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ABSTR~ACT 

This ['elx)rt cO'lerst::he 'lesi6n dDd testing of a hot mix recycling 

process. The process involved the removal of existing pavement by the 

col,j plan tiOD of the hot mlX recycled paving mlX-

ture ~tili~iDg a portion of ~he salvaged material. The mix Has produced 

the heat transfer method of production. 

Th(:: field testing includes condition surveys and post construction 

::>~s of thee paving mixture and pavc.;ment structure. 

The initial results indicate an acceptable asphalt concrete mixture 

':dn be the heat transfer method of production. Further 

field evaluations will be necessary in order to draH definite conclusions 

crith to long-term pavement performance. 
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,j;PFOSE AlJ[; SCOPE 

Tht:; t~'ilq>X;8 of this :~tud:J WCiS to '~valuate the hot rn.LX recyclir,g 

process collecting jata relative to the q~ality of construction and 

performance of the roadway. 

The ect is l,xated on State P'Jad 30 (fJS (J8) iIi Panama Ci ty, 

and consists of a four-lane section 3.276 miles in length. 

Work on the project included milling the existing asphalt ?avement 

to 'Jarying depths (1 to 3.5 inches) to r'est·)re th": ;:::l'/ement urface to 

a uniform longitudinal profile and crass-section. 

was then resurfaced with a one-inch leveling course of standard Uepar'l-

ment of Tr~nsportation II asphalt concrete which incorporated 30 

percent of the material milled fram the old pav~ment. A one-inch asphalt 

concrete friction course (FC- ) was then laced over the rccjcled layer. 

Til is rt~sul t,~d in a fin ished r itl ~;llrf.:ic'~ Vlh ich 'tll:3 not r:lor,~ than one-

half inch above the lip of the ~xi~ting 

_~t~scripti()n Existing PJvement 

'H i t );1 3,:iTld 



gutter. 

The portlaIld cement concrct", pa'"ement 'w3:', left iL dee or~ the 

western portion (1.688 miles) of the ~roject but was widened to 4S feet 

using a shell base. This section of r~a was rheL lt~vt~l(·(~ v/i tll a ~~and 

a~j:Jhalt Lot rIll?: (SAHti;) and l'l:,;Clrfaced witn 2 

11 surface was 

sisted of S6 percent mollusk shell, 38 percent loca~ SdlJd, and G.~ per-

cent asphalt cement (penetration grade 8~)-lDC). 

In 19G4, the ent ire proj ect (3. :n6) wac; a~":ain leveled,md resurfacec 

using a Type II asphalt COflcrete mixture consistin[, of mollusk she] 1 and 

local sand. The asphalt cement used was penetration grade 85-100. 

Due to the difference in tLe construction history of the eastern and 

western portions of the project, the roadway was divided into two general 

areas for evaluation purposes. The west end of the project from Milepost 

6.332 (Harrison Avenue) to Milepost 8.020 (Sherman Avenue) was designated 

as one test area containing Section lA in the eastbound traffic lane (EBTL) 

and IB in the westbound traffic lane (WBTL). The E;ast end of the project 

from 11ilepost 8.020 (Sherman k"enue) to Hilepost 9.628 (Cherry Street) was 

designated as the other test section area and contains Section 2A in the 

EBTL and 2B in the WBTL. 

Traffic Volumes 

Traffic records ShOH the avey'age daily tr'dffic (AuT) to be 12,600. 

Friction Numbers 

Preliminary friction n~asurements Here made at 40 mph in accordance 

with ASTM E 274-77. Avc:r'age friction numLers at 4fj mph (FN40 ) of 34.2 



dud 24.6 were obtained and considered to be representative of Section~ lA 

inG l~, res~e~ti klerage va lues of 3'.:J. 4 and :),9.2 were ':Jbtained and 

Fre5~nt Serviceability Index Values 

Present Serviceability Index values, based on slope 

(?SI~), ',,;ere .letermined using the t1ays Ride I-Jeter . Results 
~v 

)f these tests indicated a rating of 2.38 in Section LA and 2.24 in Sec-

::ion 18. A Cdt ing of .38 was ,)bt'l ined In Section 21', and 2.24 in Section 

in accordance with Florida Method 

~'lt de0th ~00suremcnts were made at 20D-foot intervals in the outside 

Measurements varied from 0.00 inch 

The CWP of Section 

. ,I 



OOB inch to CJ C' 
'-: i n<:,-h witL dlJ av~_ r'df~~:: r+ inch I -Jc . ~ '-

005 inch tc >- 1 in::L Wl th an aVt::;rat?,(~ of C<2~) i:1CL J-L 

of Clas~ II and Clas III crackinf in Sections lA and 

Pr'ior tu n£, ~-inch ceres 

T ' ~.I\ 1 

section 'wc:l"E obtained from the e;.:i~3tin£ paveTltt:Ylt £01' ,,,valudtjon in tlk 

dnd was u::-;ed In the evaluatiOll. 

r.) L 
v.J inches \'lac: ed from the 

tions lA anJ IB and 1 inch from cores obtained from Sections 2A an~ 2B. 

The averdge asphalt contents and aggregate 

fl'oTl, the 

t contents and 

from th~ milled material are also 

chaLge in ion ,after milling. 

The AbsoL rr:0tLc<! of recovEF:/ (fIt: 1-'; 170) wa:=: GC;C: to 

asphalt cen~nt from the roa 

ar~ shown ln Ta~le 3. Tn\., hi 
. . 

-"\llSCC81 



values found in Sections lA and lB were to te expected since the leveling 

and surface courseS placed in 1954 and 1964 were both included. Only the 

l-inch surface course which was placed in 1964 was included in Sections 

2A and 2B. 

The milled material from the two 3ections '"as net r;andled separately 

during production of the recylced mix. It was anticipated that the dif-

ferent chardcteristics of the dsphalt cement in th,,:: two sectlons would 

not cause significant non-uniformity in the recycled mixtures. This 

assumption was based on the fact that the asphalt in the milled mate-

comsrised about one-third of the total asphalt requir,,::d in the 

:nixture, and tha t the mIlled rna terial from trlQ two sections would also 

~ndergo a considerable 3mount of mixing during handling prior to processing. 

Indirect tension tests were on 4-inch cores taken from 

the four sections to determine the tensile strength of tte existing pave-

'nent. 'ihte: .cE:Sl~l t:::; of these test:::: arc presented in Table 1+. 

bl\~nding new 

It;;,:3. Th'O' clmoun t 

t due [~ the heat 

;]13 t:r ial. 
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material In t~~ proper Ions to provid~ a composite gradation 

within the des~[n ranEe srecified for a standard Florida Department of 

T~'2ns rClrt at: i on ,e II asphalt concrete mixture. 

The hot mIX design data was determined using the standard Marshall 

Lxtract~uIl l~e L, were conducted on specimens that were considered to 

be at optimum to determine actual asphal L C':,IJt':nl and aggregate gradations. 

The aspllalt content previously determined in the milled material was sub-

tracted from the 'extracted value to determine the' optimum amount of new 

asphalt tu be added. The aggregate gradation determined from the extrac-

tion of the recycled mixture was recorded as the job mix formula. 

The desiGn blend and Lot ILl ;.: design data for the Type II recycled 

asphalt concrete mixture is presented in Table 5. The mixture consists 

of 3D percent milled pavement material, 32 percent gravel screenings, 

and 38 p8rcent local sand. The optimum asphalt content for the combina-

tion was determined to be 6.4 p8rcent by weight of the total mixture. 

The amount of new a~;pha': t cement required was found to be 4.5 percent 

with the rernaininf 1. 9 per'cent obtained from the salvaged mix. 

The design blend dnd );~: irix design data for the asphalt concrete 

friction COdr~::;e (FC-l) is . . 
grven lrl Table E. 1~e mixture consisted of 

60 pe.r'cent s sCl'eerlin(:::: ard 4:) ~,ercer(t local sand. The asphalt cement 

content was 5.5 percent by weight of the total mixture. 

CONSTRUCTION PROCEDURE 

Milling of Existing Pavement 

A Barber-Greene cold planing machine, equipped with material pick-Up 

and load out conveyors, was used to remove the existing asphalt concrete 



A three point verti-

of c~t and transverse slope of the 

teeth on the 6-foot cutter drum were properly 

of the machine ~nd depth of cut. 

The if!dcnlne inclu,j",d a \4at-,.:-r :3pr2y Just control system that performed 

frcrn ,J.G t-;:I-lviroJ1-ment-:ll stan-(lpoint. 

rniLLin~. 

I;H 

-, ,_1 r:· t ,1 L I.}' u (' c' ')). 

, () j I) 

1ll' 

:3 to ,j 

texture for bonding of the over-

pavement was milled 

lon of the project, and 

of 1 inch was milled from the 

ion rate averaged approximately 

the 31 working days required to complete 

ti) -3 n(: pLant site and 

The pur~o:;e ,)f the small 

,fUlna ('ity, f l_,ri,~.J. (FLgure 4). The necessary 

florida Asphalt Paving. 

'1 
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As shown in figures 5 and 6, the attachments included a cold bin, 

material elevator, surge hopper and drag-out belt. The drag-out belt 

was controlled by a variable speed motor so that the milled material 

could be fed from the surge hopper into trD weigh box in the proper 

proportions. The uncoated aggregates were fed through the dryer, heated 

to approximately 4500 f, and processed through the hot bins before being 

deposited into the weigh box with the milled material. 

The combined materials were then moved to the pugmill and dry 

mixed for approximately 15 seconds. After the asphalt cement (AC-20) 

was added, mixing was continued for about ~ae minute to complete the 

mixing cycle. The extended mixing period was required to provide time 

for adequate heat transfer from the' uncoated aggregate to the milled 

material. This approach resulted in the tenJ~erature of the recycled mlX-

ture when discharged from the pugmill being approximately 2900 r. 

A summary of the mix temperatures mon;tored at the plant during each 

day's production is included in Table 7. 

The dust collection system on this plant, which included a primary 

collector and bag house (figure 7), was weJl suited for the abnormally 

high temperatures of the uncoated aggregaTes. The dust temperature 

was reduced from approximately 4500 f to approximately 250
0

F in the 

primary collector before entering the bag house, thus protecting the 

bags from the high heat. 

The average production of the plant when producing the recycled mlX 

was approximately 100 tons per hour. 

The quality control at the plant was based on results of the extrac-

tion tes~sperformed in accordance with FM l-T 164. Results of the extrac-

tioII andlysis as determined at varlOUS intervdls of production are included 

in Table 8. 

9 



Samples of the recycled mixture were taken from the trucks and com-

pacted at the plant for Marshall stability, flow, and density determina-

tions in accordance with fM 5-511. Results of these tests, representing 

each day's production, are included in Table 9. 

Samples of the recycled mixture were also compacted at the plant for 

immersion compression tests to determine the effects of water on cohesion 

of the compacted mixture. The tests were conducted in accordance with 

AASHTO T 165-77. As shown in Table 10, the average retained strength 

was 144 percent after 24-hour immersion in water at 140oF. 

Samples of the recycled mixture were also taken each day for recovery 

of the asphalt cement by the Abson process (FM I-T 170). The physical 

characteristics of the recovered asphalt are summarized in Table 11. 

The amount of milled material in the mix was increased from 30 to 

35 percent for a brief period during the second day of production. This 

was done in an attempt to establish the maximum amount of milled material 

that could be processed effectively. 
\ 

The coating of the mixture was found to be poor at 35 percent. The 

poor coating was believed to be a result of an insufficient transfer of 

heat to the milled material. The heat of the uncoated aggregates could 

not be raised to improve the situation due to the high moisture content 

of these aggregates. Moisture contents determined from the aggregate 

stockpiles showed 10.5 percent in the gravel screenings, 15.0 percent 

in the local sands, and 5.1 percent ln the milled material. 

It is believed that the amount of milled material could have been 

increased possibly to ciS much as 40 percent if the cold materials COD-

tained lesser amounts of moisture. 

10 



The friction course (FC-l) mixture used on this project was produced 

using conventional methods in accordance with the Florida Department of 

Transportation's 1978 Quality Assurance Specifications for Bituminous 

Mixtures. The quality control and acceptance test results were all 

within the allowable tolerances. 

A summary of the mix temperatures monitored at the plant during 

each day's production is included in Table 12. 

The asphalt contents and gradations of the extracted aggregates 

are presented in Table 13. 

The density, air voids, Marshall stability, and flow values deter-

mined from specimens compacted at the plant are included in Table 14. 

Characteristics of the asphalt cement (AC-20) recovered from the 

friction course (FC-l) mixture are recorded in Table 15. 

Paving Operations 

Prior to placing the recycled pavement, the milled surface was 

broomed to remove any fine material left by the milling machine. An 

asphalt emulsion tack coat (RS-2) was then applied at the rate of approxi-

mately 0.05 gallon per square yard. 

The I-inch recycled asphalt layer was placed In two one-half inch 

lifts. The first lift was placed with an asphalt spreader mounted on a 

motor grader (Figure 8). The second layer of recycled mlX was placed 

with a paving machine (Barber-Greene - SB 140). 

rolling was done in"a slngle pass by a tandem steel-wheel roller. Five 

passes were then 



The l-inch friction course was placed with a paving machine in a 

single pass. Rolling was accomplished with the same equipment used on 

the recycled mix. The rolling sequence was established by the control 

strip method in accordance with the Supplemental Specifications to the 

1977 Standard Specifications for Road and Bridge Construction. The in

place density for acceptance was determined by the use of the Nuclear 

Density Backscatter Method as specified by FM 1-T 238 (Method B). 

The control strip density achieved was 99 percent of the laboratory 

value. The acceptance test values obtained were all above the required 

minimum of 98 percent of the control strip. 

POST-CONSTRUCTION PERFORMANCE 

When the project was completed, four one-half mile sections con

sidered to be representative of the total project were selected from 

the east and westbound lanes of the project for all future in-detph 

studies. The locations of these sections, designated as Sections lA, 

IB, 2A, and 2B are shown in Figure 9. 

Friction Numbers 

Friction measurements at 40 mph (FN
40

) were made following com

pletion of the project. In Section lA, an average friction value of 

41.5 was obtained, and a value of 41.3 was obtained in Section lB. 

In Section 2A, an average value of 42.6 was obtained, and 42.7 was 

obtained in Section 2B. As shown in Table 1, there was an approxi

mate 10 point improvement over the previously ~xisting pavement surface 

throughout the project. 

12 
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Trle }'::;I~ valuc:c; fc,r the' 
;:, v 

F.idE If;eter. 

expected for a conventional overlay in a mun:c cur]-~, an:: 2JJ tter 

section. Ace shown J.n TablE 1, thErE wac,' a ~::uL~'tanti]J im;rcVPIlhc;J't J1J 

Rut Del'th l1easw'ement~' 

Eut deJ.;tJ, ChECks we:re madE GT! the 

been t<J traffic fOI' morc than (JIlt' 

I'utting dw,jnr, this per'iod (TabJt~ 1). 

BenkElman Beam Deflections 

Benkelman Beam deflection meaSUrEment,; werE: aJ ~',O rr'c~dl: Of, th ... e cc,rn·-

ploted pavement after being opened to traffic for ma t f~ J '1 !)]'j e mo n t L . 

The result~; of thesE test~ arE shovll1 in TaLle 1. 

In gEnEx'al, the deflection rneasur'emEnt:·, obtcd liEd in ~;cctions 11\ and 

IB incrcae::ed, while those obtainEd from Sc:'ction:; 2h aud ~'B decrea~;ed. 

Tile aver'age values of the deflecLioTl rnca:~uremerlt,< In ~~ectioTl lA Cind 

IB are somewhat higher than those oLtaincd in Sections 2A and 2F. However, 

all value~; a1"'.' I-lithin the ranp,c cOTl~;id'2r'C:'cJ tc be norma] for thi::; type cf 

p,wemcnt f'lci.li ty. 

CrackinG 

T~l',; initial cY''3ck survl.,y of tfJr.' COHIl'] "ted pavl~m(:,nt 'via:; made; after 

the had t'?Cll oJ)(~nE·d to traf: i c' fur one TfIOTlth. /.:; wluld rlfc: 

expected. there were no visitle cracks at that time. 

I 



Results from Roadway Cores 

Following completion of the proj~ct, 6-~nch cores were obatined from 

all test sections for evaluation in the laboratory. 

The I-inch friction course (FC-l) and the I-inch recycled mix were 

separated from the cores and tested separately for evaluation of the 

asphalt content, gradation, unit weight, air voids, and rheological 

characteristics of the recovered asphalt. 

The asphalt content and gradation results obtained from the recycled 

mixture are presented in Table 16. 

Unit weight measurements and alr void contents for the recycled 

layers are included in Table 17. 

Characteristics of the asphalt recovered from the recycled layer, 

which include the penetration and rheOlogical properties, are shown in 

comparison TO properTies In the OU:.:.-; (Table 3) 

The asphalt content and gradation analysis of The friction course 

(FC-I) are presented in Table 18. 

Unit weiZDt measurements and air void contents are included in 

t recO',rf~red 

.hrOITi the friction COl1r:~e are :-:;uJ,Jrnar iz,.:d In ~ablr: 2C. 

Indirect tension tests were ~erfor~ed on 4-i~ch cores ~aken from 
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COST ANALYSIS 

Conservation of Natural Resources 

The 30 percent of recycled material that wa::.~ incorporated into the 

Type II mixture on this project was considered to be the only differenc~ 

between a conventional equivalcr,t method of reCOTlstruc tion arid 

A Type II mixture, which would have been used under a conventiona~ 

method, would have included 60 percent gravel screenings anct 4~ percen~ 

local sand. Therefore, it was determined that the 30 percent recycled 

material used replaced 28 percent of the gravel screeninf;:; and 2 

of the local sand. Use of the recycled material also decreased the 

demand for new asphalt in the mix by 1.9 percent. 

The actual quantity of virgin aggregates and asphalt that wa': 

replaced by the recycled material is computed ln Table 21. Based O~ 

these computations, 1,521 tons of gravel screenings, 109 tons of local 

sand, and 25,953 gallons of asphalt cement were conserved by using the 

recycling method of construction. 

Economic Analysis 

The estimated cost of the ags;:'i',:~atF'~; and asphalt that waO' 

by the recycled material is computed in Table 21. Based on thes~ 

figure::;, the recyling pr'oj ect was constructed for $2[',776.47 les::; 

than estimated for a conventional equivalent r;lethod. 

Considering that the cost of materials requir~d for a conventional 

TYlYE: II mixture was estimated to be $73,990, there Vla~~ a r,::duction l'l 

tr.e cost of the recycled layer of approximately 3(, percent. 



ENERGY REQUIREMENTS 

The amount of energy required to produce and haul the aggregates 

~nd asptalt that was replaced by the recycled material is computed in 

Table 22. Based on these computations, a total savings of 712,756,698 

BTU's was provided by using the recycling method. 

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

~~ates and:isphalt for ~ conventional Type II mixtul:'e was estimated to be 

2,107,357,260 BTU's, use of the recjcling method provided an (::nergy reduc-

tion in the recycled layer of approximately 34 

SUMMARY AND CONCLUSIONS 

The overall results of this project proved to be very satisfactory. 

cnhe milling oiJeration and production of the asph~l t concrete mixture 

,~til i the :;alvaged mdt l2rial was acceptable, both from an enVLron-

in the ride i ty :is ;ncasurcd 

In ,lddi tion the cc)ostruct Lon 

.. ' 
i:Xl,3 tlflfS In fact, 

r1l1d 1 
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! 
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rrvduction rate for the recycled asphalt concrete 

mj;<lGl't: "'0::': at a Ie'",;} tlJdt is cOD,:;istent with the production rate 

norrn~lly maintained with a conventional mlX when similar field leveling 

Ol,erations are conducte,j by the Department. It was therefore conclude~ 

that the productic,n of the recycled mix did not re::,trict the contractor's 

energy ion ~f
u~ 

layer and the reduction in 

the sal vaL;cd mlX p'oduction wa:-> lTl the Y'angt: 

30 to 40 percent which lS consistent with the savings found in othe! 

studies previously conducted by the Department. 

The high rnoi::;ture content in the various aggr'egaLe components 

restricted l:he amount of salvaged mater,ial that could be used under 

the heat tr'an~"fer process. I'uture studies will be necessary to deter-

mine if the 30 percent maximum salvaged 1Iiaterial is the limi t When 

using the heat transfer process uIJder conditions exi2ting in Florid6. 

ems encountered in controlling the uniformity 

of the recycled asphalt concrete mixture, both from the standpoint of 

gr'adation and a:::'-phalt content. The contractor was abl!:: to mi",et the 

standard Qual A;:;~;urance Acceptance Specifications used the 

Department. 

Although thE 1.es of the a 1 t cement IT, the 

d as COT:lPdrij(~ to tht:: exi"3ting rnaterial, 

the resultin~ leG we~e not in the ranre that would 

normally be expected when using 100 percent vir~jn 

Performance evaluation~ in the field will be n~cessaly to de~er-

J 7 



cc:mdi t i'JnsJf the asptal t cement. There was no as;:-ohal t cement modifier 

usei lD unction with the production of the mix, and previous studies 

ha'le SDO'dn that use 'Jf an asphalt modifier would restore the properties 

of the asphalt cement to ~he range normally obtained with a 100 percent 

virgin as;:;ha1 t <;t-:ment mixtu:::'e. Further studies are planned in which 

modif iers will be ut ilized ie conj unction 'di th the heat transfer pro-

cess in order to compare the performance of a mix with and without the 

modifier additive. 

To date, flexural fatigue test results are not available; however, 

this testing is scheduled and the results of the tests will be included 

18 
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Test 

FN
40 

PSI-z:;-V 
.:-> 

Rut Depth 
(inch) 

Benkelman 
Beam 
(inch) 

,- .\"~\\'l",~-,.... __ ttlW~·,-,.:lII-__ ~'~"""~~~.",,,,,,~,~ 

Location 

Section lA - EBTL 
IB - HBTL 

Section 2A - ERrL 
2B - \~FTL 

Section lA - EB~L 

IB - HHTL 

Section 2A - E[~rL 

2B - \';RTL 

Section lA - EBTL -":HP 
IE - HBn - C11'JP 

Section 2A - [BTL - O\~P 
2B - T,.JETL - Cl\~P 

Section J.t; - EBTL - (1\,;P 
- Ih7F 

IB - HBTL - nWF 
- lWF 

Section 4\ - EPTL - \]HP 

- HIP 

2B - WETL - OWP 
- IWP 

TABLE 1 

SUI-H1ARY or FIELD EVAUJATF1!; 

Existing 
Pavement 

Before 
Recycling 

3 /+.2 
31+. C 

39.4 
39.3 

2.38 
2 "U • r_ 

2.38 
2.24 

O 'l0 
• vL 

0.32 

0.32 
0.32 

.024 

.021 

.025 

.020 

.024 

.021 

.025 

.020 

After 
Construction 

41. :) 
41. 3 

42.S 
42.7 

L+ .18 
4.03 

4.31 
4.33 

0.00 
0.00 

0.00 
0.00 

.0tH 

.030 

.034 

.012 

.020 

.015 

.024 

.018 

(continued) 

Recycled Pavement 

Six 
Months 

One 
Year 

Two 
Years 

Three 
Years 



: ~'J 

Tc~ t 

1~~:-:~J(J~i~-~g \ ,~~ i. 

f-r .. /1, I) 
:>-i. f1..) 

, . ' 
1.Ju2 .... 1 t l~n 

Se,,::·t ~'--;:J. lr 

Se :: i,)n '::/1 -
:Li_; -

>1'1 
,;bl'L 

, -
~,',D 

1 

\COrjtlLt~""~l ) 

Existing 
Pavement 

Before 
Recycling 

Be, 
199 

196 
199 

After 
Construction 

(: 

u 

iJ 
o 

Recycled Pavement 

Six 
Months 

One 
Yeal' 

Two 
Years 

Three 
Years 
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Sample c; ~ • weCllon 

Description Number 

Roadway Cop,=,s 
(Top 3\2 Inches) lA 

i'0 Milled rlateriql 
f-' (Top 3]2 Inches) IB 

Roadway Cores 
(Top 1 Inch) 2A 

Milled Naterial 
(Top 1 Inch) 2B 

TABLE 2 

ASPHALT CO"lTENTS AND AGGREGATE GPflDATIONS 
(Existing Pavement Before and After ~1i.115ng) 

Asphalt Gradation - Percent Passing 
Content 

(°6 ) 1/2" 3/8" No. 4 No. 10 No. 40 
~-

7.0 100 98 90 80 61 

5.6 100 99 88 GO 46 

5.0 100 98 74 43 30 

5.3 99 85 57 37 22 

No. 80 

13 

24 

19 

10 

No. 200 

5.2 

10.5 

6.7 

6.3 



Test 

Penetration, 
1/10 mm 
( 77°f) 

Viscosity, 
t'V poises to 

(l40°F) 

Viscosity, 
megapoises 
( 77°f) 

Come;lex flow 
(77 F) 

TABLE 3 

PENETRATIUN, VISCOSITY (HOof and 77°F), AND COMPLEX fLOW 
DETERMINATIONS fROM ROADWAY CORES 

Existing Recycled Pavement 

Loca1:ion Pavement 
Before After Six One 

Recycling Construction Months Year 

S0ction lA - EBTL 16 35 
IB - WBTL 15 35 

Section 2A EBTL 20 30 
2B - WBTL 20 r',,") 

,)L 

Section lA - EBTL 442,895 9,290 
IB - WBTL 338,086 9,054 

Section 2A - EBTL 195,611 12,954 
2B - WBTL 90,575 10,470 

Section lA - EBTL 24.67 10.97 
IB - WBTL 12.94 12.56 

Section 2A - EBTL 11.07 5.36 
2B - WBTL 13.10 9.81 

Section lA - EBTL 0.68 0.75 
IB - WBTL 0.61 0.74 

Section 2A - EBTL 0.49 0.76 
2B - WBTL 0.61 0.74 

Two Three 
Years Years 

"';1t:5;;'/;,,~·. ,,,<Y\l."'," ........ 'ruW~f>""""'""~"""'.,J""'I>,,."",'''~')j,,,~.w;"''~~~U"''''i4\'''''''''''''~1,'103 
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tv 
W 

Location 

Section lA - EBTL 

IB - WBTL 

Section 2A - EBTL 

2B - WBTL 

Existing 
Pavement 
Before 

Recycling 

162 

140 

TABLE 4 

INDIRECT TENSION TEST RESULTS 
(Tensile Strength, psi) 

After 
Construction 

120 

100 

116 

107 

Recycled Pave~ent 

Six One 
t10nths Year 

Two 
Years 

Three 
Years 



t" 
+c 

DESIGN BLEND 

S_ieve 
Size 

1/2" 

3/8" 

No. 4 

No. 10 

Nc,. 40 

No. 8J 

No. 20,) 

.-, 

~): 

Milled 
Paven',enc: 
~laterial 

30 '0 

'7~ , I 

71 

~2 

,~ 1 
0~ 

12 

4 

0.7 

TABLE 5 

TYPE II RECYCLED ASPHALT CONCRETE 
(vesign Blend and Marshall Design Data) 

Gravel Local 
Screenings Sand 

Job Mix 

l Cl1dttahoochee) (Panama City) Target 

32"'6 38% 
Value 

100 100 100 

100 100 100 

90 100 95 

76 99 84 

n 70 48 

4 33 22 

1.4 12.1 8.8 

MARSHALL DESIGN DATA 

Asphalt Air Voids in 

Content 
Voids Mineral Stability 

( %) 
Content Aggregate (lbs. ) 

(% ) (%) 
~f:';~it': 

0.4 9.4 16.8 1,040 

"Actual gradation of milled pavement material. 
~~ 

~':':t': 
Specification 

Range 
(Percent Passing) 

100 

90-100 

80-100 

64-90 

24-60 

10-40 

3-12 

,. 

Flow 
( .01")-

9 

""Composite gradation determined from extraction of specimens used in design. 
;'~ ....... f. 

"'''30 90 Milled Paven,ent Material @ 6.3 9b = 1.9% 
Additional Asphalt Cement (AC-20) Added = 4.5% 
Optimum Asphalt Cement Content = 6.4% 
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~ 

I 
t 
I 

I 
i 

Sieve 

1/2" 

3/8" 

No. '+ 

No. 10 

No. 40 

No. 80 

No. 200 

TABLE (, 

ASPHALT FRICTION COURSE (Fe-I) 
(Design Blend and Marshall Desifn Data) 

Slag 
Screenings 
(Tennessee) 

60 S; 

100 

100 

9:2 

55 

16 

9 

5.0 

Asphalt Air' 
Voids 

DESIGN BLENIJ 

Local 
Sand 

(Panama City) 
40~~ 

lOC 

100 

lOC 

100 

57 

27 

9 n • L 

Job Mix 
Tar[et 
Value 

100 

10C 

S ~; 

n) 

32 

16 

6.7 

MARSHALL DESIGN DATA 

Voids in 
Mineral 

Content Content 
(96 ) 

Aggregate 
Stability 

(lbs. ) 
(So) ( S6) 

5 h • J 12.0 24.4 617 

ification 
Fange 

(Percent Passing) 

100 

55-85 

2- 8 

Flow 
(.01") 

8 



Date 

5/30/79 

5/31/79 

6/ 1/79 

6/ 4/79 

6/ 5/79 

6/ 6/79 

6/ 7/79 

6/ 8/79 

TABLE 7 

TYPE II RECYCLED ASPHALT CONCRETE 
(Temperature of Mixture) 

Tons 
Produced 

26') 

661 

1,024 

504 

888 

955 

864 

646 

250 280 

265 370 

260 310 

275 320 

250 330 

250 375 

270 350 

270 350 

263 

286 

2':ll 

289 

287 

299 

292 

295 

Target 290 

Note: The mix temperature toleran~e from the Job Mix formula 
_+ ·L'50r f . 1 d + 15°f +' was or clny slng e measurement, an _ Lor 

an average of any five consecutive measurements. 

26 
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TABLE 8 

TYPE II RECYCLED ASPHALT CONCRETE 
(Asphalt Content and Gradation of Mixture) 

Tons 
Asphalt Gradation - Percent Passing 
Content 

Pc'oduced (%) 1/2" 3/8" No. 4 No. 10 No. 40 No. 80 No. 200 

80 6.4 100 100 95 85 !n 19 5. 9 

280 6.4 100 100 94 83 tJ.2 "" LL J.8, 

1,026 6.S 100 100 92 82 40 21 6.3 

1,350 6.3 100 100 94 84 4" ',' 18 6 1 .J. 

1'0 2,120 6.8 100 100 94 86 44 2l ~ " 
~J I. L 

2,323 6 r-• J 100 100 94 85 44 U 5.9 

2,534 6.5 100 100 94 86 42 l'e< 6.7 

2,620 6.3 100 100 95 87 44 17 6.6 

3,441 6.2 100 100 93 85 44 ,,~ 

LL 7.8 

3,819 6 ') • L 100 100 94 83 45 21 6.3 

4,OS9 6.3 100 100 94 85 54 21 8. f, 

t! ,396 6.3 100 100 92 82 42 20 6.1 

4,703 6.3 100 100 93 84 45 28 11. 9 

5,220 6.3 100 100 94 85 43 20 6.1 

5,360 6.6 100 100 9S 86 44 21 6.9 

Average 6.4 100 100 94 85 43 21 7.1 

Job MIx 
formula 

6.4 100 100 95 84 48 22 8.8 



TABLE 9 

TYPE II RECYCLED ASPHALT CONCRETE 
(Marshall Properties of Specimens Compacted at the Plant) 

Density 
Air 

Stability Flow 
Date (pcf) 

Voids (Ibs. ) (.01") 
( %) 

--- -------

5/29/79 134.7 10.0 710 9 

5/30/79 134.5 10.0 820 11 

5/31/79 .136.2 8.9 808 11 

6/ 1/79 13'3.1 7 '" • J '370 12 

6/ 4/79 137.5 8.5 818 12 

6/ 5/79 136.0 '3.5 608 12 

6/ 6/79 137.6 8.4 878 11 

6/ 7/79 138.2 8.0 1,06'7 11 

6/ 8/79 131+.2 10.7 f-,63 J 

Average 135.4 J .1 II 

Design 135.5 1,0'+0 

28 



TABLE 10 

IMMERSION COMPRESSION RESULTS 
(Recycled Material Compacted at the Plant) 

Sample 
Number 

1 

2 

3 

4 

5 

6 

Average 

Marshall Stability (lbs.) 

Standard 

946 

790 

900 

1,081 

1,029 

1,092 

973 

29 

24-Hour 
Immersion 

1,341 

1,341 

1,258 

. 1,534 

1,414 

1,502 

1,398 

Retained 
Strength 

(% ) 

142 

170 

140 

142 

137 

138 

144 



TABLE 11 

TYPE II RECYCLED ASPHALT CONCRETE 
(Chara2teristics of Asphalt Recovered from Mixture During Production) 

Penetration, Viscosity, Viscosity, Complex Viscosity Complex 
IJdte 

77
0 r 140

0 r 77
0

r flow, 41
0

r rlow, 
(poises) (megapoises) 77 0 r (wegapoises) 41

0 r 

~/30/70 45 6,389 3.72 0.78 37.2 0.51 

5/31/70 32 12,847 5.94 0.73 35.9 0.70 

0/ 1/7':1 40 7,430 4.49 0.78 66.3 0.59 

u/ 4/79 45 6,114 4.25 0.84 64.5 0.62 

til 5/79 45 6,092 4.29 0.84 100.6 J.68 

L / b;' 79 40 7,595 5.83 0.91 123.5 0.67 

lJj 7/70 44 5,104 4.21 0.80 132.0 0.73 

0/ 8/79 35 11,916 6.09 0.75 184.9 0.70 



Date 

TABLE 12 

ASPHALT FRICTION COURSE (FC-l) 
(Temperature of Mixture) 

Tons 
Produced 

8/ 1/79 202 300 32S 315 

8/ 2/79 

8/ 3/79 

8/ 6/79 

8/ 7/79 

Note: 

1,227 250 350 300 

1,060 260 325 289 

814 250 300 283 

865 275 350 303 

Target 285 

The mix temperature tolerance from the Job Mix Formula 
was! 25°F for any single measurement, and! 15°F for 
an average of any five consecutive measurements. 

31 



',-.. ) 
k) 

DatE: 
'l'esteJ 

8/1n':! 

8/2/7J 

3/79 

8/6/79 

8/7 /79 

Average 

Job Nix 
rormula 

AspLalt 
Content 

( 90 ) 

5.b 

5.9 

5.3 

5.8 

5.8 

5.7 

5.5 

TABLE 13 

ASPHALT FRICTION COURSE (FC-l) 
(Asphalt Content and Gradation of Mixture) 

Gradation - Percent Passing 

1/2" 3/8" No. 4 No. 10 No. 40 

100 100 95 74 41 

100 100 96 75 40 

100 100 96 75 40 

100 100 96 78 43 

100 100 95 67 34 

100 100 96 74 40 

100 100 95 73 32 

No. 80 No. 200 

20 7.3 

20 7.9 

19 7.3 

21 8.0 

17 7.3 

19 7.6 

16 6.7 



TABLE] 4 

ASPHA~T fKICTION COURSE (FC-I) 
(Harshall ppo;:-)ertie~ of Specimens Compacted at the Plant) 

IJenc.:i ty 
l),::{t e 

(f-Jcf ) 

--~.----~ ----,--~-

8/ 'L/7~1 134.8 

8/ 3/7~-~ 133.::: 

6/7~ 134.0 

8/ 7/79 133.3 

Average 134.1 

132.7 

Air 
Vc,id:c 

( (0) 

-----

11. 7 

L'.4 

11. 9 

12.6 

12.2 

12.0 

33 

Stability 
(l_bs. ) 

~----.-.-~-

988 

713 

737 

784 

806 

617 

flow 
(.01") 

11 

11 

11 

8 

10 

8 



821te 

8/ 1/70 

S/ 2/'/9 

,0 

+: 

el; 3!7S 

hi t,/7'0 

8; 7/79 

TABLE JS 

ASPHALT fRICTION COURSE (fC-1) 
(ctaracteristics of Asphalt Recovered from Mixture During Production) 

Penc:tr'dti,,)fl ) 

7"°1" I • 

'-iJ 

4'j 

SlJ 

44-

62 

ViSCClsity, 
140°F 

(]Joises) 

4,859 

I r:t C ~ 

'+ , ! -.J 0 

4,167 

5,528 

2,825 

Viscosity, 
77

0 r 
(megapoises) 

3.35 

3.14 

4.27 

4.89 

2.47 

Complex 
Flow, 
nOr 

0.92 

0.87 

0.87 

0.88 

0.92 

Viscosity 
41°F 

(megapoises) 

63.G 

71.1 

84.4 

175.7 

46.3 

Cor,lplex 
Flow, 
4lor 

0.68 

0.73 

0.73 

0.81 

0.61 



Location 

Section lA - EBTL 

IB - WBTL 

w 
U1 

Section 2A - EBTL 

2B - WBTL 

Asphalt 
Content 

(%) 

6.8 

6.4 

6.5 

6.7 

TAE,LE 15 

ASPHALT CONTENTS AND AGGREGATE GRADl\TIONS 
(Recycled Pavement After Construction) 

Gradation - Percent Passing 

1/2" 3/8 ft No. 4 No. 10 No. ItO 

100 100 93 80 4C 

100 99 94 82 47 

100 99 93 81 41:\ 

100 100 95 85 II') 

<,r"Wf~<\"li:t"'~'t\'<~;>~~};J:t¥''''---v ,~ , 

No. 80 No. 200 

20 7.0 

22 8.0 

21 7.5 

21 q.7 



Test 

UTI ir lie j gt1 t 
(pei) 

( .. ) 
u l 

Ail" Voids 
(% ) 

TABLE 17 

UNIT WEIGHT AND AIR VOID MEASUREMENTS 
DETERMINED FROM ROADWAY CORES 

Recycled Pavement 

Lv_dtion 

SecTion lA - EbTL 
IB - WBTL 

St"ct:i::>n 2,;' - EBTL 
2B - WBTL 

Section lA - EBTL 
IB - WBTL 

Section 2A - EBTL 
2B - WBTL 

After 
Construction 

Ut).7 
136.8 

137.3 
136.9 

7.6 
8.5 

7.9 
7.9 

Six 
Months 

One 
Year 

Two 
Years 

Three 
Years 
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Location 

Section lA - EBTL 

IB - WBTL 

w 
-.J 

Section 2A - EBTL 

2B - WBTL 

TABLE 18 

ASPHALT CONTENTS AND AGGREGATE GRADATIONS 
(Friction Course (FC-l) Pavement After Construction) 

Asphalt Gradation - PercenL Passing 
('on tent 

( 90 ) 1/2" 3/8" No. 4 No. 10 No. 40 

5.9 100 100 93 64 33 

6.1 100 100 97 75 37 

5.3 100 100 97 73 39 

5.4 100 100 95 72 "'7 ,) , 

- No. 80 No. 200 
---

16 7.2 

18 7.6 

19 7.6 

17 8.7 



(J-

CD 

'" .l..t:!SI 

Ur,i t Weight 
(pcf) 

Air Voids 
(%) 

TABLE 10 

U1JIT WEIGHT AND AIR VOID MEASUREMENTS 
DETERMINED fROM ROADWAY CORES 

friction COllY'SP (FC-l) Pavement 

Lccati0fl 

Section 1A - EBTL 
IE - WBTL 

Section 2A - EBTL 
2B - WBTL 

Section lA - EBTL 
IB - WBTL 

Section 2A - EBTL 
2B - WBTL 

After 
Construction 

131.4 
133.8 

132.7 
129.4 

14.5 
ll.9 

13.1 
14.'0 

Six 
Months 

One 
Year 

Two 
Years 

Three 
Years 
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Test 

Penetration, 
1110 ii!m 

('77°[') 

CL' 
Vis('oc:~i ty, ,~ 

~,o 1 :3es 
, " (}4W F) 

Viscosity, 
ises 

Cmnglex Flow 
(77 r) 

TABLe 20 

FENETRATION, VISCOSITY (FfOor and 7 ), AND ([1FLEX FUJI{ 

Location 

Section lA - EBTL 
IB - h'BTL 

Section 2A - EBTL 
2B - I-IBTL 

~~ection Ill. EBTL 
IB - WRTL 

Section 2A - EBTL 
2B - WBTL 

Section 1A - EBTL 
IB - WBTL 

Section 2A - EBTL 
2B - WBTL 

Section lA - EBTL 
IB - WBTL 

Section 2A - EBTL 
2B - WBTL 

DETERMINATIONS FROM ROADWAY CORE~ 

After 
Construction 

313 
'< " ,,~ 

37 
2 

8,84(, 

17.,7Lt8 

8,862 
10,259 

7.54 
8.76 

6.91 
9.81 

0.83 
0.76 

0.86 
0.74 

Friction Cour28 (FC-l) Favement 

six 
Months 

One 
Year 

Two 
Years 

Three 
Years 



TABLE 21 

SU:'1!1ARY OF QUANTITY AND COST OF RECYCLE FAVn-1ENT 

Quantity of Materials that was Replaced 
by the Recycled Pavement 

28.0% Crave 1 Screenings x 5,433 Tons 

2.0% Local Sand x 5,433 Tons 

1.9% Asphalt x 5,804 Tons = 
110.3 Tons x 2,000 

8.5 

Cost of Materials that were Replaced 
by the Recycled Pavement 

1,521 Tons of Gravel Screenings @ $10.00/Ton 

109 Tons of Local Sand @ . 3~)/Ton 

25,953 Gallons of Asphalt @ 

:: 1,521 Tons 

:: 10'j Tons 

:: 25,593 (:;allo;15 

= S1.5,210.00 

::~11, 1-+1'3.32 



TABLE 22 

ENERGY REQUIREMENTS OF MATERIALS THAT WERE 
REPLACED BY THE RECYCLED PAVEMENT 

Manufacture Asphalt Cement = 

Haul 120 Miles x 2 @ 1,960 BTU/TM = 

Produce Gravel Screenings = 

Haul 78 Miles x 2' @ 1,%0 BTU!TM 

Produce Local Sand = 

Haul 18 Miles x 2 @ 5,840 BTU/TM = 

Asphalt 

1.9% @ 1,057,900 BTU/Ton (5,804 Tons) = 

Gravel Screenings 

28% @ 375,760 BTU/Ton (5,433 Tons) :: 

Local Sand 

2% @ 225,240 BTU/Ton (5,433 Tons) = 

41 

587,500 BTU/Ton 

470,400 BTU/Ton 

1,057,900 BTU/Ton 

70,000 BTU/Ton 

3D5,7£0 BTU!To-n 

375,760 BTU/Ton 

15,000 BTU/Ton 

210,240 BTU/Ton 

225,240 BTU/Ton 

116,660,980 BTU 

571 , 621 , 140 BTU 

24,474,578 BTU 

712,756,698 BTU = Total Energy 
Saved 



FIGURE 1 

Milling Machine in Oper at ion 

.. :: ... ..... ~--::. . ..:...; . 

- ~~~ 

FIGURE 2 

Milled Surface 



FIGURE 3 

Milled Ma t erial Stockp ile 

FIGURE 4 

Be:l"t c h Plant Us e d to Process Recycled Mixture 

43 
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FIGGRE 5 

Attachment s Us~d fo r Recycling 
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FIGURE 6 

Surge Hopper and Drag-Out Belt 
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