials in surface 
courses is still considered experimental. Although 
there will always be a need for the large "recycling 
project" where pavement removal and recycling will 
be tied together it is the small urban or city 
projects that will be done where pavement material 
removal and recycling are best performed as separate 
operations. It is the permissive specification 
approach which will provide the impetus for the 
asphalt industry to modify more plants for recycling. 
This in turn will eventually make possible the 
small rural "recycling project" which doesn't occur 
now because the equipment modification costs exceed 
material savings. Eventually, the permissive speci­
fication approach will provide competitive bidding 
for removed pavement materials (through lower bid 
prices for removal provided that the bid transfers 
ownership to them) among contractors until the 
s-... · vage value ultimately equals the cost of new 
materials less removal and hand l ing costs. 

The public agencies need only consider the 
salvage value of removed materials that they will 
get in determining whether pavement material removal 
is to be part of the rehabilitation alternatives 
selected. If the mater ial owner ship is t r ansferred 
to the contractor as part of the bid, then recycling 
nee d not be cons i dered in the rehabilitation analysis . 
Full value for these materials will be obtained 
provided the project is situated in a location 
where any excess or surplus of removed materials 
could be used elsewhere. In these cases, the agency 
need not be concerned with the recycling ratio. 

D. Pavement Material Ownership Policy 

Most of t he recycling done to date has been 
on t he lar ge "r e cyc ling project " . Typically the 
recycling ratio on these projects have been from 
0.5 to 0.7. In some instances recycling ratios 
have approached unity . Due to one reason or another 
the reclaimed material content of the resultant 
recycled mixture has also been made equal to the 
recycling ratio. The principal reason being that 
all pavement materials that were removed were con­
sumed on that project so there were none left over. 
This can possibly be justified on the remotely 
located project where the economics of having left 
over material is not as satisfactory. However, 
for the project located near other potential places 
for reuse of any excess materials, the above prac­
tice is quite likely less cost effective . 

In order to recycle at reclaimed material con­
tents from 0.5 and greater, one must in all likelihood 
use a drum mixer plant. Not only has the batch 
plant been excluded from the bidding process in 
these circumstances, but even the drum plant has 
difficulty sometimes in recycling at these higher 
reclaimed contents. Depending on the nature of 
the materials being reprocessed, difficulty may 
be encountered in meeting air quality standards, 
particularly in regard to stack opacity. Techniques 
that have been used to combat this problem include 
lowering production rate and adding water to the 
reclaimed asphalt pavement materials on the cold 
feed belt as they are introduced into the plant. 
These procedures cost money to the contractor in 
increased hours of production and higher fuel con­
sumption to remove the extra added water. These 
uncertain costs are more than likely figured in 
the bid price for the project. 

In most recycling projects to date, the public 

agency has retained the ownership of removed asphalt 
pavement materials and has designed these projects 
so that the reclaimed material content was equal 
to the recycling ratio to eliminate excess material 
after the project conclusion. This is not considered 
good practice from an economic viewpoint and not 
condusive to producing quality hot- mix asphalt. 
For remotely located projects this plan of action 
may seem to be economically justified. However, 
the extra costs of production at high reclaimed 
contents may be greater than the value of some 
excess material after the project's completion. 
Where there may be other uses for the excess mater­
ial on other projects in the vicinity, high reclaim­
ed material contents are unjustified economically. 

The National Asphalt Pavement Association 
recommends that the ownership of removed asphalt 
pavement materials be transferred to the contractor 
through the bid document and that bid items be 
included fo r the removal operation and for the 
salvage value of the materials. In some cases, 
public agencies have retained ownership of the 
reclaimed materials (or the excess) and have stock­
piled them with the intent of using those materials 
in future paving contracts. Besides the expense 
in storing the materials (cost of land, prevention 
of theft, tarps to cover the materials), the agency 
also then assumes the responsibility (an implied 
warr anty ) t ha t t he ma t er ials in t ha t stockpile 
conform to specifications when they direct a con­
tractor to use it in his hot-mix asphalt. 

NAPA's recommended bidding procedures are 
as follows: 

1. The bid procedure should permit the 
contractor to add any percentage of reclaimed 
asphalt pavement to the mix he selects as long 
as the stated test properties of the mix are met. 
Specific percentages should not be a requirement 
of the bid. A new job mix formul a should be r equire d 
each time the percentage is changed. 

2. If removal of asphalt pavement or other 
layers from the road is required, a bid item for 
removal should be included. 

3. Where removal is required, (2 above) the 
contract should state that the removed material 
belongs to the contractor and bid items included 
for the salvage value of the material. The salvage 
value bid by the contractor will be subtracted 
from the total bid price if the bid price is positive, 
or added if the bid price is negative. 

4. The bid proposal should not require reclaim­
ed pavement that is added to the mi x come from 
the specific job described in the bid proposal. 
Other reclaimed asphalt pavement should be permitted 
as long as the stated properties of the aggregate 
and the mil!: are met , 

5. Since unnecessary crushing of reclaimed 
asphalt pavement produces undesirable quantities 
of fines, the degree of crushing should not be 
specified, but should be left to the contractor. 

These procedures are designed to give the 
contractor more flexibility in recycling. Uncer­
tainties of recycling at high reclaimed material 
contents are eliminated. With a permissive or 
alternate specification for mixes containing re­
moved materials, in effect, excess materials from 
one project can be used in other agency work as 
well as in the private and commercial markets. 

The agency must consider the recycling ratio 
in designing the remotely located project , but 
need not be concerned on any project where other 
uses for removed materials are close by. The 
contractor will establish the reclaimed material 



content after the bid has been awarded in conjunction 
with his own capabilities and plans for excess 
material utilization. 

E. Reclaimed Asphalt Material Content of Resultant 
Hot Mix 

As mentioned above, if pavement material ownership 
is transferred to the contractor through the bid 
document, the reclaimed material content becomes 
his choice much as any other materials he chooses 
to utilize in the hot-mix asphalt he proposes to 
produce, while the recycling ratio is determined 
before the bid by the public agency and should 
logically be as compatible with the capabilities 
of the asphalt industry as possible . 

The reclaimed material content is determined 
after the bid and logically so. One might ask 
the question, how can a proper hot mix be designed 
to meet quality criteria before a bid when the 
characteristics of the not yet removed materials 
are all influential in determining how much can 
be used? 

Agency ownership of removed asphalt pavement 
materials has contributed to the use of high reclaimed 
(0.7 to 1.0) asphalt material contents. These 
high reclaimed material contents are counter-produc­
tive to high plant productivity and fuel conserva­
tion efforts if water is added to the process to 
meet air quality standards. 

Contractor ownership of removed asphalt pave­
ment materials will result in his using the reclaimed 
material content most profitable to him and, with 
adequate competiveness within the industry, will 
yield the greatest economic benefit to the public 
agencies. This does not necessarily mean that 
extremely low reclaimed material contents will 
be used, but rather a content as high as practical 
and profitable will be used which in all probability 
will be somewhat lower than used in the past. 
The principal factors include less wear and tear 
on plant equipment, greater probability of meeting 
air quality standards and job mix requirements, 
higher plant production rates, and lowered energy 
consumption. 

The use of reclaimed asphalt ma~erial contents 
in excess of 0.7 (70/30) generally means that a 
recycling agent (or rejuvenating agent) in addition 
to a softer grade of asphalt cement may be required 
in the recycling process to reestablish asphalt 
cement qualities to that more compatible_with con­
ventional mixtures. At these higher reclaimed 
contents, the soft asphalt cement added may be 
insufficient in quantity to compensate for the 
amount of hardened asphalt in the reclaimed material. 
The use of recycling agents may affect the economics 
of high reclaimed content mixes as they are more 
expensive than asphalt cements. At lower reclaimed 
asphalt material contents, recycling agents are 
not generally required. 

F. Types of Asphalt Plants Permitted/Available 

As mentioned previously, the batch plant outnum­
bers the drum plant in the United States by a ratio 
of approximately 5 to 1. The sales of new asphalt 
plants finds that the ratio is almost reversed, 
namely five drum plants are sold for every batch 
plant. The principal reason for this is the lower 
cost associated with the operation of a drum plant. 
New plants are purchased when an old one wears · 
out or when a contractor wants to increase his 
potential production capacity. Equipment renewal 
is an ongoing process for a healthy industry. 
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The asphalt industry, in general, has been making 
a gradual transition from the batch to the drum 
type of plant . The facts above have a very profound 
affect on the acceptance of recycling by the asphalt 
contractors as has been practiced by the public 
agencies. 

It is generally accepted that recycling in 
batch plants limits one to reclaimed asphalt material 
contents of 0.5 (50%) maximum and on a more practi­
cal basis, 0.3 and that recycling in drum plants 
may be as high as 0.7 (70%) maximum and on a more 
practical basis, 0 . 5. In past recycling projects, 
when public agencies have specified reclaimed 
asphalt material contents exceeding 0 . 5 (on projects 
with recycling ratios of 0.5 or greater, with 
agency retaining ownership of removed materials), 
they have essentially specified the use of a drum 
mixer plant. In areas of the country such as 
the western part of the U.S., where drum mixer 
plants are more prevalent, this has not created 
too much of a problem. However, in the more urban 
eastern U.S. where batch plants are more prevalent, 
this creates a problem if the public agency in 
the East tries to reapply techniques used in the 
West. In some eastern states where few, if any, 
drum plants have been accepted by the agencies, 
specifying recycling at reclaimed contents greater 
than 0 . 5 means that recycling cannot be done unless 
a drum plant is purchased. Either the agency 
does not want to permit drum plants or the contrac­
tors do not want to buy a new plant they don't 
immediately need and so recycling is not done 
on a mutual basis. Recycling in the eastern states 
is practically non-existent because of this. 
This of course can be easily changed. 

Recycling can be done successfully in batch 
plants as well as drum plants. The key to accom­
plishing this is by, (1) transferring pavement 
material ownership through the bid document to 
the contractor, (2) permitting recycling to be 
done on a routine basis provided all mix quality 
standards are met, and (3) permitting the contrac­
tor to select the reclaimed asphalt material content 
he wishes and which is ultimately verified by 
a mix design analysis. 

The idea that one needs a drum plant to recycle 
is erroneous and may in fact, have been inadvertent­
ly promulgated by asphalt plant sales literature 
that stresses the higher asphalt reclaimed material 
content potential of drum plants. The economics 
of recycling are separate and completely distinct 
from the economics of drum mixer versus batch 
plant operation. This fact has been clouded by 
unnecessary attempts to maximize the reclaimed 
asphalt material content in recycled mixes . 

G. Location of Project (rural or urban) 

Several aspects of this factor have already 
been discussed. The distinction between rural 
and urban for the purposes of this paper is more 
related to the salvage value of excess removed 
pavement materials. If one is not able to recycle 
them on a particular project from which they are 
removed or if there is no other possible use of 
the materials within a reasonable haul distance 
then the salvage value is essentially zero or 
possibly less. If the above is the case, one 
is essentially "rural," whereas if there is a 
positive salvage value, then one is "urban." 

On "rural" projects, the agencies have in 
the past typically retained the ownership of re­
moved pavement materials and have designed the 
reh~bilitation project at very high recycling 
ratios, and subsequently, very high reclaimed 
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asphalt material contents in the resultant mix (the 
same in most cases) to minimize the purchase of 
new materials and to eliminate excess reclaimed 
materials at the project's conclusion. 

In most recycling projects, the above is actually 
"false economy." While agencies may have claimed 
savings on these projects in the past, it has only 
been because of a permissive attitude by the environ­
mental control agencies who had typically given 
variances for many of these projects which were 
also designated experimental. In a number of cases 
air quality standards were not met during any part 
of the recycling operation. Variances will not 
be given in the future, and consequently the uncer­
tainty of the plant operations being shut down and 
resultant fines (penalties) due to uncontrollable 
emissions at high reclaimed contents will certainly 
be figured in future bid costs. 

In "urban" areas the forced use of high reclaimed 
asphalt material contents as a result of projects 
designed at high recycling ratios by agencies that 
retain pavement material ownership in particular, 
is even more uneconomical because these areas will 
also be the more populated, industrialized sections 
of the country. In "rural" areas there may be 
more time to bring the recycling process under 
control through plant and mix adjustments to meet 
emission standards; however, in "urban" areas, this 
practice will not generally be permitted or possible. 
These unknowns result in higher bid prices which 
can negate the "savings" an agency thought it could 
get by requiring high reclaimed asphalt material 
contents in the resultant mix. 

RECYCLING TECHNOLOGY 

The technology associated with pavement material 
removal is described as follows: 

A. Pavement Material Removal & Processing 

Some reclaimed asphalt pavement (RAP) will come 
from removal of the full thickness of asphalt on 
roads or streets being rehabilitated. The pavement 
can be broken up with ripper teeth on a dozer enough 
that it can be loaded into trucks with front-end 
loaders. In some cases it is necessary to further 
break the pavement into smaller size by grid rollers 
or equipment tracks before it is transported to 
the crusher site. 

Contamination of the RAP with underlying base 
course causes no problem, but if the underlying 
untreated base course and subbase are to be reclaim­
ed and used as the aggregate in the resultant mix, 
it is imperative that the underlying base not be 
contaminated with RAP or unacceptable smoke will 
be emitted from the dryer. 

Crushing existing asphalt pavements has not 
created problems if the pavement pieces are first 
broken to a size which can be accepted by the various 
crushing components. Crushing in hot weather has 
not created any special problems to date. Experience 
has shown that crushing RAP does not require a heavy 
duty unit. Most crushing to date has been done 
by jaw and roll crushers; however, manufacturers 
are now working on units designed especially for 
this purpose. The size to which reclaimed asphalt 
pavement chunks should be crushed is determined 
primarily by the plant recycling process. It is 
important that the chunks are remelted and mixed 
thoroughly with the added new materials. However, 
if the maximum size of the aggregate particles in 
the reclaimed asphalt pavement chunks exceeds the 

maximum size permitted by the mix specifications, 
crushing must be done to reduce the maximum particle 
size to the specification limits. Unnecessary 
crushing of reclaimed asphalt pavement chunks 
only increases the amount of dust-sized particles 
and will have an uneconomic effect on how much 
reclaimed material can be used in the resultant 
mixture. 

A substantial amount of RAP is expected fro~ 
milling operations, either hot or cold, made to 
restore a given pavement to grade or to a lower 
grade. In this process a rotating drum equipped 
with special teeth cuts the pavement to a predeter­
mined depth and reduces it in size in the process. 
Milling (cold planing) is primarily done to correct 
a pavement surface distress or to remove overlays. 
The material by-product resulting from milling 
is already reduced in size, and suitable for use 
in hot recycling without further reduction, except 
possible scalping off of oversized chunks. 

Two features govern the storing of RAP. One 
is that RAP tends to stick together if stockpiles 
are high. The lowest stockpile height that space 
will permit should be used. The other is that 
the uncrushed RAP will absorb moisture in the 
stockpile. In the road, the pavement will have 
less than about one percent moisture, but the 
moisture can increase a percent or so in storage. 
If the pavement is crushed before stockpiling 
it will absorb a much higher percentage of moisture. 
More energy is needed to evaporate this moisture. 
The energy must come from the heated uncoated 
aggregate and since there is a limit on how hot 
the aggregate can be heated, particularly in batch 
plants, higher moisture contents means that less 
RAP can be added to the mix. Methods of minimizing 
moisture buildup should be considered. If scheduling 
permits, storing small quantities of crushed RAP 
would minimize moisture buildup. Protected stockpiles 
may be cost effective. 

Crushed or milled RAP can pick up considerably 
more water than uncrushed RAP if exposed to rain. 
Moisture contents in excess of five percent have 
been measured in stored crushed RAP. Ingenuity 
is needed to prevent moisture buildup to conserve 
energy and permit using as much RAP as desired. 
If the crushing plant has the capacity, the stockpile 
of crushed RAP should be kept to the minimum needed 
to provide surge capacity. 

Both rubber-tired and crawler-type loaders 
have been used with success in rehandling RAP. 
At times some reconsolidation may occur in which 
case the use of loader buckets with teeth is recom­
mended. Driving on the stockpile should be avoided. 

B. Plant Recycling Processes 

Recycling can be done in either a batch type, 
drum mixer type, or continuous mixer type asphalt 
plant. 

Batch Plant. 

Hot recycling can be done in a batch-type 
asphalt plant by what can best be described as 
the "mixer heat transfer method." This method 
was first developed in Maplewood, Minnesota, and 
is also known as the "Minnesota Method." 

In this method the reclaimed asphalt pavement 
(RAP) is fed to the plant weigh box at stockpile­
ambient temperature by a handling system consisting 
of stockpiles, feeding bin, feeder and conveying 
mechanism while the required uncoated aggregate 
is processed through the regular plant feeding 



system, dryer, elevator and tower. This uncoated 
aggregate is superheated in the dryer and transfers 
its heat to the cold RAP in the plant mixer. Addi­
tional asphalt and/or softening agent is added there. 

This process avoids both smoke pollution and 
material buildup problems by not passing the RAP 
through the plant dryer, elevator and screen. 

The amount of RAP which can be used is determined 
(in order of importance): 

1. The moisture content of the RAP. 
2. The required temperature of the resultant 

mix. 
3. The temperature to which the aggregate is 

heated. 
4. The stockpile temperature of the RAP. 

Present experience and calculations indicate 
that the amount of RAP which can be used in this 
method may be as high as SO % of the total mix if 
the moisture content of the RAP is minimal and is 
fed to the plant at normal stockpile temperatures. 
A more practical amount is 30 to 40 percent. 

Hot recycling of RAP by the mixer heat transfer 
method is being done satisfactorily in many sections 
of the country and modifications to permit recycling 
can now be installed on any conventional batch-type 
plant. There are, however, many points in the process 
which must be understood to assure good operation. 
These points will be emphasized in the following 
detailed description of the various parts of the 
process. 

For a batch plant, the crushed RAP is fed to 
the plant with a conventional cold feeder except 
the bin should have a relatively small capacity with 
steep sides and a wide and long bottom opening to 
allow for easy discharge and minimal sticking prob­
lems. When RAP is fed into the feeder bin, it should 
be dribbled in as much as possible. It should not 
be fed to the bin as a unit drop since this causes 
compaction of the RAP with resultant bridging, stick­
ing and discharge problems. Vibrators should not 
be used on this bin since they would only encourage 
compaction of the RAP. Both belt and slat type 
feeders have been successfully used. They should 
be fairly wide and should have sufficient horsepower 
to be used in a startstop operation as necessary. 
Vibrating type feeders are not recommended as they 
could also encourage the tendency of the RAP to con­
solidate and stick. 

Basically two methods are used to transport the 
crushed RAP to the weigh hopper. One method uses 
a belt or other type conveyor to move the crushed 
RAP from the feeder bin directly into the weigh 
hopper. The conveyor width and speed should be such 
that the desired amount of RAP per batch can be dis­
charged into the weigh box in sequence with the 
superheated aggregates from the plant hot bins with­
out delaying the cycle. In other words, the RAP 
and the aggregates must be placed in the weigh hopper 
within the 40 to 60 seconds it takes the previous 
batch to be mixed, otherwise the cycle will be delayed. 

The conveyor will be starting and stopping as 
directed by the plant weighing controls. The con­
veyor will require a backstop or anti-rollback device 
if it is fed by a feed bin unit equipped with feeder. 
The backstop may not be necessary if the feeding 
bin discharges directly onto the conveyor belt 
as the friction of the RAP on the belt would keep 
it from moving backward. A special-duty type motor 
might be necessary because of the start-stop opera­
tion. In lieu of this, a hydraulic or clutch-type 
mechanical drive might be used to permit continuous 
running of the conveyor power unit. The conveying 
device to the tower must be operated by the asphalt 
plant weighing control system as an additional 
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material. The conveying device should be inter­
locked with the feed bin feeder so that both stop 
simultaneously. _ 

The other method uses a special bin adjacent 
to the weigh box. The crushed RAP is fed into 
this bin by a belt conveyor or in limited space 
installations by a vertical or inclined elevator. 
If the bin does not discharge directly into the 
weigh box, a high-speed conveyor is necessary. 
The bin should have steep side slopes to avoid 
binding of the RAP. 

The RAP should enter the weigh box ~s close 
to its center as possible to prevent,miiterial 
buildup on the weigh box sides. The RAP material 
should not be first in the weighing sequence for 
the same reason. 

The area surrounding an asphalt plant weigh 
box and mixer is covered by a metal enclosure 
to prevent dust from escaping to the atmosphere. 
Pipes from the plant fugitive air system connect 
to the enclosure to aid in dust suppression. 
The amount of air that these pipes withdraw from 
the enclosure is sufficient for regular plant 
operations. It is also normally sufficient for 
the recycling process when RAP with low moisture 
content is fed to the weigh box. 

When RAP with high moisture content is used, 
the heat transfer process in the plant mixer lib­
erates large amounts of water vapor and the amount 
of vapor generated may be in excess of the exhaust­
ing ability of the fugitive air system. 

To minimize dust entrainment in the escaping 
water vapor, the dry mix time should be minimized, 
and the asphalt discharge should commence immediate­
ly after the weigh hopper gates are opened. Water 
vapor and particulate emissions can be minimized 
by keeping the moisture contents of the reclaimed 
material as low as possible and/or reducing the 
proportion of RAP in the hot-asphalt mixture. 
If the volume of water vapor cannot be kept within 
the capacity of the fugitive air system, then 
the capacity of the system must be increased. 

Hot mix containing reclaimed materials and 
made by the mixer heat transfer method can use 
up to 50% maximum of RAP. The remaining material 
will be new or reclaimed aggregates. These aggre­
gates are processed through the conventional parts 
of the asphalt plant starting in the cold feed 
system. This system operates normally and no 
alterations are required. When the aggregate 
is processed through the dryer, it must be heated 
enough to provide the heat needed to bring the 
RAP up to the desired temperature during the heat­
transfer process in the plant mixer. Aggregat~s 
have been heated to 500° F. (260° C) in recycling 
to date without serious problems, but even this 
may be too high for safe operation of a baghouse. 
If aggregate temperatures much higher than 500° 
F. (260° C) are used, caution is necessary in 
operating and cooling down the dryer. 

These high temperatures require reasonable 
attention to the condition and arrangements of 
dryer flights to prevent excessive temperature 
of the dryer gases which exit into the dryer air 
system. It is particularly important that an 
adequate veil of aggregate be maintained. In 
recycling to date, excessive dryer gas temperature 
in the air system has not been coDDDon and can 
be prevented. The higher dried material tempera­
ture may result in a somewhat shorter than normal 
life for the discharge end flights of the dryer 
and also for the burner system refractories. 
This increased maintenance, however, should not 
be excessive. 

At the end of each production cycle, the dryer 
drum should be allowed to run empty for a reasonable 
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cooling period after production shutdown. This cool­
ing period will protect against possible warping 
of the dryer shell and its internal parts. Because 
of the superheating of the aggregate in the dryer, 
the dryer exhaust gas temperatures may be higher 
than normal. Extreme exhaust gas temperatures can 
be prevented by proper arrangement and maintenance 
of the dryer flights. For plants with wet wash 
air pollution systems, the high exhaust gas tempera­
tures present no particular problems. 

For asphalt batch plants equipped with a baghouse, 
extremely high exhaust temperatures could damage 

the bags. Most baghouses use Nomex bags. If the 
gases entering the baghouse are continuously above 
400°F. (204°C), the bag life will be shortened. 
At exhaust gas temperatures over 4S0°F. (232° C), 
the deterioration of the bag material would be 
greatly accelerated. Steps should be taken to keep 
the temperature of

0
the exhgust gas entering the 

baghouse below 400 F. (204 C). 
Upon discharge from the dryer, the superheated 

aggregate is carried up to the top of the batch 
plant tower by the hot elevator system. The only 
problems noted to date have been produced by exces­
sive elongation of the elevator chains during opera­
tion and subsequent shrinkage on cooling. The 
elongation creates slack which may exceed the capa­
city of the take-up device. If the elevator has 
no take-up device and the shaft is moved to accomo­
date the elongation, the shaft must be moved back 
during cool-down or the shrinkage of the chain may 
break the shaft. 

The superheated aggregate passes from the hot 
elevator over the batch plant screens. No problems 
should be encountered during the screening operation 
unless the screen bRaringe are located inside the 
dust housing. If so, excessive temperature buildup 
could occur in these bearings. Lubricants designed 
for higher than normal temperatures should then 
be used. 

To prevent excessive temperature drop of the 
superheated aggregate consideration should be given, 
depending on the size of the bins and the material 
storage time, to insulating the outside of the hot 
bins. 

No changes are needed to the asphalt cement 
delivery system unless a softening or reclaiming 
agent is to be added. The point of discharge of 
the softening agent, either into the asphalt weigh 
bucket or directly into the pugmill, depends on 
the requirements for each individual agent. 

Drum Mixer Plant. 

In this method reclaimed asphalt pavement is 
processed directly through the drum mixer together 
with uncoated aggregate. Additional new asphalt 
cement and/or softening agent is added in the drum 
mixer, and the discharged product is a recycled 
hot mix. The main problems in this type of recycling 
originally were smoke emissions from the asphalt 
cement portion of the reclaimed asphalt pavement 
(residual asphalt), and a material buildup inside 
the drum. 

During the past years drum mixers have been 
modified so that the smoke emission problems have 
been virtually eliminated. This has been done by 
continuing to feed uncoated aggregate into the burner 
end of the drum mixer while the reclaimed asphalt 
pavement is now fed into the process at a point 
either partway down the drum or from the discharge 
end. This late introduction of reclaimed asphalt 
pavement is done by several different proprietary 
methods. 

This type of operation uses uncoated aggregate 
to absorb the more intense heat of the burner flame, 

so that the reclaimed asphalt pavement receives 
heat from lower gas temperatures, and from the 
heat content of the uncoated aggregate. This results 
in no smoke emissions or very minimal emissions. 

This process seems to require approximately 
a minimum thirty percent of uncoated aggregate 
to effectively cool the burner flame, resulting 
in the maximum use of approximately seventy percent 
of reclaimed asphalt pavement if the moisture con­
tent of the RAP is minimal and is fed to the plant 
at normal stockpile temperatures . The reason that 
the drum mixer can produce mixes using a slightly 
higher reclaimed asphalt material content, if de­
sired, is because the mixture (after all ingredients 
have been combined) is subjected to additional 
heating during mixing from the exiting dryer gases. 

Another method feeds both uncoated aggregate 
and salvaged asphalt pavement together into the 
feed end of the drum after first adding water to 
the dryer feed to moisten and help agglomerate 
the small residual asphalt particles in the reclaim­
ed pavement. Atmospheric air intake which is in­
creased, together with a special combustion tube­
internal cone assembly, is then used to lower the 
temperature of the burner gases and prevent the 
burner flame from touching the cascading combined 
feed in the dryer. Reclaimed asphalt material 
contents higher than seventy percent are possible 
with this method when air standards can be met, 
but at a significant loss of plant productivity, 
mix discharge temperature, and increased fuel con­
sumption per ton processed to evaporate the added 
moisture. These are the economic trade offs to 
utilizing all RAP when any excess would have no 
economic salvage value. 

Material buildup has occurred in some drum 
mixers processing high reclaimed asphalt pavement 
contents. The buildup is a combination of some 
of the residual asphalt and minus 200 mesh portion 
of the material being processed. It can also be 
caused by the asphalt cement content in the original 
pavement, by sealing agents and/or special addi­
tives which were used to treat the pavement during 
its lifetime. It may also be caused by softening 
agents added in the drum mixer. 

Continuous Mixer Plant. 

The continuous mixer has not been utilized 
to any great extent for recycling primarily because 
there are so few of this type. Some recycling 
has been done, however, both in the United States 
and Canada with the continuous plant. The process 
would be quite analogous to the Maplewood concept 
for batch type plants and would have generally 
the same maximum limitations on reclaimed material 
content. An additional feeder is needed to input 
RAP into the foot of the hot elevator feeding the 
continuous pugmill . Reclaimed aggregate would 
be processed through the dryer in conventional 
fashion. 

C. Spreading and Compaction 

Conventional pavers and rollers have been used 
and no special equipment has been required to date 
in either spreading or compacting mixes containing 
reclaimed pavement materials. Work done shows 
laying temperatures ranging from 225° to 300°F. 

D. Mix Design and Quality Control 

Mix designs are developed using regular mix 
design test procedures and the results have been 
satisfactory in most instances. It is quite appar­
ent that a very important part of recycling will 



be a thorough laboratory design and control of the 
recycled mix with particular emphasis on the aggre­
gate gradation and asphalt characteristics of the 
reclaimed asphalt pavement. Quality control during 
recycling is equally important as in conventional 
hot-mix processing. 

The goal of recycling is to produce a final pro­
duct meeting the specified quality mix requirements 
of conventional mixes in all respects. In order 
to achieve the desired mix design, it is necessary 
to understand the material quality aspects of re­
claimed pavement. 

As an asphalt 
changes which may 
to be corrected. 
as follows: 

pavement ages in service, some 
have taken place during aging needs 
These changes can be suIIU!larized 

1. Mineral aggregates: Degradation of aggregate 
particles sometimes occurs through wear and time 
resulting in changes in gradation from the original 
mix. The process of reclaiming, whether crushing 
or cold milling, can create further and more substan­
tial degradation. If the reclaimed asphalt pavement 
contains an excess of fine material, additional 
coarser sized aggregate, which in turn may require 
more asphalt cement, will have to be added. The 
surplus of fines could be a combined result of those 
in the original mix, plus those caused by the size 
reduction of the pavement in the crushing or milling 
process. 

2. Asphalt cement: By processes of oxidation, 
volatilization, aggregate absorption, and other chem­
ical changes, the asphalt cement hardens and loses 
ductility. This hardening renders the pavement more 
susceptible to cracking and raveling as it ages. 
The aging is most severe at the surface due to en­
vironmental exposure and less severe within the 
pavement. 

An analysis of the gradation in the reclaimed 
material can permit the contractor to add new aggre­
gates of the required gradation to meet the final 
gradations specified in the mix design. Analysis 
of the properties of the reclaimed asphalt cement 
can permit the decision as to the amounts and speci­
fications of new asphalt required to meet the proper­
ties specified in the designed final mix. 

The reclaimed material content must be determined 
by mix design procedures with plant recycling limita­
tions and the project recycling ratio in mind. In 
the past, reclaimed asphalt material content of the 
resultant mix was set equal to the recycling ratio 
(which was often maximized and above plant recycling 
limitations) with lesser regard for mix quality 
standards. 

If mixes containing reclaimed materials are de­
signed to meet the same criteria as conventional 
mixes, the structural design coefficients of recycled 
mixes should be the same as given to conventional 
mixes. If recycled mixes are to be designed on the 
basis of project recycling ratio requirements with­
out consideration to established mix design procedures 
and mix design criteria, then the durability and 
structural relationship between recycled mixes and 
conventional mixes is a debatable one. RAP materials 
with more variable gradations and asphalt contents 
are best used at lower reclaimed asphalt material 
contents rather than loosening up specifications 
or quality design criteria. This enables the use 
of standard structural design coefficients for mixes 
containing recycled materials. 

E. The Economics of Pavement Material Removal and 
Recycling 

The economics of pavement material removal 
are dependent on the following: 
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1. The salvage value of the reclaimed pavement 
materials which is equal to the cost of an equal 
quantity of new aggregates and asphalt cement less 
the cost of pavement material removal, hauling, 
and processing. 

2. The life cycle cost of the various pavement 
rehabilitation alternatives available as a result 
of pavement material removal. The recycling ratio 
is considered in these analyses. 

3. The savings realized from not having to 
reposition manholes, guardrails, overhead signs, 
bridges, curbs, gutters, raising shoulders, etc. 

The salvage value is further affected by (a) 
the nature of the reclaimed materials (gradation 
variability, type of aggregate, hardness of asphalt, 
etc.), (b) whether there is a market for use of 
the reclaimed material either on the particular 
project from which they are removed or on other 
projects (if there is a market, the recycling ratio 
is unimportant; if there is no market, the recycling 
ratio is a significant factor), (c) whether there 
is a permissive recycling specification in force, 
(d) the availability of asphalt plants equipped 
for recycling which is affected by many factors 
discussed earlier, and (e) the reclaimed material 
ownership policy in effect which determines whether 
the agency or the contractor sets the reclaimed 
asphalt material content in the resultant mixes, 
the level of which affects recycling economics. 

The economics of recycling are dependent on 
the following: 

1. The reclaimed asphalt material content 
of the resultant mix as it affects plant production 
rate, emissions control measures (such as adding 
water to cold feed), and the need for specialized 
rejuvenating agents. 

2. The moisture content of the reclaimed pave­
ment materials as it affects fuel consumption in 
the drying of aggregates and plant production rate. 

3. The relatively small cost of plant modifica­
tions when computed on a tonnage basis. 

The future for recycling is dependent on develop­
ing the economics of recycling above. It is esti­
mated that in 1980, perhaps as much as 10 million 
tons of hot-mix asphalt contained some amount of 
reclaimed pavement matrials. The amount of re­
claimed materials may have been as much as 4 million 
tons. As more persons understand and utilize the 
techniques of pavement material removal and recycling, 
the tonnages will undoubtedly get larger. 
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EQUIPMENT FOR HOT RECYCLING 

Douglas J. Brown, Demonstration Projects 
Division, Federal Highway Administration 

Equipment for hot recycling can be 
divided into three categories --
1) removal and sizing; 2) reprocess­
ing; 3) laydown and compaction. Some 
pavements can be easily ripped full­
depth and the reclaimed asphaltic 
material reduced to an appropriate 
size through a standard crushing 
operation. Cold milling machine'::; can 
often be used to remove and size an 
asphalt pavement in a single o~era­
tion. The reclaimed material can then 
be reprocessed along with additional 
new materials through a modified batch 
or dry er-d rum plant to pr odue e hot 
paving mixtures. Although many pl~nt 
modifications have been tried, only a 
few are currently being used. These 
modifications allow plants to repro­
cess reclaimed asphaltic materials, 
producing a quality product at rela­
tively high production rates within 
acceptable emission levels. Hot 
paving mixtures containing various 
percentages of reclaimed asphal tic 
material can be successfully used in a 
wide variety of applications and can 
be placed with standard laydown and 
compaction equipment. 

Equipment for hot recycling can be 
divided into three categories 1) 
removal and sizing; 2) reprocessing; 3) 
laydown and compaction. 

Removal and Sizing 

Rip and Crush 

Reclaimed asphaltic material is 
usually obtained from the mainline and/or 
shoulders of an existing roadway. The 
asphalt pavement may be removed full-depth 
by front-end loaders, bulldozers, or 
motorgraders (possibly equipped with 
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special ripper attachments). This type of 
removal technique is primarily used when 
an existing pavement exhibits distress 
which can only be corrected by complete 
reconstruction. It may also be appro­
priate in cases where an existing base (or 
lower layer) must be replaced or reworked, 
where an existing roadway or detour is to 
be abandoned, where an existing roadway is 
to be realigned, or possibly where an 
asphalt overlay is to be stripped from an 
existing portland cement concrete pave­
ment. Although it can be done one lane at 
a time, it is very difficult to maintain 
anything but low traffic volumes through a 
reconstruction project using this type of 
removal technique. 

After ripping, the chunks of reclaimed 
asphalt are usually loaded into trucks 
and hauled to a central location. This 
material can be stockpiled for future use 
or it can be immediately crushed and 
recycled. Usually a standard crushing 
operation (jaw for primary and roll for 
secondary) is used to size the reclaimed 
asphaltic material prior to recycling. No 
attempt is made to rigidly control the 
overall gradation of the material; only to 
reduce all the chunks to an appropriate 
maximum size and to avoid creating exces­
sive fines. No major equipment problems 
have occurred at the crusher on past 
projects; even on projects where the 
crushing was done in very hot weather. 

Cold Milling 

Cold milling machines may be used to 
remove and size an asphalt pavement in a 
single operation. Several equipment 
manufacturers (CM!, Barber-Greene, Barco, 
Galion, Gomaco, G.J. Payne, etc.) cur­
rently produce equipment of this type in 
various sizes and with varying capabili­
ties. This type of equipment is primarily 
used on projects which require only 
partial depth removal of an existing 
pavement. 
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Figure 1. Cold milling machine. 

Cold milling machines use a rotating 
drum with special teeth to cut a pavement 
to a predetermined depth and size the 
reclaimed asphaltic material. Single-pass 
cutting widths of up to 12 feet and depths 
of 4+ inches have been attained. The 
size of the milled product will vary 
depending on seve,ral factors number, 
type, arrangement, and condition of the 
cutting teeth; forward speed of the 
machine; depth of cut; and properties of 
the reclaimed material. The milled 
material will usually be suitable for hot 
recycling without further size reduction, 
al though there may be a small percentage 
of oversize that will need to be screened 
or scalped off. There will usually be a 
slight increase in th e aggregate fines as 
a result of milling. This increase has 
not been critical on past projects; in 
most cases, it has been easily offset by 
the additional virgin aggregate required 
for the hot recycling plant operation. 
Cold milling machines can leave an accept­
able temporary riding surface, and traffic 
(even higher volumes) can usually be 
maintained provided sufficient pavement 
structure remains in-place. Efforts 
continue to be made to improve the overall 
productivity of these machines by deve­
loping longer lasting cutting teeth and 
reducing equipment downtime. 

Sizing 

As previously mentioned, the reclaimed 
asphaltic material should be reduced to an 
appropriate maximum size through the 
crushing or milling processes. Based on 
past projects, this appropriate maximum 
size appears to be in the 1 1 / 2- to 2-inch 
range. Particles of this size seem to be 
able to break down into their original 
asphalt and aggregate components when put 
back through a batch or dryer - drum plant 
modified for hot recycling. This allows 
thorough mixing with the additional new 
materials. Also, existing crushing and 
milling equipment can readily produce 
material in this size range while main­
taining high production rates and without 
significant aggregate degradation. In 

most cases, specifying a maximum size less 
than 1 1/2 inch is unnecessary; it only 
increases costs and aggregate degradation. 
Allowing particles greater than the 2-inch 
maximum in a hot recycling process is very 
risky because they may not break down 
inside the plant. When this happens, the 
large chunks remain intact in the final 
mix adversely affecting laydown and 
performance of the pavement. 

Reprocessing 

Batch Plants 

In a conventional batch plant opera­
tion, virgin aggregate is dried and heated 
in a counterflow dryer, screened into 
various size fractions, proportioned with 
hot asphalt cement, and thoroughly mixed. 
Several attempts have been made to recycle 
reclaimed asphaltic material directly 
through the dryer in this type of opera­
tion. These attempts have usually re­
sulted in low production rates, excessive 
smoke emissions, and material buildup 
problems. 

The only technique that has proven 
successful in recycling through a batch 
plant is the mixer heat-transfer method. 
In this method, virgin aggregate is 
superheated (450°-600°F) in the dryer and 
transferred to the tower by the hot 
elevator. The reclaimed asohaltic mate­
rial, which has been previously reduced to 
an appropriate size and stockpiled at 
ambient temperature, is transferred to the 
weigh hopper in the mixing tower by an 
auxiliary conveyor system. There it is 
proportioned with the superheated virgin 
aggregate. Heat transfer occurs as the two 
materials are mixed in the pugmill with 
additional asphalt cement and / or an 
asphalt softening agent. 

Figure 2. Batch plant modified for mixer 
heat-transfer method. 

The mixer heat-transfer method mini­
mizes the possibility of smoke emissions 
and material buildup problems by not 
passing the reclaimed asphal tic material 
through the dryer, hot elevator, and 
screens. There is some sacrifice of 



gradation control with this process, but 
with the lower percentage (50% or less) of 
reclaimed material that is generally used 
there has been no problem on past projects 
in meeting standard gradation requirements 
for new mixes. Near normal produ c tion 
rates can usually be maintained at the 
plant using this technique. The percen­
t age of reclaime d asphaltic material that 
c an be used depe~ds on the following 
factors: 

1. The moisture content of the re­
claimed asphaltic material. 

2. The required temperature of the 
resultant mix. 

3. The temperature to which the 
aggregate is heated. 

4. The stockpile temperature of the 
reclaimed asphaltic material. 

The mixer heat-transfer method was 
first used on a project in Maplewood, 
Minnesota, in 1976. Since that time, 
many projects have been successfully 
completed using the technique. These 
projects have generally used up to 50 
percent reclaimed asphaltic material. 
Several plants with baghouse collectors 
have used the process and no major pro­
b le ms have occur red, but it should be 
noted that the exhaust gas temperature 
must be carefully controlled to avoid 
damag ing the bags. The cost to modify a 
plant to recycle by this method is minimal 
and such a modification can be made on 
most existing batch plants in this 
country. 

Dryer - Drum Plants 

In a conventional dryer-drum opera­
tion, virgin aggregate is proportioned at 
the cold feed; then it is dried, heated, 
and mixed with hot asphalt cement in a 
para llel-flow dryer. Since the aggregate 
en 'ters at the burner end of the drum, 
it is immediately exposed to very high 
temperatures from the flame and hot 
gases. Early attempts to hot recycle were 
made through unmodified or only slightly 
modified dryer-drum plants. Exposing the 
reclaimed asphaltic material (especially 
the very fine asphalt particles) to 
the high temperatures at the burner end of 
the drum produced very heavy smoke emis­
sions. Despite the emissions problem, 
satisfactory mixes were produced on most 
of these early projects. This encouraged 
several governmental agencies and private 
companies to continue to investigate the 
concept of hot recycling through a dryer­
d rum plant. A considerable amount of 
effort has been made during the past 
several years by certain equipment manu­
facturers to develop modifications for 
drum mixers which would produce satis­
factory mixes, maintain high production 
rates, and minimize air quality problems. 
The following sections briefly des'cr ibe 
the plant modifications that have proven 
successful on past projects and are 
currently being used to hot recycle. 
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Pyrocone System. This system, devel­
oped by the Boeing Construction Equipment 
Company, controls the heat transfer 
rate at the burner end of the drum to 
prevent overheating the reclaimed as­
phalt ic material. The system consists of 
a cylindrical combustion chamber with a 
con ical heat shield ( "Pyrocone") at one 
end. The unit is installed between the 
burner and the drum entrance by moving the 
burner assembly back on the drum frame. 
The flame volume is contained within the 
cylindrical chamber where excess air and 
combustion gases are mixed to produce a 
lower temperature, air-rich mixture. The 
excess air flows into the combustion 
chamber through slots in the chamber 
wall. The reclaimed asphal tic material 
enters the drum (usually with some per­
centage of virgin aggregate) by a single 
conveyo r at the burner end. The materials 
are gradually heated and blended , addi­
tional asphalt cement and/or an asphalt 
softening are added, and mixing is com­
pleted in the remainder of the drum. 

Figure 3. Pyrocone system. 

The reduced heating rates produced by 
this system are the result of the following 
three interrelated factors: 

1. The heat shield ("Pyrocone") 
reduces direct heat radiation by inter­
rupting the line-of-sight path between the 
flame volume and the material to be 
heated. 

2. The heat energy entering the drum 
is more uniformly distributed over the 
drum cross section. 

3. The temperature of the incoming 
gases is lowered from 2500+ degrees F. to 
approximately 1200 degrees F. 

This system does have the capability 
of using 10 0 percent reclaimed asphalt ic 
material, but a more reasonable maximum 
to expect in order to control smoke 
emissions is approximately 60 to 70 per­
cent. If conventional (all virg in ) mix is 
to be produced by a plant having this 
modification, the heat shield ("Pyrocone") 
can be readily removed. 
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Drum-in-a-Drum System. The "Drum-
in-a-Drum" recycling system was developed 
by the Iowa Manufacturing Company. With 
this system, a convenional dryer-drum is 
J'(lodified by moving the burner back from 
the end of the main drum and inserting a 
smaller drum . The burner d ischarges into 
the upstream end of the smaller drum which 
extends coaxially into the main drum. The 
virgin aggregate enters at the burner end 
of the smaller drum and thus is in direct 
contact with the flame. The reclaimed 
asphaltic material enters through the 
annular space between the outer and inner 
drums; therefore, it is shielded from 
direct contact with the flame, but is 
beated by tumbling against the hot inner 
drum. The superheated virgin aggregate 
exits from the downstream end of the inner 
drum and joins the partially heated 
reclaimed mater i al. The two materials are 
then combined with additional new asphalt 
cement and/or an asphalt softe ning agent, 
and the mixing continues throughout the 
remainder of the main drum. 

Figure 4. Drum-in-a-drum system. 

This system can use a maximum of 50 to 
70 percent reclaimed asphal tic material . 
The required plant modifications are 
relat ively simple and i nexpensive , and 
conv entional hot mix can be produc ed 
without having to remove the inner drum. 

Center-Feed Sys tem. In this type of 
system, v i rg i n aggregate enters at the 
burner end of the drum while the reclaimed 
asphaltic material enters near the mid­
point (behind the radiation shield that is 
commonly used in some plants). Flighting 
in the drum may be modi fi ed in order to 
insure maximum heat transfer to the virgin 
aggregate. The virgin aggregate will 
usually be in the 300-500 degree F. range 
by the time it reaches the midpoint of the 
drum, while the combustion gases will 
normally have cooled to 800-1000 degrees 
F. This prov ide s suffici en t heat for 
mixing with the reclaimed mater._ial , but 
usually not enough to cause overheating 
and resultant smo ke problems. The 

reclaimed material enters the drum through 
a series of gates, chutes, or other types 
of openings that are covered by a metal 
collar extending around the drum shell. 
In some cases, additional cooling air may 
be incorporated at this entry point in 
order to f urther reduce temperatures and 
min imi ze the possibility of overheating. 
Additional asphalt cement and/or an 
asphalt softening agent are added to the 
combined materials and mixing is completed 
in the lower half of the drum. This type 
of system can use a maximum of approxi­
mately 60 to 70 percent reclaimed 
asphaltic material, and it can be readily 
switched to the production of conventional 
mixes. 

Figure 5. Center-feed system. 

The basic oonce_pt behind this type o f 
recycl i ng system was originally conce ived 
by Mr. Robert Mendenhall of the Las Vegas 
Pav ing corpora ti on . Mr • Mend en ha 11 
developed a "split-feed" system in which 
crushed asphaltic material was divided 
into several size fractions and each 
entered the drum at different points. The 
coarse material entered at the burner end 
and the finer fractions entered away from 
the flam e at i ntermediate points along the 
leng th of the drum. 

The following equipment manufacturers 
have developed "center-feed" modifications 
for dryer-drum plants: 

1. Barber-Greene Company ("Dual-Zone 
Thermodrum") 

2. CM! Corporation ("Rote-Cycler") 
3. Standard Havens Company ("Cone­

flight") 
4. Astec Industries, Inc. ("Dual 

Entry System") 

Each of the above de s cribed systems 
(" Pyrocone," "Drum- · n-a-Drum," and 
"Center-Feed ") can effectively control 
smoke emissions while producing hot mixes 
conta ining up t o 50-70 percent reclaimed 
asphal tic material. In order to meet 
current standards for particulate emis­
sions, however, a good wet scrubber or 



baghouse must be used. This is true 
whether the plant is producing conven­
tional mixes or mixes containing reclaimed 
material. 

Laydown and Compaction 

Conventional equipment and procedures 
have been used for laying and compacting 
hot mixes containing various percent­
ages of reclaimed asphaltic material. No 
unusual problems have been encountered on 
past projects and normally the mixes 
containing the reclaimed materials have 
handled the same as conventional mixes, 
provided the laydown temperatures have 
been comparable. 

Figure 6. Laying mix containing reclaimed 
asphaltic material. 

Conclusions 

The necessary equipment for all phases 
of hot recycling is currently available. 
This equipment will no doubt continue to 
be refined and improved as various highway 
agencies, contractors, and equipment 
manufacturers gain additional experience 
with the recycling concepts. Also, new 
pieces of recycling equipment (for remov­
ing and reprocessing asphalt pavements) 
with expanded capabilities will probably 
appear in the coming years as the demand 
for recycling increases. It can be 
stated without reservation, however, that 
the current generation of hot recycling 
equipment has the capabilities to produce 
a quality product at i::ompetitive produc­
tion rates while meeting all air quality 
standards. 
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DENVER'S METHOD OF URBAN HOT RECYCLING 

William E. Smith, Denver Department of Public Works 

The street system of the City and County of 
Denver consists of approximately 1,700 miles of 
paved and unpaved streets. About 1,640 miles are 
paved including curb and gutter. Approximately 
98% of this mileage consists of asphaltic concrete 
surfacing. The base course for these streets may 
include cobblestone, a crushed granite rock, or 
graded sand and gravel or some deep strength 
asphalt. The base course is usually related to 
the type in use during the era in which it was 
constructed. The streetz have vo.rious crc/WT1S and 
may slope from 0.5% to 14%; widths may vary from 
30 feet to 36 feet (the usual standard). Origi­
nally there were streetcar tracks in many of the 
arterial streets, and these tracks were overlaid 
over the years. The combination of asphaltic 
concrete surfacing has varied through the years, 
but generally consists of a medium soft rock 
mined from gravel pits along the South Platte 
River with a Los Angeles Abrasion Test of between 
35 and 4o. The temperature extremes in Denver 
range from -200F. to ll0°F., and rainfall is 12 
to 14 inches per year. Low leyel surface oxida­
tion does occur in Denver. 

Chip sealing was a common practice until 1973 
and almost all residential and collector streets 
received chip seal treatment every seven to ten 
years. The chip seal consisted of a Platte River 
gravel and a RC-800 asphaltic material. Arterial 
streets did not receive chip seal and were, 
almost without exception, overlaid with asphaltic 
concrete. Overlays were conducted every four to 
five years. Thickness varied from one to two 
inches. The material generally consisted of a 
Platte River gravel and, of course, the bitumen 
equivalent to an AC-10 or 20. Most of the City's 
streets have a concrete curb and gutter, and in 
the older areas this has been overlaid many times 
until there is often only one to three inches of 
curb remaining. Most of these streets also have 
high crowns. 

Streets to be recycled require more than a 
cursory review in that quite often the overlays 
that have occured are a result of subbase failure 
due to increased loads and volumes of traffic. 
If this is the case and a determination is made 
to recycle the pavement, it is essential that an 
exact or greater pavement section than existed 
be maintained. On two occasions excess pavement 
was removed. We found that subbase failure had 
occured where traffic volumes and weights were 

high. With these increased volumes and weights 
it has been necessary for the traffic engineer to 
remove parking on arterial streets and add 
traffic lanes adjacent to the curb in order to 
handle the increased number of vehicles. Failures 
occured on this curb lane due to water in the flow 
line, construction, and maintenance that has 
occured over the years. A joint existed when the 
Portland cement concrete curb abutted the asphalt­
ic concrete pavement, and this has always been a 
J?l'Oulem of base failure. As the street was over­
laid, the thickness on these edges was tapered to 
the joint. As a result the pavement thickness is 
less along the edges. As the surface planing 
starts it is usually the intent to remove one and 
a half or two inches adjacent to this curb in 
order to achieve maximum flow line capacity. This 
one and a half or two inch removal can be dis­
asterous since the pavement section in the weakest 
part of the street is reduced. It is, therefore, 
suggested that if you are looking at a recycling 
program, pay close attention to the needed pave­
ment section for present day traffic since many 
of these older streets have been upgraded 
(overlaid) as failure occured. 

In 1979 during the months of March and April, 
we decided to remove the surface of a major 
arterial which had extensive patches, numerous 
chuckholes, and some reflective cracking. Need­
less to say, this had been a problem all winter 
so it would have been a very little loss to 
experiment with the removal and then attempt to 
overlay when weather permitted. The removal of 
the top two inches of surface progressed without 
difficulty, and the r j deability of the surface 
was improved, although the texture of the dry 
surface created a driver problem in that the ride­
ability of the street was comparable to a cobble­
stone surface. There were several complaints 
about the noise and the inability of the drivers 
to maintain control of their vehicles. The public 
and media called it a chicken wire texture. The 
surface was used by the public for approximately 
two months before the overlay occured, and we had 
very little difficulty after the first week of 
complaints. When the overlay started in June, we 
had trouble with slippage on a high volume bus 
lane, and it was necessary to change the mix and 
add some additional tack coat to that particular 
lane to alleviate the slippage problem. 



The previous method for correcting street fail­
ures has been to overlay the surface. This has 
resulted in steep crowns, better pavement sections 
and a greater cost to replace the street when it 
was necessary to remove all the curb, gutter and 
pavement. With limited budgets it is nearly pro­
hibitive to even consider starting at subgrade for 
rebuilding. We, therefore, have searched for an 
economical method to maintain a given street in 
its present condition. With accelerated costs 
occuring, it was not difficult to set a policy 
whereby the City would remove one, two or three 
inches of asphalt and replace the same amount, 
thereby creating a new surface which offered equal 
life and better rideability than the surface prior 
to cold planing. Considering the investment and 
cost of acquiring the necessary equipment, the 
cost benefits are very advantageous to recycling, 
and these will be discussed later. 

The City of Denver has a Barber-Greene batch 
plant rated at 250 tons per hour. There is a bag 
house for air pollution control and we find that 
this is very adaptable to hot mix recycling. The 
recycled material is injected behind the bag house, 
Thus the quality of mix produced is equal to or 
better than the virgin mix. One of the problems 
encountered with the virgin mix was inadequate 
fines (passing a #200 sieve). By adding the re­
cycled material more fines are introduced. The 
greater concentration of fines is a result of the 
grinding procedures which occur during removal. 
The following gradation depicts the difference 
between our virgin rock and that of recycled 
material (See Tables I, II and III). 

Table I. A comparison of virgin vs. reclaimed 
material size . 

% Passing % Passing 
Reclaimed Virgin 
Material Material 

1/2 11 

3/8" 
#4 
10 
40 
Bo 
200 

Table II. 

Lab Density 
Lab Weight 
Stability 
Flow 
Air Voids 

Table III. 

Lab Density 
Lab Weight 
Stability 
Flow 
Air Voids 

100.0 100.0 
93.3 94.5 
78.2 77,8 
58.4 54.o 
26.9 18.9 
15.4 7,6 
9.5 3.9 

Physical characteristics of reclaimed 
materials. 

Reclaimed Material 
Marshall Method 

2.311 
144.1#/cu. ft . 
2,735 
10 
3.14% 

Physical characteristics of virgin 
materials. 

Virgin Mix 
Marshall Method 

2 . 257 
140.8# / cu . ft. 
1 ,625 
6 
7 . 50% 
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It is required that the virgin rock be heated 
approximately 50°F. to 60°F. above what would be 
required for non-recycled material, but the re­
sulting temperature at the laydown machine is 
adequate. The following graph (Figure 1) shows 
the temperature required for a 280°F. mixture with 
virgin rock versus 30% recycled mix. 

Figure 1. Temperature requirements for 
reclaimed vs. virgin mixes. 
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The batch plant is operated by natural gas, which 
at this point is still the cheapest source of 
fuel available. We find the stationery batch 
plant is advantageous from the standpoint of being 
located in a central point of the City, and since 
all of the work occurs in Denver, there is no 
need for a mobile plant. 

The first attempt at recycling resulted in 
the bag house plugging. This was caused by the 
attempt to place the asphalt to be recycled into 
the virgin rock before heating and, of course, 
the heat releasing the cutbacks in the asphalt 
as well as from evaporation of the bitumen created 
the problem of particulates which blocked the bag 
house. We then reverted to placing the recycled 
material into the drum of heated rock and this 
resulted in no visible pollution emitting from 
the exhaust. This, however, limits the amount of 
material that can be recycled. We heat the rock 
to approximately 345°F. and then when we add the 
recycled material it decreases this temperature 
to about 2900F. It still results in a job site 
temperature of around 2800F, which is adequate 
for this mix. There are several things involved 
in this environmental evaluation, but probably 
the strongest item is the conservation of both 
gravel and bitumen. The 30% recycle gives a 
direct savings on both of these items and results 
in less mining operations necessary for gravel as 
well as less processing of oil products. Our 
addition of 30% recycled material has resulted in 
a higher bitumen content. We were running as 
high as 7% on the mixture, and while this exceeds 
recommended standards, we found that on many local 
streets where light weight vehicles as well as 
light volumes of traffic occured this was very 
advantageous in the life expectancy of the street 
surface. During this SUllllller's operation, we 
normally added 5% AC-10 or 20 to the virgin rock, 
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and this has resulted in a six to six and a half 
percent bitumen content. This will fluctuate, 
however, depending on the asphaltic content of the 
recycled material. 

Energy savings are close1y related to the 
environment in that we do save the 30% of materials 
which are recycled. However, there are additional 
savings from energy which are in the form of trans­
portation. We are able to haul the materials from 
the planing machine to the batch plant on the 
return trip of trucks which have delivered hot mix 
asphalt to areas cold planed the previous day. 
During this season we have found that it is more 
beneficial to separate the operation of paving and 
planing into two separate operations in that break­
downs, delays because of traffic, etc. created more 
problems and delayed both operations to such an 
extent that it was more beneficial to run separate 
operations. This results in a.n energy tradeoff of 
removing the material to be recycled against what 
would be required to mine gravel, crush gravel and 
deliver gravel to the batch plant. Needless to 
say, the energy required to remove the material to 
be recycled is much less. 

The cost for cold planing two inches of mater­
ial from Denver's existing streets was 88¢ per 
square yard in 1979. The estimated value of the 
material removed was $1.60 per square yard. With 
the increase in cost of bitumen, gravel and trans­
portation, it is obvious to me that we must do 
more recycling. It is simply a matter of what 
type of recycling is most beneficial from both the 
cost standpoint and final product achieved. One 
must examine this from the needs of their particu­
lar entity. If this need is for overlay, then I 
feel strongly that hot mix recycling is most ad­
vantageous. If it is for the base course, then 
perhaps cold mixing is more beneficial. Whatever 
the results are, recycling is certainly necessary 
in our limited budget and rising costs. 



RURAL HOT MIX RECYCLING 

Robert A. Welke, P.E. 
Michigan Department of Transportation 

Hot recycling is the transporting of salvaged 
existing asphalt pavement from its original 
location to a central asphalt plant site for 
processing. Rural roadways that are recycled 
may present different problems and needs than 
urban projects. Generally, with the type of 
asphalt pavement encountered in rural projects, 
tecnnologists need to consider the variability 
of the salvaged material that is designed into 
a recycled mixture. During the past four years 
much has been done to develop recycled asphalt 
mix design procedures. These procedures are 
being time tested and will, by the nature of 
the technology, be revised continuously. Rural 
roads that are recycled may, due to their length 
and lower traffic volumes, dictate lower unit 
cost designs. Recently developed equipment 
allows the removal of the total existing pave­
ment or variable thicknesses of the upper 
pavement surface for recycling. The Michigan 
Department of Transportation has hot recycled 
several rural roadway projects during the past 
three years. Two typical rural recycling 
projects--one using drum mix recycling, the 
other using batch plant recycling~are dis­
cussed, and information and data on cost and 
energy conservation are presented. 

Most Michigan trunkline flexible pavements are 
asphaltic concrete, constructed of high quality ag­
gregates. Due to heavy traffic volumes with a large 
percentage commercial on the rural ~oads it is 
necessary to design all pavement sections for a high 
level of serviceability. To provide the public with 
the best possible roadway surfaces, it is apparent 
that we must develop an alternate to overlaying of 
existing pavements. This alternate is asphalt 
recycling. 

The time of going to the 'back forty' and opening 
up a gravel pit is over in many parts of the country. 
Zoning laws and land use controls have made the 
availability of low cost aggregates a thing of the 
past. In Michigan it is not uncommon to haul high 
quality aggregates more than 161 km (100 miles) from 
their source to an asphalt plant site. It is 
apparent that we must conserve this natural resource 
if we are going to control product cost. 
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During 1979, the cost of asphalt cement in­
creased 35 percent. The National Asphalt Paving 
Association has forecast that asphalt and fuel oil 
costs will increase 46 percent during 1980. Pre­
sently, about 45 percent of our asphalt comes from 
imported crude oil. With world political conditions 
as unreliable as they are, we may see higher-than­
forecast asphalt prices or a reduction in supply of 
asphalt material. 

Decreasing natural resources and large increased 
costs of asphalt have not diminished the need to 
maintain and improve our asphalt pavements. Both 
public and private organizations are feeling the 
pinch of ever increasing costs of asphalt paving and 
the continued need to extend or improve existing 
asphalt surfaces. 

The Michigan Department of Transportation has 
4,802 km (2,984 miles) of flexible pavement roads 
and 6,524 km (4,054 miles) of asphalt overlayed 
rigid pavement on the state trunkline system. In 
addition, most of the 128,748 km (80,000 miles) of 
the county road systems are asphalt. With the large 
increase in construction costs during the past few 
years it is difficult to keep up with the needs. 
Asphalt recycling has become a method that has the 
most potential to improve asphalt pavements while 
controlling costs and reducing energy requirements. 

It is said that necessity is the mother of in­
vention. Although asphalt recycling has been 
around for many years, very little was done to foster 
it until after the 1973 oil embargo. In Michigan we 
started cold in-place recycling of existing asphalt 
pavements in 1970. But the interest and monies for 
this work did not increase until 1974. Since that 
time, we have cold recycled several hundred lane­
kilometers of asphalt pavement and hot mix re-
cycled over 362,874 metric tons (400,000 tons) of 
salvaged asphalt. 

From an engineering point of view, we are at the 
advent of considering asphalt recycling as a 
standard practice. In fact, in the Michigan De­
partment of Transportation, most projects that are 
scheduled for resurfacing are evaluated for possible 
recycling. We have 20 projects scheduled for hot 
recycling and several for cold recycling this year. 

It has been colM!lon practice in the past to pile 
layer upon layer of new asphalt mix on pavements 
that were distressed. This would improve the 
pavement structure and ride, but would not eliminate 
the reflective cracking problem, in which cracks in 
the old surface reappear or 'reflect' in the new 
layer. In a few years the resurfacing was in the 
same condition as the original asphalt pavement. 
Many times resurfacing will not solve the problem, 
but only add to it. Recycling of existing asphalt 
allows for the breaking up of the cracked pavement, 
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thus reducing the potential of reflective cracking 
in the new surface. 

It is apparent that besides conserving energy, 
materials, and lowering construction costs, recycl­
ing can improve the pavement structure. It also can 
extend pavement longevity. We have ·enough experi­
ence to determine that asphalt is truly recyclable 
and at a cost that is less than 100 percent virgin 
mixes. Early test results have indicated that the 
aging or hardening of the asphalt binder in hot 
recycled mixtures is slowed in relation to conven­
tional mixes. If this is true, the service life of 
a recycled pavement may be longer. 

During the ' past several years much has been done 
to develop recycled asphalt mix design procedures. 
These procedures are being time-tested and will, by 
the nature of the technology, be revised continu­
ously. We have developed computer programs for 
recycled asphalt mix designs to aid the practitioner 
in handling the increased number of variables en­
countered. 

Project Design 

Project History 

After a potential project has been chosen, it 
is important to review the past construction 
records. It is essential to know the history of 
construction, what materials were used, and the 
cross-section. If the roadway has a widely varied 
history and was constructed in a patchwork manner, 
it might be best not to consider it for recycling. 
Uniformity of materials and cross-section make for 
a llK)re uniform recycled mix. Also, by checking 
past construction records one can possibly deter­
mine if tars or extensive amounts of liquid asphalts 
were used. If these materials are present in large 
amounts, again it may be best not to hot recycle 
because of potential air quality problems. 

Coring 

Coring the existing roadway is the next pro­
cess. A certain number of cores are needed in 
order to obtain material for testing. Usually 10 to 
20 cores are sufficient. 

Sample Aggregate Base 

When cold milling the existing pavement it is 
our experience that approximately 1.3 cm (1/2 in.) 
of aggregate base will be included with the salvaged 
pavement. A sample of the aggregate base is needed 
to determine if there are any large stones present 
(greater than 3.2 cm or 1-1/4 in.). If large stones 
are present this could cause paving problems. 
Crushing, scalping to remove oversize material, or 
not considering the project for hot recycling are 
the solutions if large stones are present. Also, 
if the pavement is directly on clay, it will cause 
the problem of having clay balls in the recycled 
mix. The only solution is to cold mill partial 
depth or not recycle. 

Measure Thickness of Cores 

This is valuable information for cold milling 
contractors and for design of the recycled mixture. 
Often the existing pavement will consist of various 
thicknesses of wearing, leveling, and base courses 
that have different properties and each requires 
consideration. 

Extraction and Abson Recovery 

The next process is to run an extraction analy­
sis of the existing pavement. This will give vital 
information concerning gradation and asphalt con­
tent. 

The Abson Recovery process will give information 
as to the hardness of the existing asphalt binder. 
The first step is to take the effluent from the 
extraction and centrifuge out the fine dust parti­
cles. The presence of dust will make the asphalt 
cement appear harder than it really is. The next 
step is to distill off the solvent (usually tri­
chlorethylene). The last step is to run a penetra­
tion of the salvaged asphalt cement at 25 C (75 F). 

T6bulate Results 

Once the results are known, they should be 
tabulated, averaged, and the standard deviation 
calculated for all sieves, the asphalt content, and 
the recovered penetration. 

Mix Design 

In order to design any bituminous mixture it is 
important to know the location, the environment, 
and the needs. Traffic volumes and loading, the 
climate, and the supporting base materials are the 
most important factors: however, there may be 
other considerations unique to a particular high­
way. 

Rejuvenate Old Asphalt 

In order to produce a suitable recycled mix it 
is paramount to have the asphalt binder at the 
proper consistency. We at MDOT have developed a 
chart (Fig. 1) which aids in making the proper 
decision as to what type and how much rejuvenating 
material is needed. Note the left and right 
y-axes. The left y-axis represents the viscosity 
of the material at 25 C (77 F) and the right 
y-axis represents penetration at 25 C (77 F). 
There is a very strong correlation between vis­
cosity and penetration, thus, corresponding values 
can be substituted freely. 

The first thing one does when using this chart 
is to shade-in the area of desired consistency of 
the resultant recycled mixture. In this case we 
are designing the recycled mix to be similar to a 
new 85-100 penetration grade asphalt mixture. Next 
the recovered penetration (or viscosity) of the 
reclaimed pavement is plotted (38 in this case) on 
the left y-axis. On the right y-axis the penetra­
tion (or viscosity) of the rejuvenating agent is 
plotted (in this case a 250 penetration asphalt 
cement). Next the two points are connected by a 
line and where the line intersects the shaded area 
is the desired blending index in percent (42 to 48) • 

From knowing the desired blending index one 
can use this value to compute the percent of sal­
vaged material to be used in the recycled mixture. 
The percent salvaged material to be used is as 
follows: 

s lOO _ AC x BI 
AO 



Where: 
s 

AC 

BI 
AD 

Example: 

salvaged material, percent 
asphalt content of salvaged material, 
percent 
blending index, percent 
asphalt demand of recycled mix, percent 

AC = 5.2, BI = 55, AD 5.8 

s = 100 - 5 • 2 x 55 = 100 - 49.4 = 50.6 percent 
5 . 8 

Thus, for this example a 50 percent salvaged ' - 50 
percent virgin mixture would be desirable. If one 
wanted to go to a higher percentage of salvaged 
material (lower blending index) then a softer re­
juvenating material would be needed. 

Gradation Analysis 

The next design process is to analyze the 
gradation of the reclaimed material and decide what 
the gradation of the new aggregate should be. From 
our experience, cold milling does not significantly 
change the gradation of the reclaimed pavement ex­
cept for the 0 . 075 mm (No. 200) sieve. It generally 
raises the material passing the 0.075 mm (No. 200) 
sieve by approximately 3 percent. 

Sample Stockpiles 

At this time it is assumed that the contract 
has been let, cold planing has started, and the 
sources of virgin aggregates are available. Thus, 
a representative sample of each can be obtained for 
mix design. 

Extracti on and Abson Recovery 

Again, an extraction must be run--this time on 
the cold milled material. The increase in passing 
0.075 mm (P200) should be noted along with the re­
duction in the asphalt content because of inclusion 
of the aggregate base. 

From the Abson process, the recovered penetra­
tion of the cold milled material should match 
closely with the values from the cores. 

Marshall Mix Design 

Conventional Marshall Mix Design procedures and 
design criteria are sufficient . The ag.cgregates and 
reclaimed pavement are heated to 140 c (285 F) and 
are mixed and compacted. It should be noted that 
the stabilities of recycled mixes are quite high be­
cause the milling process creates more crushed 
material. 

Drum Mix Recycling Project 

Construction 

The Michigan Department of Transportation com­
pleted its first asphalt hot mix recycling test 
section in 1977. Based on the experience gained 
from this project and information from recycling 
projects around the country, it was decided to 
construct two large rural hot mix recycling prc-
j ects in 1978. By specification, one project would 

be recycled by the drum mix method and the other 
the heat-transfer method requiring a batch plant . 
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The location of the 11 . 6-km (7.2 mile) recycled 
porticn of this project was on M 57 between M 66 and 
Berridge Rd in Montcalm County, east of Greenville. 
The work consisted of removal and reduction of the 
existing 6.7-m (22 ft) bituminous pavement (two 
3.7-m, or 12-ft lanes and a 0.9-m, or 3-ft paved 
shoulder) at 179 kg/m2 (330 lb/sq yd). Also in­
cluded in another portion of the project was a 
conventional bituminous resurfacing. 

Test Results 

Large variations in the asphalt content and 
gradation test results are undesirable when pro­
ducing a high quality bituminous paving material. 
However, it was anticipated, even before the project 
had started, that there would be more fluctuations 
in the test results than found in conventional 
mixes. The reason for this was the added variable 
of the salvaged material. Any of the following 
factors can cause this added variability: 

1) variability in original bituminous mix, 
2) variable thickness of different courses 

(wearing, leveling, or binder), 
3) different construction histories (e.g., 

one area has had a resurfacing with a different 
composition of mix while another area has not), 

4) fluctuations in depth of aggregate base 
removed with the bituminous pavement. 

Existing bituminous pavements that have wide 
variances in any of the first three factors should 
not be considered for hot mix recycling for pro­
ducing a wearing course. M 57 was chosen as a 
suitable project for a recycled wearing course be­
cause of its uniformity. Except for a 0.8-km 
(1/ 2 mile) section that received a 5-cm (2 in.) 
resurfacing, the material was uniform throughout 
the 11.6-km (7.2 mile) project. Factor number four 
was considered to be the most significant on this 
project for producing variability in the salvaged 
material. 

As mentioned previously, approximately 1.3 cm 
(1/2 in.) of aggregate base was removed along with 
the existing pavement in order to assure a good 
bond for the recycled mix. The following table 
shows the asphalt content of the salvaged material 
when various depths of aggregate base are included 
(assuming a 4.8 percent asphalt content in sal­
vaged mat and a 7.6-cm (3 in.) pavement thickness). 

Quantity of Aggregate 
Base Salvaged, cm 

0 
0.6 (1/4 in. ) 
1.3 (1/2 in.) 
1.9 (3/4 in.) 
2.5 (1 in.) 

Asphalt Content, 
percent 

4.80 
4.43 
4.11 
3.84 
3.60 

Thus, one can see that a minor fluctuation in the 
cold milling operation can cause a substantial 
fluctuation in the asphalt content in the salvaged 
material. 

The average asphalt content for the entire pro­
ject was 5.06 percent for the plant and 4.99 percent 
for the laboratory. At the beginning of the job, 
5.4 percent was the target; however, the amount of 
material passing the 0.075-mm (No. 200) sieve was 
significantly higher in the actual mix than in the 
mix design. The reason the passing 0.075 mm (P200) 
was higher and the combined asphalt content lower 
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in the mix design was because more of the aggregate 
base was removed than had been expected. The lab­
oratory averaged 6.7B percent passing 0.075 mm 
(P200); plant values are often inaccurate due to 
less sophisticated equipment. The mix design was 
based on 5.B percent passing 0.075 mm (P200). A 
mix design rule of thumb is that for an increase of 
1 percent in the material passing the 0.075-mm sieve 
(P200), the asphalt content should drop 0.3 percent. 

Cores were taken from the newly compacted pave­
ment and the air voids were found to be 3.6 percent 
at 5.2 percent asphalt cement. Air voids will 
become less with time as traffic further compacts 
the pavement. Experience has shown that 3.0 per­
cent is the desired air voids after traffic has had 
a chance to compact the pavement. However, 3.6 
percent air voids for newly compacted pavement is 
low; thus, asphalt content around 5 percent did not 
seem excessively low. Appearance of the mix was 
good; however, the percentage of new asphalt added 
was increased (O~l percent) to 2.B percent for a 
60-40 percent salvaged-virgin mix in order to keep 
the combined asphalt content from dropping too low. 
For a 70-30 mix, 2.3 percent asphalt cement was 
added; for an B0-20 mix, 1.9 percent asphalt was 
added; and for a 90-10 mix, 1.3 percent asphalt 
cement was added. The combined asphalt content 
was approximately 5 percent for all mixes. 

In order to analyze the variability found in 
the control charts, a comparison with conventional 
mix variability is necessary. Standard deviation 
is used as the indicator of variability. Table I 
compares the variabilities for 10 end product 
(conventional wearing courses) projects done over 
the past three years in Michigan with the vari­
abilities within the M 57 project. 

Standard deviations of asphalt contents were 
higher for the recycled project than for conven­
tional mixes. This was expected due to the added 
variability of the salvaged asphalt cement. Al­
though variability is higher it is believed that the 
effects on the wearing course will be insignificant. 
It should also be noted that a contributing factor 
to the 0.37 plant asphalt standard deviation was 
the presence of moisture. Drum mix plants do not 
fully dry the aggregate, and moisture in the mi~ 
appears to be asphalt cement in plant extraction 
results. Although moisture corrections were used 
on this project, the added variable undoubtedly 
increased the standard deviation for the plant 
results. 

In analyzing the variability of the aggregate 
gradations, it must be remembered that a change in 
the mix proportion of salvaged and virgin materials 
caused a small change in the percent passing the 
various sieves, thus increasing total job vari­
ability. Even so, for the 0.075-rnrn (No. 200) and 
0.6-rnrn (No. 30) sieves the standard deviation was 
slightly lower than average, and for the 2.36-mm 
(No. 8) and 9.5-mm (3/8 in.) sieves it was slightly 
higher. It was somewhat unexpected that the vari­
ability for the aggregate gradations proved to be 
comparable to that of a conventional mix. It is 
felt that the reason for this was the fact that 
the aggregate base, the salvaged material, and the 
virgin material all have similar gradations. 

Recovered penetrations (indicator of viscosity) 
of recycled asphalt cement from laboratory extrac­
tions varied depending upon the percentage of 
salvaged and virgin used (Table II) . 

TABLE I 

Standard Deviations 
Asphalt Content and 
Gradation Analysis 

Plant asphalt content 
Lab asphalt content 
Plant passing 0.075 mm (P200) 
Lab passing 0.075 mm (P200) 
Plant passing 0.6 mm (P30) 
Lab passing 0.6 mm (P30) 
Plant passing 2.36 mm (PB) 
Lab passing 2.36 mm (PB) 
Plant passing 9.5 nun (P3/8) 
Lab passing 9.5 nun (P3/8) 

For 

Avg. 

0 . 20 
0.21 
0.69 
0.76 
2.1 
2 . 2 
2 . 3 
2.3 
2.3 
2.6 

It should be noted that all the variability of 
test results is not caused by variation in the mix, 
but also by samp ling and testing errors. Although 
it is being studied at present, we are not able to 
separate the mix variation from sampling and testing 
errors. Thus, overall variability of test results 
is the only available indicator of mix variation. 

10 Projects Standard Deviation 
For M 57 Rec:Lcle 

High Low 

0.29 0 . 14 0.37 
o. 30 0.12 0 . 29 
0.96 0.38 0.52 
1.14 0.31 0.51 
4.3 0.9 1.9 
3.1 1.1 1.6 
3.7 1.6 3.1 
2.9 1. 3 2.7 
3.0 1.8 3.3 
4.3 1. 7 3.0 

As expected the higher the percentage of sal­
vaged material used, the lower the recovered 
penetration (the higher the viscosity). Recovered 
penetrations in the 50's would be comparable to a 
typical recovery of a new 85-100 penetration grade 
pavement where values in the 70's would represent 
a new 120-150 pavement. Thus, the 80-20 and 70-30 

TABLE II 

Recovered 
Penetration 

Average 
High 
Low 

No. of Samples 

Original 
Pavement 

From Cores 

38.4 
45 
28 

7 

Recycled Mix, 
Salvaged Virgin, percent 

90-10 B0-20 70-30 60-40 

41. 7 
45 
36 

4 

53.9 
83 
42 

11 

55.0 
59 
48 

11 

68.2 
83 
55 

9 ' 



mixes would seem to be similar to a new 120-150 mix. 
Analysis ' of the old pavement showed an average re­
covery of 38 which indicates that the original 
asphalt cement still had some life in it. Recovered 
penetrations below 25 are thought to be indicators 
of a crack susceptible material. It is common to 
find badly cracked areas with recovered penetrations• 
in the teens. Although recovered penetrations are 
not a fail-safe method of predicting cracking sus­
ceptibility, they are an indicator. Thus it is felt 
that 200-250 penetration grade asphalt sufficiently 
rejuvenated the old asphalt cement to the viscosity 
of a new cement, except for the 90-10 mix. 

There is a widely accepted theory that some of 
the old hardened asphalt that was absorbed into the 
aggregate does not become part of the effective 
asphalt in a recycled mix. Thus, the recovered 
penetrations in a recycled mix are lower and are 
not true indicators as to the hardness of the ef­
fective asphalt cement. It is felt that a recycled 
mix may have a greater service life than the re­
covered penetrations indicate. 

Moistures in the mix and stockpiles were moni­
tored. Moisture in the virgin stockpile averaged 
2.5 percent on a dry basis, and 2.0 percent in the 
salvaged pile. Anywhere from 1 to 3 percent water 
was added on the cold feed belt; however, this 
moisture had no chance to be absorbed into the 
stone and evaporated quickly upon entering the 
drum. Moisture in the mix varied with temperature. 
At 132 C (270 F), 0.05 percent was in the mix, and 
at 116 C (240 F), 0.15 percent moisture was 
measured. 

Approximately two months after construction, 
wet friction coefficients of the pavement were 
measured at 64 km/hr (40 mph) in accordance with 
ASTM E274. The average value was 0.54 with a high 
of 0.57 and a low of 0.49. The statewide average 
friction coefficient for initial construction is 
0.51. 

Air Quality 

Particulate emissions were measured by Depart­
ment personnel in order to determine if the plant 
complied with Federal and Michigan standards. 
Federal standards require that particulate matter 
shall not exceed 0.04 gr/DSCF (grams per dry stan­
dard cubic foot) and the plume shall not exceed 20 
percent opacity. Michigan standards require 
48 gm/10003 (0.30 lb/1,000 cu ft) of gas, approxi­
mately equivalent to 0.15 gr/DSCF, and the plume 
shall not exceed 20 percent opacity. 

Table III shows the particulate emissions 
measured for this project. 
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only. At 80-20 a light blue smoke appeared and at 
90-10 it became heavy. 

Energy-Resource Savings 

It is calculated that 719,228 1 (190,000 gal) of 
asphalt cement and 14, 152 metric tons (15,600 tons) 
of aggregate were recycled on this project. Use of 
the drum mixer and low mix temperatures saved an 
estimated 75,708 1 (20,000 gal) of dryer fuel oil. 
It is also calculated that approximately 4,808 
metric tons (5,300 tons) of shoulder material were 
saved (because removal of old pavement the top 
7.6 cm (3 in.) of shoulder material was not paved 
over but bladed over to the new edge of pavement). 
Quantities are not known, but it is felt that a 
considerable amount of fuel was saved by recycling 
the aggregate from the existing roadway. New ag­
gregate had to be hauled 24 km (15 miles) one way 
to the plant site where the salvaged material haul 
was from 0 to 9. 7 km (6 miles). 

Costs 

The bid prices for the various items of work 
were as follows: 

Remove, transport, and crush bituminous pave­
ment (4 in. or less) 

$ l.79/m2 ($1.50/sq yd) 
Remove, transport, and crush bituminous pave­

ment (more than 4 in.) 
$ 2.09/m2 ($1.75/sq yd) 

Aggregate 20AA 
$ 4.96/metric ton ($4.50/ton) 

Asphalt cement 
$104.72/metric ton ($95.00/ton) 

Recycling bituminous material 
$ 7.94/metric ton ($7.20/ton) 

The final quantities varied somewhat from the 
estimated quantities. Overall, it cost $18.43/ 
metric ton ($16.72/ton) for the entire recycling 
process. This compares very favorably to the 
4.12 wearing course price of $22.27/metric ton 
($20.20/ton) and leveling course price of $20.89/ 

metric ton ($18.95/ton) for work elsewhere on the 
project. 

The cost for 90-10 ratios of salvaged-virgin 
was not significantly different from the cost of a 
60-40 ratio $18.42 versus 18.46/metric ton, respec­
tively ($16.71 versus $16.75/ton). The cost of 
rotomilling on this project was relatively high, 
$9.71/metric ton ($8.81/ton) of salvaged material. 

TABLE III 

Mix Ratio Particulate Emissions 
Date of Sample 

Salvasi:ed-Vir2in 2,!/DSCF (EPA Method 5) 

August 1, 1978 80-20 
August 3, 1978 - #1 90-10 
August 3, 1978 - #2 90-10 
August 4, 1978 80-20 
August 10, 1978 - #1 70-30 
August 10, 1978 - #2 60-40 

All six tests were above the 0.04 Federal require­
ment but two of the six were below the 0.15 Michigan 
requirement. 

There was no one available trained in measuring 
opacity1 however, at 60-40 salvaged-virgin and 
70-30, the plume of the stack appeared as steam 

0.20 
0.21 
0.20 
0.19 
0.11 
0.09 

On the I 94 project, the rotomilling cost was 
$7.28/metric ton ($6.60/ton); however, the aver­
age thickness of the pavement was greater (15.2 cm, 
or 6 in. versus 7.6 cm, or 3 in.). As mentioned 
previously, approximately 4 1 808 metric tons (5,300 
tons) of shoulder material was saved. At 
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$3.86/metric ton ($3.SO/ton) this would amount to a 
savings of approximately $18,SOO. 

Batch Plant Recycling Project 

Because of the interest in investigating the 
feasibility of heat transfer type hot mix recycling 
methods, the Michigan Department of Transportation 
let a project in June 1978 for hot mix recycling 
using a batch plant. The Department felt that the 
experience gained in trying this concept, along 
with the above dr\Dl\ mix recycling project, would 
help develop the expertise needed to further the 
art of hot mix recycling. 

With the excellent results obtained on the 
Maplewood, Minnesota batch plant recycling pro­
ject (1), Michigan felt it was feasible to let a 
similar recycling job. A 4-km (2.S mile) section 
of eastbound I 94 in Berrien County (LaPorte Rd to 
us 12) was selected because of the excessive fati­
gue cracking in the existing pavement. Another 
reason for selecting this project was that this 
area of the state has a very limited supply of new 
aggregates which made the recycling more feasible 
and somewhat more economical. With these two con­
ditions, the recycling offered the best viable 
design for this section of I 94 with an ADT of 
19,000. The other option of resurfacing with S to 
7.6 cm (2 to 3 in.) of bituminous concrete would 
have extended the pavement life only a few years 
before the cracking in the existing surface would 
have reflected and resulted in the same condition 
that was faced at the onset. 

A design was selected using a so~ so blend of 
reclaimed versus virgin material. Because of the 
feeling of Department personnel that the existing 
aggregate base was contributing to the pavement 
failure, it was decided to utilize this aggregate 
for the virgin portion of the recycled mixture. 
The existing pavement consisted of a 12.7 cm (S 
in.) thickness, composed of binder, leveling, and 
wearing courses. The plans called for removing 
the existing pavement and reducing it to 9S percent 
passing the SO-mm (2 in.) sieve by either rotary 
reduction or plant crushing. The virgin portion 
was obtained from removing lS.2 cm (6 in.) of the 
existing aggregate base course. 

The recycled mix was to be placed 2S.4 cm (10 
in.) thick in a minimum of three lifts and resur­
faced with 70.S kg/m2 (130 lb/sq yd) of bituminous 
concrete leveling course 2SA, 6S.l kg/m2 (120 lb/ 
sq yd) of bituminous concrete wearing course Type 
c, and S4.3 kg/m2 (100 lb/sq yd) of Open Graded 
Asphalt Friction Course. The Deparbnent opted tor 
the more conservative approach using the recycled 
base course on the first project because of the high 
traffic volumes (ADT of 19,000 and the measured 
percent commercial of 24 percent). 

Construction 

The recycling contract was awarded to Rieth­
Riley Construction Co., of Battle Creek, Michigan. 
They moved their 2,948-kg (6,SOO lb) H & B portable 
batch plant to a site adjacent to the project. For 
this project, the Department allowed the contractor 
use of limited access right-of-way, permitting him 
to go through openings in the right-of-way fence. 
Rieth-Riley used this option and located their 
plant on the north end of the project with access 
to the freeway. The existing 12.7-cm (Sin.) pave­
ment was removed with single pass of a CMI roto­
mill. The rotomilling in a single-pass operation 
was quite surprising considering our experience on 

previous freeway recycling that required two passes 
of the machine for similar pavement thickness. The 
single pass gave us a very uniformly graded ma­
terial which alleviated any separate stockpiling or 
blending of the reclaimed pavement. There was also 
some concern of possible problems that could be en­
countered because of the various aggregates used in 
the original construction and the later widening 
and resurfacing. The original pavement and the 
widening used natural aggregates, but the resur­
facing utilized blast furnace slag in the wearing 
course. The possible problem of variations in the 
asphalt content of the different pavement layers 
were eliminated with the single-pass operation of 
the rotomill. The contractor used a CMI Trimmer 
to remove the existing aggregate base. The lS.2-
cm (6 in.) base was easily removed in a single 
pass and transported to the plant site. 

The recycling process consisted of drying the 
aggregate base and superheating it to a tempera­
ture of 316 to 343 C (600 to 6SO Fl so that when 
the ambient temperature reclaimed pavement is added 
in the SO-SO blend, the resultant temperature of 
the recycled mixture is in tjle range of 93 to 139 C 
(200 to 280 F). The only modification needed on 
the existing plant was to devise a method for 
feeding the reclaimed pavement to the weigh hopper. 
Rieth-Riley elected to feed the reclaimed material 
by means of a conveyor belt to an opening in the 
weigh hopper. The belt was controlled by an inter­
locking system tied to the plant scales and con­
trols which ensured the uniform proportioning. 

A recommendation also stated in the special 
provision was that the contractor cover the stock­
pile of reclain1ed bituminous material to minimize 
variations in the moisture content. The reduction 
in the moisture content in the reclaimed material 
results in a fuel savings with the lowered re­
quired new aggregate temperatures. Rieth-Riley 
not only tarped the salvaged stockpile, they 
elected to also tarp the virgin material so that 
more complete fuel savings could be realized. 

The recycled mixture consisted of 49 percent 
reclaimed pavement, 49.9 percent virgin aggregate, 
and 2.2 percent 200-250 penetration grade asphalt 
cement. The contractor superheated the virgin 
aggregate (salvaged existing aggregate base) to 
316 C (600 F) and deposited it in the hot bins 
without any oversize screening or sizing of the 
aggregate. The superheated aggregate was then fed 
into the weigh hopper where the reclaimed material 
was added to begin the heat transfer process. The 
next step was depositing the combined aggregate 
and reclaimed in the pugmill and mixing for an 
actual dry mix time of 10 seconds. The 'actual mix 
time' means a 10-second mixing period after the ag­
gregate and reclaimed material are completely 
charged into the pugmill. 

After the dry mixing period, the asphalt cement 
was added and mixed for a period of 30 seconds and 
then transferred to a 90.7 metric ton (100 ton) 
surge bin for the completion of the heat transfer 
prior to hauling to the paving site. The recycled 
mix was then placed and compacted with conventional 
paving equipment. A mix temperature of 127 C (260 
Fl was selected, and since density was successfully 
obtained, and a mixture that proved workable re­
sulted, that temperature was used for the entire 
project. 

Later, during the construction, the propor­
tions were changed to increase the reclaimed aggre­
gate to 55 percent. Even with the increased 
proportion, there was no apparent problem encoun­
tered in producing an acceptable mixture. Although 
there were neither stack emissions nor opacity 
tests conducted, the stack never showed any visibly 



excessive pollution. On all future recycling pro­
jects, the Department is requiring the contractor to 
provide the necessary scaffolding for the monitoring 
of the stack emissions. 

Test Results 

Marshall stabilities of 9,146N and 10,885N 
(2,056 and 2,447 lb) flows of 12.5 and 13.5, and 

V.M.A. of 15.1 is well within the range of accept­
able results for high traffic volume pavement. The 
air voids of 2.2 percent are a little lower than 
ideal, but considering that the recycled base would 
be covered with leveling, wearing, and open graded 
surfaces, it was quite acceptable. If the recycled 
material was intended as a wearing course, the 
selection of the virgin material would have become 
more critical. We would have selected an aggregate 
that would result in 3 to 5 percent air voids in 
the surface course of the recycled. 

Energy Resource Savings and Cost 

We realized complete resource savings on using 
the existing pavement and aggregate base for our 
recycled mix. There was no need to use new aggre­
gate in the recycled base, which in this area of 
the state is quite desirable because of the ab­
sence of quality aggregates. There was also a 
savings of asphalt cement with the reduction of 
2.5 percent when compared with a conventional base 
course using all virgin aggregate. On this project 
approximately 31,298 metric tons (34,500 tons) of 
new aggregate and 772,224 1 (204,000 gal) of 
asphalt cement were saved. The removed bituminous 
surfaces equate to 15,703 metric tons (17,310 tons) 
and the removed aggregate base equals 9,182 metric 
tons (10,121 tons); therefore, the costs of re­
moving the materials would be $7.28 and 2.98/ 
metric ton, respectively ($6.60 and 2.70/ton), 
based on removal contract prices of $1.79/m2 for 
12.7-cm ($1.50/sq yd for 5 in.) bituminous surface 
and $0.74 for removing 15.2 cm (6 in.) of aggre­
gate material. 

The following is the determination of the cost 
per ton of recycling the mixture: 

Salvaged bituminous 
$ 7.28/metric ton x 0.50 x 0.978 

$ 3.56 ($ 3,23/ton) 
Salvaged aggregate 

$ 2.98/metric ton x 0.50 x 0.978 
$ 1.46 ($ 1.30/ton) 

Asphalt cement 
$104.72/metric ton x 0.022 

$ 2.30 ($ 2.09/ton) 
Recycling 

$ 9.16/metric ton 
$ 9.16 ($ 8.31/ton) 

Total per metric ton 
$16.48 ($14.93/ton) 

This compares with the approximately $17.64/metric 
ton ($16.00/ton) that new bituminous base would 
have cost. 

Since 1978, when these two large rural hot mix 
recycling projects were completed the Department 
has constructed several more asphalt recycling pro­
jects. Using the experience gained from the early 
projects the Department has generally reduced the 
salvage to virgin aggregate ratios to a nominal 
50-50 percent. This change was dictated by the need 
to reduce the possibility of stack emissions to 
within allowable limits and provide sufficient new 
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high penetration asphalt to flux the existing binder 
in the salvaged material. 

During 1979, 18.2 km (11.3 miles) of eastbound 
I 94 was recycled similar to the project completed 
in 1978. The later project was constructed with 
25.4 cm (10 in.) of recycled asphalt material and 
2.5 cm (1 in.) of Open Graded Asphalt Friction 
Course. The 100 percent virgin leveling and wear­
ing courses were eliminated. This reduction in 
pavement thickness and costs was prompted by the 
demonstrated high quality of asphalt recycled mix­
tures and our confidence in using the material for 
wearing courses. 
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Figure 1. Rejuvenating material chart. 
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AIR POLLUTION CONTROL FOR ASPHALT PAVEMENT RECYCLING 

Robert J. Mauel, P.E., 

For the past eight years I have worked in air 
pollution control with the goal of improving our 
environment, so the potential ecological benefits 
from recycling asphalt pavements greatly appeals 
to me. When I weigh the savings to be realized 
in raw materials and in transportation costs, and 
the elimination of the problem of disposing of 
old pavement, I can't help but be enthusiastic 
about the recycling concept. 

Because of the ecological benefits, I was 
tempted to agree when some contractors and 
highway department personnel suggested that these 
benefits be allowed to offset the potential 
increase in air pollution from the recycling 
process. The legal structure involved, however, 
does not provide for consideration of offsets of 
this type. Federal regulations and most, if not 
all, state and local regulations require literal 
compliance with the standards they establish. 
Any departure from the standards involves a 
clearly defined legal process, which would re­
quire extensive hearings with a limited pro­
bability of the proposed changes being accepted. 
It appears that the only practical approach is 
the development and improvement of the recycling 
process until it is consistently capable of 
meeting established air pollution control codes. 

Throughout this seminar you have been hearing 
of the progress made toward perfecting the 
recycling process. Most major manufacturers of 
asphalt concrete plants have been experi-
menting with redesigns and modifications with 
considerable success in obtaining quality asphalt 
pavement using recycled materials. In studying 
these redesigns from the air pollution control 
standpoint, I am encouraged to find that the 
process changes also lend themselves to con­
trolling the excessive emissions noted when 
recycling was first attempted. To be specific, 
methods are being used to isolate the flame and 
radiation zone from the recycled materials, which 
in turn allows early injection of the asphalt. 
These methods not only promote proper coating of 
the mix but also alleviate the emissions caused 
by burned asphalt and absorb the fines that would 
otherwise be emitted to the atmosphere. It 
appears that the better the separation of the 
flame and radiation zone from the recycled 
materials and the earlier the injection of the 

new asphalt coating material, the better the 
quality of the recycled product and the lesser 
the generation of contaminant emissions. 

It is probably fair to assume that all drum 
mix plants have been manufactured since June 11, 
1973, which makes them subject to the Federal New 
Source Performance Standards (NSPS). It also is 
probable that most, if not all, state air 
pollution control agencies accept the NSPS as 
being best available control technology (BACT) 
when evaluating permit applications for asphalt 
concrete plants. Therefore, we should be able to 
base our air pollution control consideraton 
primarily on compliance with the NSPS. 

To summarize, the NSPS for asphalt concrete 
plants establishes two basic limitations. First, 
gaseous emissions from the facility shall not 
contain particulate matter in excess of 0.04 
grains per dry standard cubic foot and, seocnd, 
emissions shall ot exhibit 20% opacity or greater. 

To date some plants have been successful in 
meeting the NSPS limitations, but usually at the 
expense of considerably reduced production 
rates. Even than, it appears that consistent 
compliance with the NSPS is questionable, 
although I know of firms that are running their 
plants at or near normal capacity with relatively 
consistent compliance with air pollution control 
standards. It is interesting to note that the 
firms I have in mind do not necessarily use the 
same approach for meeting NSPS. Although one 
firm made several equipment changes 
simultaneously which could have affected 
emissions, it attributes it success to reworking 
of the venturi. The firm installed a guage to 
measure air flow and now is able to accurately 
adjust the variable throat venturi for various 
moisture conditions. 

Another firm attributes its success to a 
process change although the change was not made 
entirely for air pollution control purposes. One 
of the motives was to increase the temperature of 
the mix to 260 ° -270°F so that it wouldn't clog 
the hot elevator. To do so, they lowered the 
slope of the drum and increased production to the 
maximum. 



They found the procedure intensified the veil, 
which alleviated the blue smoke that had been 
their major air pollution control problem. 

Until consistent compliance is achieved, air 
pollution control agencies probably will be 
reluctant to grant permits for other than 
experimental recycling projects. I am certain 
that the problems being experienced can be 
overcome and that the NSPS can be achieved, but I 
hesitate to predict whether it will be by process 
modification or by the addition of air pollution 
control equipment. As an engineer, I hope that 
the problem is solved at the source by a process 
change. 

In the past, in issuing permits for asphalt 
concrete plants, we mainly have concerned our­
selves with control of particulate emissions. 
With the increased use of fuel oil in lieu of the 
once plentiful natural gas, sulfur dioxide 
emissions are becoming a matter of concern. 

We now face . the problem of determining best 
available control technology (BACT) for con­
trolling sulfur dioxide emissions from hot mix 
plants. In Texas, our approach has been based on 
the precedent we established by determining that 
the application of BACT for boilers does not 
require the installation of abatement devices if 
the sulfur content of the fuel oil to be fired 
does not exceed 0.7% by weight. In the interest 
of consistency, therefore, we consider BACT 
applied to the asphalt concrete plant if the 
controlled emissions of sulfur dioxide do not 
exceed a rate equivalent to the uncontrolled 
emissions that would result from using fuel oil 
containing not over 0.7% sulfur. 

Although the percentages will vary with the 
aggregate being used, in Texas we estimate that 
approximately 50% of the sulfur dioxide emissions 
will be absorbed by the aggregate mix and/or the 
scrubbing device or baghouse cake. Ordinarily, 
therefore, we will consider BACT applied if the 
sulfur content of the fuel oil does not exceed 
1.5% by weight. 

It is possible that recycling may present an 
additional sulfur dioxide problem if the flame or 
radiaton zone comes in contact with the recycled 
aggregate. Also, the question concerning so 2 
absorption by the recycled pavement probably will 
require study. Reevaluation of existing policies 
may be needed as the recycling plants still will 
be required to meet the same so2 limitations 
required of plants using virgin aggregate. 

To summarize, operators of asphalt concrete 
plants can expect to be required to meet es­
tablished air pollution control codes when 
processing recycled materials. The technology to 
meet these codes is available but 'needs to be 
perfected. Until then, pollution control 
agencies probably will be reluctant to issue 
permits for other than experimental recycling 
projects. 
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