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RECYCLING OF ASPHALT CONCRETE PAVEMENTf 

Project No. 93610-3602 

State Road 802, Palm Beach County 

INTRODUCTION 

Historically, rehabilitation of aged flexible pavements in the state 

of Florida has involved the placement of a leveling course and some fopr~ 

of asphalt overlay. In many cases, these improvements have also include~ 

removal of all or a porTion of the existing pavement in order to preserve 

existing drainage facilities and height clearances. 

More recently, the overlay program has included the removal of 

cracked pavement in order to eliminate structurally unsound asphalt concrete 

which result in the rapid appearance of reflective cracking. Thls 

r'emoval of pavement results in the accumulation of rather significant 

itie2 of salvaged asphalt concrete materials. 

The advancements that have been made in recent years relative to 

improvements in equipment have made possible substantial advancement8 

in the removal and reprocessing of these materials in order to make 

high-quality hot asphalt concrete mixtures. This study reports on the 

findings of Florida's first involvement in hot mix recycling. 

In 1977, a proposal was made by Rubin Construction Company to the 

Department relative to the use of asphalt concrete materials that they 

had salvaged from a previous project. Their proposal involved the use 

of approximately 25 percent of this material in an asphalt concrete base 

course that they were constructing in Palm Beach County, Florida. The 

salvaged mat:rial had been previously removed from an old runway at 

Palm Beach International Airport. The salvaged materia] was to be 



processed and sized through a c~usher at the contractor's pl6nt site and 

then added from a cold bin which would s the asphalt plant's 

PURPOSE AND SCOPE 

The primary purpose of this study was to evaluate the material charac-

teristics, mix design, structural , and performance of the re-

Data was also collected re the cost effectiveness 

of this approach and the conservation of materials and energy as compared 

to aD conventional method of construction. 

PROJECT DESCRIPTION 

The ect selected for this is located on Lake Worth Road 

SOl) in PCllm Beach County, flop ida (F 1) and consists of a four-

lane curb and gutter section, 1.590 miles in length. 

Work on the project included placement of a 7-inch 

base course totaling approximately 28,000 tons, followed bv a standard 

ion total 3,24-0 

~ons, andJ 5/S-inch uoen- !-:l'ic,tion '~\)1Jrse t,']tai 

CONSTRUCTION PROCEDURE 

Processing of Salvaged Material 

The old pavement material used :Ln the asphalt base course was sal

vaged from an old runway at the Palm Beach International Airport. The old 

pavement was torn out by the contractor and stockpiled in large pieces 

near the asphalt plant (Figure 2). The material was then processed 

through a crusher, reducing the large pieces to approximately 1/4--inch 

to 1/2-inch particle size before recycling (Figure 3). 
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t 

to the ho~ elevd~or ( ~ aGd ). 

Th~ s 

lD the hot elevator. The 

temperatures in the dryer to uate heat Tor traDSler ~G th· 

mater ial during process i\ m;ri or J ,," 

of the hecit transfer took place in the hot bins; huh1eVer, the, cJe>') mixillC' 

time iT! thf: ~)ugTllill was extended for 3 second~ to assur~ 

a uniform temperature prior to adding tDe new cunent (AC-20). 

Wet mixing was then continued until thf::: mixture VJa~ 

Because of the heat transfer required for proper m} , thE: amount 

of salvaged material that could be used in the recycled mix was somewtat 

limited. It was found that good results could be achieved at a norma} 

production rate using a maximum of 25 of the old material. 

Des of the recycled mixtu:c'e consi~,ted of blendiYlg neVI awl c;ld 

materials to provide the des mixture and asphaJt 

first, the aggregate gradation and t conten: of th~ old crushed 

material was determined. Gradations were then established on coarse and 

fine a~,gregates available to the contractor' fur usc, j n the mIX. 

It was determined that a blend of 15 percen~ cru~-;~Jed s~()ne, bCl 

percent local shell, and 25 percent salva 

ion ranges specified for a sta~~3~d 

De}>artment of Transportat ion Typrc' ABC- 3 mi xtUl'r:, . 



Extraction tests indicated the asphalt content in the old mat8rial 

~e 6.0 percent; therefore, 1.5 percent of the total asphalt required 

in ~~e recycled mix would be provided with the use of 25 percent old 

~a~erial. Based on previous experiences with materials of this type and 

gradation, it was assumed that the optimum asphalt content in the recycled 

mixture (including old and new asphalt) would range from 6.5 to 7.5 percent. 

for the purpose of determining the optimum asphalt content, a 

limited amount of mix was processed through the plant with the addition 

of 5.0, 5.5, and 6.0 percent new asphalt. Plant operations were then 

ceased until Marshall properties were established from specimens compacted 

at each of the various asphalt contents. This was considered to be the 

f:lOST: convenient and accurate method of design since complete Marshall 

design facilities were available at the plant site. 

The design blend and Marshall mix properties of the recycled asphalt 

CdS8 course mixture are presented in Table 1. 

,;t~ 

The Aboon method of recovery (FM l-T 170) was used to recover the 

3:3,:halt cement from the old pavement material. The viscosity of the 

r~cover8d asphalt was then determined to be 6,214 poises at 140°F. 

3ased on the low viscosity value obtained in the old material, it 

,;lc] u,c;liev8c1 that the addition of a standard viscosity grade AC-20 '"ould 

ical properties in the recycled mixture without 

addition of a softening agent. 

~heie ign nlend 3nd Marshall design data for th8 Type S-l asphalt 

::O;)CTete ::::urface course 1S iJresented in Tablr? 2. The mixture cons ists 

, :Jnd 

Gf 7rdnsporta~ion test method designation. 



weight of the total mixture. 

The design blend for the open-graded friction course (FC-2) i8 gJ?eD 

in Table 3. The mixture consisted of 93 percent crushed stone (Miami 

ooli te) and 7 percent local sand. The asphalt cement (lcC- 20) conter:t wa s 

6.5 percent by weight of the total mixture. 

Plant Operations 

After the design for the recycled mixTure was established from the 

trial batches, plant operations were resumed. The average production 

rate when producing the recycled mix was approximately 140 tons per hour. 

The relatively low production encountered on numerous days during 

processing of the recycled mix was attributed to blinding of the screens 

by the asphalt In the old material. It was recommended that the screens 

be removed and to rely completely on the cold gate setting for gradation 

control. The contractor elected to accept the low production rather than 

remove the screens because the plant was used at night to produce asphalt 

concrete for non-state projects. The mixture produced at night was stored 

in hot bins and transported to the::; jobs throughout the following 

Another problem that slowed production somewhat was moisture in the 

aggregates. Moisture contents determined from the aggregate stockpiles 

showed an average of 4.7 percent in the crushed stone, 11.7 percent in 

the shell, and 6.3 percent in the salvaged material. 

The temperature of the recycled mix was measured at the plant on 

the first five loads each day and an average of once every five loads 

tlleredfter. The:' temp(!rature of the rnixturl~ when d 

C 
,) 



~~gmill r~nged from 262
0 r to 296

0 r with the average temperature being 

Gradation control at the plant was based on results of hot bin 

~radations which were determined at the beginning of each day's produc

tion. Results of the composite hot bin gradations were found to be some-

what coarser than the gradation of aggregates extracted from the final 

mlx. Therefore, a correlation between the two was determined at the 

time the design mix was established. The difference between the two 

gradation results was due to bonding of the aggregate particles in the 

material as measured in the hot bin gradations. A summary 

of the hot bin gradation results are shown in Table 4. 

A minimum of one extraction test was performed on the recycled mlX 

~ach day in accordance with florida Test Method FM I-T 164. Results of 

the extraction analyses are included in Table 5. 

Samples of the hot recycled mix were compacted and tested at the 

t Bach day for 11arshall stability, flO\" , and density determinations. 

;'esu1 ts of these tests representing each day's production are included 

_n T3b1e 6. 

Indirect tension tests were also performed on compacted 

mixture. i~ the ~lant to determine the tensile trength of the 

results of the indirect tension tests as determined at different intervals 

ccoduction are shown in Table 7. 

:3amples of the recycled mix representing each ,jay's production ',vere 

~lso taken for recovery of the asphalt cement the Abson process 

(; j_-T 170). The physical characteristics of tJ.-,e re·2ov rJred It 

the penetration and rheOlogical ies ~re summa~ized In 

6 
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8-1 an2 FC-2 mixture~ used on this 

using conventional ~cthods in accordance with the 197 Edition of the 

fic~tions for Road and Bridge Const~uction. The quality 

control and accertallce tEst results were all within allowable tolerancEs. 

Pavint. Operatior::::, 

The 7-inch recycled asphalT base course was placed with a paving 

machine in tnree equal lifts (Figure 6). Compdc-rioIl of 

the mixture was accomplished by conventional means. Seal rolljIlf wa: 

done In a single pass by a 12-tOIl vibratory roller. Five passes w~re 

thEn with a 6-ton self-propelled pneumatic tired roller, followe~ 

a final pass witt the 12-ton vibratory roller (Figure 7). 

During the 8-mile haul from the plant to the roadway, the temperatur".c 

of the mix decreased from approximately 280
0

F to approximately 255
0 r. The 

tem:tJerature at time of laying was approximat 240
0 r. To prevent shovin~ 

of the mix during rolling, it was found that the seal rolling had to be 

delayed until the mat temperature decreased to about 190
0

F. TfJio Via" 

attributed to the fineness of the mix and thickness of The mat (2 to 3 

inches) . 

In an effort to establish optimum rolling conditions, a temperature 

sensing device was ~laced in the mat for continuous monitoring of tem-

perature during rolling. 

The mat temrJeratures and time lapse between roller's considered Tel 

give optimum results are recorded in Table 9, along with the density 

results obtained (nuclear direct transmission method). 

Densit] of the compacted mat for job control was determin~d fran, 

In accordance with rM I-T 16G (Method B). The lot size 



by the density sample 'Nas one for each day's run or 500 tons, 

'Nhichever was less. The average density obtained in the recycled base 

cours~ was determined to be 96.8 percent of laboratory density, which 

was well above the 95 percent minimum requirement. 

Placement and compaction of the Type 3-1 surface course and the 

FC-2 friction course 'Nas accomplished by conventional means, meet

ing all specification requirements. 

POST-CONSTRUCTION PERFORMANCE 

A pavement performance evaluation was conducted on the completed 

recycling project on February 20, 1979, after the open-graded mix had 

been placed. All testing was done in the traffic lane in both the 

"dstbound and westbound directions. 

friction Numbers 

friction measurements were made at 40 mph in accordance 'Nith ASTM 

E 271+-77. An average friction number at 40 mph (FN
40

) of 40.2 was 

ootained for the eastbound roadway and 40.6 for the westbound roadway 

\ Table 10). 

!~esent Serviceability Index Values 

?resent Serviceability Index values based on slope variance only 

(fSI
SV

) were del:ermined using the Nays Ride Meter. Results of these 

tests indicate a rating of 4.44 in the eastbound roadway and 4.47 in 

the westbound roadway (Table 10). All tests were performed in accordance 

with florida Method of Test Designation FM 5-509. 

r' l~an Eeam Deflections --------------------------
~~enkelman beam deflection measurements were made at 200-foot intervaL; 

throl1gbollt the? Dt'O j '~CL. The measurements were obtained from both the inside 

8 



I I 
I 

and outside wheelpaths of the eastbound and He:::;tDOUTl,J tl'a:fic lanc-,:c. 

The deflection mea:::;urements varied from U.OO? inch to O.CJ2G inch IT -th' 

out3id", wheelpath of the ea~;tbound traffic lar,e , with an avelar',: :)f C'. 00'; 

inct'l, and fl"om 0.001 inch to 0.018 inch in the inside ',.,rheelpath VIier] all 

average of 0.006 inch. 

Measurements in the outside wheelpath of the westbound traffic lane 

ranged from 0.008 inch to 0.017 inch, with an average of 0.008 inch, 3D.'l 

from 0.005 inch to 0.01~ inch in the inside wheelpath, with the averag~ 

being 0.008 inch. The average deflection measurements are summarizec in 

Benkelman beam deflection measurements were also determined on th0 

recycled base course prior to placement of the surface course to deter-

mine the strength of the base alone. The average deflection measurement~ 

obtained were as follows: 

Outside Inside. 
Wheelpath WheelpatlJ 

Eastbound Traffic Lane O.OD 0.012 

Westbound Traffic Lane 0.012 0.011 

ENVIRONMENTAL CONSIDERATIONS 

The asphalt batch plant was tested for particulate emissions after 

extensive modifications were made in the wet scrubber and outlet stack 

approximately two weeks prior to processing the recycled mixture. The 

tests were performed in accordance with the Department of Environmental 

Regulation ;:>roced~rc , while producing a standard Type II mixture at the 

rate of 207 tons per hour. A summary of the te3-::' data is ac:; follOl-is: 

'3 



.clow Emission Allowable 
Fate Rate Rate 
(cfm) (lts. /r:r. ) (l~s. /hr. ) 

1 iJ.'j,229 7.6 1J 1+0.63 

2 1+2,156 17.70 40.63 

52,326 5.61 LtO • 6 3 

51,237 10.30 1+0.63 

since the ~aterial by-passed the dryer while processing ~he 

recycled mixture, it was anticipated that the particulate emlSSlons would 

not exceed that of a conventional mixture. The primary concern was to 

the of the salvaged material below the smoke point while 

~rocesslng through the Glant. The smoke point of the asphalt recovered 

from the olJ material was determined to be 340°F. 

Visual observations iuring production of the recycled mixture indi-

~ated the emissions to be well witnin i3nce limitations. 

of and virgin asphalt 

on chis project under a conventional equiva-

const:rllcti0n (0 tanda.:cd 

;,'S i ng me chud 11Sed: 

~~I--:;~-?,cr i ton 

(~f ;;i:lt'"rial 

ABC-3), as compared to the 

;tdndard 
ABC-3 

':it: 
h 
,~ 

";,t:, 
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Type ABC-3 
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15 ~(rCenT local shell, and 1.5 percent asphalt~(r-

c' . 
Lconc~n[lC 

rrraterial used ir: the rcc::,'cled mixture. 

actual quanti of natural resources conserved us 

asphalt base course is computed as follows: 

10.0% Crushed Stone x 26,040 Tons = 2,504 Tons 

15.0~ Local Shell x 2f,04n Ton~ 

1.5% Asphalt x 28,000 Tons 

= 3,9C1E Ton~c; 

= 420 Tons, or 
98,844 GalloL~ 

The estimated cost of the aggregates and asphalt that were 

the the old pavement material is computed as follows: 

2,604 Tons of Crushed Stone @ $5.30/Ton = $13,801.00 

3,906 Tons of Local Shell @ $4.00/Ton = $15,624.0() 

98,844 Gallons of Asphalt @ $0. 35/Gallon = $34,595.00 

$64,020.0C! 

the ol.c 

'Ine old pavemenT material was considered to be a waste product 

no value prior to crushing. The cost of crushing and hauling 

ely as follows: 

6,600 Tons @ $0.67/Ton = $4,422.00 

Based on these figures, the recycled asphalt base course was con-

structed for $59,598 less than estimated for a conventional equivalent 

method. 

Considering that the total cost of materials required for a conven-

tional ABC-3 mixture was estimated to be $274,035, there was a reduc-

tion in the cost of the r'ecycled Lac;te course of aV[)I'oxima.tely 23 percent. 

11 



ENERGY REQUIREMENTS 

The amount of energy required to jJroduce and haul tf:.e agg:::2gates 

and asphalt that was replaced by the old pavement material and the energy 

in Table 11. 

Based on these computations, a total sdvings of 1,490,830,200 BTU's was 

provided by using the recycling method. 

Considering that the energy required to produce and haul the aggre-

gates and asphalt for a conventional Type ABC-3 mixture was estimated 

to be 7,468,522,600 BTU's, use of the recycling method provided an energy 

reduction in the recycled base course of approximately 20 percent. 

SUr1MARY 

The Marshall test results obtained from the laboratory design and 

those obtained on the processed mixture utilizing the salvaged material 

were in the same range as would be aDticipated from a similar mix uti liz-

ing 100 percent virgin material. There would appear to be no reason to 

modify the physical design parameters utilized for flexible pavement 

systems simply as a result of using recycled asphalt concrete mixtures. 

Results from this study indicate the conventional asphalt concrete 

production plant can be used in the production ()f rccycledJ.sphal t con-

2rete mixtures. It is obvious that the production rdte and overall plant 

efficiency would be improved if the material were conveyed 

iirectly to the weigh hopper, by-pass the screen deck 2nd hot bins. 

The virgin aggregate could then b,,, sup8r-heated to permi t heat tram;fer 

during the dry mixing operat ion. This 'would ric;::;11l t in a more~ ~miform 

;JroductJ.nd 'dould not restrict the contr312tor f{bil i t'l to pcoduce mlXC~'~ 

other than the recych:d mixtm'c. Frod'lc 

,n 
Lc' 

tht-~ ls~halt concrete 



mixture by the heat transfer method would also permit better' control of 

the Tem~,erature of the mix iVhen delivered to the roadway si t(;;. TId s 

wouid eliminate The necessity for varying the rolline pattern on the 

roadway to accommodate the temperature fluctuation. 

Another' problem that occurred on this project was related to the 

high moisture content in the local shell material used in the mix. 

increasing the temperature in the dryer, this problem would have been 

eliminated. It is believed that the moisture content contributea to 

the variability of the final mix temperature. 

Evaluation of this project will continue, but performance to date 

has been very favorable. 
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f i r s t Lift: of Recycled Asphalt Base Cour se Be ing 
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DESIGN BLEND 

Salvaged 
Sieve Pavement 
Size Haterial 

(25)6) 

1-1/2" 100 

3/4" 86 

1/2" 77 

3/8" 69 

No. 4 46 

No. 10 30 

No. 40 20 

No. 80 15 

No. 200 10.0 

Ttd:li.X "-

k[CYCLED ASPHALT BASL CJUkSE 
lDc~ign Blend and Marshall Design Data) 

.,t': 
Cpushed 

Stone 
(Grade S-lA) 

(15%) 

100 

100 

98 

57 

11 

5 

4 

3 

1.6 

HARSHALL DESIGN DATA 

Asphalt 
Content 

U6) 
"i';"k.':}; 

7.0 

Stability 
(Ibs. ) 

1,825 

Local 
Shell 

(Shearbrook) 
(60 96) 

100 

92 

82 

76 

67 

60 

50 

16 

b.O 

Flow 
(.iJl inch) 

, 1 
1-.'-

~':"if: 

Job Hix 
FOl'mula 

100 

100 

98 

89 

68 

57 

45 

2l 

7.3 

Density 
(pef) 

13':1.1 

Specif iea t ion 
Range fop ABC-3 

(Percent Pas~ing) 

100 

70-100 

30-70 

20-60 

10-ltO 

2-10 

.'1.'.: tuai Ivil ,)I cy'uslieci p.:.tVt"meEt material . ***25% Salvaged Material @ 6.0% A.C. 

ite l)n Jet:e~mined from extraction New Asphalt Cement (AC-20) Added 

or spt::;cimens uSe,j in jesit:,n. Optimum Asphalt Cement Content 

::: 1.~SI1) 

= ~). S 

= '7.0 ci) 
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DESIGN BLEND 

Sieve 
Size 

3/4 11 

1/2 11 

3/8 11 

No. 4 

No. 10 

No. 40 

No. 80 

No. 200 

TABLE 2 

TYPE S-l ASPHALT CONCRETE SURFACE COURSE 
(Design Blend and Marshall DeB rata) 

Cr'ushed Crushed Asphalt Local Sneci::=ieatiClIl 
Stone Stone ,Job I<Lix 

(Grade S-lA) (Grade S-lB) SereeIlin,~s Sand 
~c(::-rmula 

(25%) (35°6) (l O'!,,) (:?OQo) 
(Pereen-::: F3SS 

---
100 100 100 Jon 100 100 

96 100 100 JOO 9q fi8-100 

45 9':3 100 100 Rf-I~ ,~~ 5-93 

4 50 10(1 100 58 47-75 

3 4 87 ,H) iF! 31-S3 

0 0 56 7w 2[" 1 (1- 35 

0 () 30 21~ 10 -21 

0 0 c n ,J • \.) Lt.O 1 c, . / ).-7 

MARSHALL DESIGN DATA 
-----

Asphalt ' . 
Density tilr 

StaLi1i ty Flo\,"' 
Content Veids 

( %) 
(pef) 

(% ) 
(Hs. ) (.01 Inch) 

------- ----
6.6 136.5 5.0 2,280 10 



TABLE 3 

TYPE FC-2 ASPHALT CONCRETE FRICTION COURSE 
(Design Blend) 

Crushed 
Local Specification 

Sieve Oolite Job t1ix 
Size (Srade 16A) 

Sand 
Formula 

Range 

(93%) (7%) 
(Percent Passing) 

1/2" 100 100 100 100 

3/8" 98 99 98 85-100 

No. 4 13 97 19 10-40 

Ho. 10 4 96 10 0-10 

No. 40 1 87 7 

No. ao 1 41 4 

No. 200 0 1.6 0.1 0-5 

Asphalt Cement (AC-20)'Content = 6.5% 

. . 00 
~lxlng Temperature = 25 F 

~o 



J 

Date 
Tested 

10/2bi7; 

10/27/T! 

10/28/77 

10/31/77 

12/21/77 

12/22/77 

100 

100 

100 

100 

100 

I" 3/4" 

108 99 

108 99 

100 99 

100 97 

100 100 

1:]0 99 

12/23/77 100 99 9~ 

1/27/78 100 99 96 

1/28/78 100 108 180 

2/24/78 100 10~ 99 

2/28/79 100 99 97 

3/ 1/78 100 100 96 

4/10/78 100 100 99 

4/11/78 100 100 100 

4/12/78 100 100 100 

4/13/78 100 100 99 

4/14/78 100 100 99 

4/17/78 100 100 100 

4/18/78 100 100 100 

4/19/78 100 100 100 

4/21/78 100 100 100 

4/2S/78 100 100 100 

4/26/78 100 100 100 

4/27/78 100 100 100 

4/28/78 100 100 100 

5/ 1/78 100 100 100 

5/ 2/78 100 100 100 

5/ 3/78 100 100 100 

5/ 4/78 100 100 100 

8/23/78 100 100 1(10 

TABLE: 4 

He)T BIN GPJ~r'f\~IOtl RESULT~~ 

(Recycled A::;phal t 3ast:! COllrse) 

Aggregate Gradatiorl - ~ercent Passing 

3/8" Nc;. 4 No. 10 Nc. 40 

94 63 52 31 

86 66 54 29 

92 79 63 54 29 

91 74 58 50 29 

9S 78 56 46 30 

96 79 59 37 

93 77 60 54 33 

91 78 62 5S 29 

77 62 51 32 

9:' 84 69 Sf) 29 

93 82 63 5\J 34 

92 82 66 59 30 

95 81 63 59 24 

89 63 58 31 

96 86 67 59 29 

94 80 65 54 26 

85 67 58 30 

98 92 57 59 34 

98 94 78 63 28 

98 94 78 63 28 

99 98 66 54 28 

97 89 71 58 34 

95 87 72 60 33 

99 93 78 68 35 

97 84 65 57 33 

100 97 72 61 30 

98 89 72 61 32 

100 97 74 53 31 

99 93 79 68 31 

97 84 63 36 32 

Nc. 80 No. 2J:' 

8 0.6 

7 0.5 

6 0.4 

6 0.4 

8 0.3 

O ", . , 

6 0.6 

7 0.4 

7 0 .. 5 

8 0.6 

9 0.7 

7 0.5 

5 l.0 

8 0.8 

8 0.3 

7 0.4 

7 0.3 

9 0.5 

7 0.5 

7 0.5 

7 l.0 

10 2.2 

10 0.8 

10 0.7 

19 l.0 

8 0.4 

9 0.6 

10 l.0 

12 0.8 

18 0.5 



Date 
Tested 

10/26/77 

10/27/77 

10/2'8177 

10/31/77 

12/21./77 

12/22/77 

12/23/77 

l/27/78 

1/28/7,3 

2/23/78 

2/2'+/78 

2/78/78 

3/ 1/78 

'+/10/78 

~/ 11/78 

4/12/78 

4/13/78 

'+/14/78 

4/17/78 

4/18/78 

.1+/19/78 

'+/20/78 

4/21/78 

~/25/78 

4/26/78 

+/27 /78 

'+/28/78 

5/ 1/78 

5! 2/78 

5/ 3/78 

'5! 4/78 

7/13/78 

7/14/78 

7/17/78 

7/18/78 

3/23/78 

3/24/78 

Asphalt 
Content 

(%) 

7.1 

7.4 

7.0 

0.9 

0.8 

6.7 

6.1 

6.9 

6.9 

6.7 

7.2 

7.1 

6.3 

6.8 

7.0 

6.1 

6.5 

6.9 

5.8 

6.6 

6.1 

6.4 

6.4 

6.9 

6.5 

6.3 

6.9 

b.6 

6.3 

6.4 

6.6 

7.6 

7.8 

7.8 

7.4 

6.7 

7.0 

TABLE 5 

EXTRACTICN ,\Nt\;:,:{5rS 
(Recycled Asphalt Bilse Cc~rse) 

Gradation - Pel~ce!'.;t Pass:ng 

1" 3/4" 

100 100 

. 100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 99 

100 100 

100 100 

100 100 

100 98 

100 99 

100 100 

100 lOa 

100 lOa 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 99 

100 99 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

1/2" 

100 

100 

100 

97 

100 

100 

100 

97 

96 

94 

98 

93 

'34 

97 

g9 

100 

100 

100 

100 

100 

100 

100 

100 

98 

97 

n 
97 

'J7 

97 

'J7 

97 

')9 

100 

97 

'38 

98 

98 

3/8" 

36 

82 

85 

84 

86 

85 

81 

89 

87 

81 

89 

86 

84 

88 

'30 

'31 

:]8 

88 

86 

92 

90 

85 

'JO 

'B 

'32 

':'1 

92 

87 

87 

86 

36 

92 

95 

92 

87 

89 

'34 

No.4 

(;6 

63 

65 

66 

63 

65 

60 

70 

69 

60 

68 

67 

62 

70 

69 

71 

70 

71 

68 

74 

75 

68 

72 

75 

82 

74 

72 

b5 

66 

57 

65 

73 

79 

69 

65 

No. 10 

57 

53 

55 

56 

56 

58 

53 

63 

61 

54 

58 

59 

53 

58 

60 

62 

61 

63 

60 

66 

60 

62 

65 

65 

63 

62 

57 

l t 8 

sa 

63 

67 

63 

53 

56 

No. 40 

46 

43 

44 

43 

46 

'+8 

43 

50 

49 

1~4 

47 

48 

l t 3 

46 

48 

50 

50 

51 

49 

52 

53 

48 

50 

53 

49 

51 

51 

43 

44 

47 

48 

52 

53 

50 

42 

47 

No. SO 

20 

20 

20 

17 

16 

18 

14 

24 

24 

25 

27 

27 

22 

22 

18 

18 

17 

18 

16 

19 

20 

18 

18 

20 

33 

?O 

20 

16 

17 

17 

17 

20 

2l 

21 

19 

20 

18 

No. 200 

7.5 

8.8 

8.2 

6.2 

5.4 

S.6 

4.6 

6.0 

6.0 

6.8 

6.7 

6.7 

6.9 

7.5 

7.0 

6.1 

5 .. 8 

5.6 

6.6 

8.2 

7.0 

G.6 

6.6 

8.0 

5.0 

6.8 

7.1 

5.6 

4.9 

5.0 

5.8 

7.2 

7.7 

8.0 

7.0 

7.1 

8.2 



Date 
Tested 

10/26/77 

10/27/77 

10/28fT! 

12/21/77 

12/22/77 

12/23/77 

1/27/78 

1/28/78 

2/23/78 

2/24/78 

J 2/28/78 
i 3/ 1/78 , 

4/10/78 ; 4/11/78 

t 4/12/78 

• 4/13/78 " f 
~ 4/17/78 , 
p. 

4/18/78 
f 
l 4/19/78 
~ 
I 4/20/78 
t 4/21/78 ~. 
t 

~ 4/25/78 

J 4/26/78 

I 4/27/78 

4/28/78 

~. 5/ 1/78 

5/ 2/78 

I. 5/ 3/78 , 7/13/78 

7/14/78 

I 
7/25/78 

8/23/78 

8/24/78 

~ 

J 
J 
I 
i 
~ 
i 
l 
~ 

f 
i 
J 
J 

TABLE: b 

MARSHA:,L Pr:OPr:R':'lEc or SFSCHTN3 CC1MPP,::r:::J:, 1'.1' THE FU.tlT 
(Recycled Asp:1al t Base Course,) 

Asphalt 
Density Stability Content 

(%) (pet) (lb~;. ) 

7.1 139.8 2,750 

7.4 139.3 1,668 

7.0 140.9 1,906 

6.8 136.2 1,977 

6.7 135.1 1,999 

6.1 135.6 1,805 

6.9 135.8 1,747 

6.9 137.4 1,880 

6~7 137.9 2,ISE' 

7.2 139.0 1,918 

7.1 138.6 2,265 

6.3 139.8 2,006 

6.8 139.2 1,745 

7.0 140.4 2,224 

6.1 138.6 1,972 

6.5 137.1 1,633 

5.8 137.3 1,712 

6.6 134.9 1,352 

6.1 135.9 1,313 

6.4 141.1 2,586 

6.4 139.0 1,761 

6.9 136.7 1,437 

6.5 133.0 1,596 

6.9 136.3 1,374 

6.9 135.1 1,595 

6.6 141.9 2,463 

6.3 137.8 1,900 

6.4 139.1 1,925 

7.6 137.3 848 

7.8 137.8 980 

6.5 139.6 1,357 

6.4 134.3 1,616 

6.8 139.1 1,611 

r) <) 
L <..-) 

F1011 
(.01 Inch) 

9 

12 

13 

10 

10 

9 

9 

9 

12 

16 

11 

10 

11 

10 

9 

10 

9 

9 

10 

12 

9 

10 

9 

10 

10 

10 

9 

9 

11 

12 

12 

9 

11 



Date 
Tested 

1 1)/27/77 

in/ 7" , I 

TE1JSICN 

1.35.3 

133.0 

131. 8 

133.8 

134.'J 

137.3 

LJ6.1 

L7. 

1~5.4 

15 .1 

) • '7 

L ':: .-=, 

TABLE 7 

RESCLTS ON SPECIMENS COMPACTED AT PLANT 
Bast:: Course) 

T'':~Lsile Tensile Modulus of 
r' 
J Strain Elastici t".t' 

(r;si) (in/ in) (psi) 

(l2 .0053 37,677 

30 .01)39 44,368 

:31 .0058 33,885 

65 .0053 26,918 

82 .0051 35,712 

iLl .00 1,2 60,488 

:: 1 
~~~ .0039 61,796 

jj .OOl)J j5,538 

1'J5 .0050 46,070 

LUS · ()048 50,975 

1~] • ()() Lt- I ) 64, 56 

L:, i+ • ,)04=) 5'3,8 1+4 

7 · ')045 1+6, 'Y17 

~ ',-) 3 .U036 6L,888 

11~ .JiJ42 :)8,271 

~IJ4 "I~>' C '7 
.. 'J '~):.) I ;.9,7;'6 

1. 1)1+ • uUt;.S ~S, IJ55 

1 .~i)6,~ 3J,77fJ 
---------~~-~~------

3 · .}.;c -' Jb,~86 



Date 
Sampled 

10/28/77 

11/ 3/77 

11/ 3/77 

1'2/22/77 

12/23/77 

1/ 2/78 

1/28/76 

2/23/78 

2/24/78 

2/28/78 

3/ 1/78 

4/10/78 

"/11/78 

4/12/78 

It/13/78 

4/14/78 

4/17/78 

4/18/79 

4/19/78 

+/20/78 

4/21/78 

'"/2 5/78 

-+n6/78 

4/27/78 

+/28/78 

5/ 1/78 

5/ 2/73 

5/ 3/78 

S/ '+/78 

7/26/78 

7/26/78 

7/27/78 

7/27/78 

TABLE 8 

CHARACTERISTICS OF ASPHALT RECOVERED FR0!1 
RECYCLED ASPHALT BASE COCRSE MIXTCRE JURING PRODUCTICN 

Penetration Viscosity Viscosity 

77
0

r 
14-0

o
r 77°r 

(poises) (megapoises) 

51 4,046 1. 938 

61 3,041 1. 287 

5lt 3,51lt 2.145 

53 3,468 2.128 

lt9 4,102 2.230 

lt8 4,380 2.618 

49 4,323 2.385 

49 5,830 1. 716 

41 6,34-0 2.206 

43 5,993 2.101 

55 4,649 1. 21,3 

48 4,723 1. 726 

4-8 4,368 1. 269 

56 3,684 1. 232 

51 5,061 1. 528 

51 4,782 1. 870 

60 3,450 1. 718 

51 4,610 1. 826 

53 4,701 1. 573 

51 4,731 1.854 

52 4,794 2.040 

58 3,838 1.800 

')5 4,789 1..8':'0 

56 3,474- 0.884 

55 4,382 1. 900 

49 4,486 L. 55'+ 

53 3,720 ~.4'25 

'\4 4,393 ~. 7'J9 

'+7 4,374 1.721 

47 4,749 2. 33 1J 

46 5,061 3.,)12 

43 5,918 3.170 

SO ~t., 9.39 . '386 

Complex 
Flow 
77

0
r 

0.95 

0.81 

1.00 

0.97 

0.96 

0.90 

0.86 

0.71 

0.65 

0.61 

0.7lt 

0.61 

0.97 

0.73 

0.63 

0.63 

0.59 

0.60 

0.65 

0.63 

0.62 

0.69 

O. '+8 

» .30 

J.60 

0.62 

'J ~ 65 

O. ')9 

0.63 

0.77 

0.74 

0.76 

0.72 



NU1:lDel' 

~(()llc::!r of 
Pd~ses 

P2\Tt2P 

1~-T0n ViLra t(;y 1 
,,-Y 

ILe umae ic- T it'c;J 1 

,+ 

~, 

1 - T UTi ',J i Ll-'a t(\l' l 
L 

T,:"BLE 'I 

CQ!'}Pi\CTIOIJ Df-,TA 
Asphalt Base Course) 

Pavement 
TintS 

11:15 a.m. 240 

11:30 a.m. 1(lO 

11:50 a.n,. 159 

159 

159 

1~)8 

12:00 Noon 158 

12:2CJ p.m. 144 

Density 
(per) 

130.5 

133. S 

134.5 

Percent of 
Lavoy,atory 

Density 

93.8 

96.0 

CJ6. '7 



I 
1 
J 

I 
i 
f 

I 
I 
f 

I 
i 

I 
i 
r 
! 
I 

rr, < , ~ '-, 

In;:-,uL 

Index 
Variance 

Location 

Eastbound Traffic Lane 

Vlest!Jound Traffic LaTH 

Benkelman Beam Deflections 

Location 

Eastbound Traffic LanE 

Outside Hheelr'3th 
Inside Hheelpatrl 

WesTbound Traffic Lant~~ 

Outc;idc 
Inside 

I 

41 

PSI-;=:-;-: 
':'J v 

4.4~ 

4.47 

Deflection 
( incb ) 

.009 

.006 

.008 

.008 



TABLE 11 

2NE?J;Y IREMENTS or MATERIALS THA~ WERE 
REPLACED BY THE OLD PAVEMENT ~ATEPIAL 

IN THE PECYC~ED BASE (CURSE 

Manufacture Asphalt Cement = 587,500 

Haul 193 Miles x 2 @ 1,960 ETU/TM = 756,560 BTU/Ton 

1,344,060 BTU/Ton 

Produce Crushed Stone 70,000 BTU/Ton 

Haul 50 Miles x 2 @ 1,960 BTU/TM = 1:36,000 Ton 

266,000 BTU/Ton 

?rOrluce Local :~hell = 41,700 BTU/Ton 

Haul 10 I'1iles x 2 @ 5,840 BTU/TM ~ 116,800 BTU/Ton 

153,500 BTU/Ton 

Asphalt 

1.5% @ 1,344,060 BTU/Ton(28,OOO Tons) "j 61~ , ') 0 5 , 2 0 0 BTU 

'~rushed :3tone 

1 ij '~s i;J :2 6 6 , 000 BTU / To n (26, 0 [to T rm:3 ) = (l q:2 , b 6 4 , I] 00 BTU 

= r~ 19 ,101,G()O ETU 

_, 76,270,2JU BTU 

Crush Old Pavement Material 

6,600 Tons @ 41,700 BTU/Ton = :' 7 5 , 2 :2 () , COO BTU 

Haul 5 ~iles x :2 ~ 5,34 0 BTC/TM = 

1 ,4~i) , 

, 1 I ~ J I" 


