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GUIDELINES FOR HOT MIX RECYCLING IN GEORGIA 

I. Introduction 

Recycled mixtures have been used for several years by a number of states to 

reconstruct their asphalt pavements. Recycled mixtures have proven to provide initial 

savings in cost and appear to provide satisfactory performance. Some states do not 

allow the use of recycled mixtures in wearing courses while other states allow its use in 

all layers. 

To date Georgia DOT has not used a lot of recycled mixtures due to some 

concern about its performance. There has been some concern about properties of the 

recycled asphalt during its early life. It is not clear if the new softer asphalt mixes 

sufficiently with the old asphalt to provide a combined binder with satisfactory 

properties. There is concern that the soft asphalt simply coats the old asphalt and thus 

results in a mixture that may be weak initially due to the properties of the new lower 

viscosity asphalt. 

The objectives of this project included development of guidelines for hot mix 

recycling including a) selecting candidate pavements for hot recycling, b) sampling 

plan for preliminary investigation, c) procedures for evaluating RAP properties, d) mix 

design procedures, and e) quality control_and construction procedures. 

The approach to meeting the objectives of this project included reviewing a large 

amount of literature available on recycling. Special attention was directed toward the 

procedures being used by other states and agencies involved in recycling. The 

present procedures being used by GDOT to design and construct recycled asphalt 

pavements were also obtained and evaluated. 

Five existing RAP stockpiles in the State of Georgia were inspected and sampled 

to evaluate properties and potential for use in recycled mixtures. The properties of the 

stockpiles including asphalt content, viscosity and penetration of asphalt cement, 
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aggregate gradation, and aggregate quality were evaluated for each of the stockpiles. 

Sufficient material from one of the stockpiles was obtained to conduct mix design and 

to study properties of various recycled mixtures and virgin mixtures. A source of new 

aggregate that would likely be used in a recycling project was sampled for producing 

the recycled mix. AC-10 and AC-20 asphalt cements were also obtained and used to 

produce all the virgin and recycled mixtures. 

After conducting the mix designs a large· number of samples were produced for 

evaluation. Indirect tensile strength and resilient modulus were used to characterize 

mixtures produced at various mixing temperatures and exposed to various curing 

times. 
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II. Task 1.1- GUIDELINES FOR SELEC'TING CANDIDATE PAVEMENTS 

Recycling is one of several rehabilitation alternatives that may be utilized 

depending on the observed pavement distress, the establishment of the probable 

causes of distress based on field and laboratory study, and design input information 

such as the history of pavement performance, horizontal and vertical geometric 

controls, environmental factors, and traffic (1 • .2.). Figure 1.1.1 illustrates the logic 

process for selecting a pavement rehabilitation strategy. 

Besides reviewing the original pavement design and construction records 

several field tests need to be performed and data analyzed to evaluate potential 

rehabilitation options U). Key factors that influence the decision include at least the 

following: (1) surface condition, (2) structural capacity (deflection), (3) roughness, and 

(4) skid resistance. These factors should be measured on some rational basis and 

compared to standard criteria (J). These measurements and their significance are 

discussed briefly: 

Surface Condition. Each potential recycling project should be surveyed for 

surface defects that can be used not only to assess the cause of distress but also to 

suggest corrective action. Table 1.1.1 lists different surface conditions on left margin, 

gives possible causes, and recommends maintenance and rehabilitation alternatives 

(.2.). Of particular interest are surface conditions that might affect the bond or the 

constructibility of an overlay placed directly on the old surface, as these will be primary 

considerations justifying milling. 

Deflection. A survey of surface deflection should be made using one of the 

standard methods. Depending on the type of pavement, some recycling methods may 

not be appropriate. 

If the deflection of a given pavement is excessive (according to an overlay design 

method), one or more recycling methods may lend themselves to correcting this 
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deficiency. 

Roughness. The smoothness of ride may be a deciding factor for rehabilitation 

of many pavements. Occasionally, a rough surface may be the only significant 

problem and surface recycling may be the solution. 

If a pavement is rough, but also has other deficiencies that require more 

extensive reworking, then the roughness should be rectified automatically. Therefore, 

the need for surface recycling based on ride measurements (serviceability index, Sl) 

can be estimated and noted. 

As mentioned previously, some methods would not be appropriate. For example, 

it is not recommended that very rough primary highway (SIIess than 2.4) simply be 

surface recycled without an appropriate overlay. However, th~se methods that are 

considered appropriate should be considered. 

Skid Resistance. Many pavements may perform adequately from a structural 

standpoint, but be deficient in skid resistance due to materials properties, mixture 

design or aggregate polishing. 

As part of the overall pavement testing scheme, skid resistance can be measured 

using any one of several test methods. A preferable m'ethod may be that described in 

ASTM E-27 4 which uses a locked wheel trailer. 

All recycling methods are appropriate for improving skid resistance (provided 

aggregate in the resulting surface course is non-polishing) with possible exception of 

the heater planer without additional aggregate. 

Once it has been determined that recycling is a reasonable approach to 

rehabilitation it must be decided which recycling method is most suited for the 

particular project under consideration. Figure 1.1.2 gives the flow chart for preliminary 

analysis and selection of most suitable recycling alternatives including hot mix 

recycling. Pavement recycling alternatives have been divided into three general 

categories as follows: 
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Surface Recycling. Reworking of the surface of a pavement to a depth of less than 

about 1 inch by heater-planer, heater-scarifier, hot-milling, cold-planing, or cold-milling 

devices. This operation is a continuous, single-pass, multistep process 

that may involve use of new materials, including aggregate, modifiers, or mixtures. 

In-Place Surface and Base Recycling. In-place pulverization to a depth 

greater than about 1 inch, followed by reshaping and compaction. This operation may 

be performed with or without the addition of a stabilizer. 

Central-Plant Recycling. Scarification of the pavement material, removal of 

the pavement from the roadway prior to or after pulverization, processing of material 

with or without the addition of a stabilizer or modifier, and lay-down and compaction to 

desired grade. This operation may involve additional heat, depending on the type of 

material recycled and the stabilizer used. Hot mix recycling falls into this category. 

Major advantages and disadvantages of these general recycling techniques as 

given in Table 1.1.2 should be considered before selecting the technique appropriate 

for the project (1). 

Specific items related to the existing facility such as, location and size of project, 

roadway class, pavement cross section, geometries, traffic, and subgrade 

characteristics must also be taken into account to select the recycling technique. 

These are briefly described: 

Location and Size of Project. The location and size of a project may be 

such that only certain techniques would be cost effective. For example, projects 

located in remote areas will have to be large in size to justify the transportation of the 

equipment associated with central plant recycling. In-place recycling is a cost effective 

approach for pavement rehabilitation in remote areas where small projects with low 

traffic volumes are under consideration. 

Roadway Class. Generally, the roadways can be classed in broad categories 

as: Interstate and Urban Freeway, Rural Primary (U.S. and state signed routes), Rural 
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Secondary (farm and ranch-to-market, park roads, etc.}, and Urban Streets (arterial, 

collector, local}. Roadway class dictates criteria for determining the need for pavement 

rehabilitation as well as general criteria for selection of an appropriate recycling 

alternative. 

Existing Pavement Cross Section. The date of original construction 

together with a listing of the thickness and types of materials used will be important in 

judging the general serviceability of the pavement. Subsequent history of 

rehabilitation and maintenance activities, such as seal coats, overlays, patching, crack 

sealing, etc., will intruence the determination of a viable recycling alternative. 

Thickness of each layer of different material, as well as the type of material and its 

condition, should be obtained from project records. Reliance on memory for the 

information is often risky. A few carefully located core samples will provide confidence 

in the information obtained. 

The type or nature of the existing materials will influence the recycling method 

selected for a given project. If the bound materials, such as multi layers of seal coats 

and overlays are variable, both vertically and horizontally, it may be difficult to make a 

uniform recycled m.ixture without adding large quantities of aggregate and/or binder to 

dilute the effect of these undesirable layers. Asphalt modifiers and/or additional 

asphalt may also be needed. If the structural strength of the pavement must be 

increased, several options exist that include removing the pavement materials and 

stabilizing the subgrade before remixing and replacing the pavement, or using all 

existing pavement materials stabilized as a base course and then overlaying. 

Geometries. The geometric features of a roadway, such as horizontal and 

vertical alignment, are often constraints to conventional rehabilitation techniques such 

as asphalt overlays. For example, the drainage line at curbs and gutters can not be 

altered without considerable expense. Therefore, an overlay must be constructed at 

the appropriate thickness in the driving lanes and then tapered to near zero thickness 
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at the gutter. Multiple overlays can cause excessively high crowns at the centerline 

and steep cross slopes. Other features such as drainage inlets and manholes also 

cause problems of a similar nature. Recycling of existing pavement materials offers a 

solution to some of these problems. 

Vertical clearance for trucks and other special vehicles at bridges and overhead 

signals and signs is often critical and can not be reduced as would be the case if 

overlays were used. Recycling offers a further benefit here. 

On multilane highways, the truck or travel lane often deteriorates before the 

passing lane. Overlaying only one of the lanes would be impractical, but recycling of 

that lane alone or to strengthen it before adding a general overlay would provide a 

more acceptable solution. Similarly, super-elevation could be preserved or altered as 

needed without disturbing adjacent lanes. 

Changing the horizontal alignment or adding new features, such as shoulder 

widening or a new shoulder and lane widening or a new lane, may also be 

opportunities to use recycling techniques. Often, these features may not need the full 

design strength of adjoining lanes and could be stabilized in-place, or the existing 

aggregate base could be used to make asphalt concrete without the need for new 

materials or for wasting existing materials. 

Traffic Characteristics. The speed and volume of traffic, to a large extent, 

determine the traffic control problems associated with pavement rehabilitation 

activities. The use of recycling on high traffic volume urban facilities should be geared 

toward those activities that can provide low roadway occupancy time, can be 

performed with single lane blockage, and can use materials with rapid strength gain 

after placement (such as hot mix recycling). 

The volume and axle weight distribution of traffic are important from a pavement 

design standpoint. For pavement design purposes, traffic should be converted to 

average daily equivalent 18,000-lb axle-load repetitions that are representative for the 
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design period. It is suggested that the AASHTO procedures be used for this 

conversion. 

Subgrade Characteristics. Pavement failures due to factors outside the 

pavement layers often need to be considered. For example, a subgrade that contains 

a swelling clay may need to be improved before recycling the pavement materials 

would be effective. Another environmentally influenced problem related to volume 

change is frost heave. For both of these problems (although not encountered in 

Georgia), recycling may offer a reasonable solution in that the pavement mat~rials 

would need to be removed in any event in order to remove or improve the poor 

subgrade. While removing the materials, they could be reprocessed and replaced 

after the subgrade has been prepared . 

. In summary, all known information about the pavement materials and 

background needs to be summarized and used in the decision process. Surprises at 

the time of construction can usually be avoided by proper testing, evaluation, planning, 

and design. 

Two additional factors: Economics and Energy should also be considered and 

evaluated. 

Economic Considerations. If possible, all decJsions to use a proposed 

recycling alternative should be based on the economics of the alternatives being 

considered (.2.). It is quite common, at all levels of government, to base decisions on 

lowest first cost in order to use the funds available to meet as many immediate needs 

as possible. Unfortunately, this may not be the most effective solution to a problem. A 

low cost alternative that has a short life may not be as cost effective in the long run as 

an alternative with a higher first cost and a longer life. 

Ufe-cycle cost analyses allow highway administrators to explore several feasible 

economic alternatives to select the best rehabilitation strategy. On a broad scale such 
. 

analyses can form the basis for budgetary request. Administrators can use it to 
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demonstrate to those controling resources that consequences to future agency costs 

and to the economy of not meeting identified budgetary needs. Thus, life-cycle cost 

analysis provides an invaluable tool for highway administrators. 

Although life-cycle costing for pavements is not a new concept, it has not been 

widely applied by State highway agencies. The problems most often cited for not 

using these analyses are: the lack of certain input information particularly related to 

user costs, such as unknown interest rates, the time value of money, and the effect of 

inflation. Others question the appropriate methodology for incorporating these factors 

into the life-cycle cost analysis. A number of life-cycle cost techniques have been 

developed and applied in the United States. Most of these methods consider total 

pavement costs throughout the life of the pavement, and include initial capital 

expenditures, resurfacing and maintenance expenditures, road user costs, and 

salvage values. The common basis of these methods is the application of a systems 

approach to pavement analysis and design. Computerized models generate an array 

of alternative design strategies, compute costs associated with each feasible strategy 

over its anlaysis life, and select candidate strategies based on an appropriate 

economic analysis. 

In the simplest case, life-cycle cost analysis evaluates inputs and costs 

associated with a particular strategy through the analysis period, discounts the cost to 

the base year and generates an output report that can be used in management 
. . 

decision-making. Computer programs offer advantages in that they have the 

additional capability of examining a multiple number of strategies, maintenance 

treatments, and traffic scenarios in different combinations. 

The major costs (both initial and recurring costs) that should be considered in the 

economic evaluation of alternative pavement strategies include the following: 

A. Agency costs 

1. Initial construction costs 
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2. Future construction or rehabilitation costs (overlays, seal coats, 

reconstruction, etc.) 

3. Maintenance costs, recurring throughout the design period 

4. Salvage return or residual value at the end of the design period 

(which may be a "negative cost") 

5. Engineering and administration costs 

6. Traffic control costs if any are involved 

B. User costs 

1. Travel time 

2. Vehicle operation 

3. Accidents 

4. Discomfort 

5. Time delay and extra vehicle operating costs during resurfacing or 

major maintenance. 

Reference 4 provides guidelines for determining costs to be used in a life-cycle 

cost analysis. 

Table 1.1.3 gives prices of some common recycling operations for the year 1980 

which can be used for comparative purposes (5). If current prices for these operations 

are available in Georgia, they should be used since a large price variation can be 

expected depending on the location of the project (especially rural vs urban) and the 

time of construction. 

There is no doubt that hot mix recycling will generally result in substantial savings 

compared to the use of conventional virgin mix. A comparatively recent report by 

FHWA (a) indicates that cost savings through hot mix recycling of asphalt pavements 

can range from a low of 1 to 2 percent to as high as 40 percent, when compared to the 

cost of virgin mix. The data from this report is summarized in Table 1.1.4. 

Table 1.1.5 lists the weighted average bid prices obtained on virgin and recycled 
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asphalt concrete mixtures used by Georgia DOT. These are based on lettings of first 

half of 1988. For various asphalt concrete mixtures such as, Base, B, F and H the cost 

savings range from $1.34 to 6.92 per ton or 4.3 to 23.1 percent. Based on the 

experience of other states, these savings are very likely to increase substantially if (a) 

Georgia DOT will permit hot recycled mix as an alternate to virgin mix on all projects, 

and (b) will transfer the ownership of the reclaimed asphalt pavement (RAP) material to 

the contractor. The question of ownership will be discussed in detail under Tasks 1.2 

and 1.5. 

Table 1.1.6 gives typical 1985 production costs for virgin mix (both batch and 

drum) and 50% hot recycled mix (Z). 

Energy Considerations. The amounts of energy used in manufacturing or 

processing materials, transportation, and construction are of major interest to 

contractors and engineers. Conservation of energy in these operations has a direct 

bearing on reducing costs of highway construction or minimizing increases in costs. 

Relative costs of the recycling alternatives will be influenced by the differences in the 

amounts of energy used. However, energy requirements for recycling operations are 

largely unavailable. Data for selected resurfacing operations have been calculated (1) 

and are as follows: 

1. Heater planer-- 1 0-20,000 Btu/yd2 - 3/4 in. 

2. Heater scarify-- 1 0-20,000 Btu/yd2 - 3/4 in. 

3. Hot milling-- 2,000-4,000 Btu/yd2 - in. 

4. Cold milling-- 1 ,000-2,500 Btu/yd2 - in. 

5. In-place recycling-- 15,000-20,000 Btu/yd2- in. 

6. Hot mix recycling-- 20,000-25,000 Btu/yd2 - in. 

It should be noted that the energy requirements for operations 1 to 4 only include 

energy associated with the equipment used for pavement removal. 
. 

The preferred approach for calculation of the energy requirements of recycling 

11 



operations is to use a step-by-step procedure for each phase of the operation using the 

energy data given in Appendix G of Reference 1. Procedures and energy values are 

also given in "Energy Requirements for Roadway Pavement," The Asphalt Institute, 

MISC-75-3, April1975 (a) .. Practical examples of energy analysis are given in 

Reference 9. 

Although the engineering evaluation of the exisitng facility and consideration of 

economics and energy might indicate that recycling is a viable alternative, the 

following factors must also be considered before the final selection: 

1. Availability of equipment 

2. Availability of experienced contractor 

3. Traffic control 

4. Impact on adjacent business 

5. Utility relocation and interference. 

Hot mix recycling, although relatively new, is a proven technology and is much 

less experimental in nature than other recycling techniques. Experience has shown 

that a properly designed hot recycled mix is at least equal to or better than virgin mix in 

quality. This has led many states to permit the use of hot recycled mix as an alternate 

to virgin mix on all projects particularly in base and binder courses. This has made the 

process of selecting candidate pavements much easier because all asphalt pavements 

or asphalt overlays can utilize hot recycled mix and, therefore, are good candidates. 

The following additional criteria can be used for selecting hot mix recycling: 

1. Existing surface course to be milled and recycled should be reasonably 

uniform in thickness, surface conditon and mix composition so that the resulting RAP is 

reasonably uniform for mix design purposes. 

2. The existing surface should have less than 10% of seal coat, slurry seal, 

coal tar, cold patches, etc. 

3. Pavements with seal coats and surface treatments applied with cutback 
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asphalts are not suitable for hot mix recycling due to potential hazard during mixing. 

4. Pavement containing coal tar as binder are not suitable for hot mix 

recycling. 

5. Sufficient thickness of asphalt concrete surface should be available for 

recycling. Unless a full depth recycling including the untreated reclaimed aggregate 

material (RAM) is being attempted, at least a 1/2 inch asphalt concrete layer should be 

left unmilled to prevent intrusion of moisture into untreated pavement base course 

layers, and to protect the base course from damage caused by construction equipment. 
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Table 1.1.1. Pavement Surface Condition and Maintenance and Rehabilitation Alternatives 

POSSIBLE CAUSE MAINTENANCE I 

Mh Temp. or Polchlng Surl•c• 
Slruclurol Compo- Molslure Cons I 'Roullno Fov Trul· 

Problem failure sill on Chonges Millnten~nce Sui men I 

Alllgolor Cracking X x• xS 

Edge Jornl Crocks X X X X 

nellrcllon Ct~Ck3 )( X~ 

Shrlnkogo Crocking X )( X 

Sllppago Crocks X X 

Aulllng X X X 

Couuoallon l( X X 

OepttSJIOnt X )( )( 

Uphe~wo~l X X 

Pol holts X X X X 

R.1wellng X X xs X 

, 
flushing Asph•ll X X X 

Polished Aggreg•le X X X 

loss 01 
Cover Aggreg•le X X X 

tiQTES, 
I • 
Reier lo Asph•llln P•••menl M•lnlon•nce 1'-~S-161. Tho Asph•ll lnslllulo. lor dol1lls. 

2when cr,cklng e•cred~ 40 petcenl ol the surl.illce •rea of lht p•vcmonl 

Thin 
Slurry Surl1co Ovor· 
Sui Recycling lly 

xs 

X~ 

X X 

X x' 

X x• 

X X X 

X 

X X 

--

3u problem h o•lonsl•o enough. 
40up palch porm1nonl ropalr . 
5Tomporory rop•lr. 

Open 
Grode<! 
Surloco 

xl 

x' 

X 

X 

-

REHABILITATION2 -

Slruclur1l Slrucluriil 
Rttonslrucllon3 Ovorloy Rtcycllng 

X X X 

X X 

)( X 

)( X X 

X X X 

X X 

X X 

X 

-----
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Table 1.1.2. Major Advantages and Disadvantages of Recycling Techniques 

Recycling Techniques Advantaqes Disadvantaq~s I 
1-------+--------+----

Surface 

In-Place 

Centra 1 

• Reduces frequency of r@flection cracking 
• Promotes bond between old pavement 

tnd tllfn overlay 
• Provides 1 trtns it I on between new 

overley end existing gutter , bridge, 
p•v-nt, etc . that Is r@SisUnt to 
rtvelfng (elimfnttes featherinq) 

• Reduces locall~ed roughness due to 
coonpectlon 

• Treats 1 veriety of types of pav-nt 
distress (r .. elfng, flushing, 
corr-ug•tions, rutting, oxidized pavement, 
ftultfng) It a r@Uonable lnltlel cost 

• Improve<! skid resistance 

• Slgnfflunt structural Improvements 
• Treats ell types tnd degrees of 

pev-nt distress 
• Refl~tlon cracking can be eliminated 
• Frost susceptibility may be improved 
• Improve skid resistance 

• Slgnifi"nt structural improvements 
• Improved qu1lfty control 
• Treats all types and degrees of 

pavement distress 
• Refle<:tion cracking can be eliminated 
• Improve skid resistance 
• Frost susceptibility may be improved 
• Geometries can be mre easfly altered 
• Improved quality control If addition 

' binder and/or aggregates must be used 
• Improve ride qua I I ty 
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1 limited structura 1 fmprov.-tnt 
• Hetter-sctrificttion ano ~•ter

planing hts limited effecllvfness 
on rough ptvement without all tfple 
passes of equ foment 

• Limited repair of severely flushed 
or unstable pavements 

1 Some at r quality prob 1 e...s 
• Vegetation close to roaO..ay Ny be 

damaged 
• H1xtures with mufmum size aggregates 

gre1ter than l-Inch ctnnot be 
treated with some equipment 

• Quality control not .s good 45 

central plant 
• Traffic disruption 
• Pulverization equipment in need of 

frequent repair 
• Pavements caMot be reje<:ted in place 

• Increased disruption 
• Potentltl air quality problems at 

plant s fte 
• Traffic disruption 



Table 1.1.3. Price of Common Recycling Operations - 1980 

Recycling Operation 

Heat and Plane Pavement - 3/4 inch depth 

Heat and Scarify Pavement - 3/4 inch depth 

Cold Mill Pavement 

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

Rip, Pulverize, Stabilize and Compact
Existing Pavement less than 5 inches 
of Asphalt Concrete 

Rip, Pulverize, Stabilize and Compact
Existing Pavement greater than 5 inches 
of Asphalt Concrete 

Rip, Pulverize, Stabilize and Compact
Existing Pavement greater than 5 
inches of Asphalt Concrete 

Remove and Crush Portland Cement Concrete 

Remove and Crush Asphalt Concrete 

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

Cold Process - Remove, Crush, Mix, Place 
Compact, Traffic Control - (Cold 
Process) with Stabilizer 

Hot Process - Remove, Crush, Place 
Com.eact, Traffic Control - without 
Stabilizer 

Hot Process - Remove, Crush, Mix, Place 
Com.eact, Traffic Control - with 
Stabilizer 

*Costs are for a square yard inch except where listed 
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Representative Price 
Dollars - Per 

Sguare Yard- Inch* 

Average Range 

0.40 0.20 - 0. 70 

0.50 0.20 - 0.90 

0.85 0.30 - 1.25 

0.30 0.20 - 0.50 

0.50 0.25 - 0. 70 

0.35 0.15 - 0.50 

0.55 0.30 - 1.00 

0.70 0.40- 1.10 

0.50 0.25 - 1.00 

0.55 0.30 - 0.90 

0.65 0.40 - 1.00 

0.80 0.50 - 1.40 

1.1 0 0. 75 - 1.65 



Table 1.1.4. Summa~ of Cost Savings from FHWA Survey -
Hot Recyc ed Asphalt Pavements 

Tons Recycled Savings %Savings Total 
in 1984, per Ton, vs 100% New Savings, 
1,000 $ Material $1000 

Region 1 
ME 7 2.19 8 16 
NJ 200 2.00 8 400 
NY 160 3.00 10 500 

Region3 
DE 87 4.00 15 348 
PA 44 2.80 7.6 1242 

Region4 
AL 500 7.00 20 3500 
FL 1771 10.00 30 1n13 
KY 500 1.50- 4.50 6-19 1000 
MS 147 7.80 27 1150 
NC 250 3.00 20 750 
sc 223 5.44 18 1215 
TN 536 3.50 15 1876 

RegionS 
IL 3400 8.00 30 27200 
N 489 3.00 15 2000 
M 1000 2.00 7 2000 
MN 2400 8.00 30 10000 
OH 1800 2.00-3.00 8 4000 
WI 1500 6.00 25 7000 

Region 6 
LA 1360 2.50 9 3400 
NM 25 11.45 40 283 
OK 500 2.00 10 1000 

Region 7 
NB 313 4.10 18 1127 
KS 387 10.00 10 noo 
lA 564 4.00 20 2000 
MO 57 5.00 20 300 

Region 8 
co 75 5.00 20 375 
NO 427 6.36 25 2717 
so 89 7.30 29 650 
UT 44 6.00 28 264 
Wf 200 3.15 15 630 

Region 9 
AZ. 339 9.00 38 3051 
CA 62 5.00 17 310 
HI 4.00-5.00 10 15 

Region 10 
OR 80 0.50-1.00 1.5-3 80 
WA 2n 2.00-5.00 18 950 

Range of % Savings: 1.5- 40 
Range of $ per Ton savings: 0.50- 11.45 
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Table 1.1.5. Cost of Virgin vs Recycled Mixtures - Georgia DOT 

QQst cectm Savings 
Mix Type Virgin Recycled Per Ton Percent 

Asphalt Concrete Base 
GP 1 or 2 including 
Bituminous Material & 
Hydrated Lime $29.92 $23.00 $6.92 23.1 

Asphalt Concrete B, GP 
1 or 2 including 
Bituminous Material & 
Hydrated Lime 31.34 30.00 1.34 4.3 

Asphalt Concrete F, GP 2 only 
including Bituminous 
Material & Hydrated Lime 32.55 28.42 4.13 12.7 

Asphalt Concrete F, Blend 1 
including Bituminous 
Material & Hydrated Ume 32.27 27.50 4.77 14.8 

Asphalt Concrete H, Bl(md 1 
including Bituminous 
Material & Hydrated Lime 30.38 27.00 3.38 11.1 
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Table 1.1.6. Typical 1985 Costs of VIrgin and Recycled Mixtures 

Virgio 
Batch Drum 50% Recycle 

Depreciation 1.50 1.00 1.00 
Maintenance 0.60 0.20 0.20 

Labor 0.50 0.40 0.40 
Drying 1.50 1.50 1.50 

Heating 0.35 0.05 0.05 
Electricity 0.25 0.15 0.15 

Aggregate 5.00 5.00 2.50 
Loader 0.30 0.30 0.30 

Loss to Ponds 0.27 
Liquid Asphalt 6% 10.80 10.80 MQ 

Subtotal $21.07 $19.40 $11.50 

Milling (4.00/Ton) 2JlO. 

Total $18.77 $17.10 $13.50 
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Ill. Task 1.2- DEVELOPMENT OF A SAMPLING PROCEDURE 

FOR RAP MATERIALS 

SAMPLING FIVE EXISTING RAP STOCKPILES 

Georgia DOT owns several reclaimed asphalt pavement (RAP) stockpiles across 

the state. It was deemed necessary to visually examine and sample some selected 

stockpiles so that the inherent variation could be determined and a suitable sampling 

•procedure developed. The following five stockpiles were selected in consultation with 

the Georgia DOT personnel: 

Newton County 

Forest Park 

ReSaca Asphalt Plant 

Bryan County 

Lowndes County 

These stockpiles were inspected to assess their general condition. Ten random 

samples of RAP were obtained around the stockpile to represent the whole stockpile. 
I 

About 6 inches of the crust over the stockpile was removed and discarded prior to 

sampling (Figure 1.1.1 ). All samples were extracted to determine the RAP composition 

(asphalt content and gradation). Five samples (Nos. 1, 3 5, 7 and 9) were subjected to 

Abson recovery test to recover the aged asphalt so that its consistency (penetration at 

noF and viscosity at 140°F) could be determined. 

Results of these investigations are described below: 

Newton County 

This RAP stockpile is located on Route 142 (Exit 46 of 1-20) in Newton County. 

Figure 1.2.2 gives the general view of the stockpile. It has variable height ranging up 
' 

to 15 feet (Figure 1.2.3). At many places on top of the stockpile the RAP has fused 

together to give an appearance of asphalt pavement surface (Figure 1.2.4). It was very 
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difficult to obtain the RAP sample using a shovel. A pick was needed to loosen the 

material first, even at the places where the material was not fused together. Figure 

1.2.5 shows a closeup of the RAP material. Mostly it is a surface course material. 

Table 1.2.1 gives the extraction and Abson recovery test data for this stockpile. 

The mix composition is reasonably uniform for hot mix recycling. The standard 

deviations for material passing No. 8 sieve and asphalt content are 5.0% and 0.23%, 

respectively. If 40% RAP is used in recycling, the effective standard deviations caused 

by RAP in the recycled mix will be reduced to 2.0% and 0.09%, respectively. This 

should be acceptable for dense graded intermediate and surface mixtures specified by 

Georgia DOT based on the mixture control tolerances (± 4.6% passing No. 8 sieve and 

± 0.4% asphalt content) given in Section 828.03. It appears from the data spread that 

at least 1 0 samples need to be extracted to obtain a reliable average mix composition 

representing the whole stockpile. 

The recovered aged asphalt has an average penetration of 20 and an average 

viscosity at 140°F of 48,390 poises. These values appear to be typical of old 

distressed asphalt pavements. The data spread indicates that at least five Abson 

recovery tests need to be conducted to obtain reliable average values of penetration 

and viscosity. 

Forest Park 

This RAP stockpile is located in Atlanta area just off 1-75 near Exit #78. Two types 

of RAP material are stockpiled: chunky or slabby material removed by excavation 

(Figure 6) and finer material apparently removed by cold milling (Figure 1.2. 7). The 

chunky material contains various pavement layers including base and subbase. A 

large dozer will be required to remove this material and feed into a large jaw crusher 

for complete crushing. The milled material was easier to break up compared to the 

Newton County stockpile. However, this stockpile is too small to provide sufficient 

material for a major recycling project. The stockpile height is about 5 feet. Apparently, 
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this helped to minimize the RAP consolidation. Both coarse and fine milled RAP was 

observed in the stockpile (Figure 1.2.8). 

Five samples (F1 through FS) were obtained from the milled stockpile and five 

samples (F6 through F1 0) were obtained from the chunky stockpile. Table 1.2.2 gives 

the data on mix composition and Abson recovery. The milled RAP is primarily a 

wearing course mix, and the chunky RAP has a gradation of base course mix. The 

standard deviation data indicates that both RAP's are reasonably uniform for hot mix 

recycling when combined with virgin aggregate. 

The recovered asphalt in the milled RAP is harder (aged) compared to Newton 

County stockpile. 

ReSaca Asphalt Plant 

Two huge RAP stockpiles are located in the yard of Georgia DOT's ReSaca 

asphalt plant on Route 136 in Gordon County. Both stockpiles can be seen in Figure 

1.2.9. The stockpile in the foreground just in front of the plant entrance was sampled. 

Figure 1.2.1 0 shows fairly level top surface of the RAP stockpile. Figure 1.2.11 shows 

the side view of the stockpile showing heights of more than 20 feet. The RAP material 

appeared reasonably uniform at least on the surface. Ten samples were obtained 

around the stockpile. 

This stockpile is located ideally adjacent to a state owned and operated asphalt 

plant for hot mix recycling. Table 1.2.3 gives the data on mix composition and Abson 

recovery. Of the five stockpiles sampled in this project, this stockpile appears to be 

most uniform. The standard deviations for the material passing No. 8 sieve and 

asphalt content are 3.0 and 0.2 percent, respectively. A reasonably uniform recycled 

mix can be produced from this stockpile. Since the RAP has material retained on 1 /2" 

sieve, it can be used in binder or base course mixtures. Use in wearing course will 

require further crushing to obtain 1/2" size RAP. 

The recovered asphalt has a penetration of 29 at 77°F and viscosity at 140°F of 
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28,608 poises which are typical for RAP. The RAP from this stockpile was used to 

design the hot recycled mix as discussed later. 

Bryan County 

The RAP stockpile is located near Savannah, Georgia on Timber Trail Road off 

Route 144. It is almost completely occupying the county maintenance yard surrounded 

by residential houses (Figure 1.2.12). The material in the front was relatively loose 

compared to the material in the back which has solidified at least on the surface. A 

pick had to be used to obtain samples. The milled RAP contains aggregates exhibiting 

severe stripping. A closeup in Figure 1.2.13 shows several bare aggregate particles. 

Table 1.2.4 shows the mix composition and Abson recovery data obtained on ten 

samples. The gradation is reasonably uniform (standard deviation for% passing No. 8 

is 4.6) for recycling if sufficient amount of virgin aggregate is use. The asphalt content 

variation (standard deviation of 0.42%) appears to be excessive. The recovered 

asphalt is also excessively aged (penetration of 9 and viscosity 289,668 poises). 

However, the RAP can be utilized if its percentage in the recycled mix is kept relatively 

lower compared to other stockpiles discussed earlier. 

Lowndes County 

The RAP stockpile is located in the old rest area along 1-75 near Exit #7 (Route 

122). This is by far the best planned and laid out RAP stockpile. RAP has been 

deposited in 1 0 long rows with sufficient spaces in between for unloading and loading 

(Figure 1.2.14). The height of the stockpiles varies from 4 to 12 feet. Row No. 4 from 

the entrance was sampled for this project. The RAP material in this row was loose and 

should not need further crushing. Figure 1.2.15 shows an example of segregation 

which typically occurs on the sides of stockpiles. Figure 1.2.16 is a closeup of the RAP 

material showing some evidence of stripping. 

Mix composition and Abson recovery test data obtained on ten samples from Row 

No. 4 is given in Table 1.2.5. The variation in mix composition (gradation and asphalt 
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content) is similar to Bryan County. The standard deviation ofr% passing No.8 is 4.8 

and for asphalt content is 0.48. Of all five RAP stockpiles tested, the recovered asphalt 

from this stockpile has aged the least (penetration of 36 and viscosity of 16,262 

poises). 

General Comments About Stockpiles 

It is recommended that the Georgia DOT not retain the ownership of future RAP 

material due to the following reasons: 

1) The Department's investment in hauling, stockpiling and saving the .RAP may 

not be recovered entirely because in some instances the consolidated RAP material 

has to be broken up using a dozer, hauled to a hot mix plant, crushed and processed 

prior to recycling. This extra cost will render the hot mix recycling uneconomical as 

several user agencies have found from experience in the past. 

2) The Department does not have the necessary manpower and resources 

needed for proper stockpiling which includes (a) large ground areas to limit the height 

of stockpiles to 10 feet, (b) separating and cataloging the RAP from different 

projects/pavement layers, (c) protecting stockpiles from moisture intrusion, and (d) 

maintaining the inventory of RAP as it is used on different projects. 

3) These RAP stockpiles are unsightly and, unnecessarily, occupy the valuable 

land (maintenance yard) which can better be utilized for some other purposes. 

4) The contractor can realize the most economical value in the reuse of the RAP 

in the public or private sector, but will do so only, if recycling is acceptable as an 

alternate, if he can control the source and amount of RAP for a particular project, and if 

he owns the RAP (1). Experience has shown that the user agencies indirectly get the 

value of RAP back through competitive lower bid prices of recycled mix (2). 

5) The summarized data (J) from five typical conventional projects selected at 

random from the State of Georgia is provided in Table 1.2.6. The samples were taken 

from in place asphalt concrete. This data is compared to the data from the five RAP 
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stockpiles. The data for RAP material is generally more variable, however, the 

variability will likely to be reduced significantly in some cases when the RAP is remixed 

and blended with virgin aggregate and asphalt. 

SAMPLING FROM STOCKPILES 

Based on the data obtained form five Department RAP stockpiles, the following 

sampling procedures are recommended: 

Department Stockpile 

Obtain at least 1 0 representative samples of the RAP material from different 

locations in the stockpile. Remove at least six inches of the material from the surface of 

the stockpile before obtaining the sample to minimize segregation effect. Scalp off and 

discard the material retained on 2" sieve unless the RAP will be used in large stone 

mixes. Sample size should be at least 1 0 lbs each after scalping. Run extr~ction tests 

on all ten samples to determine the average RAP mix composition (gradation and 

asphalt content) and to evaluate the recovered aggregate properties (specific gravity, 

factural face count, etc.). Run Abson recovery on 5 samples to determine the 

properties of recovered asphalt. Evaluate RAP properties (as discussed in Task 1.3 

later), and determine the grade(s) of the virgin asphalt to be used (Task 1.4) 

corresponding to various possible percentages of RAP (such as 10, 20 and 30 percent) 

in the recycled mixture. Include the evaluation data and proposed grade(s) of virgin 

asphalt to be used in the.contract bid documents if the contractor will be required to 

use the Department stockpile(s). 

Save the remaining RAP material from ten samples. This will be combined and 

used later for the design of recycled mixture after the successful bidder is selected and 

contract awarded. 

Contractor Stockpile 

If the contractor is allowed to own the RAP, require him to keep the RAP materials 
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separated by the projects(s) milled and by the course(s) milled. Each stockpile should 

be assigned a number (containing the year stockpiled) such as, 89-1, 89-2 and 89-3 so 

that mix designs can be referenced properly. No new material should be added to a 

stockpile already sampled and evaluated for design. 

At least 10 representative samples (each weighing about 20 lbs) of the RAP 

should be obtained by the contractor or Department representative following the 

procedure mentioned earlier for Department stockpile. These 1 0 samples should be 

split into two portions (1 0 lbs each). One portion can be retained by the contractor to 

run extraction tests on all ten samples and saving the remaining material for mix 

design purposes. The other portion of these samples should be sent to the 

Department which can run Abson recovery on any randomly selected fiwe samples. 

Since mix compostion is also obtained in the Abson recovery procedure, the results of 

these five samples can be compared with corresponding data obtained by the 

contractor. The Department will also determine the grade(s) of virgin asphalt to be 

used by the contractor in mix designs and production and corresponding allowable 

percentages of RAP in the recycled mixtures. 

SAMPLING CANDIDATE PROJECTS 

The Department may require that a certain project be milled to a specified depth 

and the milled material (RAP) be recycled on the same project. If so, the following 

sampling procedures are recommended: 

Pre-Bid Sampling Procedure 

This is necessary to obtain the preliminary bid properties of the RAP which will be 

generated from the project. The preliminary properties are used to determine the types 

of materials (such as, grade of virgin asphalt) required and their estimated quantities. 

First, the project records should be reviewed to determine if the pavement 

construction (types of mixtures and years of construction) is uniform over the entire 
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project without encompassing sections constructed under more than one original 

construction contract. If not, the project should be divided into 2 or more sections to 

represent different types of construction. The project should then be inspected visually 

to at least verify the records pertaining to the wearing course. It is recommended to 

obtain at least one six-inch diameter full depth core per lane mile of the project to verify 

the results of project records review and visual inspection. However, a minimum of five 

cores per project (or section) should be obtained. Record the types and thicknesses of 

asphalt mixtures in each core. 

If the project is to be milled to a specified depth, the cores should be sawed off to 

remove the material at the top to the desired depth. Determine the mix composition 

(asphalt content and gradation) and properties of aged asphalt (penetration at 77°F 

and viscosity at 140°F) of the top material removed from each core. A thorough mixing 

of the top material is essential before testing. Determine the anticipated grade(s) of 

virgin asphalt (considering the sources of asphalt cement in the vicinity of project) and 

the maximum allowable percentages of RAP to obtain the target viscosity of aged 

asphalt/virgin asphalt blend. These preliminary data can be incorporated in the 

contract bid documents for information and use by the bidding contractors(~). 

Start-of-Construction Sampling Procedure 

The importance of this phase is: (a) to verify the pre-bid properties obtained 

earlier, (b) to test the RAP which is more representative of conditions during 

construction such as, milling machine type, milling depth and number of layers milled, 

and (c) to establish the start-of-construction job-mix formula. 

If it is intended to have the milling and recycling operations simultaneously the 

following sampling procedure is recommended before the full scale job is commenced. 

Select a 500-ft long representative section from the project based on preliminary 

pre-bid test results and visual inspection. Have the contractor mill this section using 

the proposed milling machine, speed of milling, and the specified depth. Obtain 10 
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randomly selected samples of RAP (each weighing approximately 20 lbs) during the 

milling operation or from the mini-stockpile generated by milling the 500-ft long section. 

Split these 1 0 samples into two portions of about 10 lbs each. Use the testing and 

evaluation procedures mentioned earlier for contractor stockpile to establish the 

start-of-construction job-mix formula. 

If it is intended to mill the entire project first and then use the stockpiled RAP for 

recycling, it is recommended to follow the sampling procedures given earlier for 

Department or Contractor stockpile. 

During Construction Sampling Procedure 

Sampling during construction is essential to verify that (a) the mix composition is 

within the specified tolerances of the job-mix formula, and (b) the recovered asphalt 

from the recycled mixture has the desired viscosity and penetration. 

Random sampling and testing of the recycled mixture should be done similar to 

virgin mixtures on a lot basis as specified in GDOT Specifications Section 400.07. For 

verifying the viscosity of the asphalt in the recycled mixture it ·is recommended to obtain 

at least one sample per 1 000 tons of recycled mixture and run Abson recovery test. 

This sample can be obtai_ned either at the plant or behind the paver, and shipped to the 

GDOT laboratory as soon as possible. It may be necessary to obtain more samples at 

the beginning of the project to insure that the viscosity is within the desired range. If 

not, percentage of RAP and/or grade of virgin asphalt might have to be changed. 
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Table 1.2.1. Extraction and Abson Recovery Test Data 
(Newton County) 

PERCENT PASSING 
Sample # 3/4 1/2 3/8 No 4 No 8 No 16 No 30 No 50 No 100 No 200 

N1 100 98.8 91.2 66.0 49.0 40.5 32.6 23.2 13.8 7.37 

N2 100 98.6 95.8 75.1 57.3 46.8 36.9 25.7 15.3 8.31 

N3 100 99.3 96.8 68.3 42.7 33.3 26.9 20.0 12.7 6.89 

N4 100 97.5 92.3 63.7 46.1 37.6 30.2 21.5 13.0 7.08 

N5 100 95.5 90.4 59.7 41.2 33. 5 27.2 19.7 11.8 6.00 

N6 100 96.6 86.5 61.4 47.1 38 .. 8 30.8 21.6 12.7 6.58 

N7 100 99.2 97.8 68.9 43.1 34.7 27.4 19.3 11. 7 6.41 

N8 100 97.3 89.3 63.4 44.0 36.2 29.3 20.9 12.7 6.90 

N9 100 97.6 90.8 68.1 53.2 44.4 35.4 25.0 15.4 8.46 

N10 100 98.8 92.8 67.9 51.8 42.3 33.3 23.2 13.8 7.36 

Average 100.0 97.9 92.4 66.3 47.5 38.8 31.0 22.0 13.3 7.14 
Std. Deviation o.oo 1.17 3.33 4.20 4.95 4.420 3.308 2.086 1.231 0.7392 
Max. Value 100.0 99.3 97.8 75.1 57.3 46.85 36.91 25.65 15.39 8.46 
Min. Value 100.0 95.5 86.5 59.7 41.2 33.26 26.91 19.27 11.68 6.00 

Asphalt v·iscosi ty Passing Passing Passing 
Content Pen. @ 140F No. 4 No 50 No 200 

Sample # (%) (0.1mm) (poises) (%) (%) (%) 

N1 5.41 25 18541 66. o, 23.23 7.37 
N2 5.78 75.1 25.65 8.31 
N3 5.50 19 78744 68.3 20.02 6.89 
N4 5.16 63.7 21.48 7. 08 
N5 5.24 18 65357 59.7 19.67 6.00 
N6 5.33 61.4 21.58 6.58 
N7 5.93 8* 615569* 68.9 19.27 6.41 
N8 5.55 63.4 20.95 6.90 
N9 5.58 18 30920 68.1 24.97 8.46 
N10 5.74 67.9 23.22 7.36 

Average 5.52 20.00 48390 66.25 22.00 7. 14 
Std. Deviation 0.2334 2.9155 24523 4.1995 2.0857 0.7392 
Max Value 5.93 25.00 78744 75.08 25.65 8.46 
Min. Value 5.16 18.00 18541 59.71 19.27 6.00 

*Outlier 
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Table 1.2.2. Extraction and Abson Recovery Test Data 
(Forest Park) 

PERCENT PASSING 
Sample # 3/4 1/2 3/8 No 4 No 8 No 16 No 30 No 50 No 100 No 200 

Milled Stockpile 
Fl 100 99.6 97.6 52.2 31.7 26.7 23.7 19.3 12.4 6.12 

F2 

F3 

F4 

F5 

Average 
Std. Deviation 
Max. Value 

100 100 98.4 56.7 32.8 32.2 23.6 19.3 13.1 7.25 

100 100 97.2 59.9 37.3 30.6 26.5 21.4 14.2 7.68 

100 100 98.7 64.2 41.2 34.2 29.9 23.9 15.8 8.53 

100 100 98.2 62.0 37.0 29.6 25.7 20.6 12.9 . 5.51 

Min. Value 
Chunky Stockpile 

100 
0 

100 
100 

99.9 
0.15 

100 
99.6 

98.0 
0.54 
98.7 
97.2 

59.0 
4.21 
64.2 
52.1 

36.0 
3.41 
41.2 
31.6 

30.7 
2.533 
34.23 
26.65 

25.9 
2.299 
29.87 
23.61 

20.9 
1.704 
23.92 
19.29 

13.7 7.02 
1. 204 1. 0826 
15.77 8.53 
12.37 5.51 

F6 93.8 78.1 68.2 52.8 41.9 35.3 30.1 23.2 14.1 7.21 

F7 

F8 

F9 

FlO 

Average 
Std. Deviation 
Max. Value 
Min. Value 

Sample # 

F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FlO 

Average 
Std. Deviation 
Max. Value 
Min. Value 

91.7 75.2 69.5 52.0 41.4 34.4 28.9 22.6 14.5 7.39 

79.9 67.9 60.3 44.0 34.2 28.2 23.4 18.0 11.5 6.32 

80.5 73.9 68.7 51.6 40.1 33.0 27.8 21.3 12.9 6.55 

98.1 78.3 68.6 49.9 37.6 31.5 26.9 20.7 12.9 6.86 

88.80 
7.330 
98.14 
79.86 

74.6 
3.77 
78.3 
67.9 

67.0 
3.38 
69.4 
60.3 

50.0 
3.19 
52.8 
43.9 

39.0 
2.81 
41.8 
34.2 

32.5 
2.493 
35.25 
28.18 

27.4 
2.270 
30.12 
23.43 

Viscosity Passing 
Pen. @ 140F No. 4 

21. 1 
1. 808 
23.20 
17.99 

Asphalt 
Content 

(%) (O.lmm) (poises) (%) 

Passing 
No 50 

(%) 

5.67 
4.93 
5.49 
5.64 
5.58 
5.05 
4.84 
3. 71 
5.00 
4.-'\8 

5.04 
0.5824 

5.67 
3. 71 

9 

19 

10 

19 

24 

16.20 
5.7758 

24.00 
9.00 

128832 

81600 

198213 

39123 

109036 

111361 
52836 

198213 
39123 

32 

52.2 
56.7 
59.9 
64.2 
62.0 
52.8 
52.0 
44.0 
51.6 
49.9 

54.54 
5.8332 
64.24 
43.97 

19.30 
19.33 
21.43 
23.92 
20.57 
23.21 
22.55 
18.00 
21.28 
20.69 

21.03 
1.7616 

23.92 
18.00 

13.2 
1. 030 
14.45 
11.52 

6.87 
0.3971 

7.39 
6.32 

Passing 
No 200 

(%) 

6.12 
7.25 
7.68 
8.53 
5.51 
7.21 
7. 39 
6.32 
6.55 
6.86 

6.94 
0.8190 

8.53 
5.51 



Table 1.2.3. Extraction and Abson Recovery Test Data 
(ReSaca Asphalt Plant) 

PERCENT PASSING 
Sample # 3/4 1/2 3/8 No 4 No 8 No 16 No 30 No 50 No 100 No 200 

R1 100 93.6 84.8 66.0 46.7 33.6 25.7 19.6 14.0 8.91 

R2 100 98.3 93.9 74.4 51.2 36.1 28.2 21.6 14.4 9.11 

R3 100 96.2 91.2 72.9 55.3 39.5 28.9 21.1 15.3 11.18 

R4 100 94.0 89.0 69.3 49.5 35.8 27.8 20.9 13.8 7.89 

R5 100 100 97.1 70.5 48.3 34.7 26.4 18.7 11.1 5. 56 

R6 100 96.8 92.0 67.2 45.7 35.4 29.1 22.3 15.1 9. 13 

R7 100 95.9 89.0 70.2 52.1 39.0 30.1 22.5 15.2 8.56 

R8 97.1 88.5 79.8 62.9 46.2 33.0 24.4 18.1 12.7 8.44 

R9 100 97.2 91.4 70.3 52.3 38.6 29.5 21.9 14.3 8.55 

R10 98.7 96.4 92.2 72.3 52.1 38.2 29.3 22.2 15.3 9.88 

Average 99.6 95.7 90.0 69.6 49.9 36.4 27.9 20.9 14.1 8.72 
Std. Deviation 0.91 2.99 4.58 3.26 2.99 2.203 1.772 1. 491 1.282 1.3625 
Max. Value 100.0 100 97.1 74.4 55.3 39.54 30.12 22.51 15.34 11.18 
Min. Value 97.1 88.5 79.8 62.9 45.7 33.0 24.4 18.1 11. 1 5.6 

Asphalt Viscosity Passing Passing Passing 
Content Pen. @ 140F No. 4 No 50 No 200 

Sample # (%) (0.1mm) (poises) (%) (%) (%) 

R1 5.01 21 39408 66.0 19.57 8.91 
R2 5. 37 . 74.4 21.56 9.11 
R3 4.68 27 15159 72.9 21.10 11.18 
R4 5.04 69.3 20.90 7.89 
R5 5.45 21 63542 70.5 18.65 5.56 
R6 5.14 67.2 22.28 9.13 
R7 5.09 41 10331 70.2 22.51 8.56 
R8 4.85 62.9 18.12 8.44 
R9 5.05 35 14598 70.3 21.90 8.55 
R10 5.08 72.3 22.20 9.88 

Average 5.08 29.00 28608 69.62 20.88 8.72 
Std. Deviation 0.2105 7.8994 20240 3.2580 1.4905 1.3625 
Max. Value 5.45 41.00 63542 74.43 22.51 11 .18 
Min. Value 4.68 21.00 10331 62.92 18.12 5.56 
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Table 1.2.4. Extraction and Abson Recovery Test Data 
(Bryan County) 

PERCENT PASSING 
Sample # 3/4 1/2 3/8 No 4 No 8 No 16 No 30 No 50 No 100 No 200 

B1 100 99.9 93.8 67.1 47.4 36.3 26.8 19.1 11. 7 6.09 

B2 100 98.1 92.2 64.9 47.8 37.5 26.1 16.6 10.0 4.65 

B3 100 97.7 93.3 69.1 51.6 40.5 27.6 17.3 10.2 4.72 

B4 100 97.2 89.7 59.2 42.8 33.6 23.6 14.8 8 ·. 7 4. 18 

B5 100 98.8 88.8 54.2 35.3 27.1 19.9 13.4 8.8 4.69 

B6 100 98.4 90.8 58.9 40.8 31.5 22.7 15.1 9.8 -L66 

B7 100 93.5 83.2 52.4 38.6 30.8 22.6 14.8 9.2 4.17 

B8 100 99.0 93.0 63.3 43.1 32.7 24.5 17.8 11. 8. 6.04 

B9 100 98.9 91.6 57.9 42.6 33.6 22.2 14.0 8.8 3.92 

B10 100 95.7 87.3 56.6 39.2 30.7 22.2 14.6 9.1 4.39 

Average 100.0 97.7 90.4 60.4 42.9 33.4 23.8 15.8 9.8 4.75 
Std. Deviation 0.00 1. 78 3.10 5.25 4.63 3.659 2.275 1.747 1.090 0.7053 
Max. Value 100.0 99.9 93.8 69.1 51.6 40.49 27.64 19.13 11.81 6.09 
Min. Value 100.0 93.5 83.2 52.4 35. 3 27.10 19.94 13.45 8.71 3.92 

Asphalt Viscosity Passing Passing Passing 
Content Pen. @ 140F No. 4 No 50 No 200 

Sample # (%) (0.1mm) (poises) (%) (%) (%) 

B1 5.26 5 409720 67.1 19.13 6.09 
B2 4.77 64.9 16.64 4.65 
B3 5.27 5 391539 69.1 17.30 4.72 
B4 5.10 59.2 14.83 4.18 
B5 4.53 8 215051 54.2 13.45 4.69 
B6 4.97 58.9 15.14 4.66 
B7 4.10 19 61840 52.4 14.83 4.17 
B8 5.36 63.3 17.81 6.04 
B9 4.70 10 370192 57.9 14.01 3.92 
B10 4.22 56.6 14.61 4.39 

Average 4.83 9.40 289668 60.36 15.77 4.75 
Std. Deviation 0.4222 5.1614 133227 5.2491 1.7466 0.7053 
Max. Value 5.36 19.00 409720 69.07 19.13 6. 09-
Min. Value 4.10 5.00 61H40 52.42 13.45 3.92 
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Table 1.2.5. Extraction and Abson Recovery Test Data 
(Lowndes County) 

PERCENT PASSING 
Sample # 3/4 1/2 3/8 No 4 No 8 No 16 No 30 No 50 No 100 No 200 

11 100 99.6 93.9 68.5 50.0 37.3 Z9.0 21.4 14.2 7.10 

12 100 99.4 93.1 63.8 41.4 28.9 22.3 17.2 12.2 7.77 

13 100 95.5 87.4 64.7 49.0 38.3 30.5 21.9 13.9 6. 76 

14 100 93.9 82.2 53.9 41.1 32.8 26.7 19.6 13.1 8.26 

15 100 96.2 89.8 68.9 52.1 40.6 32. 1 22.7 14.3 6.96 

16 100 98.6 95.0 69.4 48.7 35 •, 9 28.2 21.6 14.0 7. 16 

17 100 96.4 90.6 66.1 50.5 40.9 32.9 22.5 13.7 7.21 

18 99.3 92.7 84.3 64.0 49.3 39.4 31.4 21.5 12.8 5.85 

19 100 96.2 90.7 74.3 58.3 45.7 35.7 24.1 14.8 8.03 

110 100 99.0 92.2 68.8 52.6 41.4 33.1 23.7 15.0 8.48 

Average 99.9 96.7 89.9 66.2 49.3 38.1 30.2 21.6 13.8 7.36 
Std . Deviation 0.22 2.25 3.95 5.10 4.82 4.501 3.619 1. 898 0.829 0.7481 
Max. Value 100.0 99.6 95.0 74.3 58.3 45.68 35.68 24.08 15.04 8.48 
Min. Value 99.3 92.7 82.2 53.9 41.1 28.88 22.29 17.20 12.23 5.85 

Asphalt Viscosity Passing Passing Passing 
Content Pen. @ 140F No. 4 No 50 No 200 

Sample # (%) (0.1mm) (poises) (%) (%) (%) 

11 5.67 31 16690 68.5 21.40 7.10 
12 6.33 63.8 17.20 7.77 
13 5.27 33 20456 64.7 21.86 6.76 
14 4.97 53.9 19.57 8.26 
15 5.70 34 19610 68.9 22.67 6.96 
16 6.18 69.4 21.57 7.16 
17 5.55 33 16425 66.1 22.46 7. 21 
18 4.70 64.0 21.48 5.85 
19 5.94 49 8130 74.3 24.08 8.03 
110 5.70 68.8 23.69 8.48 

Average 5.60 36.00 16262 66.23 21.60 7.36 
Std. Deviation 0.4827 6.4049 4362 5.0955 1. 8979· 0.7481 
Max. Value 6.33 48.67 20456 74.27 24.08 8.48 
Min. Value 4.70 31.33 8130 53.87 17.20 5.85 
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Table 1.2.6. Comparison of Variability of RAP Materials to Variability of In-Place Conventional Asphalt Mixtures 

Standard Deviations 

Conventional Projects RAP Stockpiles 

F1-F5 F6-F10 
Sieve Forest Forest 
Size 1 2 3 4 5 Newton Park Park ReSaca Bryan Lowndes 

3/4 1.45 1.70 2.87 2.36 0.00 0.00 0.00 7.33 0.91 0.00 0.22 

1/2 1.55 4.81 3.60 2.76 0.72 1.17 0.15 3.n 2.99 1.78 2.25 

3/8 1.40 4.88 3.62 2.88 1.20 3.33 0.54 3.38 4.58 3.10 3.95 

4 1.40 3.16 3.20 3.69 1.16 4.20 4.21 3.19 3.26 5.25 5.10 

8 1.25 2.72 2.16 3.05 0.78 4.95 3.41 2.81 2.99 4.63 4.82 

16 1.03 1.75 1.15 1.99 0.71 4.42 2.53 2.49 2.20 3.66 4.50 

50 0.88 1.03 0.88 0.85 0.50 2.09 1.70 1.81 1.49 1.75 1.90 

100 0.53 0.74 1.08 0.70 0.21 1.23 1.20 1.03 1.28 1.09 0.83 

200 0.80 0.33 o.n 0.45 0.12 0.74 1.08 0.40 1.36 0.71 0.75 

AC 0.18 0.30 0.58 0.16 0.21 0.23 0.31 0.55 0.21 0.42 0.48 
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IV. Task 1.3 - EVALUATION OF RAP PROPERTIES 

Samples of five stockpiles of reclaimed asphalt pavement (RAP) were tak~n and 

tested to determine physical properties. These RAP stockpiles are owned by Georgia 

DOT and are being considered for possible use in some future recycling· projects. 

There were several purposes for sampling and testing the five stockpiles. First of 

all the properties of the RAP in each stockpile needed to be evaluated if it is going to 

be used on future projects. Secondly, the properties and variability of materials in 

these stockpiles could be used to estimate the range of properties that could be 

expected in other stockpiles. Thirdly, sampling and testing these stockpiles provided 

the information necessary to develop guidelines for sampling and testtrrg RAP 

stockpiles (Task 1 .2). 

The asphalt contents, gradations, and asphalt properties of the material from the 

RAP stockpiles have been shown and discussed earlier. If RAP is to be used in a 

recycled mixture, then properties of the aggregate are important. One of these 

aggregate properties that was evaluated was fractured faces. Table 1.3.1 gives the 

fractured face count for the 5 RAP stockpiles. The data shows that the RAP stockpiles 

from Newton County and ReSaca have large amounts of fine material that is not 

crushed. A satisfactory mixture can be designed with this RAP as long as the percent 

RAP used in the mixture does not exceed the recommended value of 50%. Due to the 

high sand content these two RAP stockpiles may not be acceptable for use on high 

volume roads. 

The asphalt properties of the RAP material are important since the asphalt must 

be modified in the recycling process to produce an asphalt that will perform 

satisfactorily. Asphalt ages with time which results in recycled mixtures requiring a 

lower viscosity asphalt to be used in the recycled mixture than that required for a new 

mixture. This lower viscosity asphalt blends with the old asphalt and produces a 
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combined binder with the desired properties. The rate and efficiency of the blending 

process of these asphalt binders in recycled mixtures is not well understood. 

The gradation of the aggregate in the RAP is important since new aggregate must 

be added with the RAP in a way that results in a satisfactory blend. If the gradation of 

the aggregate in the RAP is unsatisfactory it may be difficult to add new aggregate to 

the RAP to obtain a satisfactory aggregate blend. For example, the maximum 

aggregate size in the RAP may be too large for the recycled mix being proposed. In 

this case there is no way to blend the aggregates so that oversize material does not 

exist in the mixture unless the RAP is subjected to a crushing operation. Another 

problem that occurs sometime is caused by a high amount of minus 200 material in the 

mixture. This high minus 200 content may be the result of breakdown of aggregate 

.during the milling operation and/or may be caused by unsatisfactory in-place 

gradation. It is often difficult to add enough new aggregate to a RAP mixture with high 

minus 200 content and lower the amount of minus 200 material to an acceptable level 

in the resulting recycled mixture. 

The asphalt content of the RAP will directly affect the mix design for the recycled 

mixture and hence must be evaluated. A low asphalt content means that more new 

asphalt will have to be added to the recycled mixture likely requiring the use of a 

higher viscosity asphalt than otherwise would be used in the recycled mix. On the 

other hand a high asphalt content in the RAP results in less new asphalt being needed 

in the recycled mixture and hence requires that the new asphalt have lower viscosity. 

The amount of asphalt in the RAP plays an important part in the mix design. 

· Care must be used in measuring the asphalt content (ASTM 02172) of samples 

taken from RAP stockpiles. The RAP material will almost always contain some 

moisture which must be accounted for when measuring the asphalt content. The RAP 

should be dried back in an oven at low temperature (220°F or less) so that the 

properties of the asphalt are not significantly affected resulting in an erroneous mix 
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design. Over a period of years the old asphalt binder is absorbed into the aggregate 

and is difficult to remove in the extraction test. The RAP should generally be soaked 

longer in the solvent and more washings are likely to be necessary when measuring 

asphalt content of RAP materials. 
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Table 1.3.1 

Fractured Face Count for 5 RAP Stockpiles 

~f!rtifmt Eractured Facf!s 
Sieve Forest Newton ReSaca Bryan Lowndes 
Size Park County Plant County County 

+ 3/4 100 100 100 100 100 

3/4- 1/2 100 100 100 100 100 

1/2- 3/8 100 100 100 100 100 

3/8- No.4 100 100 100 100 100 

-No.4 100 100 100 100 100 
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V. Task 1.4- DEVELOPMENT OF A RECYCLED MIX DESIGN 

PROCEDURE 

The first step to insure good performance for any type asphalt mixture is mix 

design. Recycled asphalt mixtures are no different. The mix design process needs to 

be clearly defined so that the design of a recycled mix with any amount of RAP is 

appropriate. 

One·concern at the outset of this study was the blending of the new asphalt with 

the old asphalt. Does this take place during a short period of time or does it ever take 

place completely? Many people believe that the new asphalt coats the new aggregate 

resulting in one asphalt property (coating the new aggregate) while the new asphalt 

also coats the old asphalt resulting in another asphalt property )coating the reclaimed 

aggregate). The properties of this new asphalt coating the old asphalt will likely 

change with time as the two asphalts continue to approach a common property. 

A testing program was set up to evaluate the properties of recycled asphalt 

mixtures cured at 140°F for various amounts of time. It was believed that the curing 

process would help to equalize the properties between the old and new asphalt 

resu.lting in a more homogenous combined asphalt binder. The indirect tensile test 

and resilient modulus test (both applied tensile loads) were conducted on the recycled 

mixes. A change in asphalt properties should be reflected in a change in the results of 

these two tests. The test plan to evaluate the properties of various virgin and recycled 

mixtures is shown in Table 1.4.1. This test plan was conducted for mixtures produced 

with each of two asphalts and four different amounts of RAP. 

The asphalt mix design for the four amounts of RAP was conducted to determine 

the optimum asphalt content. For this study the optimum asphalt content was selected 

as that asphalt content which provided four percent air voids in the total mixture. The 

new aggregate used in this study was a crushed granite from Martin Maretta's Ruby 
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quarry near Macon, Georgia. The RAP was obtained from the stockpile at the ReSaca 

asphalt plant. The asphalt used to develop the mix designs was AMOCO AC-20 which 

had a penetration of 82 and a viscosity at 140°F and 275°F of 2251 poises and 415 

centistokes respectively. 

The new aggregate was heated to remove any free moisture and then sieved 

over the 3/4 inch, 1/2 inch, 3/8 inch, No. 4, No. 8, No. 16, and No. 30 sieves for 

blending. The RAP material was crushed so that all material was smaller than 1-1/2 

inches. The RAP material was then split over a 3/8 inch sieve prior to preparing 

blends. The amount of RAP used in the recycled mixtures was varied to include 0, 20, 

35, and 50 percent. The RAP and new aggregate were blended so that the resulting 

gradation met the requirements of Georgia's B mix. The resulting gradation of the four 

recycled mixtures along with the specification for Georgia's B mix are shown in Table 

1.4.2. The mix with 0 percent RAP represents a virgin mixture and the mix with 50 

percent RAP represents a recycled mixture with the higher amount of RAP that would 

likely be used. 

Performing the mix designs involved heating the aggregates to 325°F overnight. 

The RAP was heated to 240°F for approximately 2 hours prior to mixing and the AC-20 

asphalt was heated to 285°F. These components were combined at various asphalt 

contents and mixed for 2 minutes. After the samples were mixed they were covered 

and placed in an oven at 325°F for 1 hour. The samples were then removed and 

compacted in the gyratory testing machine at 1 degree angle, 200 psi, and 30 

revolutions. This compactive effort has been shown to be approximately equal to 75 

blows with the Marshall hammer. The samples were removed from the molds and 

allowed to cool overnight. Sample heights and unit weights were determined in 

accordance with ASTM 03549 and ASTM 02726 respectively. Marshall stability and 

flow was determined in accordance with ASTM 01559. Two additional samples per 

RAP content at each asphalt content were tested for Rice's Maximum Specific Gravity 
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(ASTM 02041 ). The voids in total mix were determined from the bulk and Rice 

gravities of the mixtures. The test results are shown in Table 1.4.3. A plot of the voids 

in total mix versus asphalt content for the 4 RAP contents is shown on Figure 1.4.1. 

The optimum asphalt contents for the four mixes were selected to be: 0 percent RAP -

4.5 optimum asphalt content, 20 percent RAP - 4.0 optimum asphalt content, 35 

percent RAP - 4.0 optimum asphalt content, and 50 percent RAP - 4.0 optimum asphalt 

content. 

After the optimum asphalt content was determined for each of the four mixtures 

three samples were prepared at optimum asphalt content for each RAP content (0, 20, 

35, 50), each asphalt cement (AC-1 0, AC-20), and each mixing temperature (275, 300, 

325°F). The optimum asphalt content for the AC-1 0 mixes was selected to be the same 

as that for the AC-20 mixes. 

Curing began immediately after height and unit weight determination was 

completed. Samples to be cured were placed into the oven at 140°F for the prescribed 

cure time of 4, 24, or 72 hours. After curing the samples were removed from the oven 

and allowed to cool overnight. Samples that were not cured were tested after unit 

weight and height determination. 

Resilient modulus was determined in accordance with ASTM 04125. The 

samples were tested at a temperature of approximately 75°F. The load applied to the 

specimens was 1 0 percent of the tensile strength. The time of loading was 0.1 

seconds and the rest period was 0.9 seconds. Deformations were measured using 

LVDrs and recorded on a strip chart recorder. For calculation of strain at failure the 

Poisson's ratio was assumed to be 0.35. 

The tensile strength was determined in accordance with ASTM 04123. The test 

was performed at room temperature (approximately 75°F) at a deformation rate of 2 

inches per minute. 

The test results for indirect tensile strength and resilient modulus are shown in 
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Table 1.4.4. The resilient modulus was measured under a repeated load of 

approximately 10 percent of the tensile strength. The average tensile strength results 

for each test are shown graphically in Figures 1.4.2- 1.4.7. These plots show a lot of 

scatter and hence are difficult to analyze. The scatter in the data for mixes produced 

with AC-20 is likely an indication of difficulty in mixing a stiffer new asphalt with the 

RAP and new aggregate in the laboratory. This problem is not likely to occur in the 

field because of significant mechanical mixing in the pug mill or drum (drum mixers). 

The .AC-1 0 which is less viscous and hence easier to mix with RAP and new aggregate 

produced mixes which were more consistent. As expected the data generally shows 

that the tensile strength increases with an increase in RAP, increases with an increase 

in cure time, increases with an increase in mixing temperature, and increases with 

increased asphalt viscosity. The data does not show low initial tensile strength for 

recycled mixtures and hence indicates that initial strength (based on tensile strength) 

should be equal to or greater than that for virgin mixtures. 

A review of the resilient modulus data (Figures 1.4.8 - 1.4.13) shows generally 

the same trend as that for tensile strength. Again due to the random scatter of test 

properties definite conclusions cannot be made concerning the resilient modulus of the 

mixtures evaluated. 

The asphalt was recovered from samples of all mixtures evaluated in this study. 

Asphalt was recovered from samples of asphalt mixtures immediately after mixing and 

prior to compaction and curing. After recovering the asphalt, the penetration at 77°F 

and the viscosity at 140°F and 275°F were measured (Table 1.4.5). 

One of the objectives of this study was to determine if the recycled mixtures had 

lower strengths than the virgin mixtures during the early part of their life. This potential 

problem was evaluated by curing the specimens at various amounts of time and 

evaluating the resilient modulus and indirect tensile strength. Figures 1.4.2 - 1.4.13 

showed no general differences in trends between the recycled mixtures and virgin 
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mixture. 

Direct comparisons of strength and stiffness properties with different cure times 

were made with asphalt (AC-20) recovered from virgin mixutres and asphalt (AC-1 0 

plus old asphalt) recovered from recycled mixtures. Mixes were selected so that the 

properties of the recovered asphalt from virgin mixtures and recycled mixtures were 

approximately the sam~. Viscosity properties at 140°F for the three mixing 

temperatures were averaged and the results shown in Figure 1.4.14. It can be seen 

that the viscosity properties of the asphalt recovered from the AC-20 virgin mixture are 

similar to the viscosity properties of the recycled asphalt (when AC-1 0 was used) when 

20 and 35 percent RAP was used. Hence direct comparison between the three 

mixtures are made. For comparison purposes the virgin mix using AC-1 0 asphalt is 

also shown. 

The data for the 3 mixing temperatures was averaged and the average resilient 

modulus and tensile strength plotted (Figures 1.4.15 and 1.4.16). A review of Figure 

1.4.15 shows no obvious differences in trends in the resilient modulus of the four 

asphalt mixtures compared. The AC-20 virgin mix compares closely with the 2 

recycled mixtures while the AC-10 virgin mixture obviously has a lower resilient 

modulus. Figure 1.4.16 also shows no differences in trends in tensile strength for the 

four mixtures. The virgin AC-20 mixture compares favorably with the two recycled 

mixes and the AC-1 0 virgin mixtures has lower tensile strength. The tensile strength 

and resilient modulus for the four mixtures were almost always lower at 4 hour cure 

time than at no cure time. There is no obvious reason for this reduction in properties 

between zero and 4 hours but it is a consistent trend. 

Suggested Mix Design Procedure 

1) Take representative samples of the RAP stockpile and new 

aggregate to be used (1 00-200 lbs of each). 

2) Determine percent of RAP to be. used in recycled mixture. 
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3) Evaluate properties of samples from RAP stockpile. Determine 

asphalt content, viscosity of asphalt at 140°F, aggregate gradation, 

and aggregate quality such as fractured faces. 

4) Estimate from Figure 1.4.17 or 1.4.18 grade of ACto be used in 

recycled mixture. Obtain representative sample of asphalt (approx 

.5 gallons). Figure 1.4.17 is present Georgia method for selecting 

asphalt grade and Figure 1.4.18 was taken from prop.osed ASTM 

standard on testing viscosity blends. 

5) Make mixes of recycled asphalt at various asphalt contents to 

determine optimum asphalt content. Determine amount of each new 

aggregate to use in mix so that recycled mix meets gradation 

requirements. Use lime as necessary to prevent moisture damage. 

Heat new aggregate to 325°F overnight, heat RAP material to 

approximately 240°F for approximately 2 hours prior to mixing. 

Keep RAP covered while heating. Heat new asphalt to be added to 

approximately 285°F. After mixing place covered mix into oven for 

30 minutes-- 1 hour at compaction temperature (300°F unless 

determined otherwise). 

6) After compaction no cure time is necessary but a cure time of 4 

hours at 140°F does appear to reduce variability. 

7) Conduct standard tests for normal mix design procedures. The 

optimum asphalt content should be selected based primarily on 

voids in total mix (4 percent optimum). 
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8) For verification of asphalt properties make mixes at selected 

optimum asphalt content using method described above. Recover 

asphalt and measure viscosity at 140°F. If the viscosity is outside 

the desired range, then select new ACto provide desired properties 

to adjust amount of RAP to be used in mixture. 

9) Recover asphalt cement to verify properties at start of construction 

and as needed during construction. 
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Table 1.4.1. Test Plan for Recycled Mixtures Curing Time @ 140°F, Hours 

1t) 

u.C\1 
0 (I') 

0 4 24 72 

3MR 3MR 3MR 3MR 

31T 31T 31T 31T 

3MR 3MR 3MR 3MR 

31T 31T 31T 31T 

3MR 3MR 3MR 3MR 

31T 31T 31T 31T 
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Table 1.4.2. Gradation of Recycled Mixtures 

P~r~~nt Pa;s;sing 
Sieve B Mix 
Size %RAP 20% RAP 35% RAP 50% RAP Spec 

3/4 100 100 100 100 85-100 
1/2 80 80 80 80 
3/8 67 67 67 67 55-75 
No.4 51 51 51 51 
No.8 40 40 40 40 38-44 
No.16 28 28 28 28 
No.30 20 20 20 20 
No. 50 15 15 15 15 
No. 100 10 10 10 10 
No.200 5.1 5.5 5.7 5.9 4-7 
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Sample 
# 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

Table 1.4.3 Mix Design Data Using AC-20 Asphalt 
and Various Percents of RAP. 

% % Specific Gravity Voids Marshall 
RAP AC Bulk Max. Total VMA Stab. Flow 

(%) (%) ( 1 bs. ) (0.01 in) 

0 4.0 2.390 2.568 6.9 16.2 3023 14.00 
0 4.0 2.397 6.6 15.9 3139 15.00 
0 4.0 2.415 6.0 15.3 3240 12.00 

2.401 6.5 15.8- 3134 13.67 

0 4.5 2.442 2.548 4.2 14.8 3240 15.00 
0 4 . 5 2.440 4.2 14.9 3139 15.00 
0 4.5 2.447 4.0 14.6 3072 15.00 

2.443 4. 1 14.8 3150 15.00 

0 5.0 2.474 2.529 2. 1 14 0 1 3460 14.00 
0 5.0 2.464 2.6 14.5 3250 13.00 
0 5.0 2.452 3.0 14.9 3216 15.00 

2.469 2.6 14.5 3309 14.00 

0 5.5 2.472 2.509 1.5 14.6 2950 16.00 
0 5 . 5 2.487 0.9 14.2 3040 16.00 
0 5.5 2.482 1.1 14.3 3080 21.00 

2.480 1.2 14.4 3023 17.67 

20 4.0 2.439 2.555 4.5 14.0 3675 14.00 
20 4.0 2.444 4.3 13.8 3624 14.00 
20 4.0 2.451 4. 1 13.6 4075 14.00 

2.445 4.3 13.8 3791 14.00 

20 4.5 2.464 2.535 2.5 13.7 4075 16.00 
20 4.5 2.456 2 . 5 13.8 4025 14.00 
20 4.5 2.451 3.0 14.2 3750 14.00 

2.457 2.7 13.9 3950 14.67 

20 5.0 2.472 2.516 1 . 7 13.7 3600 17.00 
20 5.0 2.470 1 . 8 13.8 3475 16.00 
20 5.0 2.459 2.3 14.2 3600 16.00 

2.467 1.9 13.9 3558 16.33 

20 5.5 2.481 2.497 0.6 13.9 3600 15.00 
20 5.5 2.477 0.8 14.0 3500 19.00 
20 5.5 2.477 0.8 14.0 3250 16.00 

2.479 0.7 14.0 3450 16.67 
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GSI 

1. 00 
1. 00 
1. 00 
1. 00 

1. 00 
1. 00 
1. 00 
1. 00 

1 . 00 
1. 00 
1 . 00 
1 . 00 

1. 08 
1. 08 
1. 12 
1. 09 

1 . 00 
1. 00 
1. 00 
1 . 00 

1.00 
1 . 00 
1. 00 
1. 00 

1. 04 
1. 08 
1. 04 
1 . 06 

1 . 08 
1. 20 
1 . 04 
1 . 1 1 



Sample 
# 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

1 
2 
3 

avg 

Table 1.4.3 (cont.)- Mix Design Data Using AC-20 
Asphalt and Various Percents of RAP. 

% % Specific Gravity Voids Marsha 11 
RAP AC Bulk Max. Total VMA Stab. Flow 

(%) (%) ( 1 bs. ) (0.01in) 

35 3.25 2.387 2.581 7.5 15.0 3744 14.00 
35 3.25 2.399 7.0 14.6 3955 15.00 
35 3.25 2.410 6.6 14.3 5050 17.00 

2.399 7. 1 14.6 4250 15.33 

35 3.75 2.424 2.561 5.3 14.2 3600 15.00 
35 3.75 2.437 5.5 14.4 4150 16.00 
35 3.75 2.437 4.8 13.7 4750 16.00 

2.427 5.2 14. 1 4167 15.67 

35 4.25 2.456 2.541 3 . 4 13.5 3700 15.00 
35 4.25 2.447 3 . 7 13.8 4225 15.00 
35 4.25 2.449 3 . 6 13.8 3825 15.00 

2.452 3 . 6 13.7 3917 15.00 

50 3.5 2.403 2.568 6.4 14.6 4225 16.00 
50 3.5 2.410 6. 1 14.3 3600 15.00 
50 3.5 2.418 5.8 14. 1 3975 15.00 

2.410 6. 1 14.3 3933 15.33 

50 4.0 2.451 2.548 3.8 13.3 4050 15.00 
50 4.0 2.465 3.3 12.9 4775 16.00 
50 4.0 2.435 4.4 13.9 4375 17.00 

2.450 3.8 13.4 4400 16.00 

50 4.5 2.471 2.528 2.2 1 3. 1 3848 16.00 
50 4.5 2.464 2.5 13. 3 2625 16.00 
50 4.5 2.463 2.6 13.4 4000 17.00 

2.466 2.5 13.3 3491 16.33 

50 5.0 2.474 2.509 1 . 4 13.4 3050 18.00 
50 5.0 2.450 2.4 14.3 2900 12.00 
50 5.0 2.468 1 . 6 13.6 3640 18.00 

2.462 1 . 8 13.8 3197 16.00 
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GSI 

1. 00 
1. 00 
1. 00 
1 . 00 

1. 00 
1 . 00 
1. 00 
1. 00 

1. 00 
1. 00 
1 . 00 
1. 00 

1 . 00 
1. 00 
1. 00 
1. 00 

1. 04 
1. 00 
1. 00 
1 . 01 

1 . 06 
1. 04 
1. 00 
1. 03 

1 . 1 1 
1. 00 
1. 08 
1. 06 



Mix 
Temp 

(F) 

275 
275 
275 
300 
300 . 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 

Table 1 .4.4 Resilient Modulus & Indirect Tensile 
Testing For AC-10, 0% RAP. 

Cure Resilient Tensile Void 
Sample Time Modulus Strength Content 

# (hours) (KSI) (PSI) (%) 

1 0 326 152.0 4.5 
2 0 345 143.2 4. 1 
3 0 318 151.7 3.8 
1 0 447 175.3 4. 1 
2 0 480 173.4 4.0 
3 0 513 183.3 3.8 
1 0 372 165.5 3.2 
2 0 371 169.0 3.2 
3 0 444 184.4 2.8 
1 4 325 143.8 4.4 
2 4 401 149.8 4.0 
3 4 334 152.7 4. 1 
1 4 409 165.4 3.6 
2 4 394 142.9 4.3 
3 4 433 151 . 6 3.4 
1 4 408 162.1 3.4 
2 4 399 167.8 3.6 
3 4 413 167.4 3.3 
1 24 398 141 . 1 4.2 
2 24 373 152.8 4.2 
3 24 429 140.7 4.0 
1 24 408 149.3 3.8 
2 24 412 152 .-o 4.5 
3 24 467 154.3 4.3 
1 24 416 180.6 3.7 
2 24 511 176.8 4.7 
3 24 501 184.2 3.6 
1 72 359 132.9 4.3 
2 72 420 147.3 4.3 
3 72 406 162.2 3.9 
1 72 367 1 71 . 3 3.6 
2 72 448 165.3 4.3 
3 72 390 163.1 4.2 
1 72 383 202.6 4.9 
2 72 487 217.0 3.8 
3 72 419 190.9 4.2 
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Unit 
Weight 
(PCF) 

1 51 . 7 
152.4 
152.9 
152.4 
152.4 
152.8 
153.7 
153.8 
154.4 
151 . 9 
152.5 
152.3 
153. 1 
152.0 
153.5 
153.5 
1 53. 1 
153.6 
152.2 
152. 1 
152.6 
152.9 
1 51 . 8 
152. 1 
153.0 
151 . 3 
153. 1 
151 . 9 
151.9 
152.7 
153. 1 
151.9 
152.1 
1 51 . 0 
152.8 
152.1 



Mix 
Temp 

(F) 

275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 

Table 1.4.4 (cont.) Resilient Modulus & Indirect Tensile 
Testing For AC-10, 20% RAP. 

Cure Resilient Tensile Void Unit 
Sample Time Modulus Strength Content Weight 

# (hours) (KSI) (PSI) (%) (PCF) 

1 0 442 166.7 5.7 150.9 
2 0 545 181 . 4 5.2 151 . 8 
3 0 531 162.5 5.2 151 . 8 
1 0 554 205.2 5.3 151 . 6 
2 0 621 228.3 4.2 153.4 
3 0 578 209.0 5.7 151 . 0 
1 0 550 188.2 4.7 152.6 
2 0 593 193.4 4.6 152.7 
3 0 548 184.7 4.5 152.9 
1 4 422 157.8 5.5 151 . 3 
2 4 524 166.0 5.5 151 . 3 
3 4 576 160.4 5.0 152.1 
1 4 565 156.0 6. 1 150.3 
2 4 542 175.2 5.6 151 . 1 
3 4 460 162.3 5.8 150.8 
1 4 482 189.6 4.5 152.8 
2 4 508 195.3 4.4 153. 1 
3 4 521 192.5 4.4 153.0 
1 24 452 138.2 5.8 150.8 
2 24 572 153.3 5.6 151 . 2 
3 24 537 155.5 5.2 151 . 8 
1 24 560 178.2 5.2 151 . 8 
2 24 536 168.7 5.4 151 . 4 
3 24 685 202.2 4.8 152.4 
1 24 565 178.7 5.4 151 . 4 
2 24 572 194.4 4.7 152.5 
1 72 470 176.8 4.9 152.3 
2 72 357 169.6 5.7 150.9 
3 72 420 187.5 5.7 151 . 0 
1 72 492 177.4 5.2 151 . 7 
2 72 635 201.2 4.6 152.7 
3 72 460 165.2 4.9 152.3 
1 72 651 233.7 5. 1 151 . 9 
2 72 479 223.0 5.6 1 51 • 1 
3 72 449 230.0 4.7 152.6 
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Mix 
Temp 

(F) 

275 
275 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 

Table 1.4.4 (cont.) Resilient Modulus & Indirect Tensile 
Testing For AC-10, 35% RAP. 

Cure Resilient Tensile Void Unit 
Sample Time Modulus Strength Content Weight 

# (hours) (KSI) (PSI) (%) (PCF) 

1 0 648 164.3 4.9 152.2 
2 0 649 176.3 5·. 3 151 . 6 
2 0 673 200.4 5.5 151 . 3 
1 0 580 200.3 4.4 153.0 
2 0 1007 214.6 5.4 151 . 5 
3 0 616 210.3 3.9 153.8 
1 4 628 187.5 4.9 152.3 
2 4 634 162.3 5.8 150.9 
3 4 652 176.7 5.4 151 . 4 
1 4 637 188.0 5.8 150.8 
2 4 695 195.7 5.0 152.1 
3 4 618 194.2 4.5 152.8 
1 4 652 216.0 4.8 152.4 
2 4 523 181 . 3 4.5 152.8 
3 4 654 192.0 4.2 153.4 
1 24 710 167.8 4. 7 152.6 
3 24 552 182.4 4.7 152.6 
1 24 558 210.5 4.7 152.6 
2 24 697 233.6 5.2 151 . 7 
3 24 596 210.8 4.5 152.9 
1 24 549 204.4 4.2 153.4 
2 24 645 195.0 4.9 152.3 
3 24 577 194.0 4.2 153.4 
1 72 771 190.2 5.8 150.8 
2 72 815 205.4 4.8 152.4 
3 72 805 198.0 5.2 151 . 8 
1 72 674 204.6 5. 1 152.0 
2 72 571 174.6 5.4 151 . 4 
3 72 589 198.9 4.8 152.4 
1 72 615 241.0 5.5 151.3 
2 72 766 260. 1 5.7 151 . 0 
3 72 640 252. 1 5.5 151 . 3 
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Mix 
Temp 

(F) 

275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 

Table 1.4.4 (cont.) Resilient Modulus & Indirect Tensile 
Testing For AC-10, 50% RAP. 

Cure Resilient Tensile Void Unit 
Sample Time Modulus Strength Content Weight 

# (hours) (KSI) (PSI) (%) (PCF) 

1 0 723 181 • 1 5.3 151 . 6 
2- 0 603 214. 1 4.9 152.2 
3 0 720 204.1 4.8 152.4 
1 0 927 211 . 4 6.3 149.9 
2 0 766 187.3 6.3 150.0 
3 0 886 203.4 6.4 149.9 
1 0 607 195.6 4. 1 153.6 
2 0 618 216.1 4. 1 153.6 
3 0 790 212.2 4.2 153.4 
1 4 841 177.3 5.6 151 . 2 
2 4 739 188.2 5.6 151 . 1 
3 4 632 212.8 4. 1 153.6 
1 4 741 206.4 5.0 152. 1 
2 4 857 223.4 4.6 152.7 
3 4 635 215.0 5.3 151 . 6 
1 4 619 223.2 3.7 154. 1 
2 4 692 221 • 7 3.7 154.3 
3 4 725 211 . 3 3.8 153.9 
1 24 560 207.7 4. 1 . 153.6 
2 24 649 183.0 4.4 153. 1 
3 24 753 184.8 5.8 150.8 
1 24 694 188.6 5.3 151 . 6 
2 24 709 237.6 5.7 151 . 0 
3 24 731 215.0 5.4 151.4 
1 24 718 239.0 3.3 154.9 
2 24 693 224.2 4.0 153.6 
1 72 867 214.9 4.0 153.7 
2 72 780 205.6 4.0 153.6 
3 72 806 233.4 3.6 154.3 
1 72 724 203.4 5.8 150.9 
2 72 751 193.7 5. 1 151 . 9 
3 72 595 164.6 5.7 151 . 0 
1 72 668 212.5 4.6 152.7 
2 72 616 258.0 5.3 151 . 6 
3 72 642 242.9 3.9 153.8 
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Mix 
Temp 

(F) 

275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
.275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 

Table 1.4.4 (cont.) Resilient Modulus & Indirect Tensile 
Testing For AC-20, 0% RAP. 

Cure Resilient Tensile Void Unit 
Sample Time Modulus Strength Content Weight 

# (hours) (KSI) (PSI) (%) (PCF) 

1 0 362 170.1 4.7 151 . 6 
2 0 397 159.8 4.6 151 • 7 
3 0 433 188.9 3.6 153.2 
1 0 615 209.5 3.9 152.8 
2 0 658 211 • 5 4.3 152.2 
3 0 506 214. 1 4. 1 152.5 
1 0 366 175.1 5.3 150.6 
2 0 444 201.8 5.0 151 . 1 
3 0 446 202.7 4.4 151 • 9 
1 4 437 186.3 3.8 152.9 
2 4 433 191 • 9 3.8 152.9 
3 4 417 176.0 3.9 152.8 
1 4 567 193.4 4.5 151 • 8 
2 4 498 189.4 5. 1 150.9 
3 4 480 184.9 4.2 152.4 
1 4 479 194.2 4. 1 152.4 
2 4 509 190.2 4.3 152. 1 
3 4 476 211 • 8 4.3 152.2 
1 24 653 186.2 5.3 150.5 
2 24 544 194.5 5.3 150.6 
3 24 530 185.2 4.2 152.3 
1 24 508 203.6 4.6 151 • 8 
2 24 539 206.6 4.7 151 . 4 
3 24 484 200.8 5. 1 150.9 
1 24 651 245.4 4.7 151 • 4 
2 24 664 241.0 5.3 150.5 
3 24 745 252.1 5. 1 150.9 
1 72 737 198.6 5.5 150.3 
2 72 538 190. 1 4.6 151 . 6 
3 72 571 187.5 5.2 150.7 
1 72 457 182.8 4.5 151 . 9 
2 72 503 209.9 4.0 152.6 
3 72 497 198.2 4.2 152.3 
1 72 694 241.2 4.4 152. 1 
2 72 678 236.3 5.2 150.8 
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Mix 
Temp 

(F) 

275 
275 
275 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 

Table 1.4.4 (cont.) Resilient Modulus & Indirect Tensile 
Testing For AC-20, 20% RAP. 

Cure Resilient Tensile Void Unit 
Sample Time Modulus Strength Content Weight 

# (hours) (KSI) (PSI) (%) (PCF) 

1 0 564 229.2 5.24 1 51 . 1 
2 0 591 196.2 5.79 150.2 
3 0 617 219. 1 5.36 150.9 
1 0 832 244.7 4.27 152.6 
2 0 869 280.6 4.58 152. 1 
3 0 801 281.8 4.97 151 • 5 
1 4 445 198.7 5.83 150. 1 
2 4 531 205.2 5. 13 151 . 3 
3 4 530 213.6 5. 13 151 . 3 
1 4 662 191.8 6.54 149.0 
2 4 644 193.4 5.68 150.4 
3 4 648 188.9 6.58 148.9 
1 4 762 258.2 5.40 150.8 
2 4 785 244.4 5.28 151 . 0 
3 4 677 285.3 4.85 151 . 7 
1 24 672 197.2 5. 13 151 . 3 
2 24 649 192.0 3.99 153. 1 
3 24 544 190.2 4.97 151 . 5 
1 24 922 224.3 5.44 150.8 
2 24 832 243.6 5.56 150.6 
3 24 702 239.2 5.09 151 . 3 
1 24 624 212.9 5. 13 151 . 3 
2 24 630 220.8 4.58 152. 1 
3 24 700 222.8 4.77 1 51 . 8 
1 72 518 219.5 5.28 151 . 0 
2 72 438 216.6 5.71 150.3 
3 72 388 202.6 4.34 152.5 
1 72 619 192.9 5.36 150.9 
2 72 728 217.9 5.24 1 51 . 1 
3 72 607 207.5 5.01 151 . 4 
1 72 417 240.0 4.70 151 . 9 
2 72 575 230.2 4.38 152.4 
3 72 702 268.3 5.09 151.3 
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Mix 
Temp 

(F) 

275 
275 
275 
300 
300 
325 
325 
325 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 

Table 1.4.4 (cont.) Resilient Modulus & Indirect ·Tensile 
Testing For AC-20, 35% RAP. 

Cure Resilient Tensile Void Unit 
Sample Time Modulus Strength Content Weight 

# (ho'-'rs) (KSI) (PSI) (%) (PCF) 

1 0 750 206.9 5.45 150.5 
2 0 704 228.3 - 5.14 151 . 0 
3 0 620 233.1 5.37 150.6 
1 0 870 243.6 5. 17 150.9 
2 0 888 219.8 5.53 150.4 
1 0 814 269.7 4.51 152.0 
2 0 946 249.6 4.35 152.3 
3 0 866 264.9 4.27 152.4 
1 4 592 258.0 5.02 151 . 2 
'3 4 652 233. 1 5.57 150.3 
1 4 708 200.5 5.64 150.2 
2 4 681 186.7 5.41 150.6 
3 4 659 235.5 4.98 151 • 3 
1 4 785 276.2 4. 12 152.6 
2 4 643 274.9 4.00 152.8 
3 4 511 242.1 4.16 152.6 
1 24 611 202.9 5.33 150.7 
2 24 618 180.7 5.33 150.7 
3 24 788 193.8 5.49 150.4 
1 24 752 224.2 5.53 150.4 
2 24 692 245.4 4.86 151 . 4 
3 24 783 220.3 4.82 151 • 5 
1 24 656 209.2 4.94 151 . 3 
2 24 657 191 . 5 4.98 151 . 3 
3 24 1063 232.4 3.33 153.9 
1 72 784 253.9 4.98 151 • 3 
2 72 601 236.8 5.06 1 51 . 1 
3 72 720 251.9 5.06 1 5 1 . 1 
1 72 730 217.8 4. 63 151 . 8 
2 72 844 223.3 4.66 151 . 8 
3 7-2 715 251.0 4.27 152.4 
1 72 773 263.2 5.06 151 . 1 
2 72 852 282.9 3.88 153.0 
3 72 651 287.6 4.19 152.5 
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Mix 
Temp 

(F) 

275 . 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 
275 
275 
275 
300 
300 
300 
325 
325 
325 

Table 1.4.4 (cont.) Resilient Modulus & Indirect Tensile 
Testing For AC-20, 50% RAP. 

Cure Resilient Tensile Void Unit 
Sample Time Modulus Strength Content Weight 

# (hours) (KSI) (PSI) (%) (PCF) 

1 0 637 208.5 3.57 153.3 
2 0 588 207.6 3. 10 154. 1 
3 0 520 224.7 3. 14 154.0 
1 0 951 189.8 5.97 149.5 
2 0 966 263.2 4.87 151 . 3 
3 0 791 2"27.4 4.95 1 51 • 1 
1 0 632 217.9 3.41 153.6 
2 0 663 226.4 3. 14 154.0 
3 0 623 227.7 3.61 153.3 
1 4 631 215.2 2.90 154.4 
2 4 630 216.9 4.04 152.6 
3 4 679 227.7 3.73 153. 1 
1 4 816 237.2 4.24 152.3 
2 4 774 209.6 5. 18 150.8 
3 4 759 221.6 4.83 151 • 3 
1 4 772 247.6 3. 14 154.0 
2 4 714 235.9 3.26 153.8 
3 4 764 218.3 3.26 153.8 
1 24 516 196.9 5.06 150.9 
2 24 634 267.6 4.59 151 . 7 
3 24 821 235.9 4.83 151 . 3 
1 24 888 227.2 4.63 151 • 6 
2 24 991 213.2 5.73 149.9 
3 24 843 217.5 5.93 149.6 
1 24 619 261.7 4. 12 152.4 
2 24 664 271 . 5 4.83 151 • 3 
3 24 875 275.4 4.28 152.2 
1 72 696 244.4 4.63 151 . 6 
2 72 772 246. 1 5.06 150.9 
3 72 988 237.6 5.46 150.3 
1 72 632 223.0 5.34 150.5 
2 72 735 255.2 4.08 152.5 
3 72 999 217.2 4.75 151 . 4 
1 72 753 250.2 4.63 151 . 6 
2 72 969 272.0 4.71 151 . 5 
3 72 931 222.8 5.57 150.1 
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Table 1.4.5 summary of Original and Recovered 
Asphalt Properties 

Original Asphalt Properties Recovered Asphalt Properties 
Mix Viscosity Viscosity Viscosity Viscosity 

% Temp Pen. 140F 275F Pen. 140F 275F 
RAP (F) (0.1mm) (poises) (eSt) ( 0. 1 mm) (poises) (eSt) 

0 275 99 1125 293 85 1510 311 
20 275 99 1125 293 60 2732 425 
35 275 99 1125 293 66 2626 430 
50 2.75 99 1125 293 so . 4400 650 
0 300 99 1125 293 59 3324- 446 
20 300 99 1125 293 61 1536 492 
35 300 99 1125 293 34 11144 1012 
50 300 99 1125 293 69 2599 550 
0 325 99 1125 293 69 2746 391 
20 325 99 1125 293 59 2845 403 
35 325 99 1125 293 42 4060 484 
50 325 99 1125 293 46 5136 602 
0 275 82 2251 415 59 3336 534 
20 275 82 2251 415 51 4387 607 
35 275 82 2251 415 38 5075 599 
50 275 82 2251 415 33 10040 815 
0 300 82 2251 415 65 3348 560 
20 300 82 2251 415 34 6533 838 
35 300 82 2251 415 71 2773 497 
50 300 82 2251 415 35 10160 726 
0 325 82 2251 415 44 6809 708 
20 325 82 2251 415 29 9465 883 
35 325 82 2251 415 30 17830 1058 
50 325 82 2251 415 26 21114 1079 
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Note: How to Use the Chart: 

(1) Plot reclaimed asphalt viscosity (140°F) on left ordinate (A). 
(2) Plot recycling agent viscosity (140°F) on right ordinate (8). 
(3) Connect points A and B with a straight line. 
(4) Draw a horizontal line through the target (blend) viscosity intersecting the component viscosity 

line (AB). 
(5) Repeat steps 2 through 4 to form line A C for another candidate recycling agent or paving-grade 

asphalt. 
(6) The projections of points C and D yield estimates of percent recycling agent or paving-grade 

asphalt required to meet the target blend viscosity. 
(7) The estimat step in 6 can be scaled back and forth to establish the exact blend that will produce 

the desired viscosity or other target property within the limits of the test material. 

Figure 1.4.18. Procedure for Selecting Grade of Recycling Agent (Low 
Viscosity Asphalt Cement) to be Used in Recycled Mixture. 
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VI. Task 1.5 REVIEW OF CONSTRUCTION/QUALITY CONTROL 

GUIDELINES 

It is generally believed that the state-of-the-art of designing and constructing 

pavements composed of hot recycled material has advanced to the point where hot 

recycling can be considered as an alternative to the conventional procedures for most 

paving jobs. Hot recycled asphalt mixtures are often considered to be equivalent to 

conventional virgin mixtures with regard to mix design and structural design. 

Construction specifications and quality control for the two types of mixtures will be 

similar although quality control will be more critical with recycling due to the variability 

inherent in the recycled material. 

Construction Specifications 

GDOT Specifications Section 400 (Hot Mix Asphaltic Concrete Construction) and 

Section 828 (Hot Mix Asphaltic Concrete Mixtures) were reviewed to determine 

expedient ways for incorporating hot mix recycling (1). Most states have a separate 

section on recycled hot mix asphaltic concrete mixtures (which can continually be 

updated as more experience is gained) rather than including the recycling 

requirements in general sections such as, 400 and 828. Therefore, a draf1 Section 

829-- Recycled Hot Mix Asphaltic Concrete Mixtures was developed and is included in 

Appendix A. Reference to this new proposed section can be made in Section 400.02 

on Materials as Item J. 

Since many contractors in Georgia may not be experienced in hot mix recycling it 

will be helpful if they are provided with general guidelines on this process. Guidelines 

are DQ1 specifications. They provide the state-of-the-art information on various 

recycling processes and equipments which can be used. The contractors can use their 

ingenuity and make further improvements as needed. It is recommended that Georgia 
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DOT provide the "Guidelines for Hot Mix Recycling" given in Appendix "B" to the 

contractors on request as mentioned in .d.mft Section 829.01. 

There are basically two types of specifications in highway work. Method· 

specifications specify exactly how the work is to be done, what equipment is to be 

used, how it is to be used, and, to some extent, what the end results should be. 

End-result specificati~ns describe the desired end result, but methods are left to the 

discretion of the contractor. Due to the variation and uncertainty associated with 

recycling, the most practical specification for this type of work is a combination of 

method and end-result specifications. With this type the combined expertise of the 

user agency, contractors, material suppliers and equipment manufacturers can be 

utilized to obtain a satisfactory end-product at a reasonable cost (2.). 

The specifications for hot mix recycling no,rmally require that the mix meet the 

same specifications as for virgin hot mix. The specifications allow the contractor as 

much latitude as possible. Thus any equipment and construction method that can 

produce the desired mix and finished pavement should be permitted. 

Materials specifications are comparable to those for virgin mixes, with some 

additions such as top-size of the RAP and maximum percentage of RAP in the recycled 

mix. Oversize pavement chunks and oversize aggregate picked up from the shoulder, 

subgrade or stockpile pad can result in surface irregularities and mat tearing during 

laydown. By limiting the maximum size of the reclaimed material (at least 95% passing 

2" sieve), these problems can usually be controlled. The allowable amount of RAP in 

the recycled mix will be a function of the plant type and other factors and, therefore, the 

actual percentage of RAP should not be dictated by the specifications. Instead, only 

the maximum percentage (or a broad range to cover maximum and minimum) should 

be specified. This encourages the contractor to recycle as high a proportion qf RAP as 

is practical, considering plant and material availability and quality. A maximum of 40% 
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RAP is specified in draft Section 829.01 as per current GDOT practice. This can be 

increased in future as more favorable experience is gained. 

The draft Section 829.02 specifies a recovered viscosity at 140°F of 6,000-12,000 

poises as per current GDOT practices. Florida DOT specifies 6,000 ± 2,000 poises 

which was established by testing recovered samples of asphalt cements taken from 

conventional paving mixtures produced with AC-30 at the time of placement on the 

road. It is recommended that GDOT verify the 6,000-12,000 poises range as specified 

with additional testing. 

Because of the assumed equivalency between hot-recycled and conventional 

asphalt-concrete mixes, the job-mix formula for the recycled material can include the 

usual limits for aggregate gradation and total binder content. Standard mix-design test 

criteria (Marshall) can also be specified including those for stability, air voids and voids 

in the mineral aggregate. The criteria may have to be adjusted for recycled mixtures 

depending on prior experience. For example, air voids lower than standard 

specificatioon due to high fines content have been reported (,a) and difficulty has been 

experienced in establishing accurate VMA values for recycled mixes (~). The asphalt 

modifier should conform to the appropriate standard AASHTO, ASTM, or State 

sp~cifications for viscosity-graded or penetration-graded asphalt cement. Reference to 

GDOT Section 820 (Asphalt Cements) has been made in draft Section 829.02. 

Since GDOT specifies hydrated lime in all mixtures it has been proposed in 

Section 829.020 that the hydrated lime be added at the rate of one percent of the total 

dry weight of the virgin aggregate plus one-half percent of the total dry weight of the 

RAP. 

It is generally recommended that the type of equipment to be used for the various 

phases of construction (such as, pavement removal, sizing, and mixing) not be 

specified. Instead, an end-result specification that will allow greater flexibility and 

improved competition among contractors is preferable. Laydown and compaction 
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equipment should be capable of producing a finished pavement meeting standard 

density requirements, either as a percentage of theoretical miximum specific gravity of 

the loose mix or as a percentage of average density of laboratory-compacted 

specimens. 
' 

In summary, specifications for hot-mix asphalt recycling are typically developed 

from standard asphalt pavement specifications with changes and additions being 

made to reflect the differences between recycled and conventional mix properties and 

construction procedures. It is suggested that the user agency remain flexible and allow 

for as many alternatives as possible to maximize competitio·n in order to produce the 

desired product at the least cost. Furthermore, the user agency should (.2.): 

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

2) Write simple straightforward specifications which clearly state 

what is expected. 

3) Permit the contractor to select the materials and methods which w~ll 

accomplish the end result. 

4) Use standard specifications familiar to the contractors. 

5) Modify standard specifications only as necessary to obtain the end 

result. 

6) Focus on end results by allowing the contractor flexibility in choosing 

the most economical methods and procedures to accomplish the work. 

7) Accept asphalt concrete mixtures containing reclaimed materials 

provided requirements of conventional mix specifications are met. 

Qraf1 Section 829 has been developed according to the preceeding points. 

Quality Control 

The same tests that are used for monitoring the quality of conventional asphalt 

concrete mixes can also be used for hot-recycled mixes, though additional types of 

testing are normally required and larger variations in test results are common. This 
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results in the need for more frequent testing when producing recycled mixes. 

Once the pavement has been removed and stockpiled at the plant site, it is 

important to maintain uniformity of the RAP stockpiles in order to minimize the amount 

of testing needed to characterize the material. If adequate space is available, 

numerous stockpiles can be maintained that are separated based on mix type-

surface, binder and base. It is also advantageous to identify RAP stockpiles that 

contain foreign matter (e.g., old planer teeth, concrete curb and broken sewer castings) 

that can cause damage to the plant (.5.). 

With regard to quality control of the recycled mix, an important item is the 

percentage of RAP since, logically, this has the greatest effect on overall mix variation. 

The use of a lower RAP percentage reduces-the risk of producing a mix that is out of 

specification, though it may be less cost effective depending upon the amount of 

available RAP. After construction has begun, the quality control and acceptance 

testing required for recycled mixes are very similar to those for conventional paving 

mixtures. Gradations of aggregate stockpiles are monitored daily along with extraction 

testing of samples from the RAP. Extraction tests are also performed on the recycled 

mix at a specified frequency depending on rate of production (e.g., a minimum of one 

sample per 1 000 tons or a maximum of one sample per day). An additional test 

recommended for recycled mixes is viscosity at 140°F of the asphalt recovered by the 

Abson method - AASHTO T 170 (ASTM 01856) - or other standard procedure. This is 

necessary to check the consistency of the binder blend in the recycled mix. Based on 

results from the extraction and recovery tests, adjustments can be made in gradation 

and/or asphalt content of the recycled mixture. However, it should be noted that none 

of the commonly-used extraction methods (reflux, centrifuge, vacuum, and so on) is 

very fast and all have relatively poor accuracy and reproducibility. Coupled with this is 

the fact that extractions of RAP require considerably more time to complete than does a 

convetional mix extraction- moisture, hard asphalt and generally higher minus No. 200 
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sieve material add hours to the time needed to complete these tests. Under present 

methods one can expect to get at most two RAP extractions per 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. One way of dealing with this problem is to use a 

running average of the last three extraction tests (or any specified number of tests) to 

establish the "representative sample" (~). 

It is also suggested that, due to the variability inherent in recycled mixes, the mix 

design should not be changed unless several test fall outside specifications, or tests 

are significantly off design values. In other words, the contractor should not react too 

quickly to adjust asphalt content during production based on a specific test result, 

when the average of several test results may be close to mix design requirements. In 

the case of adding two modifiers such as asphalt cement and a recycling agent there is 

more change of error and thus higher variability in asphalt content (.2). 

Since standard placement and compaction specifications can be applied to 

hot-recycled mixes, the density of the compacted pavement can be monitored through 

bulk specific gravity measurements on cores - AASHTO T 166 or T 275 (ASTM D 2726 

or D 1188) or through the use of a nuclear guage (Z). 

In summary, with the exception of additional tests on hot-recycled asphalt 

mixtures to evaluate the quality of the combined asphalt binder, these mixtures can be 

controlled by using the same techniques as those for conventional mixtures. However, 

studies have shown that the variation in aggregate gradation and asphalt content for 

recycled mixtures is larger than that for virgin mixes. This increase in variability 

requires that hot-recycled asphalt construction jobs be continuously monitored so that 

mix adjustments can be made as needed (.2). 

It is recommended that a process quality control chart be maintained at the plant 

for asphalt content, critical sieves (such as 1/2", No. 8 and No. 200), and Marshall 

specimen properties (such as, void content, stability and flow). All daily test data is 
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plotted on these charts. An example pertaining to asphalt content is shown in Figure 

1.5. 1. The variations and trends in the recycled mix composition and properties can be 

monitored visually by the use of these control charts, and the operation suspended if 

the production consistently approaches or goes out of the specified ranges. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions are made based on laboratory tests conducted on 

recycled and virgin mixtures, literature review, and present Georgia DOT practice for 

evaluating recycled mixtures. 

1) Recycling should be considered as a viable option for reconstruction 

of existing asphalt pavements. Recycled mixtures perform as well 

- as virgin mixtures and in most cases at less cost. Draft 

specifications for recycled mixtures (Georgia DOT-Section 829) 

have been prepared. 

2) Contracts should be written so that RAP removed from state projects 

becomes property of the contractor. By placing this in the contract 

the State will get a reasonable price for the RAP and will not be 

required to stockpile the material for possible later use. After the 

RAP is stockpiled for a long period of time it is difficult to reuse. 

3) Most of the State owned RAP stockpiles which were sampled and 

tested could be used in recycle mixtures. At least one of these 

stockpiles (Forest Park) contains a mixture of different materials and 

hence care must be utilized if this stockpile is used to insure a 

consistent quality product is obtained. Most of the RAP stockpiles 

have been in-place for a long period of time and a hard curst has 

formed over the surface. It may be difficult in some cases to remove 

this material with a front end loader. When the material is removed, 
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there is likely to be much oversized material that will have to be 

wasted or crushed prior to use. 

4) Laboratory tests showed that the resilient modulus and tensile 

strength properties of recycled mixtures are similar to virign mixtures 

over a range of curing times. The initial properties are also 

comparable to virgin mixtures and hence should not present a 

problem shortly after construction. 

5) The steps used for designing virgin mixture should generaly be 

used for designing recycled mixtures. For recycled mixtures the 

asphalt should be recovered from the asphalt mixture and 

evaluated. The properties of the recovered asphalt should be 

similar to the properties of the standard grade asphalt (say AC-20) 

used in Georgia after being recovered from a virgin mixture. These 

properties should be measured during mix design and construction. 
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APPENDIX "A" 

SECTION 829 • RECYCLED HOT MIX ASPHALTIC CONCRETE MIXTURES 

829.01 DESCRIPTION: 

This section covers the general requirements that are applicable to all types of 
recycled hot mix asphaltic concrete mixtures using a combination of virgin and/or 
reclaimed aggregate material {RAM), and reclaimed asphalt pavement (RAP) 
materials. No more than 40 percent of RAP material consisting of cold milled or 
crushed hot-mix bituminous mixture shall be used. These recycled courses shall be 
constructed in accordance with Sections 400 and 828 except as modified or 
supplemented herein. Guidelines for hot mix recycling can be obtained from GDOT, 
Office of Materi~ls & Research, 15 Kennedy Drive, Forest Park, Georgia 30050. 

829.02 MATERIALS: 

A. Bituminous Materials. The type and grade of virgin asphalt cement to be 
used in recycled mixtures shall be determined by the engineer after proper evaluation 
of the aged asphalt in the pavement cores and/or the reclaimed asphalt pavement 
(RAP) material. The virgin asphalt cement shall meet the requirements of Section 820. 
A rejuvenating agent, if required, shall be approved by the engineer. 

B. Reclaimed Asphalt Pavement (RAP) Material. The engineer may require 
the contractor to maintain separate stockpiles for each type {gradation and/or source of 
materials, etc.) of the RAP material. All processed material shall be free of foreign 
materials and segregation shall be minimized. The RAP material shall be processed, if 
needed, so that at least 95 percent passes through a 2-inch sieve. Any RAP material 
that cannot be readily broken down in the mixing process and/or effects the paving 
operation shall be processed prior to mixing with the virgin materials. 

C. Reclaimed Aggregate Material (~AM). If used, the RAM shall meet the 
applicable quality requirements of Section 802. 

D. Composition of Mixtures. The recycled bituminous mixture shall consist of 
the RAP material, virgin aggregate{s), RAM, and asphalt cement. The contractor shall 
analyze the mix composition (asphalt content and gradation) of the RAP material 
stockpile. At least ten (1 0) samples shall be obtained from the stockpile at different 
locations and extracted to determine the average RAP mix composition. The contractor 
shall determine the average stock gradations of virgin aggregate(s) and/or RAM to be 
blended with the RAP material. Proportions of the reclaimed and virgin materials shall 
be determined and proposed by the contractor to meet the mix composition 
requirements of Sections 400.06 and 828. If hydrated lime is used, it shall be added at 
the rate of one percent of the total dry weight of the virgin aggregate plus one-half 
percent of the total dry weight of the RAP. Virgin aggregate can be heated in excess of 
350°F if required to obtain the desired recycled mix temperature. 

1. Job-Mix Formyl a. The final approval of the respective materials, the 
proportions, and the mixture shall be made after testing at the bituminous concrete 
plant laboratory or other approved laboratory under the direction of the engineer 
following the GDOT mix design procedures. 
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At the start of the work, a continuous series of extraction tests shall be run so that 
the actual production of the plant can be plotted and the job-mix formula established. 

2. Uniformity. After the job-mix formula is approved, the contractor shall 
implement the quality control plan to insure furnishing the completed recycled mixture 
within the tolerances specified in Section 400.07. The contractor shall maintain a 
process contol chart for asphalt content, No.8 and No. 200 sieves on which the test 
data points will be plotted daily. 

3. Asphalt Recovery. The engineer may sample the recycled mixture to recover 
the asphalt by AASHTO T-170 and determine its viscosity at 140°F by AASHTO T-202 
and penetration at 77°F by AASHTO T-201. The viscosity of the recovered asphalt 
shall be bf?tween 6,000 and 12,000 poises and the penetration shall be between 30 
and 45. 

829.03 EQUIPMENT: 

The bituminous mixing plant shall comply with the following requirements. 

A. Batch Plant. The batch plant shall be modified to allow weighing the reclaimed 
asphalt pavement (RAP) material prior to incorporation into the pugmill. The cold feed 
bin, conveyor system and the special bin adjacent to the weigh box, if used, shall be 
designed to avoid segregation and sticking of the RAP material. The virgin aggregates 
and/or RAM shall be dried and heated to a suitable temperature so that on combining 
with the RAP material at ambient temperature, the resulting mix temperature is within 
260-300°F. Wide variations in the mix temperature of successive loads may be a 
cause for a rejection of the mix by the engineer. The virgin aggregates shall be free of 
unburned fuel oil when delivered to the pugmill. Use of a surge bin is encouraged to 
improve heat transfer within the mixture. 

B. Drum Mixer Plant. The drum mixer plant shall be modified to prevent direct 
contact of the RAP material with the burner flame and/or overheating of the RAP 
material in the process. 

829.04 CONSTRUCTION: 

Spreading and Finishing. The temperature of the bituminous paving mixture, 
when laid, shall not be more than 15°F below the mix temperature when discharged 
from the pugmill, surge bin, or storage silo. 
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APPENDIX "8" 

GUIDELINES FOR HOT MIX RECYCLING 

The following general guidelines are suggested for the hot mix recycling. These 
are .D.Q1 specifications. 

PAVEMENT MATERIAL REMOVAL AND PROCESSING 

Ripping and Crushing. 

Some reclaimed asphalt pavement (RAP) material 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 reclaimed and used as 
the reclaimed aggregate material (RAM) 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. The RAP material containing high percentages of volatile petroleum 
solvents may be a fire or explosion hazard when heated in the drier. Therefore, 
pavements constructed with cutbacks should be avoided or used with caution. 

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 crushin~ 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 virgin 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 increases the amount of dust-sized particles and will have a 
detrimental effect on the use of the material mixtures. 

Cold Milling and Planing 

A substantial amount of RAP is expected from 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 predetermined depth 
and reduces it in s1ze in the process. Milling (cold planing) is primarily done to correct 
pavement surface distress or to control grade. The material by-product resulting from 
milling is already reduced in size, and suitable for use in hot 
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recycling without further reduction, except possible scalping off of 
oversized chunks. Milling generally produces a significant amount of dust (minus 200 
fraction) in the RAP material. 

Storing 

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 maximum height of the stockpile should be ten (1 0) feet. The other is that the RAP 
material 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 the 
stockpile. 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 stockpile 
moisture contents means that less RAP can be added to the mix. Methods of 
minimizing moisture buildup should be considered, such as, covering the RAP 
stockpiles with canvas or plastic sheets. If possible, milling should be scheduled to 
minimize the quantity of RAP stored and storage time. Smaller stockpiles wil make 
protection easier and more 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 recommended. Driving on the stockpile should be 
avoided. 

RAP Composition 

A mix composition analysis (asphalt content and gradation) of the RAP stockpile 
will permit the contractor to add new aggregates of the required gradation to meet the 
final gradations specified in the mix design. To obtain acceptable uniformity in the 
recycled mix, it is very important to establish the average composition of the RAP 
material based on at least 1 0 extraction tests on samples from the stockpile. Since 
additional dust is generated in milling and recycling operations, the mix design should 
be so developed to allow for the increased amount of the material passing the No. 200 
sieve and thus satisfying the specification requirements for the recycled mix. 

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 used in 
Maplewood, Minnesota, and is also known as the "Minnesota Method." 
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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. Additional virgin 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, eiE~vator and screen. 

The amount of RAP which can be used is determined by (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, and 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 50% of the total mix if the moisutre 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. GDOT permits a maximum of 40 percent. 

Table A gives the approximate tempertures to which the virgin aggregates should 
be heated to obtain a specified recycled mix discharge temperture for different blends 
and moisture contents m the RAP material. 

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 easy discharge and minimal sticking. 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, sticking 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 wide and should have 
sufficient horsepower to be used in a start-stop operation as necessary. Vibrating type 
feeders are not recommended as they encourage the tendency of the RAP to 
consolidate 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 discharged into the weigh 
box in sequence with the superheated aggregates from the plant hot bins without 
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 
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controls. The conveyor 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 operation. 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 material. The conveying device should be 
interlocked 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 as close to its center as possible to prevent 
material buildup on the weigh box sides. Tlhe RAP material should not be first in the 
weighing sequence for the same reason. The superheated virgin aggregate should be 
batched (dropped) into the weigh box first, followed by the RAP material. The heat 
rises through the cool RAP material for a few seconds during each batching operation 
to conserve energy. Both materials are then dropped into the pugmill for an initial 
dry-mixing period. New asphalt cement/recycling agent is added in the pug mill. The 
heat of the superheated aggregate continues to be transferred to the RAP material 
during the wet-mixing cycle resulting in a hot workable mix. Processing the recycled 
mix through a surge or storage bin is helpful to complete the heat transfer process, 
especially when long hauls to the paving site are not involved. 

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 liberates large amounts of water vapor and the amount of vapor generated 
may be in excess of the exhausting 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 immediately after 
th~ ~~igh hopper Qates are opened. Water vapor and particulate emissions can be 
m1n1m1zed by keeping the mo1sture contents of the reclaimed matenal 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. 

Table B gives the rate of water vapor released from pug mill corresponding to the 
weight of the RAP material in the batch and its moisture content. 

Hot mix containing reclaimed materials and made by the mixer heat transfer 
method can use up to 50% maximum of RAP. GDOT permits 40% maximum. The 
remaining material will be new or reclaimed aggregates. These aggregates are 
processed through the conventional parts of the asphalt plant starting in the cold feed 
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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 neeqed to bring the RAP up to the desired temperature during the heat-transfer 
process in the plant mixer. Aggregates 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 
whi.ch exit into the dryer air system. It is particularly important that an adequate veil of 
aggregate be maintamed. In recycling to date, excessive dryer gas temperature in the 
air system has not been common and can be prevented. The higher dried material 
temperature 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 cooling period after production shutdown. This cooling 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 temperatures present no particular problems. 

For asphalt batch plants equipped with a baghouse, extremely high exhause 
temperatures could damage the bags. Most bag houses 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 450°F (232°C), the deterioration of the 
bag material would be greatly accelerated. Steps should be taken to keep the 
temperature of the exhaust gas entering the bag house below 400°F (204°C). 

Upon discharge from the dryer, the superheated aggregate is carried to the top of 
the batch plant tower by the hot elevator system. The only problems noted to date 
have been produced by excessive elongation of the elevator chains during the 
operation and subsequent shrinkage on cooling. The elongation creates slack which 
may exceed the capacity of the take-up device. If the elevator has no take-up device 
and the shaft is moved to accomodate 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 bearings 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 pug mill, depends on the 
requirements for each individual agent. 
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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 minimized. 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 minimal emissions. 

This process seems to require a minimum of about thirty percent uncoated 
aggregate to effectively cool the burner flame, resulting in the maximum use of 
approximately seventy percent of reclaimed asphalt pavement if the moisture content 
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 desired, 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 reclaimed 
pavement. Air intake which is increased, 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 increase fuel consumption 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 additives which were used to treat the 
pavement during its lifetime. It may also be caused by softening agents added in the 
drum mixer. 

The following sections briefly describe the plant modifications that have proven 
successful on past projects and are currently being used for hot mix recycling. 

114 



Pyrocone System 

This system, developed by the Boeing Construction Equipment Company, 
controls the heat transfer rate at the burner end of the drum to prevent overheating the 
RAP material. The system consists of a cylindrical combustion chamber with a conical 
heat shield ("Pyrocone") at one end. The unit is installed between the burner and the 
drum entrance by mavin~ 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 RAP material 
enters the drum (usually with some percentage of virgin aggregate) by a single 
conveyor at the burner end. The materials are gradually heated and blended, 
additional asphalt cement and/or an asphalt softening are added, and mixing is 
completed in the remainder of the drum. 

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 interrupting the 
line-of-sight path between the flame 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°F to 
approximately 1200°F. 

This system does have the capability of using 100 percent RAP material, but a 
more reasonable maximum to expect in order to control smoke emissions is 
approximately 60 to 70 percent. If conventional (all virgin) mix is to be produced by a 
plant having this modification, the heat shield ("Pyrocone") can be readily removed. 

Drum-in-a-Drum System 

The "Drum-in-a-Drum" recycling system was developed by the Iowa 
Manufacturing Company. With this system, a conventional dryer-drum is modified by 
moving the burner back from the end of the main drum and inserting a smaller drum. 
The burner discharges 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 RAP material enters 
through the annular space between the outer and inner drums; therefore, it is shielded 
from direct contact with the flame, but is heated 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 material. The two materials are then 
combined with new asphalt cement and/or an asphalt softening agent, and the mixing 
continues throughout the remainder of the main drum. 

This system can use a maximum of 50 to 70 percent RAP material. The required 
plant modifications are relatively simple and inexpensive, and conventional hot mix 
can be produced without having to remove the inner drum. 

Center-Feed System 

This system is most widely used. In this type of system, virgin aggregate enters at 
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the burner end of the drum while the RAP material enters near the mid-point (behind 
the radiation shield that is commonly used in some plants). Flighting in the drum may 
be modified in order to insure maximum heat transfer to the virgin aggregate. The 
virgin aggregate will usually be in the 300-500°F range by the time it reaches the 
midpoint of the drum, while the combustion gases will normally have cooled to 
800-1 000°F. This provides sufficient heat for mixing with the reclaimed material, but 
usually not enough to cause overheating and resultant smoke 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 further 
reduce temperatures and minimize the possibility of overheating. Additional asphalt 
cement and/or an asphalt softening agent are added to the combined materials and 
mixing is completed m the lower half of the drum. This type of system can use a 
maximum of approximately 60 to 70 percent reclaimed asphaltic material, and it can be 
readi ly switched to the production of conventional mixes. 

Each of the above described systems ("Pyrocone," "Drum-in-a-Drum," and 
"Center-Feed") can effectively control smoke emissions while producing hot mixes 
containing up to 50-70 percent reclaimed asphaltic material. In order to meet current 
standards for particulate emissions, however, a good wet scrubber or bag house must 
be used. This is true whether the plant is producing conventional mixes or mixes 
containing reclaimed material. 

Reverse Flow Drum Mixer Systems 

The three systems described previously involve movement of the hot gases from 
the burner and the virgin aggregate in the same direction (parallel flow) in the drum. 
Recently, Astec Industries and Standard Havens have devised reverse (counter) flow 
drum mixer systems. With the reverse flow type dryer, aggregate enters on the end 
where gases are discharged. In other words, the gases travel in one direction while 
the aggregate travels in the opposite direction. The liquid asphalt cement, RAP, and 
aggregate are mixed past the embedded burner in the drum rn Standard Havens 
system. Astec has a double barrel system, the mixing takes place in the space 
between the two barrels. The following advantages result from reverse or counter flow 
systems: 

1) The mixing of asphalt cement, RAP and virgin aggregate is in an environment 
that is totally isolated from the hot gas stream. 

2) Blue smoke is almost eliminated. 
; 

3) Higher percentages of RAP can be used because the problem of blue smoke 
does not restrict the maximum amount. 

4) Increased service life of baghouses due primarily to the lower exhaust gas 
temperatures and reduced carry-over in the baghouse of hydrocarbons and fines. 
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TABLE A. REQUIRED AGGREGATE TEMPERATURES (BATCH PLANT) 

Reclaimed Material B~cled Mi~ Ois~baw~ Te1IJ12~rature 
Blend (RAP/Aggregate) Moisture Content, % 220°F 240°F 260°F 280°F 

A. 10% RAP/90% Aggregate 0 250 280 305 325 
1 260 290 310 335 
2 270 295 315 340 
3 280 300 325 345 
4 285 305 330 350 
5 290 315 335 360 

B. 20% RAP/80% Aggregate 0 280 310 335 360 
1 295 320 350 375 
2 310 335 360 385 
3 325 350 375 400 
4 340 365 390 415 
5 355 380 405 430 

C. 30% RAP/70% Aggregate 0 315 345 375 405 
1 335 365 395 425 
2 360 390 420 450 
3 385 415 445 475 
4 410 440 470 500 
5 435 465 495 525 

D. 40% RAP/60% Aggregate 0 355 390 425 460 
1 390 425 460 495 
2 425 460 495 530 
3 470 500 535 570 
4 500 535 570 610 
5 545 575 610 645 

E. 50% RAP/50% Aggregate 0 410 455 495 540 
1 465 515 550 590 
2 520 560 605 650 
3 575 620 660 705 
4 640 680 715 760 
5 690 735 775 820 
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TABLE B. RATE OF WATER VAPOR RELEASED FROM BATCH 
PLANT PUGMILL (CU. FT./MIN.) 

Reclaimed Material Eel:Qeot MQi~tur:e in BeQiaim~d Mat~dal 
Per Batch (Pounds) 1 2 3 4 5 

1,000 1,600 3,300 5,000 6,700 8,500 

2,000 . 3,200 6,600 9,900 13,400 16,900 

3,000 4,900 9,800 14,900 20,100 25,400 

4,000 6,500 13,100 19,900 26,800 33,900 

5,000 8,100 16,400 24,900 33,500 42,300 

6,000 9,700 19,700 29,800 40,200 50,800 

Note: Water vapor release time is assumed to be 1 0 seconds. 
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