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FOREWORD 

Th1s report, FHWA/RD-84/O88, presents a summary of the research conducted to 
develop a design procedure for hot-mix recycled asphalt concrete using Mushall 
and Hveem test apparatus. The procedure includes sampling plans and tentative 
design criteria based on studies of materials and cores from five recycling 
orojects. 

The design procedures are summarized in the Appendices. Two different pro
cedures for proportioning mixes were investigated. In one method the ratio 
of the new aggregate to recovered aggregate was held c•Jnstant as the ratio 
of the new asphalt or recycling agent to aged asphalt was varied, In the 
other method, the ratio of the new asphalt or recycling agant to aged asphalt 
was held constant as the ratio of the new aggregate t; recovered aggregate 
was varied, The former method was determined to be wore practical and is 
reco11111ended by the report. 

The contributions of the five State transportation agencies, namely California, 
New Mexico, North Carolina, Utah, and Virginia, who provided rnate.-ials, pave
ment cores, and infonnatfon r,n the recyrl ing construction projects are gratefully 
ac know! edged. 

This report is being widely distributed. Copies fc,r State highway ag,incies 
;ire disseminated thrr,ugh the division offices • 

// /II /7 0 / / . /i,,,_«;,_L /if~//~· I 
Richard E. iay, Oiredt.J; 
Office c,f Engineerini,Ta~ct 

Highway Operations 
Research and Development 

NOTICE 

Th:s document is dissr:minated under the sponsor.~t:ip of the Department of Trans
port1tion in the interest of information exchango. The United States Government 
assumes r,o 1 iabi 1i ty for its contents or use thereof. 

The contents of this report reflect the views of the authors, who are responsible 
for the facts and accuracy of the data presented herein. The contents do not 
necessarily reflect the offic,61 policy of the f>epartment of Transportation. 

This report does not constitute a standard, sper;ification, or regulation. 

The United States Government does not endorse products or manufacturers. Trad!
marks or manufacturers' names apptar herein only beeause they are considered 
essential to the object of this document. 
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INTRODUCTION 

Recycling Hot-Mix Design Methods 

The Marshall and Hveem mix design 111ethods are widely used by road 
building agencies for designing hot-mixed, den5e-graded asphalt concrete 
made with paving grade asphalt cement. These methods and their criteria 
for the various mechanical, density and void properties have proven satis
factory for designing Mixtures containing the types of 11111terials for which 
the various test properties and design criteria have been correlated with 
pavement perfonnance. If differences between materials and processes used 
for recycled and conventional mixes are taken into account and necessary 
~hanges are lllilde in the methods, they should a.lso be suitable for designing 
hot-111lxed asphalt concrete containing reclai111ed asphalt concrete. Because 
the 111echanical tests used in the 111ethods are elll)irical, ft is likely that 
additional c~rrelations between laboratory test properties and paveMent 
performance will be necessary when the methods are used for designing 
recycled mixes. 

Design inforllliltion for mixtures containing reclaimed asphalt concrete 
has been developed by a r.unt>er of re.earchers and ~gencfes. Guidelines 
for designing recycled mixes which ~hasize characteristics of the 
recycling agents we~e prese,,ted in studies by Davidson (l) (2). Kart (Ji 
presented mixture design proc~dures 1n which the salvage~ asphalt and the 
recycling agent ratio was kept constant while the amount of new aggregate 
was varied in the preparation of specimens for Marshall a~d Hveem tests. 
The use of recycled asphalt concrete pavement mix proportion chart along 
with Marshall tests and 1esign criteria was described by Betenson (4). 
Studies by Dunning (5)(6) were primarily concerned with the properties of 
aged asphalt and recycling agents in the d~sign of recycled mixes. Kennedy 
(7) subdivided recycled mix design into general, prelimi·1ary, and final 
des1gn cate<1ories. The final design utilized Texas State Department of 
Highway and Public Tr~nsportation standard tests which include Hveem sta,i
lometer tests. Studies by lee, Terrel and Mahoney (8) on the efficiency of 
mixing recycled mixtures concluded that a 60-second mixing time for pre
paring l~boratory spetilllf.ns produced adequate dispersion of the recycling 
agent in the mix. Epps (9) outlined procedures for designing recycled 
mixes including a method for selecting ,ypes and a111011nts of recycling 
agents. Guidelines for recycling hot-mix design are Included in the 
Asphalt lnstitute's manual on asphalt hot•m1x recycling (10). In additicm 
to the published information on the design of recycled mixes, many road
building agencies are testing rtcycled mixes with Mar~hall and Hveem 
apparatus using changes in stand~rd procedure based on experience in their 
hboratnri es. 
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Research Needs 

Although considerable war~ has been done, information 1s limited or 
lacking in a numDer of areas of recycled mix deiign. The variability of 
the reclaimed asphalt concrete and its effects on mix design have not been 
we 11 deffned, Because there is greater potential for vari abi 1 ity 1 n 
reclaimej asphalt concrete, more study is warranted on the use of statisti
cally based sai!pling procedures for recycled mix design, 

The rate and extent the new asphalt or recycling agent or both 
chang, the consistency of t~e asphalt In the reclaimed asphalt concrete 
during the laboratory mix design may affect mechanical test properties. 
ThlS may require changes in mix design procedures and criteria, A variety 
of physical and chemical tests have been used or proposed for charac
terizing the aged binders in reclaimed asphalt concrete as well a~ the new 
asphalt or recycling agents. It has not been established w~ich tests are 
necessary for routine recycled mix design, 

Asphalt consistency is one of the factors related to moisture damage 
a~d stripping behavior of some mixes, The combination of lower viscosity 
new asphalt and recycling agents with aged asphalt and new aggregate in 
recycled mixes may affect their susceptibility to moi~ture damage or strip
ping, Tests to evaluate stripping behavior of tecycled mixes in conjunc
tion with mix design procedures are desirable, The differences between 
recycled mixes and mi~es made with new materials should be considered in 
the development of modified or expanded standard Marshall and Hveem proce
dures for desigrlng hot recycled asphalt paving mixtures, 

Project Objectives 

This is a report on a Federal Highway Administration-sponsored project 
investigating a number of the areas of recycled mix design where infor
mation is limited or lacking, The overall objective of the project was to 
develop proceo1,.res for designing recycled asphalt paving mixtures 
utilizing standard Marshall and Hveem test equipment. Specific objectives 
of the study were as follows: 

1, To develop a statistically sound sallllling procedure for stock
piled, blended, or in situ asphalt pavements to be recycled; 

2, To select test methods to determine i~ortant physical and chemi
cal properties of salvaged binders required for effective rejuvenation with 
asphalt modifiers; 

3. To select a strlpping test for evaluating the ~,oisture damage 
susceptibility of a recycled mixture; and 

4, To develop mixture design criteria for producing durable asphalt 
mixtures and establBh criteria for properties of the recycled paving mix
ture, 
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The five tasks established to accomplish the study objectives are 
listed below: 

Task A - Statistical Sampling Plan 

Task a - Test Methods to Characterize the Salvaged Binder 

Task C - Development of Stripping Test 

Task D - Development of Mixture Design Criteria 

Materials Used for the Project 

The research was conducted using materials from five hot-mix recycling 
projP.cts constructed by five state highway agencles. Samples of materials 
from the projects were furnished Dy the state highway agencies according to 
samplfng plans and provisions developed under Task A. Pavement cores 
taken shortly after the construction of the pavements were furr.ished by 
four of the state highway agencies {none from California) In addition 
to the samples of In situ pavements to the recycled, reclaimed processed 
asphalt pavement, new aggregate, and new asphalt or recycll~g agent, 

Additional sall'4'les of asphalt representing major crude sources c0111110n 
In the U,S, and typical recycling agents were obtained from u.s. co11111er,i?1 
sources for Task B, The materials, designs, and construction techniques 
used in the projects were representat1ve of those ~sed by state highway 
agencies during 1981 and 1982, 
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STATISTICAL SAMPLING PLANS 

Purpose and Scope 

One of the objectives of this study w.s to develop a ~imple statlsti• 
cal pl~n for obtaining samples of rec1aime9 asphalt concr~te pavement from 
the roadway prior to recycling, ard from stockpiles of material to be used 
for recycling, The test samples would provide data that could be u;ed to 
estimate the variability to be expected from pavements to be recycled and 
to estimate how thls variability might affect the quility of the final 
recycled asphalt ~ixture, 

Several statistical saqiling plans were developed, using s1q,le sta
tistical techniques, They can be used to obtain random samples of asphalt 
concrete from existing p,.~'ll!nts, from milled material sampled from 
trucks, or from milled or other material processed and stored In stock
pile, and can be modifieo to include belt sampi1ng and other sources, if 
desired. The plans ~re described In ~ppendix A, 

The plans were teste;l on four hot recycling projects fn four 
different states: California, North ~arolina, Utah and Virginia, Material 
for recycling was obtained by mi'ling a portion of the pavement surface. 
San.:,les of the material to be recycled were obtained for extraction and 
recover')' testing using some version of the plans referred to above, All 
~rojects (except New Mexico) were sampled from the roadway prior to 
mll11ng, Samples of milled material were obtained From trucks on two proj
ects and from stockpiled milled material in two others, Results of 
extraction and recovery testing on the samples were analyzed using the pro
cedures outlined for the sampling plans. In addition, the data were ana
lyzed for sa1111le variability in relation to the different variables 
included fn the study, Project locations and sources used for sampling 
material to be recycled are summarized in Table 1, Specific information 
about each project, test data obtained, results of statistical anaryses of 
the test data, discussion, conclusions, and recorrmendations are included in 
the following articles, 

Plans for the ~tudy 

It 15 highly likely that existing asphalt pavements to be recycled 
w111 consist of layers of asphalt concrete of different COA1)oS1t1on, or 
road mixes or surface treatm1mts having d1fferer,t characteri st 1 cs, 
Similarly, existing stockpiles of sglvaged material may have been obtained 
from pavements having different characteristics, lt is likely that a 
length of pavement selected for recycling will vary in composition from one 
end to the other or from one lane to another, These variations could 
result from normal construction practices or they could be the results of 
different maintenance practices. Test data from samples obtained from 
highly cracked areas may display different propert 1 es than test sa1111l es 
taken from uncracked areas. Variability introduced by these characteristics 



may oe high In many cases, On the other hand, some pa~em.:ats w111 be 
relatively uniform from one end to another, In any case, a sampling plan 
wlll be required that anticipates the possibility of varia~llity, 
that provides a means whereby the variability can be determined, and that 
helps establish a construction unit (length of project or quantl:y of 
material) that wi11 provide a recycled pavement w1th ~haracterist1cs 
~hlch vary within acceptable limits. 

The specific purpo,e of this phase of th~ study was to develop plans 
for obtain1ng mater1als for m1~ design of recycled pavements that would 
take Into consideration expected variability using statistical techniques, 
Statistical samplln~ plans were to be developed that could be used for 
saq,ltng In situ from the roadWay prior to recycling, for saq,lfr,g material 
obtained at the job site for processing for use on the same job, and for 
sampling stockpiled material that might have been collected from more than 
one so~~ce, Sl111Ple, classical statistical sampling and analysis techni~u~s 
were to be used, 

Five recycling projects wer~ selected for saq,11ng and testing. 
Three projects were to be selected for saq,llng from the pavement before 
recycling 3nd two for saq,llng frOlll stockpiled material. A sufficient 
number or saq>les were to be obtained at each site to test the validity of 
the proposed procedures and to provide material for use In conducting other 
phases of the study, 

Each saq,1e obtained was to be used for an asphalt extraction and 
recovery tests. Tests were to inclu~e (1) aggregate 2radatlon, (2) asphalt 
content, (3) viscosity at 140°F (60°C) and 275°F (135 C), and (4) pene• 
tration at 77°F (25°C), It was expected that approximately 60 to 70 
extraction and recovery tests would be performed In this phase of the 
study, Additional extraction and recovery tests, one fr0111 each proj~ct, 
were to be performed in this phase of the study, The variability obtained 
from the test program was to be used to estimate the expected variability 
for hot-mix recycled pavements, 

Extraction and Recovery Tests 

Asphalt extraction t;,sts and tests on recovered asphalts and aggregates 
performed on cores and san~les of processed mat~r1als to be recycled fol
lowed standard ASTM procedures. The tests performed were as f~llcws: 

ASTM D 1856 

ASTM D 2172 

ASTM D 2171 

Test for Recovery of Asphalt from Solution by Abson 
Method 

Test for Quantitatfve Extraction of Bitumen from 
81tumlnous Paving Mixtures 

Test for Penetration of Bituminous Materials 

Test for Viscosity of Asphalts by Vacuum Capillary 
Viscometer 
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ASTM O 2170 

ASTM C 117 

ASTM C 136 

Test for Xinematic Viscosity of Asphalts (Bitumens) 

T&St for Materials Ffner than (7S-.l(m) No, 200 Sieve In 
Mineral Aggregates by Washing 

Test for Sieve Analysis of Fine and Coarse Aggregates, 

Statistical S11111llnp Plans 

Tentative procedures for sa""ling and statistical analysis of In-place 
pavements and blended or stockpiled materials for recycling were developed 
prior to the conitructlon of the projects, Minor modifications were made 
to these plans during the course of the study to reflect experiences gained 
In trying to 11111)1-nt them, In general, sa111Dling from the roadway ~as not 
, probltm. Plans for Sa111Pllng frOIII stockpiles were a10dtffed, prfrnerfly to 
aceonnodate the need to use hand saq,lfng procedures, rather than using 
power equipment as originally planned, A plan for saffl!)lfng milled material 
from trucks was also added. 

The basic sa-.iltng plans used tn thfs study are described in Appt!ndix 
A, The pla~s provide for sanpllng, testing and the statistical determl• 
nation of a Minimum number of specimens, but they can be expanded easily to 
provide for 1110re saq,les, ff desired, or otherwise mod1fled to flt the con• 
ditlons of the pr!!posed recycling project, The baste stathtlcal plans 
first divide the roalN/8.)1 or stockpile of material being considered for 
recycling into construction units e~pected to have reasonabiy uniform 
characteristics, uslrrg construction and maintenance records when possible. 
Each constrJctlon unit ts further div1ded into sect1ons of approximately 
equal stze, One or more random sarnph; are obtained from each of these ~;ec
tlons for extraction and recovery testing, 

Figure 1 cont~lns a flow cnart for the process underlying all of the 
statistical sampling and analysts plans proposed in this study. Appendix A 
contains p1ans for sampling asphalt paving mixtures to be recycled by sam
plfng from the pavement in place before r·ecycling, from trucks hauling proc
essed material to be recycled, and rrom ~t.ockp11es of materials to be 
recycled, Appendix 8 Includes a rrocedure for random selection of sarnpl1n11 
locations, Techniques for performing analyses of test data obtained using 
the sall¥)1fng plans are given fn Appendix c. Further discussion of these 
procedures follow the presentation and ar.~lytis of the test data collected 
fn this phase of the stud,). 

Analysis Proce!!!!!:!!. 

The analysis techniques proposed for the study wer1! to serve two pur• 
poses: to provide data which could be used to evaluate the ~reposed sam
pling plans, and to provlde data which, along with datn from other sources, 
would be used to develop alternative plans. S1~le analysis of variance 
techniques were selected as the basic anslysfs proce<ll,re, The procedures 
are described fn Appendix c. 
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A problem encountered In setting up the analysis procedure was the 
time and costs 1nvolvf,d 1n performing e_t,,act1on and recovery tests on 
samples of materials to be re.:ycled. It w,·s estimated that a minin11m of 1? 
sampies should be nee,ded. This number of Silmples appeared to be consistent 
with normal state hi•~hway practices. Mix de.igns were madf! on composite 
sall'4)1es, whfct, appeared to represent reasonably well the material produced 
by the recycling process. 

In all cases, the plan for recycling w1s e.tablished ahead of time and 
no effort was made to modify tt on the basi; of the plans d~veloped ln this 
study. This aspect of the study will be dhcussUd in ref,,rence to each 
project In subsequent paragraphs. 

Test data on saiq> 1 es of mater1a l to be recycled were obta 1 ned from 
four of the five projects included 1n the itu(I)', as shown in Table 1, A 
brief description of the plan followed at four of the pro;lects Is given 
In the following paragraphs. Apprriprfate test data are sunner1zed In Table 
2 through Table 23. 

Cal 1 fornla 

This project cons 1 sted of a i.ect ion of state Route 97 1 n S1 skiyou 
County approx1mately 10.5 mi (16.'I km) long and two lanes wide. Naterfal 
for recycling was obtained by milling approximately 1.5 1n, (38 11111) deep 
from the surface of the pavement, The milled material was transported by 
truck to a small stockpile for m1~1ng, but all of the reclaimed asphalt 
concrete was not stockpiled before construction was started. 

Samp1es for extraction and r,~covery testing "ere obttfned from the 
roadWay prior to recycling and fr1>m a stockpile of milled material obtained 
from the roadway during construction. Samples from the roadWay were 
obtained using the Plan for S~nip11ng Asphalt Concrete Pavement in Place, 
given in Appendix A, The pavement was divided into six sections, approxi
mately 9,240 ft (2,816 m) ·,ong and two lanes w1de. One randomly located 
core samp'le was obtained from each lane of each of the six sect1ons for a 
total of 12 core samples. Each of these ~amples was subjected to extrac
tion and recovery testing. Selected test data were subjected to an analy
sis of variance using the procedure described in Appendix C for sampl~s 
obtained from more than one lane or level. Test data are su11111ar1zed in 
Table 2. Results of the analysis of ·,, .. ,,,nee are given In Table 3, 

Stocir.p1le u~les were hken ful i cepth at five locations w1th1~ the 
stockpile, Although neither of the plans for saiq>11ng stockp1les was used, 
the saq,les were judged to be "representative" of the stockpile at the time 
of saq,11ng. Results of ex~ract1on and recovery testing on these sa~les 
are g1ven 1n Table 4. 

Inspection of the test data from core samples obtained from the pave
ment before recycling (Table 2) indicates that, there was considerable 
variab111ty associated with some cf the test properties included In the 
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study. The results of the analysis of vartance (Table 3) show that the 
varhb11ity was statistica"/ly stgnlficant between sections but not across 
lanes, except for asphalt ·ontent, which was s1gniffcantly different at the 
75 percent signtftcance le~~' both between lanas and between sections. 
Vhcostty dtta obtained on the extracted asphalt displayed the highest 
de~ree of variability between sections and was fatrly consistent across 
lanes, and was not significant. Penetratton and percent aggregate passing 
the No. 4 sieve displayed slcn1flcant differences at the 95 ?ercent slgntf• 
lcante level between lane11 but were not sign1f1cantly different bet,..een 
la~es. 

lnspectton of the ust data and results of the analys,s of test data 
fr0111 pavement core sa11111les 1ndfcate that both aggregate grading and asphalt 
content can be expacted to vary along the length of the pr~ject, which 
could have a practical effect on the var1abt tfty of the final mixture. 
Stmtlarly, the test data and results of the analysis Indicate that signifi• 
cant variability can be expected In the properties of the recovered 
asphalt. This also could affect the properties of the final mixture and 
possiMy the performanc.e of the recycled pavement. It 1s interesting to 
note, however, from Table 4, that the variabiltty of the five samples ~f 
milled material obtained from the stockpile ts considerably less than the 
varitbiltty ~btat~ed from the 12 pavement core samples. This can be seen 
by comparln9 the standard deviations which have been sun,narized in Tables. 

North Caroltna 

The North Carolina Froject co~ststed of recycling the 2,0 in. (50 nm) 
surface course ir. the outside southbound lane of hfghway I-95 between U.S. 
Route 74 south of Lumberton and the South Carolina border. Thfs portion of 
1-95 ts about 13,5 mi {2,2 km) long. Foe sampling purposes, the length was 
divided Into twelve equal sub-sections, aprroximate1y 2.2s mi (3.6 km) 
long. One 6•in. core sa~le was randomly located In each sub-section and 
obtained for extraction a~d recovery testing. In addition, appro~lmately 
two samples were taken each dty (12 total) from randomly selected trucks 
haullr,~ milted material from tile job site to the plant. Portions of these 
saq,les W'lf'I' used to prepare a cOll1)os1te saffll'le for extraction and recovery 
testing, ~crshall and Hveem mix design and for a study of stripping. The 
remaining portions were reserved for further testing as needed. 

Core samples from the 12 sub-~ectfons were analyzed using the proce
dure described In Appendix C for sa111ples obtained from one lane, In order 
to ~011111are variability from one end of the project to the other with 
variability in shorter segme~ts of pavement, the \2 suh-sectfons were com
bined fnto ~ix sections, sequentially along the project, for the analysts 
of varia~ce, Results of thu extraction and recovery testing are su11W11arized 
fn Tahle 6. Results of the analysts of vartancP. are su11111~rlzed fn Table 7, 
in the form of overall means and standard deviations for selected test 
values and an indicatian of statisttcal s1gnfftcance for section variance 
only. 
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The analysis of variance indicates that there were no statistically 
s i gn1fi cant di fforences between the s Ix sections for any of the .test 
variables. Inspection of •he test data in Table 6 shows that, except for 
results of the tests on the recovered asphalt, the mixture e~hibit~d good 
uniformity, a~d considering the entire project as one mlxtur~ for mix 
de~ign purposes probably can be justified. 

Results of penetration an~ viscosity t~sts exhibited considerably more 
variability than asphalt content or aggregate ~•ading. However, the varia
bility appears to be random and dividing the project into s11181ler units 
having similar levels of per.etration or viscosity does not appear to be 
justified from the data available. Additional sa~ling and testing would 
be needed to establish the extent of the existing pavement represented by 
the more extreme penetration and viscosity test values. 

Since the tests were randomly located within each division, it may be 
assulll'!d that they represent reasonably well the variability that can be 
expected from the existing pavement, which in turn will affect the varia
bility of the recycled mixture. How this variability woulrl ~ffect tile 
recycled mix and, possibly, the performance of the recycled pavement cannot 
be determined at this tima,, 

Results ot extraction .,n~ ,·ecovery tests on the milled material 
obtained from trucks is sun111arized in Table 8. The fivl! sets of test data 
were ~btained from one composite sample, and no attempt was made to measure 
day-to-day varf ab11 ity, 

/1. comparison of extraction test dat~ obtained from core sa11~les and 
from the milled material may ~e made uslt,3 Table 9. The aggregate grading 
obtained from the milled samples appears to be somewhat finer than that 
obtained from the :ore san,ples. The percent asphalt did not change 
however. Thg standard deviations for both aggregate grading and percent 
asphalt w9re lower for the milled samples than for the pavement core 
samples. The T-test was used to test for stat~st1ca! significance between 
tht! test data for roadwa,· sa~les and milled samples, Only differences 
associated ~Ith aggregate grading proved to be statistically significant, 

/1. 9.1 mi (14.6 km) portion of U.S. 89, Bryce Car.yon Junction to Hatch, 
Utah, was ~elected for lhclusion in the ~tudy. The roadway consisted of 
two 18-ft {5.5 ml la~es. All of the asp~alt layers were removed, approxi• 
mately 4 in., to the top of the aggregate base by milling, The cold milled 
material was hauled to the plant site, dumped into a windrow and from there 
deposited into a stockpile by front end loaders. The stockpiles were com
posed of single layers approximately 10 ft (3 m) high, Material was 
transported from one large stockpile to smaller stockpiles for feeding the 
p 1 ant. 
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Samples were taken !)oth from the pave111Eant prior to mll 1 ing and from 
twJ stockpiles of milled, reclaimed material at the mixing plant site. The 
9.l ml (14.6 kw) section of roadway was divided lntq six sections approxi
mately 7,972 ft (2,430 m: and t•~o lanes wide. One 6-in. core sample was 
taken from a randoon location in each lane of each section, for a total of 
12 samples, for extraction and recovery testing. The procedure followe~ 
that described in Appendi~ A, Selected test data were subjected to the 
an~lysis of yijriance p,·octidure described in Appendix C for samples taken 
from two 1ane~. ,ht tes'; data are sunrnarized in Table 10 and results of 
the analysis (!f ~ariance are sunwnarfz~d in Table 11. These results 1ndi
r.ate that, except for a sm.111 difference in asphalt content, statistically 
significant differences bet~een lanes did not exist. There was a dif• 
ference between sections, 1t a low level of significance, for a11 variables 
except asphalt content. In genPral, h~ever, the results of this series of 
tests show that the in-place :>aaement ~ad relatively uniform properties. 

Two stockpiles were samp'.ed. Stockpile No. 1 111as located near •.he 
plant and was the smaller of the two. It was composed of approximately 
6,500 tons (6,000 metric tons) of rec'.aime~ pavement. This stockpile was 
divided into three sections. Or,e sample of milled mate~ia1 was taken by 
hand from the top of the pile in each section for extraction and recovery 
testing, Sample 1ocatfons were randor.1ly located. Results of tests on 
these samples are sunwnarfzed in Table 12. 

Stockpile No. 2 was composed of approximately 18,000 u.s. tons (20,000 
netric tons) o, reclaimed material, The stockpile, approxiffiltely rec
tangular in shape, was divided into 10 sub-sections in such a way that it 
could be analy1ed as five sections, each co~osed of two side-by-side suo
sections. One sample was taken by hand from a random location in each sub
section for a total of 10 sall\illes, for extraction and recovery testing. 
The test data are summarized in Table 13. An analysis of variance using 
the same technique tnat was used for a two-lane pavement was performed on 
the data. Results of th~ analysis of v!riance are summarized in Table 14. 

A comparison between the extraction and recovery test data obtained 
from pavement core sa~1es and from stockpile samples of millea material 
may be obtained from Table 15. The data indicate that th£re was a slight 
increase in the percent passing the No, 8 and No. 200 sieves for the aggre
gate after milling and a decrease in the asphalt content, Viscosities of 
the recovered asphalt increased and penetration vaiues decreased after 
milling. The T-test was used to test for statlstl~al significance between 
means of test aata froni each stockpile and means of test data from roadlla} 
samples. (See Appendix C for a discussion of the T-test..) Only the dif
ferences in ~ercent passing the No. 8 sieve, penetration on recovered 
asphalt and percent asphalt for stock1,ile N.-.. 1 ~ro,ed to be statistically 
significant. Differences assocf ated •~1th tests on the recovered asp ha It 
d1 d r.ot. 
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.!'._i rgl nl a 

A 3-mlle 15 km) section of u.s. 220 near Roanoke, Virginia was 
selected for study. The outer two lanes in two directions were cold milled 
approxim~tely 2 in. deep and one lane wide and removed for recycling. 
Samples were taken from the roadway before milling and from trucks hauling 
milled material to t~e plant site. 

Samples from the roadway were obtained 'Y sawing from the pavement an 
approximate l•ft (O.3-m) square sample, loca;e~ by a random selection 
process as indicated in Append:x A. The 3 mi (5 km) section was divided 
longitudinally into six sections of equal length and one sample taken from 
each lane of each section for extraction and recovery testing. An analysis 
of variance was made on the results using the appropriate procedure from 
Appendix c. The results of the extraction and recovery testing are sum
marized In Table 16. Results of the analysis of variance are sunrnarfzed fn 
Table 17 • 

The analysis of variance on the roadway samples indicated that tt.ere 
wer~ statistically significant ~1fference~ between lanes and between sec
tions for aggregate grading anJ asphalt content. Penetration on recovered 
asphalt a 1 so dl ,? l ayed s I gnifi cant differences between both 1 anes and 
sections; although, viscosity test data w0re only slightly significant 
~r not significant for Janes and se:tions. 

Approximately two samples w~re taken each day (12 tot a Ii from randomly 
s~lccted trucks hauling milled rna•,erial from the job site to the plant. 
Portions of these sa"1)les were used to prepare a co~osite sarrple for 
ext1·action and recovery testing, Marshall and Hveem mix design, and for a 
study of stripping. The rEmaining portions were reserved for furti1er test
ing as needed. Results of the extraction and cecovery testing are sulfflla
rized in Table 18. 

Comparisons between results of selected tests run on e~tracte.; aggre
gate and asphalt from road,iay samples and samples of milled matHial may be 
made using Table 19. Th~ percent passing the ~o. 8 and No, 200 sieves for 
samples of milled material were higher than for the roadway samples. 
Percent aspha 1 t remal ned the same, and vi scos 1 ty of recovered aspha 1+, 
decrused. The T-test (Anpendix C) was used to test for statistict,l sig
nificance where more than one test value was available, ~esults of the T
te~t for significance indicated that only the differenc~s in aggregate 
gradiny weri! statistically significant. 

The results of the analysi~ of variance on data from l!.S. 220 in 
Virginia indicate that statistically significant v1riations wer,e found for 
many of th~ test variables from lane to lane and section to section. 
However, neither aggregate grading nor asphalt content exhi~ited large 
practical differences; and the recycled mixture was fairly uniform in 
respect to the,e routine control tests. The varlabllity in recovered 
asphalt properties may indicate f1Jrther variatiorlS In pavement pP.rformance, 
but this cannot be determined at this time. 
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Discussion 

The retults of the analysis of variance on test data obtained from 
roadway samples can serve to indicate 1f variations between sections or 
between lanes c~n be Identified, and, possibly, overcome by proper proc
essing of the material to be recycled before mixing or by making changes In 
the mix design. Unfortunately, major random variations may not be amenable 
to correction by either method, although some mixing can be accoq,11shed in 
the handling process. Results of the analyses performed on samples taken 
from the roadway before recycling In the four projects Included in this 
study indicate that In two of the four pro.jects, California and Virginia, 
statistical oifferences were detected which co~ld have led to a decision 
to consid&r some action, such as mhlng the material fron, separate sections 
of roadway, In a stockpll~ or, perhaps, specifying more than one mix design 
for the project, These two projects did not Glsplay a greater degree of 
variability fa.• all test variables, however, than did the other projects. 

This indicates that a major factor In determining the practical signif
icance of the results of a statistical sampling and analysis plan is the 
var1ab111ty associated with the test results. Minor differences in eiean 
values may prove to be statistically significant because Yarlability Is 
low, On the other hand, major differences In mean values may not be sta
tistically significant because variJb1lit,v Is high. In either ca~e the 
decision to require additional manipulation of the material to pr1Jni0te 
mixing or to provide more than one mlr. design per project may have to be 
made using engineering judgement. In some ca.es additional testing may be 
requirPd to determine the extent of areas of apparently different proper
ties. 

Also pertinent to making a decision regarding the determination to 
mix, prepare more than one design, or require addition~! testing is how the 
test data obtained from ~he pavement or stockpile to be recycled com,ares 
to normal expectatlcns. In this regard, additional comments or expected 
variability are in order, 

Table 20 conta1~s a sunwnary of pooled averages, standard deviations 
and caefflcients of Yariatlon for selected test variables for individual 
samples obtained from the roadway on all four projects, fro,n individual 
samples obtained from milled 11!3terial from the two Utah stockpiles, and 
from composite sampl~s of milled material from trucks on the Nortn Caro11na 
.nd V1rylnla projects and from the Ca11forrda project stockpile. (Se~ 
Appendix C for de'scr1 pt 1 nns of the procedures IM!nti oned.) 

Use may be made of the coeff1c1ents of variation in Table 20 to arrive 
at conclusions regarding the relative variability associated with the test 
variables sunnarized. It will be noted that the largest coefficients of 
variation are for the tests on asphalt re~overe~ from individual samples 
obtained from t.he roadway before recyc1ing. This, app&rently, reflects 
extensive differences thdt occur in pavements In service. S,nce the 
rPsults appear to ~e ranrlom, from previous discu~sioos, it would folla,, 
that extensive sampling wuuld be required io identify the extent of the 
differ!nt ~alues represented by the test results. 

12 



Except for th·l viscosity measurements on recovered asphalt on roadway 
samples mentioned above, viscosity at 140°F for the Individual stockpile 
samples from u,ah and percent passing the No. 200 sieve for the roadway 
samples, coefficients of variation are equal to or less than 11 percent. 
This can be compared to a val11e of 10 percent otten used as a practical 
measure of test variability. 

The standard deviations can be used to compare the variability of the 
aggregate grading and percent asphalt to job-ml~ forRUla limits reconlll!n<led 
in ASTM 03515 - Standard Specification for Hot-Mixed, Hot-Laid Bituminous 
Paving Mixtur~s. These limits, for the test variables under stuey, are: 

Sieve No, 8 .!_ 51 

Sieve No. 200 .!_ 3l 

Percent ~sphalt .!. 0.5l 

Two sets of limits were calculated for percent passlns tne Mo. 8 and 
No. 200 sieves and percent asphalt for each source of saw,oles giYen In 
Table 20. These limit$ are shown in Table 21. In one case 1.96 o limits 
were calculated. Here, 3.7 o is the average standard deviation frDIII Table 
20. It 1~ used to represent the population standard deviation. The value 
! 1.96 a represents the range about the population mean that 95 percent of 
all values would lie, 

Th!! limits identified as "sampling limits" were calculated using the 
same standard deviation, but, in this case, the standard deviation, s, was 
considered a sample standard deviation, not the population standard 
deviation, Using a technique described in Reference (24) for calculetlng 
two-sided tolerance limits for a n()rmal distribution, the ·,alue .!. KS repre
sents the range about the sample mean within which the probability is 95 
percent. that 95 percent of the test values in a sample of Ha 12 would 
fall, 

The same t~chniqce can be used to estimate the probability that acer• 
tain number of test values out of a sample of H tetts would fall within the 
job-mix limtts speclfle1 In ASTM D 3515. The number of tP.sts required in 
one sample to produce the probability that 99 percent of the time the ~STM 
limits would include 75 percent of the test values have been calculated and 
a1$0 are llst~d in Tahle 21. (Because of a htgh level of variability the 
report includes the 75 percent le~-el to test for significant differences.) 

Comparisons of the ASTM job-mix lfmlts to both sets of derived limits 
indicates that, In most cases, the test results would not conform to the 
ASTM lfmfts. Tn three case&, percent passtng the No. 200 sieve from road• 
way samples and percent passing both the No. 8 and No, 200 sieves would 
require that twice as many test~ be taken as actually were taken, for 
example, to be ~e~sonably sure that 80 percent of the material conformed to 
the ASTM limits, Tt ts also interesting and significant to note that 
while the sample. of milled material were less variable than the saq,les 
taken from the roadway before recycling, the trend could not be considered 

13 



highly significant. From the point of view cf ob':tining data to l>e u~ed to 
devise a recycling plan, therefore, it is lir~ly t'1at the material itself 
will be mor~ var1able than would be expected fro~ quality control guide
lines such as ASTM jol>-mi~ control limits, 

Si nee the tests from roadway samples obtai 11ed before mf 111 ng or 
recycling were quite variable, a limited C0111Parison was made to other data 
obtained on samples obtained from In-service paveinents. Three previous 
Investigations were in~l~ded in the coll'parison: a pre-construction coring 
and testing program made by the North Carolina Departllll!nt of Transportation 
prior to construction of the project used in this stud¥, a nationwide stu<IY 
conducted by FHWA from 1967 to 1970; and a study made for the National 
Cooperative Highway Research Program during th~ same period, Selected data 
from t'iese investigations are given in Table 2t, 

In the North Carolina stuey (11) cores were taken from the outside 
lane with the objective of recycling the 2-ln. asphalt concrete surface 
layer that was cra~ked and ravelled, Ten cores from the same lanes as used 
for the recycling study were subjected to extr,.ction and recovery tests. 
Selected resu1~s g<ven in Table 22 indicate th1t the two sets of tests by 
two different organ•zations compare closely, 

The Federal Highway Administration, durir,g the period 1954 to 1956, 
initiated a study to relate properties of asptalts with performance 
obser~ed on in-service pavements, Following an initial stvdy, during the 
period 1967 to 1970, an extensive field and laboratory investigation of 
properties obtalr.ed from pavement cores was conducted on 34 of the pave
ments included in the original study and that had not been overlaid. 
Samples were obtained fro~ two to six sites per project by a random selec• 
tion process from the outer wheelpaths, at least one in. (25 mm) in depth. 
Results of selected extraction and recover) test data from these samples, 
reported by Zenewitz and Welborn (12), are suf111111rized in Table 22, 

The other study was reported in NCHRP Report 67 by Sisko and Brunstrum 
(13), The purpose of this study was to relate pavement durability to rheo
lo;ical pro~ertles of asphalt. In the study, two sa""les were taken froffl 
each of 12 projects for asphalt extratt\01\ and recovery testing, Each of 
the two sa1111les was taken In op~osite lanes of the highway, about 300 ft 
(91 m) apart, in the outer wheelpath, where there was no obviGUs contami• 
nation from oi1 or grease, Six of the 12 ~rojects were reported to have 
had "moderate• to "severe" cracking, Selected test data, reported by Sisko 
and Brunstr~m, are given in Table 22. 

The above two sets of o'ata, sunrnarized in Table 22, can be co~ared to 
project data, sunmarized in Table 20. It will be noted that the i.:oeffi
cients of 11arfat1on for percent passing the No. B and No. 200 sieve for the 
project ro3dway sa~1es are about t•ice those report~d by lenewltz and 
Welborn, The project coefficient c,f variation for percent asphalt also is 
about twie11 that reported by Zenewitz and Welborn, but about the same as 
reported by Sisko and Brunstrum. A test of the variances usir,g the F-ratio 
test also ·indicated that the projett roadway data set and the Zenewitz and 
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Welborn data are fro~ significantly different populations, The sa111e test 
indicated that the percent t.sphalt distributions for the Sisko and 
Brunstrom data may represent a larger µ•rcenta9e of cracked or distressed 
pavements than the Zenewitz and Welborn aa~a, or other factors may account 
for the difference, Regardless, the data suggest that distressed pav~
ments, which are eandld~tes for recycling, may have more variable extrac
tion te,t properties than pavements not In a oistressed condition. 

Results of tests reported o~ samples obtained from the roadway have 
been co,..iared to test results obtained on samples of the same materials 
that were milled and transported by truck to the job site, In most cases, 
th~re were changes noted in properties that may or may not be significant 
in regard to providing adequate data for mix design or acceptable unifor
mity of the recyrled mh. Average changes are shown In Table 23, Changes 
in perce11t passing the ~o. 8 and No. 200 sieves, asphalt content and pene
tration wete con~istent across projects, and may be considered significant, 
Percent passing the No, 8 ar.d No. 200 sieves increased slightly during the 
milling process, The aver•ge increase was eight percent on the No, 8 sieve 
and two percent 3n the No, 200 sieve. ~sphalt content either reinalne~ the 
same or decreased slightly, with an average decrease of about 0,2 percent• 
age polots. Penet;ration of the recovered asphalt either remained the same 
or decreased during the milling process. The average decrease was about 6. 
Comparisons of viscosities measured on asphalt recovered from roadway 
Saffll.'les to viscosities measured on asphalt extracted and recovered from the 
mi11ed samples were variable, exhibiting both increases and decreases. 

Samples of ~i1led material taken from stockpiles, where tests were run 
on individual sa~les, ~xhiblted somewhat inconsistent differences, In 
general, standard deviations for the No. 8 sieve, the No, 200 sieve, and per
cent asphait were within the same ra!lge for both sa,..iles taken from the 
roac'.way and sampl•s taken from •he stockpiles of mil led material, However, 
st:.,1dard deviatiuns or coefficients Qf variation were substantially less 
for the stockpile samples than for the samples taken from the roadway, 

Summary and Conclus!ons 

Plans have been developed for obtaining random samples of asphalt 
concrete from pavements to be recycied using a hot-recycling process. 
SallPling plans can be applied to the existing pavement, to milled material 
samples from trucks or to milled or other material processed and stored In 
stockpiles. The plans could be 1110difil'd to include belt sa1!1pling and other 
sc,urces, if desired. 

The pl~ns were tested on four actual hot recycling projects in four 
different states: California, North Carolina, ~tah and Virginia, Material 
for recycling was obtained by milling a portion of the pavement surface, 
SafTC)les of the material to be recycled Wl're obtained for extraction and 
recovery testing using some version of the plans developed in the study, 
All projects, except the New Mexico project, were sampled from toe roadway 
prior to milling. Sa,..iles of milled material were ~btained from trucks 
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on two projects and from stockpiled milled mat~rial in two others. Results 
of extraction and recovery testing on the saqiles were analyzed using the 
procedures outlined for the sal!lpling plans. In addition, the data were 
analyzed for sa11111le variability in relation to the different variables 
included In the study. 

The following observations are considered pertinent as to how the 
material to be recycled might affect the final recycled mix. 

1. In two projects an analysis of variance indicated that there were 
significantly different segments of the project that could have been 
treated differently, if desired. However, the two projects did not display 
a greater degree of variability than did the other projects for all test 
variables. 

2. Sa11111le variability was high in al1110st all cases, particularly for 
penetration and viscosity test results obtained frOffl roadway sa11ples. 

3, C°""ar1sons of test variability to ASTM job-1111x limits and histor
ical data Indicate that the material obtained for recycling on these proj
ects was SOllll!What 1110re variable than the ASTM limits or historical d~ta on 
pave111ents fn place would suggest. 

4, Where direct c~arisons on one project could be Mcie, the ~i111ng 
and hauling process appeared to (1) reduce the variability In the test 
data; (2} increase the percent passing the No. 8 end Na. 200 sieves; (3) 
reduce slightly the measured percent asphalt; and (4) reduce the penetra
tion of the recovered asphalt. There was no consistent change in viscosity 
measu,._nts. 

Based on the above observations and discussion, san,ples obtained from 
the roadway prior to mfllfng or other processing ~re likely to exhibit 
highly variable results from penetration and viscosity test measurefflents. 
This appears to result frOtll local effects, probably associated with the 
type or amount of distress. Although Sisko and BrunstrOlt. (13) found a 
relalionshlp between asphalt hardening and craclo.ing, no attempt was 1111de to 
document such ari observation on this project, and, therefore, their co~clu
sion cannot be substantiated from project data. However, inspection ot the 
data from each project does ,ndicate that ,·arhtiOlls in penetration and 
viscosity test measurell'll!nts OIi re~overed asphalts were rand0111lY located. 
This observation, and consideration of the large standard deviations asso
ciated wfth these test data, indicated that quite a large nulllber of test 
locations would be required to discover the extent of pav-nt having dif• 
ferent test properties. In MOst cases, the amount of testing would be 111>re 
extensive than n,ost agen~ies would consider feasible, and would only be of 
practical use If the more extensive testing program resulted in different 
mix designs for each ·.;ection of tt,e project having different test properties. 

in general it may be concluded that asphalt pavements that are can
didates for recycling can be expected to have a comparatively high level of 
varlabi 11ty. s- illll)rovement lllilY ,,e obtained during the processing from 
pavement to pla~t through a milling operation, or by separating the job 
into subunits that might h~ve different mix designs. 

16 



Reconnendat ions 

It is reconnended, therefore, that the following procedure be used 
when san.,ling asphalt concret"I from the roadway ~r1or to milllr,g or other 
processing: (1) obtain Sa"'1les and perform eKtraction tests l.S outlined 
in Appendix A, (2) perform the indicated analysis of variance on the test 
data as outlined In Appendix C, and (3) establish construct1on un!ts onl)' 
on the basis of aggregate grading and percent asphalt, unless it can 
cle,rly be demonstrated that penetration or ~1scosity test propert.tes art, 
different. 

It is also reco-nded that, where pos~ible, final mlK designs be 
based on reclaimed and processed pavement 1111terlal. 
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TEST METHODS TO CHARACTERIZE THE SALVAGED BINDER 

_!& ·oduct 1 on 

Low viscosity grades of asphalt ~ement and other low viscosity organic 
recycling agents are used in hot-mix recycling to combine with, and change 
the aged binder in reclaimed asrhalt concrete to have proper,les similar to 
new asphalt and to provide the additional binder for any ne\' aggregate used 
in the mix. When standard specification paving grade asphalt cements are 
combined, they would not be expected to separate or be altered by chemical 
Interaction. However the use of recycling agents with properties quite 
different from paving grade asphalt cements introduces uncertainty about 
the compatibility and durability of the combination of the materials. 

Some studies have indicated that various compositional characteris• 
tics of asphalts can be related to their physical properties. Other stud• 
ies have proposed that compositional chardcterlstics of asphalts and 
recycling agents can be used to assess the coqiatibility between the 
materials and the durability of the combined materials. 

Corbett (14) (15) related asphaltene, polar aromatic and saturate 
fractions of asphalts determined by a chromatographic separation method 
essentially the same as ASTM method D 4124, to certain physical and age 
hardening properties, Plancher (16) proposed that the settling rate deter• 
mined by an asphaltene settling test could be used to determine effective
ness of recycling agents as an asphaltene dispersant in aged asphalt. 
Work reported by Kari (17) proposed that limitations on the saturate con
tent of recycling agents as determined by ASTM D 2007 Clay-Gel chro:\\.lt•J• 
graphic method would insure sufficient compatibility and solvency of 
recycling agents when used with aged asphalts. 

Davidson (1) proposed that the ratio of N (,,ttrogen base or polar com• 
ponents) to P (paraffins or saturates) fractions of a recycling agent 
determined by the Rostler analysis (ASTM Method D 2006 - discontinued) 
should be less than 1.0 in ord~r to be compatible with aged asphalt. He 
also proposed that recycling agents should have a composition parameter (N 
+ A1) / (P + Az) between 0,4 and 1.0 to improve the durability of the aged 
asphalts. The A1 and A2 fractions are respectively the first and second 
acidaffins determined by the Rostler method. The fingerprinting studies of 
asphalts reported by Ro.1tl~r (18) and Anderson (19) include compositional 
analysts data determine~ by the Rostler method for a large number of 
asphalts. 

The physical properties of asphalt cement, primarily consist.ency and 
changes in consistency with aging and exposure to heat and air, are the 
principal properties of asphalt that have been related to pavement con
struction procedures and to the performance of asphalt in pavements. 
Specifications for paving asphalts based on their physical properties have 
been developed through many years of experience. In view of the long 
proven experience with physical properties ar.d the more recent research on 
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the chemical natures of asphalts, both physical and compositional analysis 
tests were used in this part of the study to characterize salvaged binders 
,nd recycling agents. Because there is little agreement on which of the 
various compositional analysis tests that have been developed are the most 
suitable, several of the methods were used. 

Study Plans 

Four artificially aged asphalts covering a range of consistencies of 
asphalts found in aged pavements w~re prepared for evaluations of the 
various physical and chemical te,ts. Asphalts for preparing the aged 
binder samples were selected to represent major crude oil sources in the 
u.s, Four typical recycling agents were selected and subjected to the same 
physical and chemical tests dS appropriate. Blends of the recycling agents 
with the four aged asphalts were prepared and subjected to the same phys;
cal and chemical tests. Based on results of the artificially aged binder 
studies, certain of the tests were selected and run on aged asphalt, 
recycling agents and blends of these materials obtained from sampling five 
recycling construction projects. 

Cooposftion Analysis 

Three methods were used for analysis of the composition of aged 
asphalts, recycling agents and combinations of aged asphalt and recycling 
a<}ents, Compositional characteristics were determined by ASTM Test Method 
0 4124 for Separation of Asphalt Into Four Fractions and by ASTM Test 
!',ethod O 2006 (discontinued) for Characteristic Groups In Rubber Extender 
and Processing Oils by The Precipitation Method. Saturate fractions were 
determined by ASTM Test Method D 2007 for r.haracteristics Groups In Rubber 
Extender and Processing Oils by the Clay-Gel Adsorption Chromatographic 
Method. An asphaltene settling test described by Plancher (16) was also 
used. 

Physical Proparties 

All of the standard tests of the ASTM and AASHTO specifications for 
paving asphalts were used to determine the properties of original and aged 
asphalts, recycling agents and combinations of these materials. Viscosi
ties were also determined by ASTM Method D 3205 at a temperature of 77°F 
(25°C). Duct11itles were measured aL a temperature of 39.2°F (4°C) in 
addition to the normal testing te"'1eratures. 
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Asphalt Cements 

The asphalts, their ASTM specification grades, and crude oil sources 
selec•,ed for prepa,•ing art1f1cia11y aged binder samples were as follows: 

Asi;halt A - AR-16000, Santa Maria 

Asphalt B • AC-40, Smackover 

Asphalt c - AC-20, Venezuela 

Asphalt O - AC-20, Mid-Continent 

Physical test properties of the four asphalts before artificial aging 
are given 1n Table 24, The tefl1)erature s~sceptlbi11t1as of three of the 
asphalts were about the same, The fo~rth asphalt was more tefl1)erature 
susceptible, Viscosity temperature sssceptibility (VTS) was determined by 
the following relationship: 

where: 

log log vr2 - log log Vr 1 
VTS • --...... ----..-----log r1 - log r2 

VT1 = viscosity, centlpoises ~t te"l!erature T1 

Vr2 • vis~osity, cent1po1ses at temperature T2 

Ti• tefl1)erature, °K 

Tz = temperature, °K 

For viscosities determined at te""eratures of 275°F (160°C) and 140°F 
(60°C), VTS values for asphalts A, B, C and D were respectively 3,50, 3,51, 
3,49 and 3,69, The effects of heating on the asphalts dS determined by 
the standard thin film oven varies, Ratios of viscosity at 140°F (60°C) 
aiter thin film oven test to viscosity at 140°F (60°C) before thin film 
oven test ranged fro .. , 1,89 for asphalt D to 3,85 for asphalt A, 

Cofl1)osit1onal characteristics of the four asphalts before artificial 
aging are given 1n Table 25, There were con5fderable differences between 
the four asphalts fn some cases ln their various fractions as determined by 
the different methods, The asphaltene and naphthene fractions later named 
by ASTM method O 4124 varied widely for the four asphalts. The a~phaltene, 
polar c~ound, second acidaffln and saturated hydrocarbon fractions deter• 
mined by ASTM method D 2006 were considerably different for the four 
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asphalts. Asphaltene settling test times differed and ranged from 8 min• 
utes to 71 minutes for the four asphalts. 

Results also indicatr.d that the asphalte~e fractions differed 
depending on the test method used. Then-heptane asphaltene fracti~n by 
the D 4124 method was substantially less than the n-pentane asohaltene 
fraction by the D 2006 method. Apart from the asphaltene fractions which 
differ somewhat, there are no similarities between fractions of asphalts 
determined by the two methods. Saturated hydrocarbon fractlQnS determined 
by the ASTM D 2006 method were essentially the same as the ~aturates frac• 
tions determined by ASTM Method D 2007. 

Recycling Agents 

Typical recycling agents selected for the stu(ly were as follows: 

Recycling Agent 1 - AC-5 grade asphalt ce111ent, Mid-Continent crude 

Recycling Agent 2 - AC-2.5 grade asphalt cement, Smackover crude 

Recycling Agent 3 - RA-25 grade, Pacific Coast User Producer 
Specifications: 3-4 

Recycling Agent 4 - RA-5 grade, Pacific Coast User Producer 
Speclflcati~ns: 3-4 

Physical properties of the recycling agents are given in T1ble 26. 
They ranged in viscosity at 140°F (60°C) from about 2 to 500 poises. The 
AC-5 and AC-2.5 grade asphalt cements were less temperature susceptible 
with VTS values of 3.44 and 3.43 respectively compared to VTS values of 
3,70 and 4.69 respect1ve1y for the RA-25 and RA-5 grade recycling agents. 

Compositional characteristics of the four recycling agents are given 
in Table 27. The asphaltene and saturates fractions determined by ASTM 
Method D 4124 varl~d considerably for the four recycling agents. Recycling 
agent 4 contained ,o asphaltenes. Of the different fractions detennlned ~Y 
ASTM Method D 200~ the asphaltenes, second acidafflns and saturated hydro•• 
carbons varied the, '\t for the four recycling agents. Aspha1tene settling 
times for the four rec/cling ar.nt~ ranged from zero for recycling agent 4 
to 42 for recyc11ng agent 2. s was the case for asphalt cements, satu• 
rated hydrocarbons fractions determined by ASTM Method D 2006 were in close 
agreement with saturate fractions determined by ASTM Method O 2007. 

Art1flc1ally Aged Asphafil 

The asphalts were artificially 1ged with a controlled flow of 6,000 cm3 
per minute of air 3nd mechanical stirring while heating at a temperature 
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between 325°F and 350°F {163°C to 177°C), The aging of 1300 to 1400 g 
batch Sl111Ples was accomplished in from lS to 35 hours and resulted In 
viscosities at 140°F (60°C! ranging from about 100,000 to 140,000 poises. 
Penetr~tions at 77°F (25°C ranged from 13 to 23, The physical properties 
of the artificially aged asphalts are given in Table 28. 

Temperature suscept1b1l1t1es of the aged asphalts followed the same 
trends as before aging with three asphalts having about the same and one 
having higher sJsceptlblllty. VTS values for artificially aged asphalts A, 
B. C and D were respectively 3,52, 3,49, 3,46 and 3,76, The effects of 
heating the artificially aged asphalts as determined by the thin film oven 
test followed the same trends and were about the same as before aging. 
Ratios of viscosities before and after the thin film oven tests ranged be
tween 1,89 for Asphalt D to 3,60 for Asphalt A. 

The trtlficial aging resulted 1n substantial increases in asphaltene 
fractions of the four asphalts at the expense of varying decreases in one 
or more oti1er fractions. Polar aromatic fractions determined by ASTM 
method D 4124 changed very 1ittle, as did the second acidafflns and satu
rated hydror.arbons fractions determined by ASTM Method D 2006, ASTM D 2007 
saturates fr6ctions were not changed significantly by the artificial aging. 
Asphaltene settling test times for the four asphalts increased after arti
ficial aging following the same trends as before aging, The compositional 
characteristics of the artificially aged asphalts are given in Table 29, 

Artificially Aged Asphalt and Recycling Agent Blends 

Blends of the four aged asphalts and the four recycling agents were 
prepared using a viscosity blending chart to obtain a blend viscosity at 
140°~ (60°C) of 2,000 poises. The blending chart was based on an approxi• 
mate linear relationship for plots uf the log-log viscosity In centipois~s 
at 140°F (60°C) of the aged and of the new asphalt or recycling agent ver
sus percentages of new asphalt or recycling agent in the blend, Blends 
were prepared by heating the aged asphalt 275 F (135°C) for ten minutes, 
The b'1end was removed and stirred for one minute, replaced in the 27S°F 
(135°C) oven for ten minutes, and removed and stirred for one minute. 

Asphalt A, the highest viscosity aged asphalt, and asphalt D, the 
lowest viscosity aged asphalt, were blended with each ~f the four recyclin, 
agents. Aged asphalts Band C having fntertnediate viscosities were ear.h 
blended wfth the highest viscosity recycling agent land the lowest vlscos~ 
1ty recycling agent '• Use of the blending chart for asphalt A and recy
cling agent I to determine blend proportions to obtain a blend viscosity 
2,000 poises is shown in Figure 2, 
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Phystca1 Properties of Artif1cia11y Aged Asphalt and Rec.yc11nq Aqent B1ends 

Viscosities at 140°F (60°C) of ten of twelve b1-.nds proportioned 
according to the blending chart were within the range of 1,600 to 2,400 
poises or the viscosity limits for AC-20 grade asphalt, Exceptions were 
blends of aspha1t B with recycling agents land 4 which were s11ght1y lower 
than Indicated by the blending chart. Reductions of about three percent in 
the amount of recycling agent were made to obtain blend viscosities In the 
desired range for these two blends. 

Blends proportioned using the blending chart to obtain viscosities at 
140°F (60°C) of 2,000 poises had penetration test values at 77°f (25°C) 
ranging from 66 to 116. Vlsc~slty ter111erature susceptibility (VTS) values 
of blends fell between VTS vaiues of the components In nearly all cases. 
In Instances where they did not, VTS values of the aged asphalt, recycling 
agent and blends were so nearly alike t~at differences were net slgnlfl• 
cant. 

The test properties of all blends met ASTM or AASHTO specification 
requirements for AC-20 viscosity graded asphalt cement except the blend of 
aged asphalt A and recycling agent 1. Both asphalt A and recycling agent 1 
exhibited rather large viscosity changes when subjected to the thin film 
oven test, and the viscosity of the thin film oven test residue of the 
blend exceeded the ASTM and AASHTO specification llmits for AC-20 grade 
asphalt cement. The pnysica1 properties of artificially aged asphalts and 
recycling agent blends are given In Tables 30, 32, and 34. Viscosity and 
penetration test values for all of the blends ore su111111rized In Table 36, 

Compositional Characteristic& of Blends 

The rather wide differences in some fractions for the four aged 
asphalts were reduced in blends of the aged asphalts and recycling agents 
that were blended to have viscosities of approx·/mately 2,000 poises at 
140°F (60°), Asphaltene fractions by ASTM Method D 4124 for blends of the 
four aged asphalts and four recycling agents only varied from 15 to 21 per
cent and naphthene aromatics fraction varied between 26 and 38 percent, 
Similarly, the differences in asphaltene, po1ar components and secured 
acldaffin fractions determined by ASTM Method D 2006 were r~duced for all 
blend1 compared to wide differences in these fractions for the original 
aged asphalts. The range in a.phaltene settling test times for the blends 
of aged asphalts and recycling agents was about the same as for the or1gl
nal aged aspha its. About one-half of the time the settling times for the 
blend did not fall between the settling times for the Individual blend com
ponents. Composltio~ll characteristics of the aged asphalt and recycling 
agent olends are given in Tables 31, 33 and 35. 

Compos1t1onal analysis fractions for the blena of 29 percent Asphalt A 
and 7J. percent recycling agent 1 determined for the blend, and fractions 
calcu'lated from the 11mounts of each fraction in asphalt A and recycltng 
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agent 1 and blend proportions are given in Table 37. The ~lend fractions 
calculated from blend proportions and from the measured alll(;unts of each 
fraction in the aged asphalts and in the recycl<ng agents were within l to 
2 percentage points of the measured fractions of the blends. The 
variations were within the precision of the test method and are not con
siderec significant, Differences between the measured and calculated frac
tions for all aged asphalt and recycling agent blends were essentially the 
some as those in Table 37. 

~~d Asphalt and Recycling Agents from Five Recycling Construction Project, 

Aged asphalts were extracted and recovered from composite samples of 
cold milled asphalt concrete from the five recycling construction projects 
that were sampler.I during the study. The co~oslte cold milled asphalt con
crete samples were also used for the mix design studies using Marshall and 
Hveem apparatus. The consistency of the extracted asphal•s from the recy
cl i~9 construction projects varied widely. Vis~osities at 140°F (60°C) 
ran~ed f~om about 106,000 poises for the California Highway 97 project to 
about 6,500 poises for the New Mexico 1-40 project. Penetrations at 77°F 
(25°C) rar.ged between 7 for the California llighway 97 project and 38 for 
the New Mexico 1-40. project. Te~erature susceptibilities of the extracted 
asphalts varied and were somewhat greater for two projects, The VTS values 
were 3,89 and 3.86 respectively for the Utah U.S. 89 and California Highway 
97 projects, VTS values for extracted asphalts for the ~~rth Carolina 
!-95, Virginia u.s. 220 and New Mexico 1-40 projects were respectively 
3.66, 3.60 and 3.56, Recycling agents used for the five re~ycling con
struction projects included AC 2,5, AC-5, 85-100 penetration, AR lCOO 
paving g~ade ~sphalt cements 1 RA-500 grade recycling agent (Pacific Coast 
User Producer specifications1 and a low viscosity recycling agent meeting 
Utah Department of Transportation specifications. The properties of the 
aged asphalts and recycling agents from the five recycling construction 
projects in North Carolin,, Virginia, New Mexico, Utah and California are 
given in Tables 38 to 42 along with properties of blends of the dged 
asphalts and recycling agents. 

The viscosity blending chart which produced blends of artlficia1ly 
aged asphalts and recycling agents which generally met standard specifica
tion requirl'mC!nts was used for preparing ·blends of the aged asphalt Md 
recycling agents from the five recycling r.onstruction projects. ~or 1;he 
North Carolina 1-95, Virginia u.s. 220, New Mexico 1-40 and Utah 89 proj
ects aged asphalts and recycling agents were blended to obtain a viscosity 
at 140°F (60°C) of 2,000 poises. The recycling ag~nts and aged asphalt 
from the California Rout<! 97 project were blended to obtain a viscosity at 
140°F (60°C) of 2,667 poises, This target was selected based on an assump
tion t~at there would be approximately a threefold increase in viscosity 
after the thin film oven test. Blends of the North Carolina, Virginia, N~ 
Mexico and Utah projects proportioned according to the visco~ity blending 
chart all met ~.ASHTO M 226 and ASTM r 3381 specification requirements for 
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AC-20 viscosity grade asphalt cement. The blends for the California proj
e~t met the requirements for AR-8000 viscosity grade asphalt cement except 
that the blend with the AR-1000 recycling aient was marg1n81 with respect 
to the vfscosfty requi rerrents at 275°F (135 C). 

Fractions of the aged asphalt5, recycling agerts and blends of the 
aged asphalts and recycling agents were determined by ASTM Method D 4124 
for the recycling construction project mater·ia1~. Results were essentially 
the samc as for the artfffcially aged asphalts wfth respect to measured 
fractions in blends and fractions calculated from the blend proportions 
and the measured amount of the fractions in blend components. The blend 
fractions calculated from amounts ~f each fraction in the aged asphalts and 
fn th& recycling agents from the recycling construction proje~ts were 
generally within 1 to 2 percent of the fract1ons in the ~lends. No changes 
due to chemfcai interactions between various fractions of aged a~phalts and 
recycling agents were indicated. 

Summary and Conclusions 

Physical and compositional analysis tests were run on artificially aged 
asphalts prepared from asphalts representing major u.s. crude sourLes, 
typical recycling agents, ac1 on blends of the materials. Physical tests 
and selected compositional analysis tests wer~ run on extracted aged 
asphalts, recycling agents, and tlends of the materials from ffve recycl fng 
construction projects. Test results for the wide range of materials ind!• 
cated that the viscosity blending chart tn Figure 2 could be used to 
establish proportions of aged asphalts and recycling agents nece~sary t~ 
produce the desired viscosity at 140°F (60°c: of the blend. Blends for 
essent.ially all of the materials proportioned according to the blending 
chart a~t standard ~STM and AASHTO specification requirements for viscosity 
graded asphalt cements. In a case where a blend did not meet specfffcation 
requirerients, thefr film oven residue test results fo,· the blend components 
fndfcated that large increases fn the viscosity of the blend would ~lso be 
expEcted when ft was subjected to the thin film oven test. 

Viscosity temperature susceptibilities of aged asphalts recycling 
agents and blends of materials were calculated. Blends of aged asphalts 
and recycling agents with different viscosity temperature suscept1bf11ties 
proportioned according to the viscosity blend chart resulted in blends w1th 
viscosity temperature susceptibilities between those of the components. 

Var1ous fractions of aged asphalts, recycling agents and blends of the 
materials were determined by ASTM Methods O 4124, O 2006 (d·iscontfnued) and 
D 2007. Percentages of the various fractions fn blends calculated from the 
blend proportions and amounts of the fractions fn the aged asphalts and 
recycling agents were ess~ntially the same and generally within 1 to 2 
percent of the fractions \lll!~sured for the the blends. Ho alterations due 
to ch~mfcal 1nter~ctions between the various fractions of the aged asphalts 
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and recycling agents 11ere indicated for blends prepared with the v1scoslty 
blending chart. 

For mix design purposes, the small deviations of blend viscos;ty from 
the visr.osity blend chart target vlscosity would not be significant. The 
viscosity blending chart that was used is sufficiently accurate for use in 
mix design procedures for a wide variety of recycling agents conforming to 
standard specific1tions for viscosity graded ~sphalt cements and conforming 
to the specifications covering the oth~r recycling agents that were used in 
the study. 

For the wide ringe of aged asphalts, recycling agents and blends of 
the materials th;,t were studied, n11 nee<: was indicated for the composi
tional analysis ,est data obtained from ASTM Teet Methods D 4124, D 2006 
(discontinued) ,md D 2007 for routine mix design. Similarly no need was 
indicated for the asphaltene settling test data. While compositional anal
yses tests might be useful for screening potential new recycling agents, 
their use in recycling mix design woulcl depen~ on proven relationships 
between the various fractions of asphalts, their limiting values and the 
durability and performar,ce of asphalts in pavements. Such relationships 
for asphalt fractions determined by the compositional analysis test methods 
used for the study have not been established. 
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MOISTURE DAMAGE AND STRIPPING BEHAVIOR OF RECYCLED MIXES 

Introduction 

Moisture-induced changes in the adhesion of asphalt to aggregate and 
its effects on the mechanical behavior J~d the performance of asphalt 
paving mixes are related to many factors, The type and composition of 
aggregates, consistency of the asphalt, presence of detrimental fires, den
sity and voids properties of mixes, completeness and thickness ~f ,~phalt 
coatin9s on aggregate, traffic and environmental conditions are all factors 
that are related to moisture damage. Although many of the factors ind 
mechanisms involved in moisture 1amage have been studied extensivel, there 
has been limited s~ccess in the development of widely acc~pted test metnods 
which can be used to predict moisture damage, Many of the factors involied 
in stripping, and test methods that have been used to indicate stripping 
are reviewed in a comprehensive state-of•the•art report on moisture damage 
to asphalt pavement by Taylor and Khos1a (20). 

The res11lts of studies on ,1sphalt adhesion and disbanding mechanisms 
by Scott (21), and the stripping test procedures developed by Lottman (22) 
to p"edict moisture damage in paving mixes should be applicable to recycled 
mixes as >1el1 as co~ventional rnfxes. However differences in the construc
tion processes, the combinat.ion of low viscosity recycling agents and new 
asphalt with ~he reclaimed asphalt concrete and new aggregate may result in 
differences it1 the moisture-induced damage and stripping behavior of 
recycled mixes as compared to conventional mixes. Loss or weakening of 
adhesive bonds between asphalt and aggregate in the presence of water and 
the resultant moisture damaqe and stripping behavior may also be affected 
by the rate and extent the recycling agents combine with and charge the 
properties of the salvaged binder. In any case the disbanding process in 
recycled mixes as well as in conventional mixes can result from water 
entering and penetrating the asphalt-mineral interface at a discontinuity 
in the asphalt film or by water diffusing through an asphalt film, 

The most extensive and best documented studies which have established 
relationships between the mechanical properties of laboratory conditioned 
specimens and moisture damage and stripping behavior of in-service pave
ments are those reported by l.ottm~n (23), Correlation studies by Lettman, 
extending over a period of 5 years and invol,;ng 17 pavements in 14 states, 
dem,1nstrated that indirect tensile tests and moisture conditioning proce
dures could be used to make reasonably good predictions of mixtures likely 
to experience moisture damage. Procedures based on ' .. ottman's work were 
selected for evaluating moisture damage and stripping behavior of recycled 
mixes because of the promising results obtained for convention~l mixes. 
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Modified IICHRP Project 4-8(3) Moisture Da111age Test System 

The NCHliP Project 4-8(3) moisture damage test system developed by 
Lottman determines the change in the indirect tensile strength and indirect 
resilient modulus of co~acted asphalt paving mhtures resulting fr0111 •1se 
of a vacuum technique to introduce water into the specimens and freeze-thaw 
conditioning. A few modifications were made in the moisture damage ~est 
system for use lfith recycled mixes primarily to sf~l1fy equipment and pro
cedures and to make the tests easier to run for routine use. 

Procedures for preparing standard size Marshall or Hveem test sp~cl
mens described in the mixture design section of the report were used to 
prepare recycled nJix moisture da111age test specimens, n,e specimens were 
prepared with c~~ositlons specified by the job mix fo1"111.11as used for the 
recycling construction projects sa~led during the study. Test specimens 
were prepared with air voids within the range of 5.0 to 9.0 percent to 
correspond more nearly to pavement air voids f-diately after paYl!lllent 
construction. 

Only t:he indirect te,,sile strength test was used for mistu!'e da1111ge 
testing because of its siq,licity, general availability of test equipment 
to perfor111 the test and its better precfslc:,n C0t11Jared to the 1ndi rect 
resilient modulus test. The latter is an alternate test method in the 
NCHRP Project 4-8(~). Modifications were made in the indirect tensile 
strength test to make !t easier to ru~ with equipment generally more 
readily available. A vertical deformatia~ rate of 2 inches (51 11111) per 
minute, and a testing te,~erature of 17°F (25°C) instead of 55°F (12.8°C) 
were used. The modifications which allow use of standard Marshall loading 
equipment ard a standard asphalt cement penetration test water bath were 
formed by Maupin (24) to result in essent1a1ly the saine tensile strength 
ratios as the NCHRP Project 4-8(3) indirect tensile strength test proce
dures. The measurement and calculations of indirect tensile strength were 
si~l1fl11d by use of 1/2-in. (12.7-11111) widl' concave surface steel loading 
strips ~nd the cOlllllOnly used forirula tc calculate indirect tensile 
strength. Standard AoTM test rnetho~s were used to determine the bulk spe
cific gravity and percent 111!- voids of col'lll)acted specimens. lr. lusion of 
these standard test procedur~s in the moisture da111age test system allowed 
the calculation of percent air voids in specimens filled with water, and 
bulk volumes of specilfens during the various conditioning procedures. 
Coq,acted speci:nen volume determinations were considered i111>ortant because 
of volume changes that u,, result from certain vacuum saturation procedures 
and condt~ians which affect ,.,echan1cal test properties apart from the 
effects of water on ~he adhesion of asphalt to the aggregate. The llll!thod 
of test for the effect of water ano freezing and thawing on the indirect 
tensile strength of co~act~d recycled mixes, based on the NCHRP Project 
4-8(3), "Predicting Moisture-Induced Damage to Asph~ltic Concrete,• is 
given in Appencfx o. 
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~re Dwge Tests On Recycled Mixes 

Moistur~ da1111ge tests were run on coq,acted recycled mix specimens 
prepared from materials from the five recycling construction ~rojects 
listed in Table 1. The tests were run innediately after specfllll!ns were 
prepared .. aftH 1 week and after 4 weeks of aging at room te.,.ierature to 
dete,..ine short-ten1 aging effects on 110isture da1111ge behavior of recycled 
mixes, 

Materials used for the Virginia (U,S, 220), California (Highway 97), 
Utah (U,S, 89) and Nor-th Carolina (1-95) recycling construction projects 
were reported as generally not susceptible to moisture dalllilge or stripping. 
The ~ew Mexico (l-40) recycling project was constructed because of paveaent 
di stress dlle to moisture da111&ge and stripping that occurred soon after the 
pavement was constructed, The new crushed gravel aggregate used for 
recycling const,..Jctlon was fr011 a source nearby and similar to that used 
for the original wearing course, The Hew Mexico project speci111ens for the 
110isture daaage contained 1 percent by weight of hydrated lt11e a~ded to the 
new aggregate and 1/2 percent of a liquid a~ti-strip agent added to the n~-w 
asphalt. lhese were the sa111e a1110Unts as used for the recycling project 
construction, New Mexico project mix specimens with the sa111e coq,ositfon 
without addition of hydrated 111111! and the liquid anti-stripping agent were 
prepared for coq,arison with specimens containing the anti-stripping 
agents, The c°""osltion of coq,acted recycled mix specimens used fo~ the 
moisture damage tests are given in Table 43, 

Noistur~ Da111age Test ~esults 

The NCHRP Projec•, 4-8(3) moisture damage test syste11 tensile strength 
ratio, TSR1, determined after vacuum saturation conditioning, is consider~d 
to be a short-term moisture damage ffeasurement si1111lating moisture damage 
when the asphalt pavement appro,,ches saturation, The tensile strength 
ratio, TSR2, determined after the ac:celerated conditioning which includes 
freezing and th,iwing after vacuum saturation is considered to be an ultl• 
mate or long-term moisture damage measurement. 

Una_i!t! Speci~ 

Short-term TSR1 ratios for unaged re~ycled mix specimens for the five 
recycling cor,structfon projects ranged between 0,96 and 1.18, There was 
little if any effect of vacuum saturation ~onditioning on indirect tensile 
strength ratios, The vacuum saturation conditioning for determination of 
short-term TSR1 r~tios resulted ln speci111en air voids filled with water 
ranging frlllll 65 to 92 percentage points, 
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Long•term TSR2 ratios for uneged recycied m1x specimens for the 
V1rglnfa project, North Caroline project, and for the New Mexico project 
contafnfng anti-stripping agents ranged between 0.94 and 1.oe fndfcating 
11tt1e if any effect Gf accele~ated conditioning on the recycled mh spec• 
fmens. The long•term TSR2 r1tio for the Utah project was 0.90 1r.dlcat1ng a 
slight effect of the ar.celer6ted condftfoning. 

The long-term TSR2 r~tios fer unagp,d spec1mens for the New Mexico pr,,j• 
ect not containing antf~str1pping agents and the California project were 
respectively 0,72 and 0,65, Long-term TSR2 ratios for both projects were 
belOlli the o.s ratio suggested in NCHRP Report 246(23) as the minilffl.lm 
acceptable value for ensuring good perfor111&nee. There was a signifleant 
dirference in long-term TSRz ratio for the New Mexico project unaged spec
imens containing anti-stripping agents and not containing anti-stripping 
agents was o.~4 dnd without anti-stripping agents was o.72. 

The vacuum saturation and accelerated conditioning for TSR2 ratio 
determi~ations resulted in recycled ml• specimens air v~iJs filled w1th 
water about 10 percentage points ~reater than for only vacuum saturation 
wnditioning. Specimen air voids fi i1ed with water for accelerated con
diticn a:,t! wecimer.s ranged bet,ieen 74 and 100 percent. 

A visua·, stripping rating of "r,ot dis~ernlble" for vacuum saturat.ion 
conditlnned unaged specimens was record~d for all of the recycling c~r.
struction projects. A. visu~l strip;,ing -.ating of "not discernlblP" was 
alsc ~ecorded for accelerated conditioned unaged speciffl'!'•S for ~i 1 projects 
except for the New Mexico project not containing anti-stri~r,ing agen~s. it 
was rated "•ery s1i9!r.", The viseal stripping ratings were not necessarily 
related to tensile strength ratios for accelerated conditioned specimens, 
The California project specimens were rated "not discernible" wi11le its 
TSR2 ratio was b2low 0,8 for accelerated conditioned unaged specimens. 

£,_E!!d Specimens 

Short-term TSR1 ratios for all prcjects randomly incre~~ed and 
dacreased during 4 weeks of aging and ra,,ge,:l between o,;6 ~,id !,lB. The 
variations '"ere about the same or less t~an the single-r,pera:or standard 
deviation for Indirect tensile strength ratios reoorted for ·::,e method. 
There wes little if any effect of agfng on the short-term 1SR1 ratios. 

The aging of recycled mti specimens for up to 4 weeks resulted 1~ 
little If any effect on long term TRSz r~tios f,1r specimen, from t~? 
California, Kew Mexico and North Carolina projects, H(ll>lever, the long-tem 
TSR2 ratios for the Vlrglnla and Utah projects decreased about 2D percent. 
The decrease may have 1n part been ceused by an i~crnase of about 10 per~ 
cent in the Indirect tens1l,1 str"!ngth of subset l dry specimens for the 
Virginia and Utah projects. 
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Ov9r1ll the short"term aging effects ~r. moisture damage test tensile 
strength ratios were 1nsign1f1cant or relati•,ely smail. The results of the 
moisture damage tests on the recycled asphalt concrete ml~es for tht five 
r&cyc11ng constrcr.tlon project are su111111r1zed in Table 44. 

Specimen Volume Change 

The bulk volumes of short-term moisture damage test specimens were 
determined after coqiaction, after vacuum saturation, a~d after vacuum 
saturat Ion and 3-hour water soak condl tionl ng., The bulk volumes of long
term moisturE damage t~st specimens ~ere de~ermined at the same !tages and 
also after fr2eze-thaw and ~-ltour water soak c,,ndltloning. 

Specimen volume changes determined after v.,cuum saturation which con
sisted of 30 minutes 1n water at 77°F (2~°C) tenioera~ure at atmospheric 
pressure whlcn foll°"~d 30 minutes in water under a partial v1cuum of 4 
Inches (102 mm) Hg absolcta pressur·e were consistent for t~e f1ve projects. 
The volcmes of all specimens, ~naged and aged up t~ 4 weeks, decreased 
slightly or rem.ii~ed essentially the san.:i. 

Volume change behavior differed for the various projects for short• 
term TSR1 specimens subjected to 3-hour water soa~ after vacuum satura
tlo~, and for long-t~r"II TSRz specimens s~bjected to fr~eze•thaw and 3-hoor 
~1,ter sor.ks 5Fter the 1·acu1im saturatfon, Specimen •o1umes, ,ompared to 
original volumes after i;o'l1)actlon, im:rused after vacuum saturatfcn and 
3-'lour water soak1n9 for the Vlrglr,1a, Ca11for~1a and Utah projects, 
but remained essentially unchanged fo.,• the New Mexico ar:d Nort~ Carolina 
projects. This beh,ivl or wa~ ~ans lste·nt for unaged specimens and for speci
mens aged up to 4 weeks, Althoug~ the 3-hour water soaking resulteti In 
volume increues fiir three of the pr.:·,jects, there were no significant or 
only sll~ht reductions in short-term TSR1 tensile strengt~ ratios. 

S~P.tim!!n volumes compared to original volumes after compaction 
increased dter the freeze-thaw and 3-tiour water soak cond;tlon1ng for the 
C1l1f~rni1 projed, the Utah pcojec•. and tha Neo-, MeK!co pro,ject not con• 
tain1,g antl-strl,>pi,g a~e"ts; specimen volumas remained essentially 
unchanged for the Virginia projei;t, Nc,rth Carolina projact and the New 
Me~lco project c.onUlnlng anti-stripping age,ts. This behavior was con
•'stent rc,r unaged speci,nens ano specimens ~ged up to 4 weeks. 

Sp .. dmens fo,· the CalifJrnh ~•oject, Utah project and Hew MeK1co 
project not containing ant1•st,·1pp1n9 agents w~ich Increased in volume due 
to t~e freeze-thaw and watvr soak cc:,11c1t I on1 ng eKperi enced s I gn1fi cant 
reductio11s in lon~•term TSR2 tensile strength ratios. The tens11e strength 
r·atios "'e"~ reduced to 1ev~1s belO'JI the 0,8 minimum ratio suggested In 
~CHRP Report 246, This behavior was different than fer spec!me11s "'h1ch 
incredsed 1n v1ilum.! when subjectea on,y to vacuum saturation and 3-hour 
"'ater soak, Volume changes and tensile strength ratios obtained fro1n the 
moisture damit9e te~ts for the five recyclin~ construction prcj~cts are 
show,, 1n Figure! 3 thrJ 8, 
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Su111111ry and Conclusions 

Tht moisture da11111ge and stripping behavior of five recycled Mixes were 
studied using• method of testing for effect of water, freezing, and thawing on 
indirect tensile strength of comPt,cted recycled 1sphalt mixtures, The test 
method was based on the NCHRP Project 4-8(31 "Predicting Moisture-Induced 
Damage to Aspha1tic Concrete.• Short•tenn tsR1 ratios detel'!llined by the 
test method p,·edkhd th1t no short•term moisture damage .,,ould be 
experienced in the recycled mixtures th1t were used for five hot-mix 
recycling projects. Long-term TSRz ratios determined by the method pre-
dicted that moisture d•age would ultimetely be experienced fn two 
recycling projects located in California an~ Utah. Long-tel'tll TSR2 ratios 
for a New Mexico project recycled •Ix tested with and wltnout addition of 
anti-stripping agents predicted moisture dauge would ultlNtely be 
experienced in the nrix not containing the anti-stripping agents. The 
results Indicated ability of the lllethod to differentiate between recycled 
mixes made with and without anti-stripping agents. The stuclr also lndl• 
cated that short•ten11 aging of recycled Mix test speclllll!ns of up to 4 weeks 
had little If any eficct on the 11111isture dauge test results. 

Moisture llaNge has not been reported on any of the projects to date. 
In general the studies Indicated that the 111ethod of test shoold be useful 
when reclaimed asphalt concrete or aggregates wit~ records of suscep• 
tihlltty to 1110lsture damage are prepared for use in recycled mixes. Future 
,nspection and testing of the two recycling projects where ultimate 
moisture dilllages were predicted are rec01m1ended to verify the rel1ab1lity of 
the rodlfied meth~d of test and the criteria for Indirect tensile strength 
ratios suggested In NCIIRP RP.port 146. 
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RECYCLED MIX DESIGN CRITERIA 

Introduction 

One of the study objectives was to develop ml~ design procedures and 
criteria for recycled mixes using Marshall and Hveem test apparatus. 
Modifications in the standard ASTM and AASHTO Marshall and Hveem test 
r.iethods are necessary to provide for incorporation of reclaimed asphalt 
concr~te ~nd recycling agents or new asphalt cement In spec1111!ns prepared 
for design of recycled mixes. Besides necessary changes in the standard 
test ll'l!thods, additional tests are required for the design of recycled 
mixes. The asphalt content of the reclaimed asphalt concrete, the grada• 
t!on of the aggregate and properties of the nsphalt recovered from the 
reclallll!d asphalt concrete IIIJSt be determined. Proced~res are requf~ed for 
selecting grade of new asphalt or recycling agent for the recycled mix. 
~lso different calculation procedures are required to dete!'ffl1ne proportions 
of the materials used to prepare series of test specimens through a range 
of recycling agent or new asphalt contents. For111Jlas developed by Folge 
(2~j were used for calculating amounts of the d1fferent materials used to 
pi·epa,·e specimens. 

For convenience In the graphs and figures in this report, new low 
viscosit~ paving grade asphalt cements and the other low viscosity re
cycling agents that were used during the studies are referred to as 
recycling agents, 

Preparation of Marshall and Hveem Test Specimens 

The Marshall and Hveem mechanical test properties, particularly 
Marshall, are affected by mixing and compact ion p,rocedures used to prepare 
test specimens. As few changes as possible were made in the standard pro
cedures for preparing Marshall and Hveem test specimens to minimize these 
effects on test properties of recycled mix specimens. 

Procedures adopted 1n the study for preparation of Marshall test 
specimens included the following: 

1) Heating the new aggregate 50°F (28°C) above the standard Marshall 
test mixing temperature (temperature at which the viscosity of the 
asphalt is 170 t 20 CSt); 

2) Heating the reclaimed asphalt concrete to the standard Marshall 
compaction temperature (temperat~re at which the viscosity of the 
asphalt is 280 t 30 CSt); 
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3) Dry mhi ng the new aggregate and reclaimed asphalt concreh 30 
seconds; 

4) Adding the new asphalt or recycling agent previously heated to the 
mixing temperature, to new aggregate and reclaimed asphalt con
crete and mixing 60 seconds; and 

5) Transferring completed batches of mix to covered tins and placing 
them in an oven maintained at the compaction temperature for a 
minimum of one hour and not exceeding two hours prior to c~ac• 
tlon of the specimens. 

The mixing and compaction temperatures were based on the viscosity of 
the blend of the recycling agent and/or new asphalt and asphalt extracted 
and recovered from the reclaimed asphalt concrete. The blend Is determined 
during the mix design. 

The mixing and compaction procedures used to prepare Hveem test speci
mens were identical to tho~e for the Marshall test specimens except tem
peratures for heating new aggregate, recycling agent, new asphalt and 
reclaimed asphalt concrete and completed batches of mixture were based on 
the standard Hveem test mixing and coq>action temperatures. The mixtures 
were also placed in an oven for l to 2 hours. 

Plans for the Study 

Two methods for proportioning mixes for Marshall and Hveem mix design 
tests were studied, In one method the blend of aggregate recovered from 
the reclaimed asphalt concrete and the new aggregate is held constant as 
the amount of recycling agent or new asphalt is varied, The ratio of 
recvcling agent or new asphalt to the aged asphalt then varies. In the 
other method, the ratio of the recycling agent or new asphalt to the aged 
asphalt in the recycled mix is n0lntalned constant as the proportion of new 
aggregate and reclaimed asphalt concrete aggregate is varied, 

Marshall and Hveem mix designs were perfo~med for each of the five 
recycling construction projects listed in Table l that were sampled for the 
statistical saq,le plan studies. The reclaimed &sphalt concrete samples 
were prepared for Marshall and Hveem mix designs by thoroughly mixing 
repre$eOtfttive portions of the randomly selected sa""les of processed 
reclaimed asphalt concrete. Asphalt extraction tests and tests on the 
recovered asphalts and aggregates were performed on the composite sample 
using the same test procedures described previously for the statistical 
saw~ling plan studies. ~arshall and Hveem mix designs were then performed 
using the following steps. 

!j B1sed on established or proposed proportions of reclaimed asphalt 
concrete and new aggregate, calculfte ratio of new aggregate to 
aggregate 1n the reclaimed asphalt concrete and calculate a com
bined grading meeting specification requirements using gradations 
of the aggregate from the reclaimed asphalt concrete and the new 
aggregate; 
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2) Determine approximate asphalt demand of the combined aggregites by 
an empirical for111.1la or a centrifuge kerosene equivalent test; 

3) Calculate percent of recycling agent required to satisfy asphalt 
demand, and the ratio of recycling agent to total asphalt as 
establ 1shed In steps land 2; 

4) Using a viscosity blending chart for reclaimed asphalt and 
recycling agent and the ratio of recycling agent to total asphalt 
content, select a recycling agent that produces desired viscosity 
of the blend of recycling agent and reclaimed asphalt; 

5) Keeping the ratio of new aggregate to total aggregate constant, 
calculate amounts of each ingredient in t,,e mix for the ,.;,i~ m,sign 
specimens with o.s percent increments of recycling agent or new 
asphalt above and below the estimated amount of recycling agent 
established in step J; and 

6) Prepare and test specimens using Marshall or Hveem equipment. 

Step 5 was changed by calculating amounts of each ingredient keeping 
the ratio of the recycling agent to the total asphalt content constant 
during tne studies when the alternate method was used for proportl~r.:ng 
mixture, 

Mix design test data were interpreted, and optimum 1·ecycling agent or 
new asphalt contents were determined insofar as possible in accordance with 
the Marshall and Hveem methods of mix design and des1gn criteria pub
ll;hed by the Asphalt Institute (25), The detailed mix d11slgn methods for 
re;laimed asphalt concrete using Marshall and Hveem apparatus developed and 
1JS1•d dUring the study are given in Appendh E, 

Marshall and Hveem Method Mix Designs 

Marshall and Hveem method mix design test results for the five 
recycling projects described In Table 1 were generally similar to results 
obtained for conventional mixes, However some differences were noted, 
Stability test levels, particularly Marshall, tended to be higher tt:~n for 
conventional mixes. For some mixes, peaks In Marshall stability versus 
asphalt recycling agent content c~rves were not obtained and stabilities 
decreased with incraaslng recycling agent content for new mixes. 

It is difficult to make accurate specific gravity determinations for 
reclaimed asphalt concrete aggregates because fine aggregate particles are 
lost during extraction tests and it is difficult to wet extracted aggregate 
with water. Therefore maxirum specific gravities were determined ~Y ASTM 
Method D 2041 for each of the different asphalt conten~ mixes during the 
mix design and these values were used to calculate percent air voids in the 
compacted specimens. Consequently, the customary percent voids in the 
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mineral aggregates were not considered for the Marshall method mix design. 
Aggregate gradings used for mii designs for thl• five recycling projects are 
given in Table 45. 

Marshall specimens were compacted with a mechanical hawrner. A check 
on the calibration of the hammer at the end of the study indicated that 37 
blows with the mechanical hammer produced specimen de»:ities approximately 
the same as standard 50 blow hand ha11111er compaction, As a result, den
sities of specimens prepared for th~ mix design stu~les may have been 
slightly higher, and air voids slightly lower than for standard, 

Results of the Marshall and Hveem mix designs are described briefly in 
the following paragraphs. 

North Carol Ina 

North Carolina (I-95) recycled mixes were designed with 45 per• 
cent reclal1111!d asphalt concrete which contained 5.7 percent asphalt and 55 
percent new aggregate. Properties of the AC 2.5 grade asphalt cement 
recycling agent used, aged asphalt ,,nd a 2,000 poise viscosity target blend 
of the two are given In Tab'.e 38, 'ihe mix design viscosity blending cha~t 
procedures Indicated that the AC 2.s grade asphalt cerW>~t was an 
appropriate viscosity recycling agent. 

An optimum recycling agent cortent of 2,5 ,ercent by weight of mix was 
indicated by the Marshall method Sil-blow design, using thP ag\•regate blend 
constant method. However percent ;1ir voids were below the recc>11111end~d 3 
percent minlirum at this recy~ling !gent content. Selection of a design 
recyc 11 ng agent content of l .9 pe'"cent resulted in 4 .o percent a Ir voids, 
2700 pounds (12,010 N) stability, and a flow value of 9, Essentially the 
same optimum recycling agent c~ntent was indicated using the asphalt blend 
constant method, The se1.ectlon nf a design recycling agent content of 2.1 
percent produced 4.0 percent air voids, 2700 pounds (12,010 N) st,,bi11ty 
ahd flow value of 10. '~arshall mix design data for the Jllorth Cart•lina proj
ect are given in Table 46 and Marshall test property curves are given in 
Figure 9 for the aggre·;ate blend constant method. Marshall mix de;;ign data 
for the North Carolina proje~t are given in Table 47 and Marshall test prop• 
erty curves are given in Figure 10 for the asphalt blend c~nstant method. 

An optimum recycling agent content of 0,9 p-.rcent by weight of mli. 
5 .o percent al r voids and stabi l ometer value of 44 was indicated by the 
Hveem method design using the aggregate blend constant method. An optimum 
recycling agent content of 2.2 percent by weight of mix, 4.4 percent air 
voids and stab11ometer value of 43 was obtained by thP Hveem method design 
using the asphalt blend constant method, Hveem mix design data for the 
Nortn Carolina project are given in Table 48 and Hveem mix design test 
property curves are given in Figure 11 for the aggregate blend constant 
method. 
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Virginia 

Virginii (U.,S. 2?0) recycled mixes were designed with 40 percent 
reclaimed asphalt concrete which contained 5.2 percent asphalt and 60 per
cent new aggregat~. Prop~rties of the AC-5 grade asphalt cement recycling 
agent used, aged asphalt and a 2,000 poise viscosity target blend of the 
two are given in Table 39. The mix design viscosity blending chart proce
dures indicated that the AC-5 grade asphalt cement was an appropriate 
viscosity recycling 3gent. 

Stability decrease<I with increasing recycling agent contents ~nd a 
peak was not obtained in the stability curve for the Marshall method 
50-blow design using the aggregate blend constant met~od, A design 
recycling agent content 01• 2.7 percent which provided 4,0 percent air 
voids, indicated 3,100 pounds (13,789 N) stability and a flow value of 13, 
Marshall method mi• design data for the Virginia project are given in Table 
49 and Marshall Method design test property curves 1re given in Figure 12 
far the aggregate blend constant method. 

An optillllm recycling agent content of 2,2 percent by weight of mix 
was obtained by the Hveem method of mix design using the aggregate blend 
constant method, The stabilometer value was 42 and percent air voids were 
4.6 percent at the optirwm recycling agent content, Hveem method mix 
design data for the Virginia projert are given In Table 50 and Hveem method 
design test properties curves are given in Figure 13 for the aggregate 
blend constant method. 

New Mexico 

New Mexico (1-4)) recycled mixes were oesigned with 40 percent 
reclaimed asphalt coocrete containing 4.7 percent asphalt and 60 percent 
new aggregate. Prop,~rties of the 85-l(lO penetration srade asphalt cement 
recycling agent used, aged asphalt and a 2,000 polse visccsity target blend 
of the two are given in Table 42. The mix design vlsco:ity blending chart 
procedures indicated that the 85•100 penetration grade asphalt cement was 
an appropriate viscosity recycling agent. 

Stability decreased with Increasing recycling agent contents and a peak 
was not obtained for the Marshall method 75-blow design using the aggregate 
blend cor.stant method, ~ de~ign recycling agent content of 2,4 percent 
recycling agent by weight of mix which provided 4.0 percent air voids lndi• 
cated 3,200 pounds (14,234 N) stability and d flow value of 10. Marshall 
method mix design data for t~e New Mexico project are given In Table 51 and 
Marshall me,hod mix design test property curves are given in Figure 14 for 
the aggregate ~lend corstant method. 

An optillllm recycling agent content of 2,4 percent by weight of mix was 
obtained by the Hveem m<ithod of mix design using the aggregate b·1end 
constant method, The stabilometer va1ue was 44 and air voids were 4,6 per
cent at the opt in11m recycling agent content. Hveem method mix design data 
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for the New MeX\CO project are given 1n Table 52 and Hveem method rnfx 
design t■sc property curves are ghen In Figure 15, 

California 

California (Highway 97) recycled mfxes were de,lgned with 52 percent 
reclaimed asphalt r.oncrete containing 5,2 percent asphalt and 48 percent 
new aggregate, Properties of aged esphalt and AR 1000 and RA 500 recycling 
agent and 2,667 poise viscc•'.ty t&rget blends are given in Table 40, The 
mix design viscosity blending chart procedures indicated that the RA 500 
recycling agent was an appropriate viscosity recycling agent, and that the 
AR 1000 grade asphalt cement was slightly high in viscosity and a marginal 
recycling agent for the California project when 52 percent of reclaimed 
asphalt concrete was used. 

An optinum recycling agent content of 2,1 percent by weight of mix for 
the RA 500 recycling agent was indicated hy the Hveem method of m~x design 
u~ing the aggregate constant method. The stab11ometer value was 44 and the 
air voids were 4,0 pP.rcs~t at the optimum recycling agent content, Hveem 
mix design data for the California project mix with the RA 500 recycling 
agent are gfven in Table 53 and Hveem test property curves are given in 
Fl gure 16 fer the «ggregate blend constant method, 

A slighty higher :iptl!MJm recycling agent content of 2,4 by weight of 
mix wa, indicated for the RA 500 recycling agent mix using the asphalt 
blend constant method, At this recycling agent content a Hveem 
stabi1ometer ~alue of 42 and 40 percent air votds were obtained, Hveem mix 
design data for the California project mix with RA 500 recycling agent are 
given in Table 54 and Hveem test propbrty curves are given in Figure 17 for 
the asphalt blend constant ,nethod. 

An opti!llJm recycling agent content af 2,6 percent by weight of mfx for 
the AR 1000 9rade asphalt cement recycling agent was indicated by the Hveem 
method of mix design using the aggregate grading constant method, The sta
bilometer value was 40 and air voids were 4,2 percent at the recycling 
agent content, Hveem mix des1gn data for the California project mix with 
the AR 1000 recycling ager.tare g1ven in Table 55 and Hveem test property 
curves are given In Figure 18 for the aggregate blend constant method, 

Stabi 11ty decreased with 1 ncreas i ng re' •rli nq agent contents and a peak 
was not obtained in the stability curve for the~. ,hall 75-blow design for 
the California project mix with the AR 1000 recycling agent using the 
aggregate blend constant method, Selection of a design recycling agent 
content of 2,3 percent by weight of mix which provided 4,0 percent air 
voids, indicated 5,000 pounds (22,241 H) stability and a flow value of 12, 
Marshall method design data for the California project recycled mix con• 
taining the AR 1000 recycling agent are given In Table 56 and Ma.,shal1 
method mix design test property curves are given in F1gure 19 for the 
aggregate blend constant method, A slightly higher design recycling agent 
content of 2,5 percent by weight of mix was 1ndlcated by the M~rsha11 
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75•blaw metr.od design for the California project recycled mix containing AR 
1000 recycling a9!nt using the asphalt blend constant method, A stability 
of 5,000 pounds \22,241 HJ, 12 flow value and 4,0 percent air voids were 
ind:cated for this design recycling agent content, Marshall method design 
data for the Ce'ifornla project recycled mix containing the AR-1000 
recycling agent are given in Table 57 and "arshall metfiod design test prop
erty curves are g11en •n Figure 20 for the asphalt blend constant method, 

l!l!!! 
The Utah (U,S, 89) recycled mix was designed with 50 percent reclaimed 

asphalt concrete containing 6,2 percent asphalt and 50 percent new aggre
~ate, Properties of tt.e AC-5 grade asphalt cement recycling agent, low 
vis~oslty (96 est) recycling agent and a 2,000 poise viscosity target blend 
of the three materials are given in Table 41, The mix design viscosity 
blending chart procedures indicated that the AC-5 grade asphalt cement was 
an appropriate viscosity recycling agent and that a small amount (1.2 per• 
cent of blend) of the low viscosity (96 cSt) recycling agent could be used 
along with the AC-5 recycling agent to obtain a blend closer to the 2,000 
poise target blend, 

Stability decreased with increasing recycling agent contents and a peak 
stab111ty curve was not obtained for the Marshall SO-blow desi9n method for 
t~e Utah combined AC-5 grade asphalt cement and low viscosity (96 est) 
recycling agent mfx using the aggregate blend constant method, The selec
tion of a design recycling agent content of 2.1 percent recycling agent 
whfc~ provided 4,0 percent air voids indicated 4,200 poundl (18,682 N) sta• 
b1lfty and a flow value of 13, About the same recycling agent content was 
indicated using the asphalt blend constant 1o.athod, Selection of a design 
r€cyc11ng agent content of 2.4 percent for the asphalt blend constant 
method which provided 4.0 percent dir voids indicated 3,800 pounds (16,903 
N) stability and a flow va1ue of 13. Marshall mix design method data for 
th~ Ut~h recycling project are given in Table ~8 and Marshall mix design 
test property curves are given In Figure 21 f~r the aggregate blend 
constant method, Marshall mix design method data for the Utah recycling 
project are given in Table 59 and Marshall mix design test property curves 
are given in Figure 22 for the as~halt ble~d constant method, 

Re~ycled Pavement Core~ 

Cores were obtained from four of the recycling projects shortly after 
they ~ere constructed and before they were subjected to appreciable traf• 
fie, Ten or roore cores were obtained from each project, The coring loca• 
tlons were selected randomly, Re1ationsh1ps between the stability, 
density, and percent air voids of cores and the same test properties of 
laboratory prepared and compacted specimens were quite consistent, Test 
pro~ertles of the cores are given in Table 60, 
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The densities and percent air voids of cores agreed closely with 
labordtory-prepared specimens compacted with both Marshall and Hveem equip
ment. The air voids In the laboratory-prepared soecimens at design recy
cling agent contents tended to be within about one percentage point of 
those In the cores. Marshall ~nd Hveem stabilities of laboratory specimens 
at design recycling a9ent contents were always higher and generally about 
double the stabflfty of cores. Marshall flow values of laboratory speci
mens at design recycling agent contents were consistently lower than those 
of coir-es. 

Experience has generally i11dtcated that Marshall and Hveem stabilities 
of laboratory-prepared specimens of conventional mix~, may not agree with 
stabilities of cores. Pavement cores generally have lower stabilities than 
laboratory-prepared specimens ~nd part of the difference can be attributed 
to lower densities of co•?s compared to laboratory-prepared samples, There 
appears to be little difference between relationships between stabilities 
of laboratory-prepared specimens and pavement cores for recycled mixes and 
those relationships for conventional mixes. However higher levels of sta
bility, partir.ularly Marshall stability, of laboratory-prepared specimens 
of recycled mixes as compared to c~nventional mixes were obtained during 
the studies. 

The gene•ally good agreement between the density and voids of labora
tory-prepared specimens and the same properties of pavement cores for 
recyc:ed mhe.s supports the use of conventional dense gradeJ asphalt 
concrete Marshall and Hveem air voids mix design criteria for recycled 
mixes. 

Asphalt extraction test results and t.est properties of e~tracted 
aggregate and asphalt for the recycled pavement cores from the four proj
er.ts are given in Table 61. Aggregate gradations for the core samples 
Indicated slightly larger amounts passing the No. 8 and 200 sieves than for 
the laboratory mix design specimens. Viscosities and penetrations of the 
recovered asphalts ere typical of those obtained for conventlo~al mixes. 

Dynamic modulus, IE~I, tests were also performed on the cores according 
to ASTM Test Method D 3497, except cores were stacked to obtain required 
specimen height. Modulus test results are given In Table 62. Comparison 
of the moduli of cores from the recycled pavements with moduli data 
reported by Witczak (27) and Shook (28) for a large number of conventional 
dense-graded asphalt concrete mixes indicates about the same moduli at tem
peratures of 41°F (S°C) and 77"F (25°C) for the recycled and conventional 
dense-graded asphalt concrete mixes, Moduli of the recycled asphalt 
concrete mixes at 1D4°F (40°C) are slightly less than conventional dense
graded asphalt concrete. 
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Marshall and Hveem Method Mix Design Study Conclusions 

Marshall and Hvee,1 mix design test property curves for the recycled 
mixes were generally similar to those obtained for dense-graded asphalt 
concrete made with new aggregate and asphalt. Marshall and hveem stability 
levels for recycled mixes were higher than for conventional mixes. The 
Marshall stability versus asphalt content curves did r,ot peak for some 
mixes or tended to peak at asphalt contents lower thar normally obtained 
for new materials. I~ general, the optimum asphalt contents selected from 
the Marshall mix deslgn curves using average asphalt contents required to 
produce maximum density, ~eak stability, and 4 percent air voids were 
similar to optimum asphalt contents selected to yield 4 percent air voids, 
and resulted in mix designs meeting the criteria established for new 
material mixes. Optimum amounts of new asphalt or recycling agent indi
cated by the Marshall and Hveem designs were generally close to those used 
for the construction of the field projects sampled for the studies. A1so 
there was re3sonably good agreement between optimum recycling agent con
tents determined using Marshall and Hveem apparatus and design methods. 

The measurement of recycled mix design specimen air void contents is 
more difficult than for specimens made with all new materials. Determining 
theoretical maximum specific gravity (ASTM Test Method D2041) of mixtures 
at all asphalt contents, and use of these values for calculating percent 
air voids provides the most accurate determination of percent air voids in 
compacted mixtures. The laboratory work in proportioning recycled mix3s 
and calculations of recycled mixture proportions are more time consuming 
and difficult than for asphalt concrete mix design. 

The mix design studies indicated that Marshall and Hveem test proper
ti es do vary slightly depending on whether the ratio of the recyc 11 ng agent 
to the total asphalt content is maintained constant or 1s varied. However, 
the optimum recycling agent contents are similar for ooth methods of pro
portioning. 
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CONCLUSIONS 

Conclusio~s resulting from the study ar~ as follows. 

1. Plans that were developed for obtaining random samples of asphalt con
crete from paver,ents to be recycled using a hot-recycling process can 
be applied to the existing pavement, to milled material samples from 
trucks or to milled or other material processed and stored in stock
piles. A random sampling plan sh01i"1d be used to obtain reclaimed 
asphait concrete samples for laboratol') mix design. 

2. In general asphalt pavements that a~e candidates for recycling can be 
expected to have a coffl!)aratively high le~el of variability. Some 
impro, •,i1t may be obtained during the processing from pavement to 
plant ~ugh a milling operation, or by separeting the job into sub-
unitr ,, · might have different mix designs. 

3. A visc~.1 .y blending chart based on an approximate linear relationship 
for plots ~f the logijrithm of the logarithm of viscosity in cen
tlpoises at 140°F (60°C) of aged and new asphalt or recycling agent 
versus percent of new asphalt or recyclir,g aqent in the blend was 
found suitable for estab1ishing proportions of aged asphalt and new 
aspna,t or recyc,in9 agents required to obtain a desired blend 
viscosity. 

4. A wide range of aged asphalts and recycling agents proportioned and 
blended according to the viscosity blending chart met standard ASTM 
and AASHTO specification requirements for viscosity-graded asphalt 
cements. 

5. Various compositional analysis fractions of blends calculated from 
blend proportions and from measured amounts of each fraction in the 
aged asphalt and recycling agent were generally within 1 to 2 percentage 
points of measured fractions in blends. No alterations due to chemi
c~l interactions between the various fractions of the wide range of 
aged asphalts and recycling ·,;gents were indiuted for blends prepared 
with the viscosity blending chart. 

6, For the wide range of asphalt materials studied no need was indicated 
in routine mix design for the asphalt co~ositional analysis data 
obtained from ASTM Test Methods D 4124, D 2006 (discontinued) and D 
2007. While such data might be useful for screening potential 
recycling agents, use in recycling mix design would be dependent on 
the establishment of valid relationships between the ~arious fractions 
of asphalt of their limiting values and the durability and performance 
of asphalts in pavements. 
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7. The method of test used during the study to determine the effect ~f 
water, fre1izing a~d thawing or indirect tensile strength of recycled 
asphalt mix, base<I on NCHRP Project 4-8,:3) "Predicting Moisture• 
Induced Damage to ~sphaltic Concrete,• differentiated between recycled 
mixes made with an,i without anti-stripping ,gents, and indicated that 
shc,rt-term aging of recycled mix specimens of up to four weeks hac:' 
little if any effect on moisture damage test results. 

a. St•Jdy results indicated that the method of test for effect of watl!r, 
freezing and thawing on the indirect tensile strength of recycled 
mixes should be useful when re~ 1a·:med aspha~t concrete or aggrC!gate 
with records of susceptibility to moisture damage are proposed for use 
in recycled mixes. 

9, Marshall and Hveem mix design te!,t property curves for recycled mixes 
determined by mix design proced1•1'es developed by mix design procedures 
developed during the study were ,;iencrally similar to those obtained 
for der.se-graded asphalt toncret•! made with new aggregate and asphalt. 
However Marshall stability and Hveem stabil~o,eter value levels for 
recycled mixes were higher than for conventional mixes, and Marshall 
stability versus asphalt contert curves did not pe11k for s:nne inixes or 
tended to peak at asphalt contents lower than normally occained for 
new materials. 

10. Optin11m amounts of new asphalt or recycling agent indicated ~Y 
Marsha 11 and Hveem designs were generally close to those that were 
used for the construction of the field projects that were saq,led. 
There was reasonably good agreen~nt between optiirum new asphalt 
recycling agent car.tents determined using Marshall and Hveem test 
apparatus and the design method developed during the study. 
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RECtMIENDATIONS 

1. future inspection and testir,g of recycling constnictlor, proJec.ts Is 
rec-ndl'd to verify the reliability of the test 11etilod and propos~ 
criteria fer indirect ,ensile streng~h ratios. 

Z. The proportioniRg 1111thod which keeps the aggregate gr1alng constant 
whfle t.he ratio of rec;,cling agent to total asphalt content varies 
appears to be the 1111st practical. (The aetllod whfch nrfes the 
aggregate grading aakes the batching of laboratory specfHnS 110re 
difficult anc: tla~cons1111in9 and the qrading could go out of sp«f
ficatfons.) 

3. The opti- new asptwilt or recycling agent conti,nts indicated by the 
test properties and the generally good agr-ent betwen the d~nshy 
and percent air voids of the lat,oratory specfuns and tile w• proper
ties of the recycled mix p,v-nt cores gener,lly support the ~se of 
conventional dense-graded asphllt concrete lllrslll'll and Hvee11 ■ix 
design criteria, such as tl!Qse reconnended by The Aspt,alt Institute 
(l6), for recycled m!xes. 

4. Use of the conventional criteria are suggested until additfJnal data 
correlating field perfanaance and the laboratory ■ 1x design test 
properties become available. Although they may be valid, ~urther 
study 1s necessary before the percent voids fn mir,eral ag~regatC! 
requirements used In Marshall design crfter!a for conventional 
asp~11t c~ncrete are applied to recycled mlxts. 

S. The final mi~ design (job mix formulaj should be verified using the 
reclaimed and processed pavement material generated for use on the 
project. 

6. lt is recOftlllenc!ed that materials having a high level of veriabilfty, 
as indicated by the statistical analyses, be mixed and processed to 
reduce the variations, or that the job be separat~d into subunits 
requiring different mix designs. If the variabflity cannot be 
reduced, then the a1DOunt of reclaimed 11«terial used in the design 
should be minimized. Analyses can !,e performed on the c0111bined 
materials (aged plu, virgin) at different proportions to establish 
an acceptable amount. 
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Figure 21 - Marshall Method mix design test property curves for Utah (U.S. 89) recycled 
mix (aggregate blend constant). 
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TABLE 1 - RECYCLING PROJECT !NFORMATIOK 

PROJECT LOC~T!OK (Agency) 

CALIFORNIA (H1ghway 97)1 

NEW MEXICO (1-40)2 

NORTH CAROLINA (1-95)4 

UTAH (u.s. 89)5 

VIRGINIA (u.s. 220)6 

RECLAIMED ASPHALT CONCRETE 
SAMPLING LOCATION 

From pavement and small 
i;toekp1 le 

From stockp1le3 

From pavement and trucks 

From pavement and stock• 
pile 

From pavement and from 
tr~:ks 

TYPE OF RECYCLING 
AG.ENT 

RA•SOO grade r;,,cyel1ng 
agent and l'IR-1000 
gradfl asphalt cement 

ss~100 penetration 
grade asphalt temP.nt 

AC-2.5 grade atphalt 
cement 

low viscosity recy• 
cl1 ng agent and 
AC-5 grade ,oft 
asphalt cement 

AC-5 grade soft 
asphalt cement 

1 Rwte 9? in Sisk1yo,, County, from Route 265 in Weed to 1.7 mi. S, of Co. 
Rd, A-12, Project to be constructed with 551 reclaimed asphalt concrete, 
451 new aggr~gate. 

2 I-40 In Quay Co., East of Tucumcari Sta, 210+00 to Sta, 450+00, Project 
constructed with approximately SO,, reclaimed asphalt concrete, 50l new 
aggregate, 

3 Not used for study of statistical s~~ling plans, 

4 I-95 in Robeso~ Co, from U,3, 74 to So, Carolina stat, Tfne, Project 
c~"structed with approx1mately 50,, reclaimed asphalt concrete, 5'll nl!'JC 
aggre!,lat1,;, 

5 u.s. 89 (Bryce Canyon ,Junction to Hatch), Project constructed with 
approx111111tely 50J reclaimed ssphalt concrete and 50$ new aggregate, 

6 Route 220 in Frank11n Co, from 0.23 mi, N, Int, 919 (M.P. 3,07) to 0,20 m1. 
E, Int. 220 Bus, (M.P, \0,!l2), Pro~ect constructed wfth approxfmat.ely 
401 r~c1aimed asphalt concrete, 6Di new aggregate, 
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TABLE 2 - ASPHALT EXTRACTION TESTS ANO TESTS ON RECOVERED ASPKALT ANO AGGREGATE FRIJM PAVEMENT CORES !ROUT£ 97, 
SIS~IYOU COUNTY, CALIFORNIA) 

Section: 1 2 3 4 5 6 

Lane: 1 2 1 2 1 2 l 2 1 2 I 2 

Percent by ~0fght Finer than: 
Sieve Size 

l in, - - 100 
3/4 fn, 100 100 99 lG~ 100 100 100 - 100 100 100 100 
1 /< i o, 99 97 96 99 89 87 '19 !00 98 99 98 99 
3/8 in. 96 92 90 92 78 78 96 97 92 95 93 93 
No, 4 78 66 10 75 54 55 78 80 71 75 .6 73 
No, 8 58 49 51 60 38 38 t.l 61) 55 55 61 58 
No, 16 43 37 36 46 28 27 45 45 43 40 48 45 
No, 30 32 27 25 34 21 20 36 34 34 29 38 35 
No. 50 23 20 16 24 15 14 27 24 24 20 28 26 
No, 100 15 15 11 16 10 10 19 17 u; 13 1'1 17 
No, 200 10,3 10,3 7,4 lU,9 7,0 6,8 12,7 11,1 10.1 8,7 12.3 11.1 

Asphalt: Percent by Weight of 
Total Mfx 6.~ 5,2 5,3 5,5 4,5 4,4 6,9 5,8 5.3 5,3 5,4 5,2 

Recovered Asphalt: 
Pen 77"F. 

100g, 5 sec 35 19 12 25 4 2 63 31 7 13 16 17 
Vis l40@F, 
poises 7,600 2,;,300 105,lDO 13,900 717,300 968,00G 3,140 7,100 27i,i00 247,800 52,700 52,100 

Vis 275"F, 
est 557 1,030 2,480 757 5,130 5,340 392 556 3,350 3,630 1,460 1,540 



TABLE 3 - ANALYSIS OF VARIANCE OF EXTRACTION ANO RECOVERY TEST UATA FROM 
PA~EMENT CORES (ROUTE 97, SISKIYOU COUNTY, CALIFORNIA) 

lane 1 Lane 2 

Mean St~. Mean 
Dev. 

Percent by Wei :ilt Finer thar,: 
Sieve Size 

l in. 
3/4 in. 
1 /2 in. 
3/8 in. 
No. 4 
lie. 8 54 8,7 
No. 16 
No, 30 
No, 50 
No, 100 
No, 200 10,0 2,38 

Asphalt: Percent by Weight of 
Total Mix ':>.7 0,88 

Recovered Asphalt: 
PPn 77°F, 
luOg, s sec 23 22,5 

,is 140°f, 

53 

9.8 

5,2 

19 

Overall Sisn, Level (1) 

std. ""Tean 
Dev. 

8,6 

1.73 

(,.4 7 

11,7 

54 

21 

Std. Tetween Bet•een 
Dev. Lanes Sections 

8,3 NS ** 

2,01 NS 

0,71 

** 
poises 192,800 

Vis 275°F, 
est 2,230 

275,200 219,200 ~77,800 206,100 315,500 

1,820 2,140 1,920 2,lBO 1,780 

NS 

NS 

(1) Statistical significance level: 
NS - not significant 
* - 1 - u) 0,75 

** - 1 - a> 0,95 
*** • 1 - u > 0,99 
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TABLE 4 • ASPHALT E~TRACTION TESTS AND TESTS ON RECOVE~EO ASPHALT AND 
AGGREGATE FR~ STOCKPILE SAMPLES (ROUTE 97, ~1SKIYOU, COUNTY 
CALIFORNIA) 

Test No. 
Mean Std. 

1 2 3 4 5 Dev, 

Percent by Wei 9ht F 1 ner than: 
Sien She 

1 in, 
3/4 in. 100 lllO 100 100 100 
1/2 In. 96 99 97 96 97 
3/8 in, 89 93 89 88 91 
No, 4 67 74 69 68 69 69 6.5 
No, 8 52 58 54 53 54 
No, 16 42 47 44 43 44 
No, 30 34 37 35 35 JS 
No. 50 26 28 26 26 26 
No, 100 18 19 18 18 18 
""· 200 11.s 12.5 11.5 11,7 ll,8 11.8 0,34 

Asphalt: Percent by Wl'i Qht of 
Total Mix 5,2 5,3 s.2 5.2 5,2 5,2 0.04 

Recovered ~sphalt: 
Per, 77 0F, 

l00g, 5 sec 7 7 7 7 7 7 0,0 
Vis 140°F, 
poises 95,200 101,600 

Vis 275°F, 
96,800 101,400 110,800 101,200 6,100 

est 1,500 1,500 I ,580 1,560 1,600 1,55!) 44 
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TABLES - COMPARISON OF TEST DATA FROM ROADWAY AND 
STOCKPILE MATERIAL (ROUTE 97, SISKIYOU 
COUNTY, CALIFORNIA) 

r.oadway 5amp1es Stockpile S~mples 

Mean Std, 
Dev. 

Perce~t by Weight Finer than; 
Sieve Size 

1 in. 
3/4 1n. 
1/2 1n. 
3/8 in. 
Hll• 4 
Ko, 8 12 54 8,3 
No, 16 
No, 30 
No. 50 
No. 100 
Ito, 200 12 9,9 2.01 

Asp~alt: Percent by Weight of 
Total Mix 12 5,4 0,71 

Recovered Asphalt: 
Pen 77°F, 
100g, 5 sec 12 21 17,2 

~ls 140°F, 
pol ses 12 206,100 315,500 

Vis 21s°F, 
est 12 2,180 1,780 

74 

No. 

5 69 

s 11.8 

5 S,2 

s 1 

5 101,200 

s 1,550 

Std, 
Dev. 

6.5 

0,34 

0,04 

0 

6,100 

•\4 
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TASLE 6 - ASFHALT EXTRACTION TE5TS AND TESTS ON RECOVERED ASPHALT AND r.GGREGATE FROM PAVEMENT CORES (1•95, 
ROBESON COUNTY, NORTH CAROLINA) 

section: l 2 3 4 5 6 

Subsection: l 2 l 2 l 2 l 2 l 2 l 2 

Percent by Weight Finer than: 
Sieve Size 

l 111. 
3/4 in. - - 100 - 100 100 - - - lJ0 100 
1/2 in. 100 100 98 100 99 99 100 lOO 100 98 98 100 
3/8 fn. 98 98 95 97 95 96 98 98 98 94 ga, 98 
No. 4 83 79 79 79 76 82 78 82 81 75 71 81 
No. 8 74 68 69 68 66 73 (,] 71 71 63 66 70 
No. 16 67 59 61 60 58 64 59 63 62 Sb 59 62 
No. JO 48 42 44 43 42 48 44 45 45 42 43 46 
No. 50 24 21 24 23 23 28 27 24 25 26 l5 26 
No. 100 12 10 11 10 11 14 13 11 11 13 12 12 
No. 200 7.2 5.7 5.9 5.J 6.1 6.8 6.8 4.9 5.8 b.5 6.2 6.4 

Asphalt: Percent by Weight of 
Total Mix 5.9 5.7 6.0 6.2 5 .'l 5.6 5.5 5.7 5.4 6.1 5.3 5.6 

Recovered Asphalt: 
Pen 77° F, 
100?• 5 sec 15 - 21 18 35 17 19 15 8 36 16 34 

Vis 40°F, 
poises 81,200 - 24,400 34,400 10,200 38,800 34,800 74,600 205,600 9,000 41,000 9,300 

Vis 275°F, 
est 1,900 - 1,180 1,300 710 1,360 1,320 1,870 3,280 750 1,460 765 



lABLE 7 - AMALVSIS OF ~ARIANCE OF EliRACllON AND 
RECOVERY TEST DATA FROM PAVEMENT CORES 
{l-95, ROSESOM COUNi1, NORTH CAROLINA) 

Mean 

Percent by Weight FI ner than: 
S1~¥e Size 

I !n. 
3/4 1n. 
1/2 f n. 
3/8 10. 
No. 4 
lie,. 8 69 
Ho. 16 
No. 30 
No, 50 
No. 100 
No. 200 6,1 

Asphalt: Percent by Weight of 
Total Mix ~.7 

Recovered Asphalt: 
Pen77°F, 
1009, 5 sec '-2 

Vis 140°F, 
poises 48,.200 

VU 275°F, 
cSt 1,UO 

(1) Statistical stgn1ficaru:.e \wie1: 
NS - not significant 
* • 1 • G ~ 0.75 

** • 1 • m > 0,95 
*** • 1 • m > 0,99 

76 

Std. 
Dev. 

3.2 

O.G6 

O,l8 

9.7 

SA, 730 

755 

Sign. Level (1) 

Between 
Sections 

NS 

NS 

NS 

NS 

NS 

NS 



TABLE 8 - ASPHALT EXTRACTION TESTS AND TESTS ON RECOVERED ASPHALT 
AND AGGREGATE FROM COMPOSITE SAMPLE OF MILLED MATERIAL 
FROM TRUCKS (1•95, ROBESON COUNTY, NO!lTH CAROllllA) 

Test No. 
Mean Std. 

l 2 3 4 5 Dev. 

Perce~t by Weight Finer than: 
S!e~e Sfze 

1 1n, 
3/4 1n. 100 100 100 100 100 
1/2 in. 100 100 99 99 100 
3/8 ln. 98 99 99 97 98 
No. 4 83 85 84 82 84 
No, 8 72 73 72 70 72 72 0.9 
No, 16 63 64 63 62 63 
No, 30 46 47 46 46 47 
No, 50 27 28 27 28 27 
Ho, 100 15 14 15 15 14 
No, 200 s.1 7,8 &,0 8,0 7,9 e.o 0.11 

Asphalt: Percent by Weight of 
T•1ta! Mh 5,7 5,7 5,8 5,5 5,6 !',,7 0,11 

Recovered Asphalt 
Pen 77°F, 

(Coo~osite Sample of hti-acted Asp~alt from Above l: 

lD0g, 5 sec 
Vis 140°F, 

20 

poises 33,800 
Vis 275°F, 
cSt 1,340 

11 



TABLE 9 • COMPARISON BETWEEN ROADWAY AND MILLED MATERIAL 
FROM TRUCKS (I-95, ROBESON COUNTY, NORTH CAROLl~A) 

Roadway 

tlo. Mean 

Percent by Weight Ftner than: 
Steve Size 

1 In. 
3/4 1n. 
1/2 1~. 
3/8 1n, 
N~. 4 
No, ~ 12 69 
No, 16 
No, 30 
No, <n _,, 
No. 100 
No. 200 12 6,1 

Asphalt: Percent by Weigh, of 
Total M1x 12 5,7 

Recovered Asphalt: 
Pen 77°F, 
l00g, 5 sec 10 22 

Vis 140°F, 
poises 10 48,200 

Vis 2J5°F, 
est 10 1,410 

/!I 

Std, 
Dev, 

3,2 

0,66 

0.28 

9.7 

58,730 

755 

Mil led 

No. Mean Std, 
Oev. 

5 72 0,9 

5 8,0 0.11 

5 5.7 0,11 

1 20 

1 33,800 

l 1,340 

--
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TM3LE 10 - ASPHALT EKTRACTION TESTS Ano TESTS OH RfCO~[RED ASPHALT AND AGGREGATE FROM PAYfMENT CORfS (U.S. 89, 
BRYCE CANYON JUNCTION-HATCH, UTAH) 

Section: 1 2 3 4 5 6 

lane: 1 2 1 2 1 2 1 2 1 2 1 2 

Percent by Weight Finer than: 
Steve Size 

~ in. 100 100 10:J 100 100 100 100 11)0 100 100 100 100 
3/4 in. 99 98 98 95 93 96 95 95 95 95 98 92 
1/2 in. 90 88 87 84 83 88 84 82 86 89 86 81 
3iC in. 33 82 82 79 77 81 78 74 80 82 79 75 
No. 4 6(. 67 66 62 60 66 60 59 63 65 62 57 
No. 8 56 58 55 52 51 56 50 50 52 54 49 44 
~o. 1£ 49 52 47 45 44 48 44 43 44 46 41 36 
No. 30 41 45 38 38 36 39 37 ~6 36 38 34 30 
Ne. SO 31 35 28 27 26 23 26 26 2E 28 25 23 
No. 100 18 23 15 1$ 14 15 15 15 14 16 17 15 
No. 200 8.7 15.4 7.0 7.5 7.2 6.4 7.3 7.8 6.6 a.4 11.5 10.2 

Asphalt: Percent by Weight of 
Total Hix 6.9 6.0 6.9 6,2 6.5 "-~ 6.6 6.3 6.4 6.7 6.3 6.2 

Recovered Asphalt: 
0 en 77°F, 
100g, 5 sec 59 40 40 39 32 27 37 35 31 45 56 51 

Vis M0°F, 
poises 1,530 4,550 4,529 4,430 ?,330 11,930 4,900 5,360 7,840 2,710 1,640 2,030 

Vis 275°F, 
est 279 381 368 410 452 524 400 442 476 319 272 284 



TABLE 11 • ANALYSIS OF VAR!ANCf OF EXTRACTION ANO RECOVr.RY TEST DATA FROM 
l'AVEMENT CORES (U.S, 89, BRYCE CANYON JUNCTION• HATCH, UTAH) 

Lane 1 Lane 2 

"llean std. Mean 
Dev. 

Percent by Weight Finer than: 
Sieve Size 

1 In. 
3/4 1 n. 
1/2 in, 
3/8 1n. 
No. 4 
No, 8 52 ~ .7 52 
No. 16 
Ho. 30 
No. 50 
No. 100 
No, 200 0.0 1.83 9,3 

Asphalt: Percent by Weight or 
Total Mix 6,6 0.25 6,3 

Recovered Asphalt: 
Pen 77°F, 
100g, 5 sec 42 12,1 40 

Vis 140°F, 
poises 4,630 2,690 5,170 

Vis 275°1-, 
est 374 850 393 

(1) Statistical significance level: 
NS - not signlflea,,t 
* • 1 • a > 0,75 

** • 1 •a> 0,95 
*9 * - 1 - a> 0,99 

80 

Overall 

Std. Mean 
Dev. 

s.o 52 

3,25 8,7 

0,27 6,5 

8.2 41 

3,540 4,900 

864 384 

Std. Between Between 
Dev. Lanes Sections 

3.6 NS * 

2,60 NS * 

0,28 * NS 

10.0 NS * 
3,010 NS • 
82.6 NS • 



TABLE 11. ANALYSIS OF VARIANCf OF EXTRACTION AND RECOVERY TEST DATA FROM 
Pl<VEMENT CORES (U.S. 89, BRYCE CANYON JUNC·1 ION• HATCH, UTAH) 

lane , Lane 2 Over a 11 Sign. ~evel(l) 

Mun Std. -,M1r.e:-:a-=n---,S..,t"'dr-.- Mean Sta. Between Between 
Dev. Oev. Oev. Lanes Sections 

Percent by Wei ght FI ner than: 
Sieve Size 

l \n. 
1/-' in. 
1/2 in. 
3/8 In. 
No. 4 
Ne. 8 52 2.1 52 s.o S:! 3.8 NS ". 
No. 16 
No. 30 
No. ':;') 
No. 100 
No. 200 a.o 1.8~ 9.3 3.25 B.1 2.60 NS " 

Plspha 1t: l'efcent by \iel ght of 
Tota 1 Mh 6.6 0.2s 6.3 0.27 6.!i 0,28 * NS 

Recovered Asphalt: 
Pen 77"F, 
1009, s sec 42 12.1 40 a.2 41 10.0 NS " Vis 140"F, 
poises 4,630 2,690 5,170 3,540 4,900 3,010 NS .. 

'lls 27':,"F, 
est 374 856 393 864 384 82,6 NS ., 

(1) Stdtlst1<al slfnfficance level: 
~s - not sign ffcant 
• - 1 - ~ > o.75 

"* • 1 •a> 0,95 
••• • 1 •a> 0.99 

80 



TABLE 12 • ASPHALT EXTRACTION TESTS AND TESTS ON 
RECOVERED ASPHALT AND AGGREGATE FROM 
SAMPLES FROM STOCKPILE NO. 1 
(U.S. S9, BRYCE CANYON JUNCTION, 
HATCH, UTAH) 

Sample No. 
Mean Std, 

1 2 3 Dev. 

Percent by Weight Finer than: 
Sieve Size 

1 1n. 10~ 100 100 
3/4 in. 94 98 98 
1/2 In. 86 89 91 

3/8 '"· 
80 80 B4 

No. 4 67 62 68 
No. 8 56 52 58 55 2.9 
No. 'i6 1\8 45 49 
No. 30 37 37 41 
No, 50 25 28 31 
No,, HJO 18 16 13 
No, 200 9,3 8,6 10,') 9.3 0,70 

Asphalt: Percent by Weiyht of 
Total Mix 5.4 5,9 6,7 6.0 0,66 

Recovered Asphalt: 
Pen 77°F, 

lOOg, 5 sec 30 32 38 33 4.2 
Vis 140°F, 
poises 9,130 7,640 5,660 7,480 1,740 

Vis 275°F, 
cSt 500 458 411 456 44,5 

81 
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TABLE 13 - ASPHALT EXTRACTION TESTS AND TESTS ON RECOVERED ASPHALT AND AGGREGATE FROM SEPARATE 
SAMPL~S FROM STOCKPIL~ NO. 2 (U.S. 89, BRYCE CANYON JUNCTION-HATCH, UTA~) 

Ser.tion: l 2 3 4 5 

Sub-section: l 2 l 2 1 2 l 2 1 2 

Percent by Weight Finer than: 
Sieve Size 

l fn. 10(1 100 100 100 l.00 100 100 - 100 100 
3/4 in. 98 99 98 96 96 99 96 100 99 98 
1/2 1n. 90 93 90 90 87 91 88 93 96 94 
3/8 in. 84 86 83 84 79 86 82 87 93 87 
No. 4 69 67 66 69 64 70 69 69 76 70 
Ho. 8 58 55 56 58 55 60 58 57 65 58 
No. 16 50 48 48 50 47 51 50 49 56 50 
No. 30 42 40 40 42 40 43 42 42 47 42 
No. 50 32 29 29 31 29 31 31 31 36 32 
No. 100 19 17 11 18 17 18 18 19 22 19 
No. 200 10.4 8,9 B.8 9.6 9.1 9.4 9.7 10.0 12,8 9.9 

Asphalt: Percent by Weight of 
Total Mix 5.6 6.4 6.0 6.0 5.7 6.7 6.0 6.7 6.6 6.8 

Re~overed Asp ha 1t: 
Pei, 77c F ~ 

lOll,1, 5 sec 30 33 33 31 37 34 30 32 35 41 
Vis 140°F, 
poises 9,610 7,150 6,900 8,430 4,590 7,370 9,060 6,610 5,555 3,460 

Vis 275°F, 
cSt 530 480 450 480 400 440 510 460 430 380 



TABLE 14 - ANALYSIS OF YARIANC~ OF EXTRACTION AND RECOVERY TEST DATA FROM 
SEPARATE SAMPLES FROM STOCKPILE NO. 2 {u.s. 89, BRYCE CANYON 
,!UNCTION - HATCH, UTAH) 

Sub-section l Sub-section 2 Overal 1 Sign. level(l) 

Mean Std. Mean 
Dev. 

Percent by Weight Finer than: 
Sieve Size 

1 1n, 
3/4 in, 
1/2 in, 
3/8 in, 
No. 4 
No, 8 58 3,9 58 
No, 16 
No, 30 
No, 50 
No, 100 
No, 200 10.2 1.60 9.6 

Asphalt: Percent by Weight of 
Total Mix 6.0 0,39 6,5 

Recovered Asphalt: 
Pen 77° F, 
100g, 5 sec 33 3.1 34 

Vis 140°F, 
po1Ses 7,140 2,170 6,600 

Vis 275°f, 
est 466 53.3 4<\7 

(1) Statistical significance level: 
NS - not significant 
* - 1 - " > 0,75 

** - 1 - CJ> 0,95 
*** - 1 - CJ> 0,99 

83 

Std. Mean 
Dev. 

1.6 58 

0.44 9,9 

0.33 6,2 

4,0 34 

1,880 6,870 

41.9 457 

Std, Between Between 
Dev. Sub-sections Sections 

2.8 NS NS 

1.15 NS NS 

o.4¢ ** HS 

3.4 NS .. 
1,940 NS NS 

46.3 NS .. 
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TABLE 15 - COMPARISON OF TEST DATA FROM ROADWAY AND 
STOCKPILE NATERI~l (U.S. 89. BRYCE JUNllTION, 
HATCH, UTAH) 

Roadl,ay Stock pf le No. 1 Stoclr.p1le No. 2 

No. Me~n Std. 
Dev .. 

Percent by Weight Finer than: 
Steve Size 

1 In. 
3;4 In. 
1/2 tn. 
3/8 fn. 
No. 4 
No. 8 12 52 3.8 
rio. 16 

"No. 30 
No. 50 
No. 100 
No. 200 12 8.7 2.60 

Asphalt: Percent by Weight of 
12 6.5 Total Mix 0.28 

Recovered Asphalt: 
Pen 77"F, 
100g, 5 sec 12 41 10.0 

Vis 140~, 
poises 12 4,900 3,010 

Vts 275°F, 
est 12 384 82.6 

No. Mean 

3 55 

3 9.3 

3 6.0 

3 33 

3 7,480 

3 456 

Std. 
Dev. 

2.9 

0.70 

0.66 

4.2 

1,740 

44.0 

No. Mean 

10 58 

10 9.9 

10 6.2 

10 34 

10 6,870 

10 457 

Std. 
Dev. 

2.8 

1.15 

o.44 

3.4 

1,940 

46.3 
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,ABLE 16 - ASPHALT EXTRACTION TESTS ANO TESTS ON RECOVERED ASPHALT ANO AGGREGATE FROM PAVEHE~T SAH~LES (U.S. 
220, ROANOKE, VIRGINIA) 

Section: 1 2 3 4 5 6 

Lane: 1 2 1 2 1 2 l 2 1 2 1 2 

Percent by Weight Finer than: 
Sieve Sfze 

1 in. 
3/4 fn. 100 - 100 100 100 100 100 100 100 100 100 
1/2 in. 92 100 96 96 96 98 97 98 97 98 96 100 
3/8 in. 83 93 88 89 89 92 90 91 91 86 88 92 
No. 4 58 57 63 60 60 61 55 62 58 55 57 58 
No. 8 40 41 43 44 40 42 39 44 39 39 38 43 
No. 16 28 32 30 33 30 30 30 32 28 28 26 33 
No. 30 21 24 21 24 21 21 22 23 20 20 19 25 
No. 50 16 18 16 17 15 16 16 17 14 15 15 19 
No. 100 12 14 12 13 12 12 12 13 11 12 12 14 
No. 200 10.1 10.5 9.9 10.4 9.0 9.1 8.7 10.0 8.5 9.5 10.1 11.1 

Asphalt: Percent by Weight of 
Total Hix s.1 4.8 5.5 5.5 5.3 s.3 5.3 5.2 5.4 5.4 5.5 5.2 

Recovered Asphalt: 
Pen 77°F. 

li>Og, 5 sec 12 4 29 19 22 17 25 19 19 18 19 6 
Vis 140°F, 
poises 83,400 658,300 14,500 44,200 37,500 50,300 17,700 58,800 24,800 37,000 24,200 247,000 

Vis 275°F, 
est 1.780 5,120 721 1,160 959 1,140 835 1,190 959 1,100 l,010 2,800 



TABLE 17 • ANALYSIS Of VARIANCE OF EXTRACTION AND RECOVERY TESTS DATA FROM 
PAVEMENT SAMPLES (u.s, 220, ROANOKE, VIRGINIA) 

Lane 1 

Mean 

Lane 2 

Sttl, Mean 
Cev. 

Percent by Weight Finer than: 
Sieve Size 

I in. 
3/4 in, 
I /2 in, 
3/8 in, 
No, 4 
No, 8 40 1.9 
No, 16 
llo, 30 
No, 50 
No, 100 
No, 200 9,4 o.n 10.1 

Asphalt: Percent by Weight of 
Total Mix 5,3 0,15 5,2 

Recovered Asphalt: 
Pen 77°F, 
100g, 5 sec 21 5,8 14 

v;~ 140°r, 

Overa 11 Sign. Lev!l(l) 

Std. Mean 
Dev. 

1,7 4• l 

0,72 9,7 

0,24 5,,3 

6,9 17 

Std. Bf.tween Between 
Dev,. Lanes Sect f ons 

2 ,I ** * 

0,79 ** ** 

0,20 * ** 

7.2 *** ** 
poises 34,200 26,750 182,600 246,400 108,400 184,170 * NS 

Vis 275°F, 
est 1,040 374 2,080 

(1) Statistical significance level: 
NS - not significant 

* ~ 1 •a> 0,75 
** - l - a> 0.95 

••• - l - a> 0,99 

1,627 1,560 1,250 * * 

86 



TABLE 18 ~ ASPHALT EXTRACTION TESTS AND TESTS ON RECOVERED ASPHALT 
ANO AGGREGI.TE FROM COIIIPOSITE SAMPLE OF MILLED MATERIAL 
FROM TRUCKS (U,S, 220, ROANOKE, VIRGINIA) 

Tut Ko, 
Mean Std, 

l .2 3 4 5 6 Dev, 

Percent by Weight Finer than: 
S1eve Size 

1 in. 
3/4 in, 100 100 100 100 100 100 
1/2 In, 100 99 98 99 100 99 
3/8 in, 95 95 93 95 95 94 
No. 4 72 74 70 72 71 72 
No. 8 53 52 so 51 51 52 52 1,0 
No, 16 38 38 36 37 37 38 
No, 30 28 27 26 27 26 27 
No, 50 21 ~o 20 20 20 ?1 
~o. 100 16 16 16 16 16 16 
No. 200 13,2 13,1 12,5 13,l 12,8 13,3 13,0 0,30 

Asphalt: Percent by Weight of 
Total Mix 5,3 5,3 5,0 5,2 s.~ 5.3 5,2 0,12 

Recovered Asphalt 
Pen 77°F, 

(Composite Sample of Extracted Asphalt from Above): 

100g, 5 sec 17 
Vis 140°F, 
poises 46,100 

V1s 275"F, 
est 1,690 

87 



TABLE 19 - COMPARISON BETWEEN ROADWAY AND MILLED MATERIAL 
FROM TRUC~. {U.S. 220, ROANOKE, VIRGINIA) 

Roadway 

No. Mean Std, 
Dev. 

Percent by Weight. Fi r,er than: 
Sieve Size 

1 1~. 
3/4 in. 
1 /2 i "· 
3/8 in, 
No. 4 
No. 8 12 41 2.1 
No. 16 
No, 30 
No. 50 
No, 100 
No, 200 12 9,7 0,79 

Asphalt: Percent t-;v liei ght of 
Total Mix 12 5,3 0.20 

Recovered Asphalt: 
Pen 77°F, 
100g, 5 sec 12 17 7,2 

Vis 140°F, 
poises 12 

Vis 275°F, 
108,400 184,170 

est 12 1,560 1,250 

88 

No, 

6 

6 

6 

l 

1 

l 

Milled 

Mean 

52 

13.0 

5.2 

17 

46,100 

1,690 

Std, 
Dev. 

1,1 

0,30 

0.12 
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Table 20 - POOLED RESULTS - VARIABILJrY Of RESULTS FROM ASPHALT EXTRACTION TESTS 
AND TESTS ON RECOVERED ASPHALT 

Ro1dway Sa...,les (1) 

Std. Coeff. 
df Mean Dev, Var. 

Percent by Weight Finer· thar: 
Sieve Size 

1 in. 
3/4 In. 
1/2 In. 
3/8 In. 
No, 4 
No. 8 44 54 4.9 9 
No. 16 
No. 30 
No, 50 
No, 100 
No. 200 44 8,6 1,7 20 

Asphalt: Percent by Weight of 
Total Mix 44 5,7 0.41 7 

Recovered Asphalt: 
Pe~ 77°F, 
100g, 5 sec 42 25 11,8 47 

Vis !40°F, 
poises 42 93,800 189,1S0 202 

Vis 275°F, 
cSt 42 1,380 1,170 85 

(1) A II projects. 
(2) Utah project. 
(3) North Carolina and Virginia projects. 
(4) California project. 
(5) California project only, 

df 

11 

11 

11 

11 

11 

11 

Individual sa...,les 
from Stockpiles (Z) 

i-lean 

57 

9.8 

6.2 

34 

7010 

457 

Std. Coeff. 
Dev. Var, 

2.s 5 

1.1 11 

0,49 8 

3.6 11 

1905 27 

46.0 10 

COIIIPosite Saqiles from 
Trucks (3) and Stockpile (4) 

df Mean 

13 64 

13 11.0 

13 5.3 

4 (S) 7 

Std. 
Dev. 

3,7 

o.3 

0,10 

0 

4 (5) 101,200 6,100 

4 (5) 1,550 44 

Cceff. 
Var. 

6 

6 

2 

0 

6 

1 
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lA8lE 21 - COMPARISOH Of LIMITS - RESULTS FROM ASPHALT EXTRACTIQ~S TESTS 

~oa•ay Sa111ples 
lndtvfdual Sanples 
From Stock.piles (2) 

CIIIPOSlte Satiples fr0111 
TM<cks (l) and Stockpile (4) 

ASTfit std. l.1Jtio' si,iipl1ng No. Std. 1.96a Sa-.11ng No. ~td. i.'Jtia Sa...,ling No. 
D 3515 De¥. L1111ts(51 Ltll1ts(61 Req'd(7) Dey. lf■fts\5) l1atts(6) R!q'd{7) Dev. l1•1ts(5) Liolts (~) Req'd(7) 

Percent by Weight F1ner than: 
S1eve She 

1 1n. 
3/4 fn. 
1/2 tn. 
3/8 1n. 
lo.' 
No. B 1 5 4.9 f g.6 
No. 16 
Ro. 30 
lo. 50 
110. 100 
No. 200 t 3 1.7 L 3.3 

Asphalt: Perce,1t by Weight of 
Total Nh t. o.s O.Al t. o.B 

Recovel"ed A!?fla 1t: 
Pen n•r. 
1009, 5 sec 

Vis t40•f 1 

pohes 
Vis 275•f • 
est 

{l) All projects. 
(2) Utah project. 

t 15.5 

.. :; ... 
:t ,.s 

(3} North Carolina and Yfrgfn1a ?roJects. 
{4) Caltfol"flfa project. 
(5} Based on no.,..1 dfstrfbutfon: * s 2a. 

,. 

uo 

2.3 t. s.s t 8.9 2) l.7 t 1.z t: 11,7 

,.1 t 2.2 :! ::I.~ 19 0.1 t 0,6 t 0,9 

o.49 2. o.96 t. 1.s 0.10 .:t 0.2 t 0,3 

(6} Based on the probability that 95i of the ttae, 951 or the tests 
In a sa11Ple of N • 12 111Hl be within the ltllttts shown: ""'.t ks. 

(7) Nulllber of tests requ1rtod tn one s111111Ple to prodUce the probability 
that 99 percent of the ti• the ASnf 11•1ts 111111 Include 75 percent 
of the test values. 

130 

• 
5 
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TAIILE 22 • ASPHALT EXTRACTION TESTS All> TEST~ ON RECOVERED J,SPHALT ON PAVEMENT 
CORES BY THREE AGENCIES (REFERENCES (11), (,2), and (13) 

North Carolina DOT Zenewttz and Welbon, Sisko •"d Brunstru• 

~n Sta. Coeff. No. Mean Std. toeiff. No. Mean sa;--Coif'r. 
De•• Yar. Dev. Var. Dev. Yar. 

Perce"'t by Wetgbt Ffner than: 
Sieve Sire 

l fn. 
11• tn. 
1/2 ill. 
3/8 1n. 
No. 4 
No. 8 
... 16 
... JO 
... 50 
... 100 
~o. 200 

10 

10 

68 

5,2 

1.90 2.e 11) 53 2., ,.s 

0.73 13.• 6.9 0.79 11.4 

Aspt11lt: Percent by Weight of 
Total Mh: 10 ,.1 o.38 6.7 

(i) 

(1) 6,0 0.22 ,.1 12(2) 4.9 a,.32 6.5 

Recovered Asphalt: 
Pen, 77°F. 

1009, 5 S@C 

Vfs 140•F, 
potses 

v1s z1s•F. 
est 

12(2) 32 7,4 

11(2) 65,800 159,000 
ll(l) 65,IIJO 78,400 

11(2) 1,232 
1113) 1,232 

338 
236 

1IJ Standal"d dewh.t1ons were r,btatMd by aver,gtng pooled stafl<klrd d@v1atfons having frOII 6 to 36 degrees of fr-eedoa 
froa 34 projects. For exaaple, 7 sa111ples and 6 sites f'ro,i one project would be 36 degrees ~, fr-eedoa. 

l
(Z)) Values obtained by pooling the results of two tests frOIII each of the nutlher of project! 1nd1cated. 
l Y1h'@S obtafned by awra91fl9 tlte l"fiu1ts at r.w-o tests frr_,;n e•ch of the ~r of i1ro,t.cts 1n .. ·1caied. 

23 

241 
119 

27 
19 
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Tobie 23 • COlll'ARISON • SEF~E All! AFTER Nllll!IG 

Cattfornh {l l f.;u:-th Caro1iH (2) lltah (3) Ylrglnla (4) 

llmre Afte-r bfrference 
"fllfng Nf Iii ;ig (5) 

Perunt ht llefght Ftner thi1n: 
Stewe Site 

l in. 
3/4 111. 
1/2 In. 
3f8 tn. 

""· . No. 8 54 69 +15 
No. 16 
No. 30 
... 50 
flo. 100 
lo. 200 9.9 11.a +1.9 

~,f"a 1t: Percent by lfpt ght of 
oUl tHx 5.4 5.2 --0.2 

Recovered Asphatt: 
fen 11"F • 

IOOg. 5 soc 21 7 -1• 
Vts 140-F, 
poises 206.100 101,200 -UM,900 

Yfs 27S"f. 
cSt z.1ao 

(1) fro,, Table 50 

(ZJ F,- Table 9. 

t,1.iSO -630 

Before 
Nillfng 

... 

6.1 

s., 

22 

43.200 

1,410 

(l) froM Table 15, both, stoctpf les nenged, 

Aftlll!'r' 
Nf111ng 

12 

a.a 

s.1 

20 

33,800 

1.340 

Dffferenc:2 a.tore Arter D1fferenc~ lleTore After Oiir,renc:e 
(5) Nf11fng Nfllln9 (51 Nilling Nt111•g (51 

+3 52 5i6 >4 u 52 +ll 

+1., .. , 9.6 +0.9 9.7 13.0 •:J.l 

0 6.5 6.1 -11.4 5.3 5.2 -il.I 

-2 41 :14 -1 11 17 0 

-14.400 4.900 7,lM +2280 108.40'J 16,100 •62.300 

-70 384 456 +Jl 1.!"o60 1,690 ~nn 

;4) FrOII hble 19> 
(5) DHferenc,: afti!r Jltllingi .. before ailltng, 

AWC!rage 
Of ff~f"t!tta 

(5) 

.e 

+2 

--0.2 

-6 



TABLE 24 - PROPERTIES OF ORIGINAL ASPHALTS 

Asp'ha 1 t CeEnt A 8 C D 
Asphalt Grade AR-16000 AC-40 AC-ZO AC-20 
Cl'tlde 011 SourcP st. Maria, CA Smackover, AR V!!nezuela Mid-Contine"t 

Properties of Original Asphalt: 
Viscosity 

140°F (60°C), Poises 4,028 4,024 2,141 1,921 
275°F (l35"t), est 593 588 4:;3 330 
77°F (25°C), kP 3,170 4,623 l,125 Z,445 

Penetration 
77°F (25°C), (lOOg, 5s), O.l 11111 63 52 90 58 

Oucttlity 
77°F (25°C), (5cm/min), cm 150-. 150+ 150+ 150+ 
39.Z°F (4°C) (Sea/min), cm 6.0 Z.75 10.7 0,0 

Flash Pot~t, Cleveland Open Cup, °F 485 665 510 660 
Solubility tn Trlchloroethylene, Percent 99.94 99.84 99.90 99,82 
Specific Gravity at n•F (Z5°C) 1,033 1,025 1,034 1.033 

"' Spot Test Neg. Neg. Neg, Neg, w 
Vtscostty Temperature Susceptibility, VTS J.50 3,51 3,49 3,69 

Pro,,erties of lhln Fila Oven Test R._ •~ue: 
Mass Change, Percent -0.993 +o,059 .0,589 +o,001 
Viscosity 

140°F (60°C), Poises 15,496 8,311 7,106 3,625 
275°F (l35°C ), est l,059 795 794 408 
77 °F (25°C), lcP 20,529 17 ,'l67 6,425 7,022 

Viscosity at 140°F (60°C) 
after thin fl h• oven test 3,85 2,07 3,32 1,89 
Vlfcosltt at \40°F (60°C) 
be ore t Inf lm oven test 

Penetration 
77°F (25°C) (lOOg, 5s), 0.1 11111 35 37 51 39 

Retained Penetration, Percent S5,6 71,2 56,7 67,2 
Ductility 

77°f (25°C) (5cm/mfn), cm 150+ 150♦ 150♦ 150♦ 

39,2°F (4°C) (Scm/mln), cm 1,9 Z,9 4,5 o.o 
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TABLE 25 - COMPOSITIONAL CHARACTERISTICS OF ORIGINAL ASPHALTS 

Asphalt Cement 
Asphalt Grade 
C,--ude Oi 1 Source 

A B 
AR-16000 AC-40 

St. Maria, CA Smackover. AR 

C D 
AC-20 AC-20 

Venezuela Mld-Ccntinent 

Asphalt Compos1tic ,nalys;5 (ASTM D 41211_ 

Asphaltenes In-Heptane), percent 
Saturates, percent 
Nlphl.l."ne Arollatfcs. percent 
Polar ArOllloiltt~s, percent 

22.29 
7.99 

24.56 
43.62 

13.25 
7,64 

40.14 
38.27 

19.19 
6.80 

26.96 
44.37 

11.47 
6.87 

39.03 
41.98 

.£!!aracteristic Groups ~Y Prec1p1tat1on (ASTM D 2006 Discontinued) 

Asphaltenes (n-Pentane), percent 30.84 23.93 28.47 20.06 
Polar COllpouqds. pe,-::ent 28.04 16.25 27.50 23.59 
Ftrst Actdaffi .. s, percert 19.37 21.02 15.16 l'l.27 
s,cond Acldafftns, ·percent 13.H 24.21 21.37 24.10 
Sa-c. HydrOC3rbons, percont 8.56 14.59 7.50 12.98 

Test for Saturates (ASTM D 2007) 

Saturates, percent 8.89 15.64 8.30 13.30 

Asphaltene Settling Test 

Settling Time, minutes 8 71 l9 55 



TABLE 26 - PROP°ERTIES OF RE:VCUNG A6EIHS 

Asphalt Agent 1 2 3 4 
Asphalt Agent Grade AC-5 AC-2.5 RA-25 RA-5 

Properties of Recycling Agents: 
Viscosity 

140°F (&O-t;}. Poises 502 272 36 2.2 
275°f (135•C). cSt 22; 170 50 8.4 
77"f (25°C). kP 113 87 19 o.o&i 

Pooetrat1on 
77°F (25°C), (100~. Ss), O.l • 262 290 380t 380+ 

Ouct11fty 
77°F (25°C). (Scll/•fnl. cm 150+ 150+ ISo+ 15o+ 
39.2°F (4°C), (Sm/■in), C111 150+ 150+ 150+ 150+ 

Flash Point, Clevel.md Open Cup, "F 450 640 525 445 
Solubility 1n Tr1ch1oroethylene, Percent 99.86 99.81 99.89 99.99 
Specific Gravity at 77°F (Z5°C) 1.025 1.008 0.989 0.983 . .., 
Vfacoslty le111Perature Sus-:eptlbi lity, VTS 3.44 3.43 3.70 4.69 .,, 
Sptt Test Neg. Ne!!• Neg. Neg. 

Prope,tles of Thin Fil■ Oven Test Residue: 
"ass Change, Percent -2.094 +0.078 -o.612 -2.200 
Ylsccslty 

140'f (604'C), Poises 2,199 442 63 2.8 
21s•~ (135-C). est 428 183 66 9.2 
77 °f (25°C), kP 1,425 245 362 0.!5 

Viscosity at 140°F (60•::) 
aft,.r tili,l f11■ oven test 4.38 1.63 1.75 1.27 
V1Jcos1ti ,t 140°F (60°C) 
be ore t tr• fll■ oven test 

Penetration 
77"f (25°C, (100g. 5s), 0.1,.. 105 175 38o+ 38o+ 

Retained Pene-r1t1on0 Percent 40.5 io.3 
Ductility 

77°F (2!i"f.) (~■in), c■ 15o+ 15(1+ 150+ 150+ 
39.2"F (4°C) !Sc■/■in), c■ 15.8 35.8 \30.5 150+ 
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TABLE 27 - COMPOSITIONAL CHARACTERISTICS OF RECYCLING AGENTS 

Rec)c 11 ng Agent 
Recycling Agent Grade 

1 
AC-5 

2 
AC.-2.5 

3 
RA-25 

Asphalt Conposft1on Analysis (ASTN D 4124} 

Asphaltenes (n-Heptane), percent 
Saturates, percent 
Naphthene ArONtfcs. percent 
Polar ArOlllatfcs, percent 

16.71 
8.54 

30.88 
42.05 

8.54 
10.54 
39.69 
39.51 

1.01 
16.35 
36.48 
38.01 

4 
RA-5 

o.oo 
34.77 
41.42 
21.74 

Characterfstfc Grou2s by Precfpftatton (ASTM D 2006 D1scont1nued) 

Asphaltenes (n-Pentanel, percent 
Polar C0111pounds, percent 
Ftrst Acfdafffns. percent 
Second Acfdafflns. percent 
Sat. Hydrocarbons, percent 

Saturates, percent 

Settling Time, nainutes 

24.73 
25.04 
20.96 
19.l!i 
9.92 

16,Sl 
17.03 
19.30 
27.53 
19.63 

Test for Saturates (ASTM D 2007) 

10,82 20.66 

Asphaltene Settling Test 

16 42 

14.11 
24.91 
15.59 
23.57 
21.82 

23.27 

Z3 

o.s1 
18,06 
16.35 
4llo43 
24.59 

26.25 

0 



TABLE 28 • P~OPERTIES OF AGEO ASPHALTS 

Aged Asphalts A B C D 
Ortgtnal A!;phalt Grade AR-16000 AC-40 AC-20 AC-2il 
Crude 011 :;ource St. Marta. CA Smackover, AR Venezuela Mt d-C ont i nent 

Propertle! of Aged Asphalt: 
Vtscostty 

140°F (60°C), Poises 142.619 111.312 119.031 101,831 
Z75°F (135°C), est 3,290 3.080 3,311 1,9D5 
77°F (25°C). kP 200.916 318.133 167.151 514,071 

Penetration 
77°F (25°C), (lDOg. Ss). 0.1 11111 19 19 23 13 

Ductility 
77°F (25°C). (5cm/■tn), cm 14.6 6.4 14.3 6.7 
39.2°F (4°C), (5cm/mln). cm o.o o.o o.o o.o 

Flash Potnt, Cleveland Open Cup, °F 525 665 515 640 
Soluhtltty tn Trichloroethylene, Percent 99.94 99.93 99.92 99.86 .., Specific Gravtty at 77°F (25°C) 1.040 1.030 1.042 1.044 ..... 
Spot Test Neg. Neg. Meg. Neg. 
T1!f11Jerature Susceptibility, VTS 3.52 3.49 3.46 3.77 

Properties of Thin Ftl■ Oven Test Residue: 
Mass Change, Percent -0.583 +0.030 -0.399 +0.002 
Viscosity 

140°F (60"C), Poises 512.746 239,2!10 378,704 192,097 
275°f (135°C), est 6.671 3,268 6,676 2,401 
77 °F (25°C). kP 769.077 796,919 787,406 1.264,512 

Viscosity at 140°f (60°C) 
after thin film oven test 3.6(1 2.15 3.18 1.89 
Vtsc~stty at 140°F (60°C) 
before thin ftlm oven test 

!'enetratton 
77°F (25°CJ {lOOg, 5s), 0.111111 15 18 18 11 

Retained Penetration, Percent 78.9 94.7 78.3 84.6 
Ductiltty 

77°F (25°C) (Scm/mln). cm 4.9 s.o 6.8 5.6 
39.2°F (4°C) (5cm/m1n), cm o.o o.o o.o o.o 
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TABLE 2a • COMPOSITIONAL CHARACTERISTICS OF AGED ASPHALTS 

Asphalt Cement 
Asphalt Grade 
Crude 011 Source 

A 
AR•l6000 

St. Maria, CA 

B 
AC•40 

Sir.Jckover, 

C 
AC·20 

AR Venezuela 

Asphalt Composition Analysis (ASTM D 4124) 

Asphaltenes (n-Heptan~), percent 
Saturates, percent 
Naphthene Aro111tfcs, percent 
Polar Aromatics, percent 

28.37 
7.49 

19.78 
42,05 

19.80 
5,79 

34,65 
37.84 

28.40 
5.83 

26.53 
37,07 

0 
AC·20 

Mi d...Cont i nent 

21.10 
7.38 

31.90 
37,17 

Char~cteristlc Gr-ou11s by Precipitation (ASTM D 2006 Dtsconttnued) 

Asphaltenes (n-Pentane), percent 40.41 31.74 37.19 31,57 
Polar Compounds, percent 21.80 9,33 19.40 17.35 
First Acidaffins, percent 17,33 21.19 19.61 14.28 
Second Actdaffins, percent 12.42 23.64 16.60 24.06 
Sat. Hydrocarbons, percent 8,04 14.10 7,20 12.74 

Test for Saturates {ASTM D 2007) 

Saturates, percent 8.45 14.28 8.04 12.89 

Asphalten~ Settling Test 

Settling Time, minutes 19 120 33 82 



TABLE 30 - PROPERTIES OF AGED ASPHALT A AND RECYCLING AGENT BLENDS 

Aged Asphalt A A A A 
Recycl 1ng Agent 1 2 3 4 
Recycling Agent Grade AC-5 AC-2.5 R,\-25 RA-5 
Percent Recycling Agent 71 62 41 25 

Properties of Original Asphalt: 
Viscosity 

140°F (60°C), Poises 2,078 2,206 2,496 2,100 
275"F (135°C), est 453 430 429 398 
77°F (25°C), kP 1,141 2,440 3,117 1,341 

Penetration 
77°F (25°C), (lOCg, 5s), 0,1 nn 108 7i 80 110 

Ducttltty 
77°F (25°C), (5cm/•in), c• 150+ 150+ 150+ 150+ 
39,2°F (4°C), (5cm/min), cm 13,8 5.J 5,5 12,6 

SQ Flash Point, c:~veland Open Cup, °F 460 590 515 475 
SQ Solubility in Trichloroethylene, Percent 99,87 99,85 99.90 99.94 

Specific Gravit/ at 77°F (25°C) 1,029 1,018 1,019 1,025 
Spot Test Neg. Neg. Neg, Neg, 
lfisco~ity Temperature Susceptibilty, VTS 3,45 3,51 3,57 3,50 

Properties of Thin Film Oven Test Residue: 
Mass Change, Percent -1.762 -0.170 -0,619 -1.180 
Viscos!ty 

l4D"F (60°C), Poises 10,531 5,384 7,137 6,169 
275°F (135°c), est 991 586 559 636 
77 °F (25°C), kP 9,492 10,694 10,349 4,616 

Viscosity at 140°F (60°C) 
after thin fll• oven test 5,07 2,44 2,86 2.94 
Viscosity at 140°F (60°C) 
before thin film oven test 

Penetration 
77°F (25°C) (lOOg, 5s), 0.1 nm 52 52 53 61 

~etatned Pen~tration, Percent 48,l 67,5 66,3 60,9 
Dl•Ctil ity 

77°F (25°C) (5cm/min), cm l~O+ 150+ 91.0 150+ 
39,2°F {4°C) (Scm/min), cm 44 3,7 3.9 5,4 



lABLE 31 - COMPOSITIONAL CHA~ACTERISTICS Of AGED ASPHALT A AND RECYCLING AGENT BLENDS 

Aged Asphalt A A A A 
Recycltng Agent 1 2 3 4 
Recycling Agent Gr-ade AC-5 AC-2.5 RA-25 RA-5 
Per-cent Recycling Agent 71 62 41 25 

Asphalt Coq>osition Analysts (ASTM D 4124} 

Asphaltenes (n-Heptane), per-cent 20.86 16.49 18.69 21.16 
Satur-ates, per-cent 7.91 8,74 12.21 14.48 
Naphthene Ar--tics, per-cent 26.08 3J.31 25,93 23,33 
Polar- Aromatics, per-cent 43.79 40.55 41.67 37.47 

-0 Characteristic Groups by Precipitation (ASTM D 2006 Discontinued) 0 

Asphaltenes (n-Pentane), percent 27.74 23.44 28,51 29.49 
Polar Coq>ounds, perc~nt 27.96 21.63 25.84 1.9,54 
first Acidaffins, per-cent 17.17 16.41 15.12 2.l.31 
Second Ac1daffins, percent 16.71 23.16 16.43 18.48 
Sat. Hydrocarbons. percent 10.42 15.36 13.50 12.18 

Test for Saturates (ASTM D 2001) 

Saturates, per-cent 10.29 15.61 15.08 13.01 

~haltene Settling Test 

Settling Tine, minutes 30 38 33 33 



TABLE 32 - PROPERTIES Of AGED ASPHALT D AIIO REClCLING AGENT BLENDS 

Aged Asphalt D D D D 
Recyc 11 ng Agent I 2 3 4 

'Recycling Agent Grade AC-5 AC•2.5 RA-25 RA•5 
Percent Recycling Agent 70 60 39 20 

Properties of Or1glnal Asphalt: 
Ylscoslty 

140°F (60°C), Poise, l,E55 1,981 1,742 1,960 
275°F (135°C), est 386 382 321 318 
77"F (ZS"C), kP 1,000 2,780 3,554 2,406 

Penetrat1on 
77°F ('5°!:}, {!O!!g., 5sL 0.1 m 100 66 68 71 

Ductility 
77°F (25°C), (5cm/min), cm 150+ 150+ 150+ 150+ 
39.2°F (4°C), (, •/min), cm 10.7 4.3 4.5 5.2 

Flash Point, Cleveland Open Cup, •r 525 635 560 530 

- Solubility In Trlchloroethylene, Percent 99.34 99.75 99.78 99.77 
8 Specific Gravity at 77°F (25°C) 10 030 1.g21 1.021 1.030 

Spot Test Ne9. Neg. Neg. Neg. 
Viscosity Tempera~ure Susceptiblity, VTS 3.49 3.58 3.67 3.73 

Properties of Thin Film Oven Test Residue: 
Hass Change, Percent -1.411 ♦0.021 -0.295 -o.560 
liscos1ty 

140°F (60°C), Poises 5,048 3,566 3,545 3,607 
275°F (135°C), cSt 631 482 410 397 
77 °F (25°C), kP 4,502 6,546 7,532 5,187 

Viscosity at 140°F (60°C) 
after thin film oven test 3.05 1.79 2.04 1.84 
Viscosity at 140°F !60°C) • 
before thin film oven ,est 

Penetration 
77°F (25°C) (lOOg, 5,), 00 1 - 57 49 49 51 

Retained Penetration, Percent 57.0 74.2 72.1 n.a 
Duct I lfty 

77°F (25°C) (!iclll/mln}, C11 150+ 150+ 150+ 150+ 
39.2°F (4°C) (5cm/■ln), 01 4.3 1.3 3.4 4.0 



TABLE 33 - CCJIII05ITIONAL CIMRACTERISTICS OF AGED ASPHALT D AND RECYCLING AGENT BLENDS 

Aged Asphalt D D D D 
Recycling Agent 1 2 3 4 
Recyclfng Agent Grade AC-5 AC-2.5 RA-25 RA-5 
Percent Recycling Agent 70 60 39 2ll 

A~phalt C!!!!fOSition Anallsfs (ASTN D 4124) 

AsphaltelleS (11-l!eptane). percent ld.37 14.45 u;.1s 18.70 
Saturates• percent 6.39 8.19 11.30 11.20 
-rat,_ ~ttcs. percent JO.SB 38.68 32.01 32.37 
Po ar Ana1t1cs. percent 44.09 3/.68 39.93 37.40 

- Characterfstfc Groups bl Precipftatfon (ASTN D 2006 Dfscontfnued) C> 

"' 
Asphalt- (11-Pentane). percent 25.20 23.03 24.27 24.70 
Polar C011pOUnds 0 percent 24.52 19.69 23.86 20.55 
Ffrst Actdafffns. percent 17.34 13.88 11.13 14.18 
Second Acfdafffns. p2rcent 21.10 27.01 22.83 24.34 
Sat. llydroarbons, percent 11.84 16.39 17.91 16.23 

Test for Saturales (ASTN D 2007) 

Saturates, percent 11.86 17.17 17 .. 42 16.10 

~sphaltene Settling Test 

Settlfng Tfae. llfootes 60 75 110 110 



TABLE 34 - PROPERTIES OF AGED ASPHALTS BAND C, AND RECYCLIN6 A&ENT BLEIIDS 

Aged Asp ha 1 t B B C C 
·Recycling Agent l 4 l 4 
Recycl1ng Agent Grade AC-5 AA-5 AC-5 RA-5 
Percent Recycling Agent 67 18 70 23 

Propert1es of Origlul Aspha1t: 
Viscosity 

140"F (60°C), Poises 1,756 2,331 1,883 2,072 
z1s•r {Jl5"C), ot 435 430 460 430 
n•r 11s"CJ, kP 999 2,058 9~2 1,179 

Penetration 
77°F (25°C), (100g, 5s), 0.1 1111 \OB 84 116 115 

Ductility 
77•r (25-CJ, (Sea/min), cm 150+ 150+ 150+ 150+ 
39.2"F (4°C), (5ca/■ln), c■ 9.9 5.a 26.2 17.4 

Flash Point, Cleveland Open Cup, °F 495 555 475 480 - Solubilit1 in Tr1chloroethylene. Percent 99.85 99.81 99.92 99,93 0 
w Specific 6rav1ty at 77°F (25"C) 1,027 1,021 1.030 1.027 

Spot Test Neg. N~. Neg. Neg. 
Viscosity Te■perature ~~sceptiblity, VTS 3,42 3. 3,40 3,50 

Properties of Thin Fil• Ove~ Test Residue: 
Mass Change, Percent -1,302 -0,508 -1.426 -0,850 
Viscosity . 

140°F (60°C), Poises 6,006 4,560 6,724 4,424 
275°F (135°C), est 671 519 794 571 
77 "F (25°C), kP 4,985 4,937 5,228 2,971 . 

Viscosity at l40°F (60°CJ 
after thin f11■ oven test 3,42 1.96 ~ 3.57 2.14 
V1scosity at 140°F (60"CJ 
bef~..., tLln fll• oven test 

Penetrahc!i 
77°F (lS"C! (!OOg, 5s), 0,1 11111 58 59 63 82 

Retained Penetrat1.,,,. Percent 53.7 70,2 54,3 71.3 
Ductility 

77°F (25°C) (Sc■/mln), cm 150 .. 150+ 150+ 150+ 
39,2"F (4°C) (5cll/■ln), cm 4.5 4,3 5.1 7.5 
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TABLE 35 • COMPOSITIONAL CHARACTERISTICS OF AGED ASPHALTS 8 AND C 
AND RECTC'U NG AGENT r.LENDS 

Aged Asphalt B B C 
Recycling Agent 1 ~ 1 
Recycling Agent Grade AC-5 KA-5 AC-5 
Percent Recycling Agent 67 18 70 

Asphalt Composft1on Analysis (ASTM D 4124) 

Asphaltenes (n-Heptane), percent 19.91 18.06 21.65 
Saturates, percent 6.13 8.46 8.99 
Naphthene lr0111tics, l)ercent 30.40 30.40 26.48 
Polar Aromatics, percent 41.60 36.04 41,05 

Test for Saturates (ASTM O 20011 

.Saturates, percent 12.02 17.40 9.62 

Asehaltene Settling Test 

Settling Time, minutes 35 91 17 

C 
4 

RA-5 
23 

21.30 
11.30 
28.78 
36.91 

12.43 

30 
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TABLE 36 - VISCOSITY AND PENETRATION OF AGED ASPHAU AND RECYCLING AGENT BLF.NOS 

Aged Asphalt 

I dent. 

A 
A 
A 
A 
B 
B 
C 
C 
0 
D 
D 
0 

Viscosity at 
140°F (60°C). 

Poises 

142,619 
142,619 
142,619 
142,619 
111,312 
111,312 
119.031 
119,031 
lCl ,831 
101,831 
101,831 
101,831 

Recycling Agent 

ldent. 

1 
2 
3 
4 
1 
4 
l 
4 
1 
2 
3 
4 

Viscosity at 
14C.°F (60°C), 

Poises 

502 
272 

36 
2.2 
502 
2.2 
502 
2.2 
502 
212 

36 
2.2 

Recyr.ling 
Agent Content, 

percent 

71 
62 
41 
25 
6; 
18 
7n 
23 
70 
60 
39 
20 

Blended to obtain o desired 
Viscosity of 2000 poises at 140°F 

Viscosity of 
blend Li 140°F (6C°C), 

Poises 

2,078 
2,206 
2,496 
2,100 
1,756 
2,331 
1,883 
2,072 
1,655 
1,987 
1,742 
1,960 

Penetration of 
blend Li 77°F (25°C), 

dmm 

108 
71 
80 

110 
108 

84 
116 
115 
100 

66 
68 
71 



Table 37 • CALCULATED P.NO MEASURF.D COMPOSITIONAL ANALYSIS FRACTIONS FOR 
BLEND CiF 29 PERCENT AGED ASPHALT A AND 71 PERCENT RECYCLING 
AGENT • 

F ract I on 

Asphalten~s (n-Heptane) 
Saturates 
Naphthene Aromatics 
Polar Aromatics 

Calculated from 
measured fractions 
fn each C0"1)0nent, 

percl 0 
: 

ASTM Method D 4124 

20.09 
8.24 

27.66 
42,05 

ASTM Method O 2006 (discontinued) 

Asphaltenes (n-Pentane) 
Polar COllYi)ounds 
First Acldafftns 
Second Actdaffins 
Sat, Hydrocarbons 

Saturates 

26,50 
25,91 
20,49 
17,56 
9,52 

ASTM Method D 2007 

10,29 

106 

Measured 
fract to,:s 
1n blend, 
percent 

20,86 
7,91 

26,08 
43,79 

27,74 
27,96 
17 ,17 
lS,71 
10,42 

11,00 



TABLE 38 - PROPERTIES OF NORTH CAROLINA (1-95) EXTRACTED ASPHALT, RECYCLING AGE~T 
AND EXTRACTED ASPHALT BLE~O 

Mater1 al Extracted Pecyc11ng Blend 
Asphalt Agent 

Grade AC-2,5 
Percent Recycling Agent 52 

Properties of Original Material: 
Viscosity 

140°F (60°C), Poises 33,768 300 2,139 
275°F (13S°Cl, est 1,335 167 411 
77°F (25°C), kP 124,751 53 1,367 
140°F, (60°CJ, est -Penetration 
77°F (2s•c1, 11009, 5sl, 0.1 mm 20 362 89 

Duct111ty 
77°F (25°C), (Scm/m1n) cm 28,7 150+ 150+ 
39,2°F (4°C), (5cm/m1ni, cm o.o 150+ 9,1 

Flash Point, Cleveland Open Cup, "F 470 515 
Solubility 1n Trichloroethylene, Percent 99.83 99,95 99,86 
Specific Gravity at 77°F (25°C) 1,061 1,018 1.038 
Spot Test P~s. Neg, Pos, 
Viscosity Temperature Susceptibility, VTS 3,66 3,49 3,55 

Asphalt Composition Analysis (ASTM D 4124): 
Asphaltenes (n-heptane), percent 25,65 14,62 lS.9 
Saturates, percent 9,17 12.95 8.8 
Naphthene Aromatics, percent 26,06 27,40 28,63 
Polar Aromatics, percent 38,31 43,86 41,39 

Test for Saturates (ASTM 2007): 
Saturates, percent 13,28 13.36 13.35 

~roperties of Thin Film Oven Test Residue: 
Mass Change, Percent -0,787 -1.821 -1.232 
Viscosity 

140°F (60°C), Poises 145,357 957 6,512 
275°F (135°Cl, est 2,597 284 670 
77 °F (25°C), kP 507,424 371 7,719 
140°F, (60°C),cSt 

Viscosity at 140°F (60°C) 
after thin film oven test 4,30 3,19 3,0 
Viscosity at 140°F (60°C) 
before thin film oven test 

Penetration 
77°F (25°C) (100g, 5s), 0,1 mm 15 152 51 

Retained Penetration, Percent 75,0 42,0 57,3 
Duct 111 ty 

77°F (25°C) (Scm/m1n), cm 7.1 150+ 150+ 
39,2°F (4°C) (Scm/min), cm o.o 65,7 4.2 
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• PROPERTIES OF VIRGINIA (il.S. 220) EXTRACTED ASPHALT, RECYCLING AGENT, 
AND EXTRACTED ASPHALT A~D RECYCLING AGENT BLEND 

Extracted Recyclfng Blend 
Asphalt Ar.nt 

A -5 
tecycl 1ng Agent 37 63 

,s of Ori 91 na 1 Materh 1: 
ty 
· (60°C), Poises 46,149 502 2,llll 

(135°C), est 1,688 229 407 
(Z5°C), kP 232,843 209 2,204 
, (60°C), cSt 
t1on 
(25°C), (100g, 5s), 0.1 11111 17 206 72 
ty 
(25°C), (5cm/m1n), cm 10.6 150+ 150+ 
F (4°C), (Scm/m1n), cm o.o ss.2 s.1 
olnt, Cleveland Open Cup, "F 590 590 
fty 1n Trichloroethylena, Perce~t 99,85 99.83 99,83 
c Gravity at 77°F (25°C) 1,042 1.023 1,028 
st Neg. Neg. Meg, 
ty Temperature Susceptlblllty, VTS 3.60 3.43 3.56 

on Character1sti~s Coq,. Analysis (ASTM Prop,) 
!nes (n-heptane), percent 23.35 14.29 16.98 
!S, percent 9.82 8,49 10.94 
11 Ara1Mttcs, percent 25,58 35,00 31.57 
'Offlcltlcs, percent 39.52 41.90 40.10 

,aturates (ASTM 2007) 
!S, percent 16.26 13.93 14,48 

; of Thin Film Oven Test Residue: 
1nge, Percent -D.483 •0,46P. 
:y 
(60°C), Pulses 1,202 4,865 
(135"Cl, est 317 574 
(25°C), kP 
(60°C), est 814 6,635 

y at 140°F (60°C) 
•in fi 1111 oYen test 2,39 2.23 
y at 140°F (60°C) 
hin fflm oven test 

Ion 
25°C) (100g, 5s), 0.1 11111 116 48 
Penetration, Percent 56,3 66.7 

y 
25°C) (Scm/min), cm 150+ 150+ 
(4•c) {Scm/mln), cm 10.1 3,6 



TABLI 40 • PROPfRTIIS Of CALIFOINIA (HIGIIIIAY 91) IITRACTID ASPHALT, RIClCLIIIG AGIINT5, AIIII EITNACTliD IISPtW.T 
AND R(CYClllC AG(Nl ll(flJ5 

Nat@rlal htr■cted R1cycltn9 ltCJc11ng 8i-''ld 11 ... 
Asphalt Agent Ars:;t 

Graff . At-1000 • 500 u-1000 RASOO 
Percfflt R1cycltn1 Agtnt . . . 65 58 

PrQJ",ert1E; of 0rt1tn1l Material: 
Y15costty 

1409f f&O•c). ,~1sn 105,763 537 396 :l,1ZJ 2,1185 
l75"F (US't), cSt 1.672 llB 113 '"" l'II! 
n•r (2S'tl, ., 1.500,000 400 260 4,lOO 4,300 
uo•r. (60-C), dt 

Penetr.iton 
71"F (2S't), flllOg, Ss), 0,1 • 1 !CZ 169 45 42 

Oucttltty 
71°f (25°[ J, (Xll/■tn)\ CII ••• 150• ISO• ISO> ISO-
l'l.,29f (4°C), (5c•fwtn , ca o.o ISO- 150> o.o o.o 

Fllsh Potnt, Ch~Mlffld O,.n Clop, .,- . 570 5'<I sss Sfil 
Solubility tn Tr1chlorwtttylene, Percent 99.98 99.96 "·" M.95 ..... 
::..iectrtc Gr,ntty It n•r (25-C) . 1.ooz 1,(110 1.on 1 .... 
Spot Test Pos. Neg. ~- , ... . ... 
V1scostty TH1Per1ture Suscepttbtltty, WTS 3.86 ],95 •• l.•3 3 ... 

COllll)Mttton Char■cter1tt1cs CUlllp, Analysts (ASTM Prop.) 
• Aspfl■ ltflnH (n-heptaM), percent 26.06 4.71 4,92 liZ.Z3 12.10 • Saturates, percent 11.86 n.u 14.24 7.63 11.58 • NlphUieM Analtics, pet'CHt 16.5Z ?1.16 30.67 ZB.H 24.92 

Polar ArOlllltics. ~rc■nt .,.,. SZ.44 so.oo 50.42 50.12 

Test for Saturates (AST" ZOOl) 
Saturat ■s. percent 9.91 15.6] 17.118 1].61 lt,09 

Prapert1H of Th1n Ft1• Oftfl Test ICH1 .. ,: 
Jllass Chanv-. Percent . -0.11 -o.n, -1.02 -o.746 
Vtsc011I)' 

140-F f6o-t). Poises . 1,125 70] s.u, 6.414 
z1s•r 111S'tl, cSt . 188 118 :1119 41' 
11 •f (ZS"t). tP . 2.20G ""' 9,200 17,r.oo 
ltO•f, {60"C), c5t 

Vtscos1ty at 140•F (60-C) 
after thtn f11■ OWlfl tHt . 2.09 1.18 2.36 2.14 
Wtscosity al HO-F (.-C) 
ti.fore th1n f11• o,.. tnt 

Pl!Mt.ratton 
77"f (2S't) (111111, 5'1, 0.1 • . 81 110 26 26 

Retatfted P■netr.tton. Percent . ... 1 6§.1 SJ.I ,1., 
O.ctlltty 

719f (25-C) (5c■/111n), c■ . 150- ISO- lSOo ISO> 
l9.2"F (4'tl (5co/alnl, •• . o.rs 14.25 o.o o.o 
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fAIIL[ 4' - PROPERTIES OF UfAM (U.S. 89) Uff.ACTl:O lt5P'hol\.T • l(tYO.UIG AiEIITS. go UlUCTfD ASPtW,T 
AM> RECiCLING AGENT 111.EIIJS 

111tert.:J htrac:ttd RKycltr,g Roeycllng ., ... 
lsph1lt lgont ·r.r Crlde - AC-5 

Percewt Rec:)'C 11 ng A\l@'nt - - - (2) 

Praperttes of Origin■, Nderf1l: 
ffscosity 

uo-r (~) Pols'" 7 ~002 613 - 1,673 
'1S"f (135-CJ, est C12 222 - :io, 
71"f (25°C), •• ,2.000 SO& D.DlSl 3,500 
,-• {f<l"t ), t>t - - 'IL 

,eMt:r1tlon 
11-r (2§-Cl. ~100g, ~s). 0.1 • 32 m 380+ 62 

IJiltctllAty 
,, .. (25"t)I ISc•t•••>1 co .... 150+ - 150+ 
39.t~ (4"t • tSc•,-ln • c• o.o e.o - O,D 

Flis• Pofnt. Cle•l•rtd Open Cup. ~F - S2D 345 500 
Solubfllt! tn Trlchloroethy:e11e. Percent 99.66 91_1.cn 99.98 ..... 
S,.Ctflc ,rn1ty at 77-F (25°C) 1.0•1 1.019 1.ou 1.11211 
Spot Test .... ... ls . ... . ... 
YtscosttJ lflll>~ature Susc~ttb1 ltty. ns 3.89 ,. - l.69 

CCIIIIIPOSttlon Characterlstfcs CCllllf). Analysts {AS:ll P~., 
lsplll'lteftt! (n-heptu,e:J, percent 25.1 u.,s 1.18 18,.14 
Satu~atn, prrcient 19.95 ll.72 11.,1 14.81 .,plat...,_ Aralttcs. percnt n.21 32.15 90.31 ZB.23 
Polar A,.._t1c.s, per~nt 31.11 41.ll ~-12 38.41 

fnt ror S.t:ur■tes (ACTN 2007) 
S1t11r1us, perunt H.70 11.79 9.81 19.18 

fnipertttS of Thin Fil■ Oven Test 11".'stdue: 
.... ,. tl\afflJI!,. ~ ... f'C@t\t. - -11.1' .a.1, -0.Bl 
lflcos1ty 

140-,: (60"t). Pots@S - 1.sn - ,.112 
t75-r (135-CJ, est - 321 - ... 
11 "f (25"t ). kP - J,302 o,JIJ u.ooo 
HO'"f, {fiO-C). est - - ]10 

Ytsco~tty at 140-,: (60-CJ 
after thin f11■ oven test - z ••• 3.23 2.49 
Vtscoslty at 140-r (60"'C) 
Wore tlltn ff 1 ■ <h9n test 

P....ir1tton 
,,., (25°C) {IOOg, !>s), 0.1 ,_ - 6~ - 42 

1.t:ained Pfflftrat1on, Percnt - 51.t - "·' Dvdtltty 
11-. (2S"tl l~•t•••l) c• - , ... - 1511> 
:J9.29f (•-CJ (5c•/ffl1n • CIII - 3.75 - o.o 

( 1>1tt• sottentnt age.,• spec:trtcattons. 

(:Z14J.B lll'rcenl M;-~ .. 1.2' i;,erc•nt softrntnq aqttnt:. 55 ptircfflt extrtcted Hph,tlt 



Table 42 - PROPERTIES OF NEW MEXICO (1-40) EXTRACTED ASPHALT, RECYCLING 
AGENT AND EXTRACTED ASPHALT AND RECYCLING AGENT BLEND 

Material 
Grade 
Percent Recycling Agent 

Properties of Original Material: 
Viscosity 
140°F (60°C), Pofses 
275°F (135°C), est 
77°F (25°C), kP 
140"F (G0°CJ,cSt 

Penetration 
77°F (25°C), (100g, 5s), 0,1 11111 

Ductility 
77°F (25°C), (Scmimfn), cm 
39,2°F (4°C),(Scm/mfn), cm 

Flash Point, Clevaland Open Cup, 
"F 

Solubility in Trfchloroethylene, 
Percent 

Specific Gravity at 77°F (25°C) 
Spot Test 
Viscosity Temperature 

S;;sceptibilfty, VTS 

Composition Characteristics 
Comp. Analysis (ASTM Prop,) 
11.spha l tenes ( n-Heptane), 
Saturates, percent 
Naphthene Aromatics, percent 
Polar Aromatics, percent 

Test for Saturates (ASTM 2007) 
Saturates, percent 

Properties of Thin Film Oven 
Test Residue: 
Mass Change, Percent 

Viscosity 
140°F (60°C), P~fses 
i75"F (135"Cl, est 
77°F (25°C), kP 
140°F (60°C), est 

Penetration\ 77"F (25°C) 
(100g, 5s, 0.1 rm, 

Extracted 
Asphalt 

6532 
696 

45,500 

38 

33 
0,1) 

655 

99,95 
1,015 

pos 

3,56 

Retained Penetration, Percent 

Duct111ty, 77°F (25°C) (5cm/m1n), cm 
39.2°F (4°C) (5cm/min), cm 

Recyci 1 ng Agent 

85-100 

716 
209 

1,100 

96 

150+ 
4,7 

645 

99,97 
1,017 

pos 

3,68 

+0,0502 

1592 
276 

4050 

Blend 

78 

868 
265 

1,650 

76 

150+ 
30 8 

645 

99,97 
1,017 

pos 

2372 
356 

8400 

2.22 2,73 

57 

150+ 
3,2 

49 

64.5 

150+ 
2,7 



Table 4J • CQl<POSITION OF COMPACTED RECYCLED NIX SPECIMENS FOi! "11STURE llNWiE TESTS 

tiTTfOrr, ta New Mexico New Ae1dca iiorth ta. ol In.a UE.h Ylrg1ni1 
Reeyd1ng Construdton Pro,tect (Hl ... ly 91 l (1-40) 

I 
(1-401 

21 
(1-'l'>J {U.~. 89) n· (U.S. 220) 

PP.rcent. by weigtlt finer than: 
Siewe Stze 

1 tn. 100 100 100 100 100 1.00 
3/4 1n. 99 100 100 97 100 100 
Ill tn. 86 85 " ,s 87 81 
3/8 tn. 7Z 69 6! 66 74 64 
No. C 47 45 •4 48 51 40 
Mo. 8 35 32 31 37 4~ 28 
No. l6 28 ZS 25 32 31 21 
No .. lO 23 ZI 21 24 27 15 
No. 50 17 17 16 14 Zl 10 
No. 100 12 II 10 8 13 8 
No. ZOO J.6 J .1 ,.2 4.3 7.6 6.1 

Recycling Agent: Pr:rcent 
by tota 1 we1 gftt of 11111 x 1.9 2.3 Z.3 z.2 3.1 2.5 - Reclahlll!d Asphalt Concrete: - Percent ■s.o so.o so.o 49.6 50 ,o.o 

N Recycltng Agent: Aspha't Asptl■ lt Asphalt Asphalt Asphalt Asphalt 
Type and Grad! Ce■oent Ce.nt Cewent r--,, Cment Cetient 

All•l000 85-100 85-100 AC-20 AC-5 AC-5 

1) The new aggregate centatned l petcent hydratal lia! and the new asphalt ceaent 

ZJ 
con-:atned J/l percent 1fqufd ant1strlfiptng 117:t. 
Rec,-cled ■h: contained no hydratal 1 fie or tquld ant1strtppfng agent. 

3) The new 1g9reg1te contained l ~rcent af hydr1t11 It• 1nd the recycled ■tx 
cont11ned o.oa pertent af Utah spec1r1c1tion low wi5cosfty recycltng •gent. 



Table 44 - Sl-"'ARY IF MOISTURE ~GE TEST FDR F1V£ RfCfCUIIGi COIISTRUCTION PROJECTS 

4ir Air Votds ti 11ed Indirect Tenslle Indirect Tensile Visual ll•tfnJ 
Specl-.n ¥o1ds With Wlttr1 

1 'I St~n~h1 t PSI Stren~h R1tto' of Strtl!:etng 

Age I Subset 11 Subset 111 Subs@t l Subset II Subset Ill TSR1 Tsaz Subset II Subset Ill 

VUIGINlA \U.S. 220) 
unaged, 7 .3 69.3 71.3 94.3 lil.f 102.1 1.11 1.08 N.D. N.D. 1- 7.3 79.8 78.2 113.0 118.S 93.9 1.05 D.83 N.D. N.D. . -· 7 .3 7Z.~ 78.4 111.1 IOii.i 95.5 o.96 0.86 N.D. N.0. 

....... 7.6 89.0 91.9 
CALlfDRIIA 'HIGHWAY 97) 

317.S 98.1 204.o o.9' 0.65 N.O. N.O • ,_ 
7.6 88.4 94.9 282.S 288.6 216.0 1.oz 0.1& N.D. 11.0. ·-· 7.6 92.2 100.2 295.8 ]11.4 221.6 I.OS 0.75 N.D. N.D. 

NEW IUICD 11 40! 1 WITHOU1 ANTISTRIPPIN6 AGENT 
unaged 5.6 80.7 90.3 123.9 18.H 89.B 0.96 0.12 N.O. v.s. , .... s.s 83.5 90.1 123.S 128.1 89.7 1.04 o.n N.O. v.s. 
4-• 5.5 78.5 89.2 122.3 122.4 88.9 1.00 o.n N.O. v.s. 

- NEIi IUICO !1 4D!, WITff ANTISTRIPflNG AGENT - \11'11,ltff 5.3 n.z IIS.3 tll.t ll.O 121.Z 6.fi o.94 11 .. 0. M.D. 
"" ·- 5.3 76.1 88.9 uo.o 131.6 us.o 1.01 0.89 N.O. v.s. 

4week!j s.2 80.5 86.0 123.6 ll0.6 101.2 l.Oli o.e, N.O. v.s. 

unaged 7.6 81.5 89.6 
UTAH fU.S. 891 

04. § .o 84.4 0.,1 o.90 •.o. M.O. 
1- 1.1 89.9 96.8 122.1 lll.4 82.6 0.91 D.68 N.D. N.D. 
4-• 7.6 86.0 JOZ.B 113.8 102.4 81.4 0.90 0.12 N.D. N.O. 

un,1gt,d 5.4 fii.l 1,.s 
NORYH CAROLINA *I 95! 
100.4 iOB. 101.D 1.08 1.01 N.O. N.O. ,_ 

- - - - - - - - - -
, wel:.s 5.4 71.6 74,.3 110.6 124.1 110.8 1.12 1.00 N.D. s. 

~est values are averirs for thrff spec1JRns • 
• o. {not dl~cerntble 

v.s. (wel")' slight) 
s. (slight) 



Table 4S - AGGREGATE GRADINGS FOR FIVE RECYCLING PROJECT MIX DESIGNS 

Percent Pass Ins 

Sieve North Carolfna Virginia New Mexico California Utah 
Size (1-95) (u.s. 220) 1-40 (Highway 97) (U.S. 89) 

1 fn. 100 100 100 

3/4 In. 96,4 99,9 100 99.l lJO 

1/2 f n, 72.2 82.2 86.1 81.7 86,5 

3/8 i "· 62,4 66,7 66.7 71,0 73.9 

No. 4 43,6 43,6 45.4 45,', so.a 
No, 8 32.8 31,7 30,9 33,4 39,9 

No. 16 28,2 23.5 ~4.3 27.2 33.1 

No, 30 zu.s 16,0 20.2 21,9 27.1 

No. 50 12,S 10,8 15.8 16,6 20,5 

No, 100 6,7 7,9 10.5 11.4 13.2 

No, 200 3.8 6.0 6.5 7,4 7,6 
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TABLE 46 - MARSHALL NETIIOO "I' 0£SIGN DATA FOR NORTH CAROLINA (t-95) RECYCLED Ml( (11.GGREGATE BLENO COIISTAMI) 

Tout RA by Wgt. Mass. g Bulk. flulk Theo. Air OensttJ• Stabtlity, Flow 
Binder I of Mix, f. ,. In Sat. S11r. Vol,. 1 S,G,. Nax. Voids lb/ft lbf 0.01 in. 
by Wgt • Air Water Dry c•l S.G. ' Meas. AdJust. 
of Ntx 

3.5 A 1.0 1,24: .. 1 723.6 1.2ss.e 532,2 2 .336 - - - C,.414 2,317 7 
B - 1,244.0 121.1 I ,2fiJ ,.0 533,J 2.33:! - - - 2, 1S5 2,069 9 
C - 1,247.0 730.1 t,266.5 536.4 2,325 - - - 2,567 2,464 9 
A.vg. - - - - - 2,331 2,563 9, l 145,5 - 2,283 8 

4.0 A 1.5 l ,~ 5-,.4 726.7 1,252,0 525,3 Z.l71 - - - 2,061 1,980 . 10 
8 - 1,20.2 724.6 1,252.8 52B.2 2.354 - - - 2,082 1,999 8 
C - 1,249.1 726,8 1,254,5 . 527. 7 2.367 - - - 2,041 1,965 9 
,..,g. - - - - - 2.364 2,528 6,5 l&J.S - 1,981 • 

4.5 A 2.0 1,246.3 733.4 1,247 ,6 514.2 2,424 - - - 2,667 - 9 
B - 1,249.5 735,9 1,252.4 516.5 2,419 - - - 2,461 - 9 
C - 1,246,1 736.1 1,248,.1 512,D 2.434 - - - 2,564 - 8 
Avg, - - - - - 2,426 2.517 3,6 151,4 2,564 - • 

5.0 A 2.5 1,243.1 738,8 1,244.2 505.4 2.460 - - 2,496 2,59c 10 ... B - 1,2.«.3 737 .3 1,244,5 507,.2 2,453 - - - t',147 2,857 13 ... C - 1,245.9 138,4 1,246.4 (;!)8 .. 0 'l .4!»3 - - - 2,168 2,879 11 
0, 

Avg., - - - - - 2 .. 455 2 .. 500 1.8 153,2 - 2,777 11 

5,5 A 3,0 1,242.8 735,9 1.242.B 506,9 2,,52 - - - 2.zao 2,37) 12 
B - l .237 .8 733.4 1 .2:n .a 504.,4 2.454 - - - z.16s 2,252 14 
C - 1 .21a.s 735,5 l ,2'.lll,5 503,0 2,462 - . - 2.1s2 2,238 13 
Avg. - - - - - 2,456 2,485 I .2 153.3 - 2,287 13 

6.0 A 3,5 1.235.4 730.0 1.,235.,4 505.4 2.444 - - - 1.102 1,770 15 
8 - 1,240.1 733,] 1.240.1 506.8 2.,417 - - - Z.067 2.1so 15 
C - 1.230.7 726,6 1,230.1 504,1 2.441 . - - 1,863 1,938 21 
Avg., - - - - - 2,444 2,464 o.e 152,S - 1,953 17 

6,5 A 4,0 1,226,.4 722.4 1,226.4 504,0 Z.,-433 - - - I ,BL' 1.890 16 
B - 1,226.2 ?22.J 1,226,2 504.,0 Z.433 - - - 1,549 I .611 18 
C - 1 ,230.,6 723,3 l, 2l0.6 507 .J 2.426 - - - 1,906 1.982 22 
Avg., - - - - - 2.431 2.,449 0.7 151. 7 - 1,828 19 

-
Ng/~3 * 0.01618 lb/ft3 
N • 4.448 lbf 



TABLE 47 - MARSHALL METHOD MIX DESIGN DATA FOR NORTH CAROLINA (1-95) RECYClEO MIX (ASPHALT BLEND CONSTANT) 

Total RA by Wgt. Mass, 9 Bulk Bulk Theo. Afr Densftl• St3bflity, Flow 
Binder % of Mix, % In In Sat. Sur. Vol., S.G. Max. Vofds lb/ft lbf 0.01 fn. 
by Wgt. Mr Water Dry cm3 S,G. ' Meas. Adjust. 
of Mix 

4,0 A 2.2 1,244.0 733,0 1,247.8 514,8 2,416 - - 150,8 2,478 - 9 
B - 1,249,3 734,3 1,254,9 520.6 2.400 - - 149,8 2,390 - 10 
C - 1,236.4 728.6 1,243.2 514.6 2.403 - - 149,9 2,487 - 11 
Avg. - - - - - 2.406 2,541 5.3 1so.2 2,452 - 10 

4,5 A 2.4 1,248.1 731.4 1,250.3 518.9 2,405 - - 150, 1 2,681 - 12 

- B - 1;247.2 736.7 1,248.2 511 .5 2,438 - - 152.1 2,963 - 12 - C - 1,247,l 735,6 1,248.9 513,3 2.430 - - 151,6 2,538 - 12 ,. 
Avg. - - - - - 2.424 2.524 4,0 151 .3 2,727 - 12 

s.o ,. 2.7 1,247,2 740.8 1,247 .s 506,7 2.461 - - 153,6 2,889 3,004 11 
B - 1,249.3 741.6 1,249.7 508.1 2.459 - - 153.4 2,936 3,053 12 
C - 1,248.8 737.0 1,249.4 512.4 2.437 - - !52, 1 2,781 2,781 12 
Avg. - - - - - 2.452 2.499 l .9 153,0 - 2,946 12 

5,5 A 3.0 1,244.2 736.2 1,244.5 508.3 2.448 - - 152.8 2,272 2,363 12 
8 - 1,244.4 736.3 1,244.5 508.2 2.449 - - 152.8 2,402 2,498 12 
C - 1,245.8 737.5 1,246.0 508.5 2.450 - - 152.9 2,531 2,632 12 
Avg. - - - - - 2.449 2.477 1. 1 !52.8 - 2,498 12 

6,0 A 3.3 1,239.4 731.3 1,239.4 508.1 2.439 - - 152.2 2,176 2,263 17 
B - 1,241.9 733.0 1,242.0 509.0 2.440 - - 152.3 2,305 2,305 16 
C - 1 ,237,6 731.3 1,237.8 506.5 2.443 - - 152.4 2,214 2,303 15 
Avg. - - - - 2.441 2,459 0,7 152,3 - 2,290 16 

Hg/ml• o.01618 lb/ft3 
N • 40 488 lbf 



TABLE 48 - HVEEM MEiHOO MIX DESIGN DATA FOR NORTH CAROLINA (1-95) RECYCLED MIX (AGGREGATE BLEND CONSTANT) 

Tot'a1 Binder RA W9t., I Mass, ll Bulk Bulk Theo. ~!r Density, Stabtlometer 
s b,t wi. of of of 1n In Sat. Sur. Vol., S.G. Max. Voids lb/ft3 Value 

: Mix gg. Mix Agg. Air Water Dry cm3 S.G. I 
" 

3.0 3.1 0.5 0.5 1,256.3 741.1 1,262.5 521.4 2.409 2,578 6.6 150.3 32 
3.5 3.6 0.9 0.9 1,253.8 741.0 1,260.8 519.8 2.412 2,563 5,9 150.5 44 
4.0 4.2 1 .5 1.5 1,253.7 744.0 1,255.5 511.5 2,451 2.528 3.0 Hi2.9 43 
4,5 4.7 2.0 2.0 1,250,8 747,0 l,2li2,D 505,0 2.477 2,517 1.6 154.6 35 
5.0 5.3 2.5 2.6 1,250.2 744,6 1,250.8 506.2 2,470 2,500 1.2 154.1 24 

Mg/m3 = 0.01618 lb/ft3 
N = 4,448 lbf 



TABLE 49 - MARSHALL METHOD HIX DESIGN DATA FOR VIRGINIA (U.S. 220) 
RECYCLED HIX (AGGREGATE BLEND CONSTANT) 

Total RA by Wgt. Hass, !I Bulk Bulk Theo. Air Dens it!• Sta!Jili ty, Flow 
Binder S of Hix, S Jn In Sat. Sur. Vol., S.G. Max, Voids lb/ft lbf 0.01 1n. 
by llgt, Air Water Dry cm3 S.G. s Meas. Adjust. 
of Hix 

4.1 A 2. 1 1,274.3 759.7 1,277.6 517,9 2.461 - - 153.6 3,044 - 12 
B - 1,273.4 759.2 1,270.9 520.0 2.449 - - 152,8 3,2()0 - 12 
C - 1,277.5 762.3 1,283, 1 520.8 2,453 - - 153. 1 3,220 - 12 
Avg. - - - - - 2,454 2,623 6.4 153.1 3,181 - 12 

4.6 A 2.6 1,273.8 765.3 1,276.0 510.7 2.494 - - 155.6 3,401 - 14 
B - 1,269,9 761.7 1,271.6 509.9 2.490 - - 155.4 3,010 - 13 
C - 1,273.8 765.3 1,275.6 510.3 2,496 - - 155.8 3,061 - 12 
Avg. - - - - - 2,493 2.605 4.3 155.6 3,157 - 13 .... .... 

a, 5.1 A 3.1 1,269.0 765.7 1,269.8 504. 1 2,517 - - 157. 1 2,902 3,018 13 
B - 1,274.4 768,4 1,275.0 506.6 2.516 - - 157.0 2,969 3,088 14 
C - 1,270.5 764.3 1,271.4 507.1 2,505 - - 156.3 2,945 3,063 11 
Avg. - - - - - 2.513 2.580 2.6 156.8 3,056 13 

5.6 A 3.6 1,267.0 763.4 1,267.4 504.) 2.514 - - 156.9 2,785 2,896 H 
B - 1,265.9 763.9 1,266.2 502,3 2,520 - - 157.2 2,777 2,888 14 
C - 1,269.7 766. l 1,270,2 504. 1 2.519 - - 157.2 2,825 2,938 18 
Ayg. - - - - - 2.5i8 2.562 1.7 157,1 2,907 15 

6.1 A 4.1 1,271.1 764.7 1,271.4 506.7 2,509 - - 156.6 2,975 3,094 16 
B - 1,266.4 762.2 1,266.7 504.5 2,510 - - 156,6 2,697 2,805 14 
C - 1,266.0 762.4 1,266.4 504.0 2,512 - - 156.7 2,749 2,859 17 
Avg. - - - - - 2,510 2,536 1.0 156.6 - 2,919 16 

Mg/-3 • 0.01618 lb/ft3 
11 • 4.448 lbf 



TABLE 50 - HVEEM METHOD MIX DESIGN DATA FOR VIRGINIA (U.S. 220) 
RECYCLED MIX (AGGREGATE BLElll COHSTANT) 

Total Binder RA Wgt., S 
s by w~. of of of 
Mix gg. Mix Agg. 

3.7 
4.1 

...,. 4.6 
~ s.o 

3.8 
4.3 
4.8 
5.3 

1.7 1.7 
2.2 . 2.2 
2.6 2.7 
3.1 3.2 

Mg/-3 a 0.01618 lb/ftJ 
N s 40 443 lbf 

"7n 
r.1 r 

1,278.7 
1,283.0 
1,282.7 
1,282.1 

Mass._ g 
In Sat. Sur. 

Bulk 
Vol., 

Bulk 
S.G. 

Theo. 
Max. 
S.G. 

Afr 
Voids 

s 
Density. Stabtl~er 
lb/ft3 Value 

Water Dry ca3 

765.3 
774.0 
776.0 
776.5 

1,288.9 
1,286.6 
1,284.0 
1,283,3 

523.6 2,442 2,638 
512.6 2.503 2.627 
508.~ 2.525 2.603 
506,7 2.530 2.586 

7.4 
4.7 
3.0 
2.2 

152.4 
156.2 
157.6 
157.9 

48 
42 
34 
24 

CKE •• • ••• • ••• ••......... 2.2 
Percent 011 Retained • •• •·• •••••••• 2.8 
Surface Area • • • • • •• • • •••• r ••• 25.84 
Kr •••••••••••••••••••••• o.9 
Kc •••• • ••• • ••• • ••••• • ••• 1.3 
Km.•.••.•••••••• •••••• g • 1.0 
Approximately Asphalt Content by CKE Method. 4.3 



TABLE 51 - MARSHALL METHOD MIX DESIGN FOR NEW MEXICO (1-40) 
RECYCLED MIX (AGGREGATE r.LENO CONSTANT) 

Total RA by Wgt. Mass, g Bulk Bulk Theo. Afr Densit!• Stability, Flow 
Binder I of Mix, I in ""1n Sat. Sur. Vol., S.G. Max. Voids lb/ft lbf O.Ol tn. 
by W5t. Afr Water Dry cm3 S.G. I Neas. Adjust. 
of Mix -
3.7 A. 1.9 1236.7 719.O 1242.9 523.9 2.361 147.3 3902 3745 9 

I.I 1229.l 712.7 1233.7 521.O 2.J59 147,2 3419 3419 8 
C 1241.6 719.4 1246.9 527.5 2.354 146.9 3642 3496 8 
Avg. 2.358 2.496 5.5 147.1 -- 3553 8 

4.2 A 2.4 1235.3 719.O 1237.4 518.4 2.383 148.7 2978 10 
8 1236.1 720.9 1239.O 518.1 2,386 148,9 3237 10 
C 1235,7 717 08 1240.5 522.7 2.364 14705 3145 9 
Avg. 2.378 2.H7 4.0 148.4 3120 10 

4.7 A 2.9 1237.5 722.9 1238.9 516.O 2.398 146.9 3009 11 
8 1233.9 721.1 1235.O 513.9 2.400 149.8 2849 13 
C 1236.9 n2.2 1238.2 516,0 2.397 149.6 - 3018 11 
Avg. 2.398 2.455 2.3 149.6 2959 12 

5.2 A 3.4 1231.6 719.O 1232.O 513.O 2.401 149.8 2595 12 
B 1232.O 720.9 1232.4 511.5 2,409 150.3 2521 12 
C 1232.4 721.1 1232.7 511,6 2.4O~ 150.3 2703 13 
Avg. 2.406 2.438 1.3 150.1 2606 12 

5.7 A 3.9 1232.7 719.O 1233.1 514.1 2.398 149.6 2084 14 
B 1231.7 717.2 1232.1 514,9 2,392 149.6 2392 15 
C 1228.9 716.5 1229.2 512.7 2.397 149.6 2424 12 
Avg. 2.396 2.418 0.9 149.S 2300 14 

6.2 A 4.4 1227.7 ;114.1 1228.3 514.2 2.388 149.fl 2306 16 
8 1223.8 711.9 1224.3 512.4 2.388 149.O 1837 18 
C 1226,S 713.2 121.6.7 513.5 2.386 148,9 1983 18 
Avg. 2,387 2.408 O.9 148.9 2042 17 

Mg/ml• O,O161~ lb/ft3 
N • 4,448 lbf 
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TABLE 52 - HVEEM METHOD MIX DESIGN DATA FOR NEW MEXICO (I-40) 
RECYCLED MIX (AGGREGATE BLEND CONSTANT) 

Total Binder RA Wgt. 1 I 
,: by w1.. of of of 
Mix gg. Mix Agg. 

4.2 
4.7 
5.1 
5.6 
6.0 

4.4 
4.9 
5.4 
5.9 
6.4 

2.4 
2.9 
3.4 
3.8 
4.3 

2.5 
3.0 
3.5 
4.0 
4.5 

Mg/ml= 0.01618 lb/ft3 
Na 40 448 lbf 

In 
Air 

Mass, g 
In 

Water 

715.9 
723.7 
7?1.7 
717.6 
711.9 

Bulk Bulk Theo. Atr Stabllometer Density, 
Sat. Sur. Vol., S.G. Max. Voids 1h/ft3 Value 

Dry 

1,23B.3 
1,238.5 
1,237.8 
1,229.1 
1,223.5 

cm3 S.G. I 

522.4 2.363 2.477 4.6 147 .5 44 
514.8 2.~01 2.458 2.3 149.8 38 
513.l 2.411 2.444 1.4 150.4 13 
511.5 2.402 2.425 0.9 149.9 
511.6 2.391 2.410 0.8 149.2 

CKE •••••••• • •••••• • • • ••• 3.8 
Percent Oil Retained • •••••••••••• 2.9 
Surface Area ••••••• ~ •••••••• 30.4 
Kt • ••••••••••• • •••••••• • 1.05 
Kc • • • • • ••• • ••••••••••••• 1.30 
Km •• , • • , ••• ~ •••••••••••• 1.15 
Approx1mate Asphalt Lontent by CKE Method •• 5.4 
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1~6LE 53 - PVEEM METHOD MIX &ESIGN DATA FOR CALIFORNIA (HIGHWAY 97) 
RECYCLED MIX CONTAIN1 NG RA 500 RlCVCLING AGENT (AGGREGATE BLEND CONSTANT) 

Total Binder RA Wgt., I 
I by w~. of of of 
Mix gg. Mi~ Agg. 

4.3 
4.8 
5.2 
5.7 
6.1 

4.5 
s.o 
5.5 
6.0 
6.5 

1.6 
2.1 
2.6 
3.0 
3.5 

l .7 
2.2 
2.7 
3.2 
3.7 

Hg/m3 s 0,01618 lb/ft3 
N • 4,446 lbf 

Tn 
Air 

l,233.2 
1,232.5 
1,229.4 
1,231.5 
1,233.3 

!'lass.._ g 
In Sat. Sur. 

Water Dry 

716.0 
722.6 
721.5 
721.5 
724.2 

1,240.3 
1,236.7 
1,233.4 
1,232.5 
1,234.0 

Bulk 
Vol., 
cm3 

B~lk Theo. 
s.G. Max. 

S.G. 

52~.3 2.352 2.506 
514.l 2,397 2.487 
511.9 2.402 2.472 
511.0 2.410 2,453 
so9.8 2.419 2.438 

Air Denslt~, Stabilometer 
Voids lb/ft• Value 

l 

6. l 
3.6 
2.8 
1.8 
o.a 

146,8 
149.6 
149.9 
150.4 
150.9 

52 
43 
37 
29 
26 
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TABLf 54 - HVEEM METHOD MtX DESIGN DATA FOR r.ALIFORNIA (HIGHWAY 97) 
REC~CLED MIX CONTAINING RA 500 RECYCtlNG AGENT (ASPHALT BLEND CONSTANT) 

Total BiP~er ~A Wgt •• ~ 
!.JiL l!t· of of of 
MT..-gg. Mix Agg. 

4.3 4.5 
4.B 5.0 
5.2 5.5 
5. 7 6.0 
6. 1 6.5 

2.1 2.2 
2.4 2.5 
2.6 2.7 
2.7 2.9 
3.0 3.2 

Mg/m3 • 0.01618 1b/ft3 
N • 4.448 lbf 

Tn 
Air 

1,234.9 
1,233.8 
1,232.0 
1,236.o 
1.241.4 

Mass, g Bulk 
In Sat. Sur. Vol., 

Bulk Theo. 
S.G. Max. 

Water Dry cm3 S.G. 

727. l 
725.3 
723.6 
723.2 
721.7 

1,246.2 
1,240.3 
1,233.8 
;,237.5 
1,242.3 

519.l 2.379 2.540 
515.0 2.396 2.505 
510,? 2.415 2,486 
514.3 2.4~3 2.458 
520.6 2.385 '-.436 

Air 
Voids 

i 

6.3 
4.4 
2.9 
2.2 
2.1 

Density, Stab1101111,ter 
lb/ft3 Value 

148.4 
149.5 
150.7 
149.9 
148.8 

46 
45 
31 
19 
14 



TABLE 55 • HVEEM METHOD MIX DESIGl4 DATA roR CALIFORNIA (HIGHWAY 97) 
RECYCLED MIX CONTAINING AR 10D0 RECYCLING AGENT (AGGREGATE BLEND CONSTANT) 

Total Binder RA llqt.1 S Mass, g Bulk Bulk Theo. Air Density, Stabllometer 
!J1.Lllf.• of of of In In Sat. Sur. Vo1., S.G. Max. Voids lb/ft:I Value 
~ gg. Mflt Agg. A1 r Water Dry cnil s.G. S 

4.3 4.5 1.6 1.1 1,236,8 722,4 1,251.0 528.6 2.340 2.515 7.0 146.0 53 
... 4.8 s.o 2.1 2.2 1,234.4 718.9 1,243.3 524.4 2,354 2.496 5.7 146,9 46 
~ 5.2 5.5 2.6 2.7 1,232.5 718.0 1,236.2 518.2 ~.'378 2.481 4.2 148.4 42 

5.7 6 0 0 3.0 3,2 1,231,0 719,2 1,233,0 513,8 l.396 2,462 2,7 14!1,5 31 
li.1 6.5 3.5 3.7 1,229.0 720,5 1,230.4 509.9 2.410 2.447 1.5 150.4 13 

Mg/1113 ~ 0.01618 lb/ft3 
N • 4.448 lbf 

CKE• ••• • •••••••••••••••• 4.9 
Percent Ofl Retained ••• ••• ~ •••••• 3.6 
Surface Area •••••••• < ••••••• 33.15 
Kf ••• • •. • ••••• ~ • • ••••••• 1.Z 
KC.•• • • • • • • • • • • • • •• • • • • • 1.6 
Km. • f • • t • • • A • • • • •-3 • J • ~ • • 1.3 Approx mate Asphalt ~ontent by u-E Mtthoo •• s.s 
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Total RA by Wgt. 
Binder I of Mix, I 
t.y Wgt. 
of Mix 

4.3 A 1.6 
B -
C -
Avg. -

4.0 A 2.1 
B -
C -
Avg. -

5.2 A 2.6 
B -
C -
A1g. -

5.7 A loll 
B -C -
Avg. -

6.1 A 3.5 
R -
C -Avg. -

TABLE 56 - MI.RSHALL METHOD MIX DESIGN FDR CALIFORNIA (HIGHWAY 97) 
RECYCLED NIX CONTAINING AR 1000 RECYCLING AGEt.T (AGGREGATE BLEND CONSTANT) 

Mass 1 51 Bulk Bulk Theo. Air DensftJ• Stability, 
In In Sat. Sur, Vol., s.G. Max. Voids lb/ft lbf 
Afr Water Dry cm3 S.G. I Meas. Acijust. 

l,23B.2 111.0 1,247.2 530.2 2.335 - - 145.7 6,069 5,821i 
1,236.6 720.6 1,245.0 524.4 2.358 - - 147.1 5,940 5,702 
1,238.0 720.9 1,248.0 527.1 2.349 - - 146.6 5,360 5,146 

- - - - 2.347 2.5:>6 6.3 146.5 - 5,558 

1,234.0 713.1 1,236.4 52:l.3 2.358 - - 147. 1 5,160 4,954 
1,235.9 717.2 1,240.5 523.3 2.362 - - 147.4 5,390 5,174 
1,236.6 719.4 1,243.3 523.9 Z.360 - - 147.3 5,180 4,973 

- - - - 2.360 2.487 5.1. 147.3 - 5,034 

1,232.6 716,5 1,n5.o 518.5 2.377 - - 148.3 4,790 -1,234.6 120.2 1,237.1 516.9 2,388 - - 149.0 4,270 -
1,234.0 722.4 1,235.2 512.8 2,406 - - 150. 1 4,440 -- - - - 2,390 2.472 3.3 149.1 4,500 -
1,229.2 718.4 1,230.8 512.4 2.399 - - 149.7 3,980 -1,231.3 717.0 1,232.1 515.1 2,390 - - 149.1 4,610 -
1,232.2 720.0 1,232.7 512.7 2.403 - - 149.9 4,340 -- - - - 2.397 ~.453 2.3 149.6 4,"'10 -
1,233.0 720.2 1,233.3 513.l 2.403 - - 149.9 3,960 -
1,229.0 719.S 1,229.4 509.9 2.410 - - 150.4 4,340 -1,229.5 120.1 1,229.8 509.7 2.412 - - 150.5 4,060 -- - - - 2.408 2.438 1 .z 150.3 4, 120 -

Ng/~3 • 00 01618 lb/ft3 
!! • 40 448 lbf 

Flaw 
0.01 in. 

13 
13 
11 
12 

12 
12 
10 
11 

13 
12 
12 
12 

13 
13 
14 
13 

13 
16 
15 
15 



Total RA !>y Wgt. 
Binder I of Hix, I 
by Wgt. 
of Nix 

4.3 A 2.1 
B -
C -
Avg. -

4.8 A 2.4 
I) -
C -
Avg. -

5.2 A 2.6 
B -
C -
Avg. -

5.7 A Z,7 
B -
C -
Avg. -

6.1 A 3.0 
B -
C -
Avg. -
-

TABLE 57 - MARSHALL METHOD NIX DESIGN DATA FOR CALIFORNIA (HIGHWAY 97) 
RECYCLED MIX COKTAINING AR 1000 RECYCLING AGENT (ASPHALT BlEIID CONSTANT) 

Nass1 g Bulk Bulk Theo. Air Dens1tJ• Stabf l1ty. 
In In Sat. Sur. ~:!·· S.G. Max. Voids lb/ft lbf 
Air Water Ory S.G. I Meas. Adjust. 

1,233.8 721.1 1,241.7 520.6 2.370 - - 147.9 5,022 -
1,236.4 722.3 1,242.0 519.7 2.379 - - 148.4 4,932 -
1,235.11 723.4 1,242.7 519.3 2.378 - - 148.4 4,492 . -

- - - - Z.376 Z.540 6,5 148.3 4,815 -
1,23i!.7 117 .1 1,236.1 516,4 2.378 - - 148.4 4,895 -
1,233.6 721.5 i,237.4 515.9 2.391 - - 149.2 4,713 -
1,233.6 719.4 1,237.5 518.1 2.381 - - 148.6 4,344 -- - - - 2.383 2,505 4.9 148.7 4.651 -
1,234.0 720.2 1,236.6 516.4 2.390 - - 149.1 4,492 -
1,233.7 722.5 ~ ,234.4 511,9 2.410 - - 150.4 4,817 -1,231., 719.4 I ,231.6 512.2 2.404 - - 150.0 4,805 -- - - - 2.401 Z.486 3.4 149.8 4.705 -
1,231,9 7H.O 1,232.5 513.!i 2,399 - - 149.7 5,018 -
1,233,6 719.7 1,234.5 514.8 2,396 - - 149.5 4,620 -
1,232.6 120.1 1,233.3 513.2 Z.402 - - 149.9 5, l!i3 -- - - - 2,399 2.458 2.4 149.7 4.930 -
1,236.2 718.'J 1.236.5 517.6 2.388 - - 149.0 4.31l -I ,236.9 720.4 1,237.4 517.0 2.392 - - 149.3 4.038 -
1,235.2 121.0 1,235.5 514.5 2.401 - - 149.8 4,867 -- - - - 2.394 2.436 1.7 149.4 4.425 -

N9/■3 • 0,01618 1b/ft3 
N • 4.448 lbf 

Flow 
0.01 1n. 

14 
10 
10 
11 

15 
11 
11 
12 

11 
11 
12 
II 

13 
15 
15 
14 

17 
18 
17 
17 
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Total RA by llgt. 
Binder J of Mix. J 
by llgt. 
of Mix 

4.6 A 1.6 
B -
C -
Avg. -

5.1,; 2.1 
B -
C -
Avg. -

5.6 A 2.6 
B -
C -
Avg. -

6.1 A 3.1 
8 -
C -
Avg. -

6.6 A 3.6 
B -
C -
Avg. -

TABLE 58 • MARSHALL METHOD MIX llESlGII MTA FOR UTAH (U.S. 89) 
RECYCLED MIX (AGGREGATE BLEND CONSTANT) 

Mass, 9 Bulk Bulk Theo. Afr DensltJ• 
In In Sat. Sur. Vol •• S.6. Max. Voids lb/ft 
Air Yater Dry c-3 S.G. " 

1. 192.5 680.7 1.200.0 519.3 2.296 - - 143.3 
1 • 195.5 680.8 1,201.0 5zo.2 2.298 - - 143.4 
1.197.3 681.8 1.202.4 5Z0.6 Z.300 - - 143.5 

- - - - 2.298 2.462 6.7 143.4 

1. 195.0 686.0 1.197.6 511.6 2.336 - - 145.8 
1,193.2 686.5 l, 196.7 510.2 2.339 - - 146.0 
1. 195.9 li88.4 1,197.8 509.4 2.348 - - 146.5 

- - - - 2.341 2.443 4.2 146.1 

1.188.3 686.6 1,188.9 502.3 2.366 - - 147.6 
I, 191.0 · 688.5 1,191.5 503.0 Z.368 - - 147.8 
1,190.1 668.9 1,190.7 501.8 2.372 - - 148.0 

- - - - 2.36!1 2.425 2.3 147.8 

1 .190.3 688.7 1,191.2 502.5 2.369 - - 147.8 
1,191.4 68'.', 1 1,191.7 502.6 2.370 - - 147.9 
1 .190.4 687.7 1,190.6 5aZ.9 2.367 - - 147.7 

- - - - 2.369 2.407 1.6 147.8 

1,184.0 685.0 ·1, 184.3 499.3 2.37] - - 148.0 
1,190.5 6e7.0 1,190.7 503.7 2.364 - - 147.5 
1. 189.0 684.5 1,189.3 504.8 2.355 - - 147.0 

- - - - 2.363 2.390 1.1 147.5 

Mg/al• 0.01618 lb/ft3 
N • 4.448 lbf 

Stability. Flow 
lbf 0.01 In. 

lle.-.s. Adjust. 

4.11M - 15 
4.255 - 11 
4,806 - 13 
4.388 - 13 

4,152 - 13 
4,299 - 13 
4,246 - 13 
4,232 - 13 

2.971 3,090 14 
3,442 l,5&0 13 
3,560 3.702 13 

- 3,457 13 

:i.OOtl 3,128 16 
3.05) 3,175 13 
3,358 3,492 17 

- 3,265 15 

2,231 2,320 18 
2,394 2.490 21 
2,565 2,668 19 

- Z,493 19 
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TABLE 59 - MARSHALL METHOD MIX DESIGN DATA fOR UTAH (U.S. 89) 
RECYCLED MIX (ASPHALT BLEND r.ONSTANT) 

Total RA by Wgt. Masst !I Bulk Bulk Theo. Air DensltJ• 
Binder i of Mix, S In In Sat. Sur. Vol., S.G. Ma:c. Voids lb/ft 
by Wgt. Afr Water Ory cm3 s.G. j 
of Mix 

4.6 A 2.1 1,194.4 684.6 1,199.9 b15.3 2.318 . - 144.6 
8 - 1,196,0 &81.9 1,201.5 519.6 2.302 - - 143.li 
C - 1,194.1 f;81.2 1,199.4 518.2 Z.304 - - 143.8 
Avg. - - - • - 2.308 2,481 7.0 144.0 

5.1 A 2.3 1,195.5 687.0 1,196.6 509.6 2.346 - - 146.4 
B - 1,194.6 684.5 1,196.3 511.8 2.334 - - 145.6 
C - 1.1~.8 683.7 1,200.t 516.3 2.314 - - 144.4 
Avs. - - - - - 2,331 2,448 4.8 145.5 

5,6 A 2.6 1,194.4 686.4 1,196.1 509,7 2,343 - - 146.2 
8 - 1,192.7 688.l 1,193.3 505.2 2,361 - - 147.3 
C - 1,193.0 686.6 1,193.3 506,7 2,354 - - 146.9 
Avg. - - - . - 2,353 2.425 3.0 146,8 

6,1 Ii 2.8 1,190.3 688,5 1,190.3 501.8 2.372 - - 148.0 
B - · 1,188,l 683,7 1,188.S 504.8 2.354 - - 146.9 
C - 1,192.3 687,4 1,192,3 504.9 2.361 - - 147.3 
Avg. - - - - - 20 362 Z.418 2.3 147.4 

6.6 A 3,0 1,191.0 685.8 1,191.0 505,2 2.357 - - 147,1 
B - 1,190.7 684.9 1,190,8 505.9 2.354 - - 146,9 
C - 1,188,8 686,1 1,188.9 502.8 2,364 - - 147.S 
Avg. - - - - - 2,358 2.381 1.0 147.l 

Mg/ml• 0,01618 lb/ft3 
N • 4,448 lbf 

Stability, flow 
lbf 0.01 in. 

Meas. Adjust. 

4,213 - 12 
4,221 - 12 
4,645 - 12 
4,360 - 12 

3,913 - 15 
3,718 - lZ 
3,94C - 11 
3,857 - 13 

3,383 3,383 11 
3,348 3,482 11 
3,493 3,633 14 - 3,499 12 

2,920 3,037 17 
3,074 3,197 14 
2,927 3,044 15 - 3,093 15 

2,813 <,926 19 
2,575 2,678 19 
2,432 2,529 19 
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Toble 60 • DENSITY, PERCENT AIR VOIDS ANO STABILITY 
FOR CORI$ FRON RECYCLED PAVEMENTS 

Dens1\Y• A1r Marshal J H,eOII Theo 
lb/ft iotds St,btl!ty Flow St1btltty Hu. 

' lbf o. 01 in, V1l1Je s.G. 

North Caro 11 •• (1•95) 
•o. 4 4 4 4 
Nun 150,4 3,2 1529 14.0 
Std. Dev. 1.03 o.s 263 o.a 
No, • ' 4 
Mean 150,5 3,4 24.7 
su. on. 1.,2 0.81 1.1 

No. 14 14 
Mean 150,0 l.8 
Std. Dtv. 1.6 1.6 

••• 4 4 • ,..,..an 149,3 5.0 2,508 
Std, Dew. 2.3 2.4 

New Mex.tea (1-40) 
No. 21 21 2 
t'1iir1 144.9 5.9 2.469 
Std. Dew. 2.6 1.6 

No, :2 12 12 12 
Mea:n u,.n 6,4 1272 ll,5 
Std. Dev. !,I 1.3 356 1.9 

••• 5 5 5 
lititan 146,2 s.o 27.6 
Std. Dev. 2.2 1.4 l,9 

Utah (u.s. B9l 
All No, 14 14 2 

Mean 145,8 3 ,1 2.413 
Std. Dev. 2.0 1,3 

No, II 
Top Mean 147 ,C 

Std. Dev. 1,5 

No, II 
Near, 14 •• 6 

80tt01111 Std. Oev. J,l 

N,. 7 1 
Both Mean 145.2 23.2 

Std. Dn, 2.s l,8 

No, 10 10 10 10 
Both llean 145,6 1737 19.1 

Std. Dev. 3,0 472 3,1 

V1rg1nta (U,S, 220) 
No, 14 14 2 
li'lean 153,3 4,507 z.s,. 
Std. Dev. 4,0 2,5315 

No, 5 5 5 5 
Meon 151,3 5 .7 1420 30.8 
Std. De-v. 5,1 3 .2 622 2,1 

No, 5 5 5 
M<·an 153.7 ,.2 19,8 
Std. Dev. 2 ,7 1,7 2.s 

N9/.,J • 0,01618 lb/ft3 
JII • 4.448 lbf 
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Table 61 - ASPHALT EXTRACTION TESTS AND TESTS ON RECOVERED ASPHALT 
ANO AGGREGATE FRO~ REC~CLEO PA~EMENT CORE s,.MPLES 

(New Mexico I-40, No. Carolina 1-95, Utah u.s. 89, Virgina u.s, 220) 

New North Utah V1rgini, 
Mexico Caro11na 

I-40 1-95 u.s. 89 u.s. 220 

Percent by Weight Finer than: 
Sieve Size 

I in. 100.0 100.0 100.0 
3/1\ in, 100.0 96,0 98.9 99.4 
1 /2 in, 93,9 75,6 89,1 87.0 
3/8 In, B4.9 M,3 76.5 71.9 
No, 4 61.!3 47.4 53.2 
No. 8 4S,8 37.9 42.4 34,8 
No, 16 36.5 32.0 35.0 26.6 
No, 30 30,1 2-'.l 29.0 19.9 
No, 50 23.2 15,5 22,2 15.1 
No. 100 14.6 8,9 14.3 11.7 
No, 200 9 ., ., 5.2 8.6 9.1 

,.sphalt: Percent by We1grt of 
Total Mix 4,67 4,75 6,(l 5.1 

Recovered Asphalt: 
Pen77•F, 

!OOg, 5 sec ~6 53 1J2 41 
V1s 140°F, 
poises 2,104 6,128 545 6,476 

Vis 27S°F, 
est 405 673 185 647 
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Table 62 - DYNAMIC MODULUS I E* I FOR RECYCLED PAYEMENT CORE SAMPLES 
(Hew Mexico 1-40, No. Carolina l-95, Utah U,S, 89, Virgina u.s, 220) 

Project Temp, Loadin! Frequency 
16 Hz •r r•c J I Rz Rz 

I E* I I e* I I E* I 
105 psi 105 psi 105 psi 

New Mexico 41 (5 ) Mean 10,19 13,39 16,93 
(l-40) Std, Dev, o.52 0,28 0.60 

77 (25) Mean 2,29 3,25 5,22 
Std, Dev. 0,014 0,007 0,14 

104(40) Mean 0,45 0,70 1.21 
Std, Dev, 0,00 0,014 0,021 

No, Carolina 41(5) Hean 9,94 13,93 22,0 
( 1-95) Std, Dev, 0,46 o.s1 1,29 

77(25) Hean 2,16 3.66 5,79 
Std, Dev, 0,007 0,06 0,02 

104(40) Mean 0,49 C,82 1,39 
Std. Dev, 0,007 0,06 0,02 

Utah 41(5 ) Mean 11,3 14.1 19,1 
(U,S, 89) Std, Dev, 0,37 1,0 3,2 

77 (25) M2an 1,52 2,69 4,78 
Std, Dev, ,23 ,29 ,60 

104(40) Mean 0,?.8 0,40 0,75 
Std, Dev, ,04 ,08 ,15 

V1rg1n1a 41(5 ) Mean 10.61 14,85 17,79 
(U,S, 220) Std, Oev, 0,693 0,163 0,240 

77(25) Hean 2,57 3,71 5,85 
Std, Dev. 0,035 0,134 0,233 

104(40) Mean 0,48 0,91 l,51 
Std, Dev. 0,007 0,049 0,099 

1 psi • 6,894 Pa 
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APPENDIX A 

PLANS FOR SAMPLING ASPHALT ~AVING MIXTURES BEFORE RECYCLING 

!, PLAN FOR SAMPLING ASPHALT CONCRETE PAVEMENT IN PLACE 

1,0 Sanp11ng 

1,1 In~estlgate construction and maintenance records and determine as 
nearly as possible the composition of the pavement along the roadway 
to be recycled, Separate the pavemer.t Into construction units that 
have similar composition, 

1,2 If the construction unit is twu lanes wide, d!v1de each c~nstruct1on 
~nit Into six to eight sec!ions of equal length. Randomly select one 
sampling location in each lane of each section, Suitable tables of 
random numbers can be found in Appendix B or Reference (29), 

1,3 If the construction unit is only one lane wide, divide the length Into 
12 to 16 subsections of equal length and select one random sampling 
location in each sec,ion, 

1,4 Obtain one sample of pavement at each sampling location of sufficient 
size, at least 15 lb (6,8 kg), for extraction and recovery testing, 
There will be a total of 12 to 16 samples er more to be tested indlvid• 
ually for each construction unit. 

2,0 Testing 

2.1 Extract and reco~er asphalt from each sample, Perform the foilowlng 
tests on each sample: 

I) Aggregate grading 

2) Asphalt content 

3) Penetration at 77°F (25°C) 

4) Viscosity at 140°F (60°C) and at 27S 0 (135°C) 
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II. PLAN FOR SAMPLING MILLED OR PROCESSED RECLAIMED ASPHALT CONCRETE FROM 
TRUCKS 

1.0 Sanpling 

1.1 Investigate constr~ctlon and maintenance records and determine as 
nearly as possible the composition of the pavement along the roadWay 
to be recycled. Separate the pavement into construction un1ts that 
have similar c01r4>ositlon. 

1.2 Divide the production Into 12 to 16 (one or two day) time periods. 
Randomly select two trucks from each time period for sampling. It a 
production day is less than half a work day, include with ne><t half or 
full day, Suitable tables of random numbers can be foun-:1 in Appendix 
B or Reference (29), 

1,3 Obtain one sample of reclaimed asphalt concrete pJveinent from each 
truck of sufficient size, at least 15 lbs. (6,8 kg), for an e~tractlon 
and recovery test and for possible use in mix design. There should be 
a total of 12 to 16 samples or more to be tested individually for each 
construction .nit. 

2,0 Testing 

2.1 Extract and recover asphalt from each sample. Perform the following 
tests on each sample: 

1) Aggregate gradisg 

2) Asphalt content 

3) Penetrat; or, at 77°F (25°C) 

4) Viscosity at 140°F (60°C) and at 275°F (135°C) 

Ill, PLAN FOR SAMPLING STOCKPILES OF RECLAIMED ASPHALT CONCRETE USING POWER 

1.0 Sampling 

1.1 Investigate records of the owner of an existing stockpile to obtain 
information about the source and co111positlon of the material In the 
stockpile, 

1.2 If the stockpile consists of unprocessed pavement slabs, or has been 
sitting for a long time, it may be necessary to process the material 
before sampling. 
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1.3 If the rnaterfal appears to be uniform 1n composltl~n and from one 
source, proceed to step 1.6. 

1,4 If the material 1s from different sources, If sources cannot be 1den
t1f1ed, or ff the material appears to be of different composition: 

1.5 

l.6 

1 ,4.1 Thorc.ttghly mh or reprocess the stockpl le mater1 al f nto one 
uniform lot, or 

1,4.2 Separate the stoekp11e Into un1form•appear1ng lots and treat as 
separ1te stockpiles. 

Since 1ppearance alone cannot guarantee un1formfty, the stockpile 
should be sampled fn such a way as to enable non-uniformity to be 
detected, 

Using a rectangular grid-pattern divide the stockpile into blocks of 
approxl1111tely 2,000 tons (1 COO metric tons) each. The blocks and 
grid pattern need not be square or rectangular shapes, but blocks 
should cover approximately the same area er quantity ~f material, 
Figure ~.l may be used as a guide. A ~ln1mum of 12 to 16 blocks 
should be selected, 

1,7 Number the blocks 1n a regular manner. 

1,8 Select the~ - Y coordinates for the sampling point In each block 
using a random number procedure. This may be done by selecting two 
random numbers from 0.1 to 1,0 and na.i1tlply1ng them times the length 
of the X and V sides of the blocks to locate the coordinates In feet. 
Use the sa,ne relative origin 1n each block. Suitable tables of random 
numbers can be found 1n Append1x 8 or Reference (29). 

1,9 If peaks or valleys occur !n the stockpile to such an ext~nt that the 
r.ormtl sampling plan Is not effective, then either rework the stock
pile or modify the sal1)llng plan. Jn some cases, the stockpile may be 
subd1v1ded into s111111er lots. In others, substitute random samples 
from a higher level fer samples that would be located where there 1s a 
vall11y, 

1.10 Using a front-end loader obtain approximately 1 ton (907 kg) of 
material from each randomly selected location In the section at the 
upper third level and one s1m1iar sample fron, the lower third level of 
the stockpile. Record the location of each sample, 

1,11 Using the 1118thod of ~uarterlng or a large sample splitter, reduce each 
one ton sample to a saq,le of sufficient size, at least 15 lbs. (6.~ 
kg) for extraction and recovery testing and for possible use In m1K 
des19n, 
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2.0 T~sting 

2.1 Extract and r~cover asphalt from each sa~le. Perform the following 
tests: 

1) Aggregate gradation 

2) Asphalt content 

3) Penetration at 77°F (25°C) 

4) Viscosity at 140°F (60°C) and at 275°F {135°C) 

IV. PLAN FOR SAMPLING STOCKPILES Of RECLAIMED ASPHALT CONCRETE WHEN POWER 
£001PMENT ts HoT AVAILABLE 

This plan is based on the following assu~tions: 

1) Stockpiles will not exceed two lPyers In he-fght, and 

2) Power equipment, such as a front end loader, is not available 
for sampling, 

1.0 i_ampling 

1,1 Investigate records of the owner of an existing stockpile to obtain 
Information about the source and composition of the material in the 
stockpile, 

1.2 If the stockpile consists of unprocess~d pavement slabs, or has been 
sitting for a long time, ft may be necessary to process the material 
before sa~ling. 

1.3 If the material appears to be uniform in co~osltion and from one 
source, proceed to step 1,6, 

1.4 If the material is from different sources, if sources c~nnot ~~ iden
tified, or ff the material dppears to be of different composition, 
separate the stockpile into uniform-appearing lots. 

1.5 Since appearance alone cannot guarantee uniformity, the stockpile 
should be sampleo in such a way as to enable non-unif~rm1ty to b~ 
detected, 
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1,6 Using a rectangular grid-pattern arbitrarily divide the stockpile into 
blocks of approximately 2,000 tons (1,800 metric tons) each, The 
blocks and grid pattern need not be square or rectangular shapes, but 
blocks should cover appro~imately the same ~ret nr quantity of 
material, Figure A,l may be used as a guide, A mininum of 12 to 16 
,,locks should be selected, 

1,7 iu111ber the blocks i~ a regular manner, 

i,8 Select the X - Y coordinates for the sampling point in each block 
using a random number procewre. This may be done by selecting two 
random numbers from 0,1 to 1,0 and rrultiplying them times the length 
of the X and Y sides of the blocks to locate the coordinates in feet, 
Use the same relative origin in each block, Suitable tables of random 
numbers can be found in Appendix 8 or Reference (29), 

1,9 By hand, remove one to three feet of material from the top of the pile 
at each sample location and carefully remove a 15 to 25 lb, (6,8 to 
11,3 kg) sample. Record block and location within the block, 

1,10 If the stockpile is two layers in height it may be impossible to 
sample the interior of the bottom layer of U:e stockpile, Therefore, 
the bottom layer snould be sampled from the side, using only t.he outer 
blocks, Use a new set of coordinates and locate the samples along 
t~e Y-axis (X coordinate= O), at about midheight. Cut a vertical 
face about two feet into the stockpile fac~ and remove a 15 to 25 lb, 
(6,8 to 11,3 kg) sample. Record block, layer number and location 
within the block. 

2.Q Testing 

2,1 Extract and recvv~r asphslt from each sample, Perform the following 
tests on each sample: 

1) Aggregate grading 

2) Asphalt content 

~) Penetration at 77°F (25°C) 

4) Viscosity at 140°F (60°C) and at 275°F (135°C) 
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APPENlllX B 

SELECTING SAMPLING LOCATIONS 

1.0 Sampling from Roadway 

Table B.1 contains random numbers to be used with the above sampling 
procedures. (Far alternate procedure see Reference 30,) To use Table 
B.1 for selecting locations for sampling or testing, the following 
steps are necessary: 

1.1 Designate sections or blocks as specified in the sampling procedure 
being used, 

1.2 Determine the number of ~.ampling locations within a section as spec
ified 1n the sa""ling procedure being used, 

1,3 Select a column of random numbers in Table 8,1 by placing 28 pieces of 
cardboard 25 mm (1 in,) square, numbered l through 28, into a con
tainer (such as a bowl), shaking them to get them thoroughly mixed and 
drawing one out. 

1.4 Go to the column of random numbers identifi~~ with the num~er drawn 
from the container. In subca1umn A locate all numbers equal to and 
less than the number of sampling locations per section ~esired, 

1,5 Multiply the total lengt~ of the section by the decimal values in sub
column B, found opposite the numbers located in subcolum~ A. Add the 
result to the station number at the beginning of the section to obtain 
the ,tation of the sampling location, 

1.6 Multiply the total width of the lane (or lanes) in the section by the 
decimal values in subcolumn C, found opposite the numbers located in 
subcolumn A. These are the offset distances frcm t~e pavement cen
terline at whicl1 samples are to be taken, 

1.7 Repeat the procedure for each section, 

2,0 Simpling from Stockpile 

2,1 Designate tectlons or blocks as specified in the sampling procedure 
being used, locate X-Y coordinates as shown in Figure A,l. 

2.2 Select a column o' random numbers in Table B,1 by placing 28 pieces 
of cardboard 25 mm (1 in,) square, numbered 1 th~ough 28, into a con
tainer (such as a bowl), shaking them to get them thoroughly mixed and 
drawing one out, 

138 



2.3 Go to the coluim of rand0111 numbers identified with the nu!1'ber dril'tln 
from the container, In subcolumn A locate all numb2rs equal to or 
less than the number of sampling locations 1n each block or section. 
The corresponding numbers in subcoluims 8 and C may be used to locate 
the X-Y coordinates for one block a section, 

2,4 Multiply the total length of the block or section in the X direction 
~Y the decimal values in subcolumn B, found opposite the number 
located in subcolum A to find the length of coordinate X, Multiply 
the width of t~e block or section 1n the Y direction by the 
corresponding decimal value from subcolumn C to find the length of 
coordinate Y. 

2,5 Repeat the procedure for ~ach block or section. 
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APPENDIX C 

A~ALYSIS OF TtST RF$UlTS OBTAINED USING SAMPLING PLANS 

Introduction 

Several statistical san,pling plans are described in Appendix A. These 
plans were designed to obtain random sa""les of asphalt concrete frDII 
existing paveme~ts, from milled material sampled from trucks, or fr011 
milled or other material processed and st~red In stockpiles. The plans 
were developed using simple statistical concepts. Each sample obtained
using these plans ls tested. The asphalt and aggregate are extracted and 
tested for: 

1) aggregate gradation 

2) asphalt content 

3) penetration at 77°F (25°C) 

4) viscosity at 140°F (60°C) and 275°F (135°C) 

The test samples provide data that can be used to estimate the 
variab111ty to be expected from pavements to be recycJ,,d and to estimate 
how this variability might affect the quality of the final recycled asphalt 
mixture. 

The analysis techniques selected f~r use are based on sin,ple analysis 
of variance (ANOVA) procedures to test for significant differences between 
sections, blocks or lanes, or other variables that may be established by 
the sampling plan. In addition, guidelines are given for using sample 
standard deviations to estimate the ability of a particular source of 
material to meet job-mix formula or other limits and to test for other 
significant differences between sample means. 

Analysis of Variance 

Two applications of analysis of variance have been select~d for use 1n 
analyzing the results of extraction and recovery tests on asphalt concrete 
reclaimed from the pavement before recycling. These procedures are shown 
1n Table C.1 and Table C.3. 

The analysis of variance is used to estimate whether or not there are 
statistically significant differences between the test variables of 
interest (grading, aspnalt CQntent, etc.) that can be attributed to their 
location in the pavement or stockpile. This is done by comparing variances 
or mean squares (MS) that can be attributed to location to variances or 
mean squares that can be attributed to random or chance variations (error). 
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In Table C,l and Table C,3, this comparf,on 1s made by a technique 
that involves calculating a tel'!I' called "sum of squares,• designated SS, a 
term called •mean square," designated NS, and a term called the "F•ratlo", 
Sum of squares (SS) may be defined as the sum of the squares of deviations 
of fndfvldual data points about the mean value, The variance or mean 
square (MS) is the sum of squares dfvfded by the degrees of freedom (df), 
Degrees of freedom ts often defined as the number of cdqiarlsons that can 
be made between data pofnts, The standard deviation Is the square root of 
the varf ance, 

In the analysts of variance, the total or overall sums of squares Is 
divided fnto portions that can be attributed to the different treatments 
included fn the experiment, plus a portfon that represents the rand0111 
•error" involved fn the process, Thus, fn Table C,3 the total sum of 
squares 1s r.oq,osed of three subtotals: the amount attributed to dfffer• 
ences between sections (SSs), the amount attributed to lane or layer 
effects (SS1) and the remainder (SSe), (SSt • SSs + SS1 + SSe), In Table 
C,l "error" 1s represented by the within section sum of squares (SSw). 

Each sum of squares fs divided by its respective degrees of freedom tc 
determine an appropriate mean square (MS• 5S/df). The neKt step 1s to 
divide mean squares that represent treatment effects (section or lanes) by 
the mean square for error (MSstMSe) in Table C,3, or by the mean square 
that represents within section var ability (NS 5 /MSw) in T,ble C,1. 

The ratlo of these two mean squares fs called tr.e F•ratlo, Calculated 
values of F are comp11red to critical valuH of F that can be expected from 
puN chance, Calcul11ted F-ratlos larger than critical F-rat1os Indicate 
that the differences probably are greater than w011ld be expected by chance, 
and the differences due to location are declared sVtlstlcally significant. 

Critical F-ratios are found fn most general statistics books (30), 
Critical F-ratios depend on the degrees of freedom (df) associated w1th the 
numerator and denominator used In calculating F and the pfobabllfty level 
(l•~l associated -1th the decision, 

Table C,l and Tabie C.3 show how F•ratlos are calculated for two types 
of saq,llng plans, and examples of each planar, given, Table C,1 outlines 
an analysis of variance tables for situttlons where the test variable may 
be classified into one category with more than one test value In each ,ate
gory, This procedure 1s applicable to roadway saq,les from one lane and to 
milled materials saq,led from trucks, as described In this study, If there 
is more than one construction unit Involved, the analysts would apply only 
to each se~arate construction unit, 

142 



,ABLE C,l •• Analysfs of Var1ance (ANOVA) for Roadway Samples from 
One Lane and M111ed Materla1s Sa111>1ed from irucks 

Source 

Sections 
(f•l,.,K) 

Wf tl!I n Sect f on, 
\j • 1 ••• l) 

iota1 (n) 

df 

\( • 1 

k(t-1) 

n • 1 

CT • i (t; tj Ylj)2 

SS 5 • t1 t (tj y 1j\
2 • Ci 

SSt • t1 Ij (y1j)2 - Cl 

SSw • SSt • SSs 

hall!)1e l 

ss MS 

SSw SSw/df 

SSt 

F F 
Critical 

(11 • O,OS) 

lable C,2 contains an eiamp\e of an analysis of variance (ANOVA) table 
for data from Table 6, results of vfscosfty tests at 140°F on extracted 
asphalt from tne North Carol1na project, Tne data used are given below, 
Actual data have been coded by dfvfdfng by 1000, 

Section Test Section S@ctfon 
No, ( f ) Va1ues (ifj) Sums (t1) Means 

1 24,4 34,4 58,6 29,9 
2 10,2 38,8 49,0 24,5 
3 34,B 74,6 109,4 54,7 
4 205,6 9,1) 214,6 107,3 
5 41,0 9,3 50,3 25.2 

SUMS 316,0 166,1 482,1 

MEAN 63,2 33,2 
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C~utations for the ANOVA table, computed as Indicated in Table C,l, 
are as fol lows: 

2 
CT • 1/10 (482,1) • 23242,041 

2 2 2 
SSs ~ 1/2 (58,8 ◄· 49,0 ,., +50,3 )-CT • 33205,025 - 23242,041 • 9962,984 

ss z 2 2 2 
t • (24,4 + 34,4 + 10,2 ••• + 9,3 )-CT= 54284,25-CT • 31042,209 

SSw • 31042,209 - 9962,984 • 21079,225 

NSs (sections) • 9962,984/4 • 2490,746 

NSw (within se~tlons) • 21079,225/5 • 4215,845 

F ratio (sectfor.s) • 2490,746/4215,845 • 0,59 

The F ratio for sections was tested using critical F ratios for dif
ferent probabflfty levels (1 - u), and for the indicated degrees of free
dom, ln this case, F4

0
5 (1 - u • 0,95) • 5,19, Since the calculated F • 

0,59 fs less than the critical F4
0
5 (1 - u • 0,95) • 5,19, t~e differences 

fn section means are declared not sfgniffcant, 

TABLE C,2 -- Analysis of Vdriance Table for Results of Viscosity Tests at 
140°F (60°C) on Samples of Extracted Asphalt 

ANALYSIS OF VARIANCE (ANOVA) 

SOURCE OF ss MS F 

Sections 4 9,962,984 2,490,746 0,59 
lllthfn Sections 5 211079.225 4,215,845 

Total 9 31,042,209 3,449,134 

k • 5 t • 2 n • 10 

Table C,3 outlines an analysis of varlnnce table for sltuetfons where 
the test varinble may be classified Into more than one category with one 
test value fn each category, 7hls procedure is applicable to roadway 
samples from two lanes or material sampled from stockpiles wfth two layers, 
as described in this study, If there Is more than one construction unit 
Involved, the analysis would apply only to each separate construction unit, 
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TABLE C.3 -- Ana1ys1s of Var1ance (AMOVA) for Roadway Sa~les frOIII Two 
Lanes and Stockp11e Sa"'l)les with Two Layers 

Source df ss MS F F 
critical _______________ , ________ (a • o.05) 

Section or Block (1•1 ••• k) k-1 SS 5 MSs MS5 1MSe 

Lane or Layer (j•l ••• 1.J 1.-1 ss,. MS1. "'51,/MSe 

Error n-k-t+l SSe MSe 

Total n•l SSt 

CT • 1/n (E Y1Jl 
2 

"IS a SSfdf 
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Example 2 

Table C,4 contains an example of an analysis of va~iance (ANOVA) table 
for data from Table 16, ~ercent asphalt obtained from extraction a~d 
recovery tests on the Virginia project, The data used, from Table 16, are 
given below: 

SECTION LANE SECTION SECTION 
NO. SUMS MEANS 

l 5,1 4.8 9,9 4,95 
2 5.5 5,5 11.0 5,50 
3 5,3 5.3 10,6 5.30 
4 5.3 5,2 10,5 5,25 
5 5.4 5,4 10,8 S.40 
6 5,5 5,2 10,7 5.35 

SUM 32,l 31,4 63,5 

MEAN 5.35 5,23 

Computations for the ANOVA table, computed as Indicated in Table C,3, 
are as foll~ws: 

CT = 1/12 (63,5)2 = 336,021 

5S 5 • 1/2 (9,92 + 11.02 ••• + 10,12) • CT• 336,375. 336,021 • 0,354 

SSL• 1/6 (32.l~ + ,1.42) •CT, 336,062 • 336.021 • 0,041 

SSt • (5,12 + 4,82 + 5,52 ••• + 5,22) • CT• 336,470. 336,021 • 0,449 

MSs (sections) • 0.354/5 • 0,0706 

MS 1 (lanes) 

MSe ( error l 

• 0.041/1 • 0,041 

• 0,054/5 • 0,0108 

f ratio (sections) • 0,0708/0,0108 • 6,56 

F rat 1 o (1 anes) • 0,041/0.0108 • 3,80 
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TABLE C.4 Analysis of ~ariance Table for Percent Asphalt Obtained 
From Extraction and Recovery Tests, From Table 16. 

ANALYSIS OF ~AR!MiC. (ANOVA) 

SOURCE 

Sections 

Lanes 

Error 

DF 

5 

1 

5 

TOTAL 11 

k=6 t=2 

ss 

0.354 

0.041 

0.054 

0.449 

n = 12 

MS 

0.0708 

0.041 

0.0108 

F 

6.56 

3.80 

The F ratios for sections and for lanes were tested using crit I cal F 
ratios for different probability levels, and for the indicated degrees of 
freedom. In this case the F ratio (sections) • 6.56. From a table of F 
ratios (Reference 6), it is seen that a critical F ratio for F5 5 
(1 - a= o.95) is approximately equal to s.os; and we can conclude that 
there is a statistically significant difference between sections, with a 
high degree of confidence. 

Similarly the calculated F ratio (lanes)= 3.80 can be compared to a 
critical F 5(1 - a= 0.95) • 6.61. Since 30 80 is less th~n 6.61, we 
conclude tAh there Is no statistically slgnif1cant j;fference betwe;,n 
lanes. 

Unlike the case In example 1, section me~ns in example 2 havp been 
declared statistically different, and consideration could be given to 
dividing the project into several separate construction units. (Reference 
1 contains a discussion of a procedure, referred to as the Newman-Keuls 
test, for determining which sections can be grouped together. In the 
Newman-Keu1s procedure the sections are arranged i1 a rank order and all 
possible pairs are compared using a test for least significant ranges.) 
From a practical point of view, it might not be an advantage to do so, 
however, The next article discusses one method for looking at this aspect 
Qf the analysis, 
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Comparing tu Job-Mix Limj.!!. 

It is not always pract1cable, r.or desirable, to separ•~e a project 
into smaller construction units, even if the results of AHUVA inaicate that 
there are st8tistically significant differences ~etween sections. In 
exa~le 2, section means were indicated to be significantly different, 
However, l,,;pection of the individual data points indicates that there 
might net be any practical advantage in breaking the project into sections, 
This can be illustrated by co~aring the asphalt content data to recom
mended job-mix limits, 

The following procedure can be used to make these comparls~ns. 

1, Using e~ample 2 to illustrate the techniques, from Table C,4 cal

culate the overall standard deviat1nr. • / SSt / tt-1 • ✓ 0,040818 

• o.~o. 
2, ~-•sume that the standard deviation determined in step l Is the 

population standard deviation o, (A value of o obtained from 

other sources can be used, also,) 

3, Ca1culate 1,96 o limit;, ln this case 1,96 (0,20) • ±0,392, 

(Use ±0.4) 

4, Calculate the job mean asphalt content (x), plus or minus the 

1,96a limits: 

x = 63,5/12 = 5,29 (Use 5,3) 

x ± 1,96a • 5,3 ± 0,4 (Range• 4,9 - 5,7) 

5, Compare the values calculated in step 4 to acceptable jub•mix 

lfmits, 

ln this exarrple, the estimated range in asphalt contents is 4,9 - 5,7. 
The exa~91e 2 data show that all but one data point (section 1, lane 2) 
fall wfthfn the range, and it could be assumed t~at there would be no 
great practical risk irvolved in assuming that the job can be made to con
form to ASTM limits (±0,5) through normal quality control methods, 
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More sophisticattd prucedures for estimating expected var1abil1ty can 
be used, but considering that the test data ref~r to material that ~ill be 
combined with virgin materials and subject to quality control, the extra 
effort is not likely to provide better results insofar a~ the final 
recycled mixture is concerned. 

Comparing Two Sets of Test Data 

It s0111et1mes can be helpful to determine 1f there ls a stat 1st 1cally 
significant difference between two sets of samples. for example, consider 
the following data taken from Table 19: 

--
Roadway Sa:np l es Milled Material 

No, Mean Std, No, Mean Std. 

Tests Xl :>ev, Tests x2 Dev. 

N1 S1 N2 S2 

Percent Passing No. 8 Sieve 

12 41 2.1 6 52 1.1 

The T•test is useful in determining if there has been a signific~nt 
change in percent passing the No. 8 sieve. The following steps illustrated 
the procedure. 

1. Calc~late a pooled standard deviation: 

Sp = 

, ~ 

(N1 • l)S1 + (N2 • l)S2 

(lZ - l) (2,l)' + (6. 1)(1,1)' 
• 2,654 

12 + 6 • 2 
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2. Calculate the T stattsttc 

T • I Xl - i2 i 

5, 

Sp (l/N1) + (l/N2) 

T • I 41 - 52 I • 8.29 

2.654 1/12 + 1/6 

Assume that T has a distribution for T with Ni+ N2 - 2 • 16 
de;rees of freedom, and that the proba~tltty level (1 - a) ■ 
o.9s. 
From a table of perce~tiles for the T dfstrtbutton (Reference 6} 
find T.95 (df • 16) • 1,746 for a single-tall test. 

COfllPare 8.29, calculated for the test data, with 1.746, If the 
calculated value is larger than the value obtained from the table 
then we can conclude that the difference between the two test 
sar,11le means is significantly larger than zero. In this case we 
conclude that 52% passing the No, 8 sieve after milling ts signif• 
lca11tly greater than the value of 41% obtained from roadway 
samples, 
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APPENDIX D 

METHOD OF TEST FO~ EFFECT OF WATER
6 

FREEZ1NG AND THAWING ON lNDlRECT 
TENSILE STRENGTH OF COMPACIE ijECYELEb ASPHALT MIXTURES* 

1.0 Scope 

1.1 This method coYers measurement of the change of indirect tensile 
strength resulting from the effects of vacuum saturation, water con
ditioning, and freeze-thaw condit1oning of compacted recycled asphalt 
mixtures. Numerical Indices of retained indirect tens11e strength are 
obtained by comparing the indirect tensile strength of water con
ditioned and of water and freeze-thaw conditlened laboratory specimens 
with the simflar properties of dry specimens. 

The method of short-term stripping (TRS-Subset 11) is Included for 
information. Sfnce none of the mixes indicated stripping using this 
test, further research is needed to evaluate the method. 

2.0 Apparatus 

2.1 Water bath - two water baths of sufficient size for total lnllll!rsion of 
the test specimens, one bath capable of maintaining a te~erature of 
l~O ± 3.6°F (60 t 2°C) and the other a te111>erature of 77 t 1.s•F (25 ± 
1 •c ). 

2.2 Freezer - A freezer contro11ed to maintain a temperatur~ of -0,4 ± 
3.6°F (-18 ± 2°C). 

2.3 Vacuum Pu111> and accessories• A vacuum pump with capacity tc obtain a 
partial vacuum, 4-in. (102 n,n) Hg absolute pressure, 1n the vacuum 
chamber for the water saturation of the test specimens. Accessory 
equ!pment includes boros1licate glass or equivalent vacuum challlbers of 
sufficient strength to withstand essentially full vacuum at least 
6 in. (15 cm) in diameter and 8 in. (20 cm) high w1th smooth edges, a 
donut-shaped gasket made of rubber-type sponge, a stiff meta1 round 
plate greater than 6 in, (15 cm) i~ diameter and 8 in. (20 cm) high 
with suitable vacuum hose rece~tacle and hole bored through the plate 
thickness, vacuum hose attached to receptacle fittfng and vacuum pump, 
and a 6·in. (15 em) diameter screen-type or hfghly porous specimen 
spacer seat approximately .25 in. (6 11111) high, 

• This method is based on the predictive moisture damage test method 
used in NCKRP Project 4-8(3). 
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2.4 Co~ression testing machine - A co~ression testing machine meeting 
the requirements of ASTM Method D 1559 and producing a uniform ver• 
tical movement of 2 in. (S0.8 .,,,,)/min. 

2.s lnadfng strip• Two steel loading strips 0.5 in. (13 11111) wide and 3 
in. (76 11111) long with concave surfaces having a radius of curvature 
equal to the nominal radius of the test specimen to apply load to the 
specimens. 

2.6 Miscellaneous Apparatus - A supply of plastic film for wrapping and 
heavy-duty leak-proof plastic bags to wrap and enclose the saturated 
speci1111,ns for preventing misture loss during handling and freezing, 
several metal jars of at least 4 in. (10.2 cm) diameter and at least 6 
in. (15 cm) height for bringing dry specimens in the water bath. ~ 
controlled air te1111erat11re cabinet may be used i,1 lieu of the metal 
jars for bringing dry specimens to test temperature. 

3. O Test Specimens 

3.1 Prepare nine 4-in. (102 11111) diameter by 2.5-in (63.5 11111) high cylin
drical test specimens ~f the same mixture according to the procedures 
descri~ed in Mlx Design Method for Reclaimed Asphalt Concrete Using 
Marshall Apparatus or Mix Design Method for Reclaimed Asphalt Concrete 
Using Hveem Apparatus (see Appendix E). Prior to compaction place the 
loose mixtures In the closed metal tins in a 140°F (60°C) oven for 16 
hours. 

Determine by preliminary tests the number of colf4]action ha111112r blows, 
or number of tamps and ta"11ing foot pressures required to co"11act test 
specimens with an average air void content within the range of s.o to 
9.0 percent determined by ASTM 03203. Discard individual specimens 
with air voids diffeaing from the average by more than l percentage 
pol nt. 

3.2 Prepare two duplicate batches of mixture used for the test specimens, 
condltfon them for 16 hours at 140°F (60°C) as in 3.1, and determine 
theoretical maximum specific gravity of the mixture in accordance wfth 
ASTM Method D 2041 for use in determining percent air voids in the 
compacted specimens. 

4.0 Grouvi"S· Vacuum Saturation and Determination of Bulk Specific Gravftx 
.!!22, 01 s Properties of Test Specimens 

4 .. l Label the 5peci mens with waterproof i dent ffi cat 1.>n and determine their 
~ulk specific gravity in accordance with ASTM D 2726 and their p~rcent 
,fr voids fn accordance with ASTM D 3203. Calculate the volume of 
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:pecimens with data obtained during the bulk specific gravity test 
usi~g the following formula: 

where 

Vb• bulk volume of specimen, cm3 

B • weight of saturated surface dry specl111en in air, g 

C • weight of specimen In water 

4,2 Separate the specimens into three subsets, each having 3pproximately 
the same average bulk specific gravity. Randomly select a subset, I, 
of three speciraens, place them In metallic jars and then place the 
jars in a water bath •ta temperature of 77 t l,8°F (2S t 1°C) Min• 
talnlng the top lip of the jars above the water level of the bath. 
Place an insulating stuffing in the top of the jars, making contact 
with the top specimen's surface and with the jar walls, The s~eclmens 
may be placed in a controlled air temperature cabinet at a temperature 
of 77 ~ l,8°F (25 ± 1°C) in lieu of the metallic jars. 

4,3 Vacuum saturate subset II and subset Ill specimens, Flace a porous 
spacer seat on the bottom of a vacuum chamber and then place two or 
more of the specimens, depending on chamber height, in the jar using 
another p~rous spacer seat between the specimens. fill the vacuum 
chamber with water at 77°F (25°C) to about 1 In, 2,5 cm) above the 
upper specimen'~ surface. Place a dampened donut gasket and 4 stiff 
metallic plate on top of the chamber, Attach a var.uum hose from the 
plate receptacle to the vacuum pump, Subject the contents of the 
chamber to a partial vacuum, 4-in, (102 ""1) Hg absolute pressure, for 
30 minutes. (A partial vacuum, 4-in. (102 ""1) Hg absolute pressure, 
is approximately equivalent to 25,9 in. (658 11111) Hg rt<dfng on a 
vacuum gauge it sea level.) Remove the vacuum and le,1ve the specimens 
submerged In the chambers at atmospheric pressure for 30 minutes. 

4,4 Remove each of the specimens from the vacuum chambers, quickly surface 
dry the specimens by towel bl~tting and wei9h innadiately in air and 
then weigh submerged In water at 77°F (25°CJ, Immediately after 
weighing each submerged specimen, return the specimens to the water
filled vacuum chambers and submerge each specimen under the water at 
atmospheric pressure, 

4,5 Calculate the water permeable voids, t,ulk spedflc gravity, air -olds, 
and air voids filled with water, of t!ach of the vacuum saturated test 
specimens as follows; 
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Water Permeable voids, I= 100 (B - A) 
B - C 

and Sulk Specific Gravity = -,,--"--,,
B - C 

where 
A• weight of dry specimen in air, g, 

~ = weight of sur•ace-dry (blotted) vacuum saturated specimen 
in air, g, 

C • weight of vacuum sat•Jrated specimen submerged in water, g 

Afr Voids, l • 100 1 _ bulk specific gravity 
theoretical maximum ~peclflc gravity 

Air Voids Filled with Water, I• 100 water permeable voids, I 
air voids, t 

The original dry weight of the specimen prior to conditioning is 
used to calculate the bulk specific gravity. ihe theoretical maxi111.1m 
specific gravity determined in 3.2 is used to calculate percent air 
voids, ihe specimen bulk volume, which Is equal to the quantity 8 - C 
in the for111.1las for Percent Water Permeable Vofds and Bulk Specific 
Gravity, can be compared to the original specimen bulk volume 
determined in 4,1. 

4,6 Pla~e subset II specimens into a water bath at a temperature of 77 ± 
l,£°F (25 ± 1°C) for 3 h, Proceed with the Indirect tensile tests on 
subset II speci,nens and subset I srecimens previously brought to the 
test temperature of 77 ± l,B°F (25 ± 1°C) as described in 6, 
Condition the subset Ill specimens using procedures described in 5, 

5,0 Accelerated Conditioning Procedure 

5,1 ~aintaln specimen surface dampness and internal saturation, and wrap 
tightly each of the three specimens of subset Ill with two layers of 
plastic film using masUng tape to hold the wrapping 1f necessary. 
Place each wrapped specimen Into a leak-proof plastic bag, and seal 
the bag with a tie or tape. 

5,2 lnwnerse each of the three individually wrapped and bagged specimens of 
subset Ill into the freezer for 15 hat -.4 ± 3,6°F (-18 ± 2°C). 

5,3 Remove the three wrapped and bagged specimens of subset Ill from the 
freezer and i11111erse them irm,edfately into a water bath at 140 + 3,6°F 
(60 + 2°C) for 24 h. After 1/Z h carefully remove the bag and""wrap
ping-from the specimens and re-i11111erse the specimens in the water bath 
for the r~st of the 24 h period, 
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5.4 Remove the specimens from the water bath and lmnerse them 1n a water 
bath at a tefl1)erature of 77 ± l.8°F (25 ± 1°C) for 1 1/2 h. Determine 
water permeable voids, a1r ~olds, air voids filled w1th water of each 
specimen as described in 4,5, Place the specimens In water bath for 1 
1/2 h •~d proceed with the lnd1 rect tensile strength tests on speci
mens as described in 6, 

6,0 Indirect Tensile Strength Test 

6,1 Test each specimen subset rapidly following the completinn of their 
respe~tlve test-te111>erature water-bath soak times as prescribed in 4,2 
for subset I, 4,6 for subset II, and S for subset Ill, 

6.2 Remove a subset specimen fro~ the controlled te111>erature bath or cham
ber and surhce dry if specimen 1s from subsets 11 and Ill Dy blotting 
w1th a towel, Measure and record the specimen height (thickness) and 
i dent i f1cat ion, Pl ace the specimen into the compress I on t.est Ing 
machine and position the loaning strips to be parallel and centered on 
the diametral vertl,al plane, Apply the dlametral loading at a ver
tical deformation rate of 2 in, per minute, Record the maximum com
pressive load, lmnedlately release the load and remove specimen, The 
elapsed time from renioval ot the specimens from the bath or chamber to 
t~~ maxinum load determination should not exceed l minute, 

6,3 Lalculate the specimen's Indirect tensile strength as follows: 

where 
St 

St • indirect tensile strength, psi (kPa), 

P D maxirrum co~ressive load on specimen, lb, (N), 

t • thickness of specimen, in, (cm), 

0 • dl~meter of specimen, in, (cm), 

6,4 Test the two remaining specimens In the su~set. and calculate the 
average indirect tensile stren~th for the subset of three specimens, 

6,5 Examine the fractured faces of the specimen immediately 1fter testing 
ignoring the surface of aggregat~ particles fractured during th~ 
Indirect tensile test, Observe the absence or loss of asphalt coating 
on any agg~egate part1c1es, Rate and record the amount of stripping 
or loss of asphalt coatings as not discernible, very sl',ght, s11ght, 
mod~rate or severe, 
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1.0 Calculation 

7.1 Calculate the numerical indices to tne nearest hundredth of the 
effects of vacuum saturation and accelerated conditioning as the 
ratios of the indirect tensl'le strength or subsets II and Ill tr the 
indirect tensile strength of subset t as follows: 

St ( II ) 
TSR1 • __ _ and 

St (III) 
TSR2 • ___ _ 

where 

TSA2 • 

St {I) 

Indirect tensile stre~gth ratio of vacuum saturation 
conrtitionlng, 

Indirect tensile strength ratio of accelerated 
r.ondlt1oning, 

aver,ge 1nd1rect tensile strength of specimen 
subset I, psi (k Pa), 

average Indirect tensile strength of sp~clmen 
subset II, psi (K Pa), and 

average indirect tensile strength of s~eclmcn 
SijbSet Ill, psi (k Pa). 

8.0 Repo,:l 

8,1 Report the following: 

8,1.1 

a.1.2 

8,1.3 

B.1.4 

B.l.6 

Report the tensile strength ratio, ,SR1 for vacuum saturated co~
dltloned specimens 

Report thP. t(lnsfle strength ratio, Eil2 for the accelerated con
ditioned spec,mens 

Report the average dlametral tensile strength for each subset of 
specimens 

Re?ort the average percent, air voids determined In 4,1 (prior to 
vacuum satu•atfon) for each subset of specimens 

Report the average percent of air voids filled water for subset 
II and subset Ill s~eclmens 

Report the visual rating ,f amount of stripping for subset II and 
subset Ill specimens. 
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1.P SCOPE 

APPEHDIX E 

MIX DES i' '·1 fHOD FOR RECLAIMED ASPHALT CONCRETE 
j'Tllu MARSHALL OR Rv££A APPARATUS 

1,1 This method covers procedures for the design of reclaimed asphalt 
paving mixtures using Marshall and Hveem apparatus, It is applicable 
to mixtures containing reclaimed asphalt c?ncrete, ne1o1 aggregates and 
new paving grade asphalt cements and recycling agents or both, The 
method may be used for mixtures containing aggregates with maxinum 
sizes of l Inch (25 11111) and dense mixture designations of l in, (25,0 
..,,, 3/4 In. (19.o 11111), 1/2 In. (12,5 11111) and 3/8 In. (9,5 11111) meet
ing ASTM Specification D 3515 or similar requirements, 

For further information on proportioning, reclaiming procedures and 
construction, reference is made to The Asphalt Institute Manual 
Series MS-20, Asphalt Hot-Mix Recycli~g. 

2, 0 SUMMARY OF METHOD 

2,1 Preliminary to the mix design it is required that representative 
samples of the reclaimed asphalt concrete, new aggregate, new asphalt 
or recycling agent to be u~ed have been obtained, and the proposed 
materials meet requirements of the project specifications, Steps in 
the mix design include: 

l) Determine the amount and the viscosity of the asphalt In the 
reclaimed asphalt concrete, the gradation of the aggregate in the 
reclaimed asphalt concrete, and the gradation of the new aggre
gate, 

2) Based on established or proposed proportions of reclaimed asphalt 
concrete and r,ew aggregate to be used, ca 1 cul ate a c01rbi ned 
aggregate grr.ding meeting the spectftcatton requirements using 
the gradat1011s of the aggregate in the reclaimed asphalt concrete 
and new aggre(late, 

3) Det~rmfne the approximate asphalt demand of the comb1ned aggregate, 

4) Calculate the amount of ne1o1 asphalt or recycling agent required 
to satisfy the asphalt demand, the ratios of ne1o1 asphalt or 
recycling agent to tota'I asphalt content and rati11 of ne1o1 aggre
gate to total aggregate, 
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5) Us1ng a viscosity blending chart and the ratio of new asphalt or 
recycling agent to total asphalt select a new asphalt or 
recycling agent, 

6) 

1) 

8) 

9) 

Calculate amounts of each ingredient In the mix for a series of 
test specimens containing the estimated amount of new asphalt or 
recycling agent, and at Increments of new asphalt or recycling 
age~t above and below the estimated amount, 

Prepare and test specimens using Marshall or Hveem apparatus. 

Determine the optimum ne~ asphalt or recycling agent conttnt. 

Finally determine If the test properties of the mix at the opti
mum new asphalt or recycling agent content are within allowable 
limits of mix design criteria, 

3,0 APPARATUS 

3,1 Marshall Test Apparatus 

The apparatus specified In ASTM Te,t Method D 1559 is required when 
tha Marshall method is selected for performing the mix design, 

3,2 Hveem Test Apparatus 

The apparatus specified in ASTM Test Methods D 1560 and O 1561 are 
required when the Hveem meth~d is selected for the mix design. 

3,3 Containers 

Metal containers with lids, ap~roxlmately 4 in. (64,S !Wft) in diameter 
and 5 1/2 in, (139,7 mm) high for maintaining the temperature of mix
ture batches at the c~actlon temperature, 

4,0 ANALYSIS OF RECLAIMED ASPHALT CONCRETE 

4,1 Prepare the proceised (m111ed or crushed) reclaimed asphalt concrete 
sample for the mtK des1gn by thoroughly mixing represent~ttve portions 
of randomly selected samples of processed reclaimed asphalt concrete, 
(See Appendices A, Band C,) Mix designs, other than preltmtr.ary, 
should be perfor~~d ustng the field processed reclaimed asphalt 
concrete that 1s used for con~tructlon, 

4,2 Determine the asphalt content of the reclaimed asphalt concrete to be 
used for the mix destgn by AASHTO Method T 164 Method A or ASTM Method 
D 2172 Method A, Perform sieve analyses on the re~overed aggregate 
aeco,"d1ng to ASTM Methods C 117 (AASHTO T 11) and C 136 (AASHTO T 27), 
Recover asphalt from the reclaimed asphalt concrete according to ASTM 
Method D 1856 (AASHTO T 170), 
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4.3 Determine the v1scos1ty of recovered asphalt at. 140°F. (60°C) by ASTM 
method D 2171 (AASHTO T 202). 

S.O !!iW MINERAL AGGREGATE 

s.1 Perform sieve ar.alyses on the new mineral agg•·egate to be used 
mh design accord1 ng to ASTM Methods C 117 (Al,SHTO T 11) and C 
(AASHTO T 27). 

for the 
136 

6.0 COMBINED AGGREGATE GRADA!!ONS 

6.1 Us!ng proposed or the established proportions of the reclaimed asphalt 
concrete and new aggregate that are to be us rid in the recycled m1 x, 
cal:ulate r, new aggregate expressed as a percent of total aggregate 
in the recycled mix with the forimila: 

Pns 
r ■ X 100 

----("P .. s_m_x--.Pr-s-bT") ------

Psm • --...... ..-- + Pns tao 

where: 

r ■ new aggregate expressed as percent of total aggregate in 
the ~ecycled mix 

Pns ■ new aggregate in recycled mi :c, percent 

Psb ■ asphalt in the recla1med asphalt coi,crete, percent by 
weight of mix, determined by extract1(1n 

Psm • rec1a1med asphalt concrete in the rec.tcled m1x, percent 

6.2 Calcu·1ate a combined aggregate 9radation from the gradation of the 
aggregate in reclaimed asphalt concrete and gradat1on of the new 
aggrepate which meets the aggregate gradat1on sp6c1f1cat1on require
ments. 

7. 0 APPROXIMATE AsrHALT DEMAND 

7.1 Determ1ne the approxi,nate as~halt demand of the comb1ned aggregate by 
the for111Jla as fo11ows: 

P • o.u35 a+ 0.045 b +KC+ F 



where: 

P • appro~lmate asphalt demand of combined aggregate percent by 
weight of tot a 1 mixture 

K • 0.18 for 6-10 percent passing No. 200 sieve (75 µm) 
• 0.20 for 5 percent or less passl~g Ko. 200 sieve (75 µm) 

a a percent mineral aggregate retained on No, 8 Sieve (2,36 rrm) 

b • percent of ~lneral aggregate passing Ko. 8 Sieve {2.36 mm) 
and retained on No. 200 (75 ""1) sieve 

c • percent of mineral aggregate passing No. 200 (75 µm) sieve 

F • Q..2,0 percent. Based on absorption of light or heavy aggre
gate, 

This formula is based on an average specific gravity of 2,60 to 2,70, 
In the absence of other data, a value of o.7 is suggested, 

Note: As an alternate the approximate asphalt demand, P, may be deter• 
mined by the Centrifuge Keroslne Equivalent test Included in the 
Asphalt Institute Hveem Method of Mix Design (26) or by State of 
California Department of Transportat1o~ Test 303, Method of Test 
for Centrifuge Kerosine Equivalent and Approximate Bitumen Rat!~ 
(ABR) (32). 

8,0 AMOUNT OF NEW ASPHALT OR RECYCLING AGENT IN ~IX 

8.1 If the asphalt cor,tent 1s expressed as percent by we1gnt of total mix, 
calculate the quantity of new asphalt or recycling agent required 1n 
the recycled mix •~Ith the forruh: 

(1002 • Psb r) Pb 
Pnt, • --------

(100 • r) Psb 
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'tlhere: 

r • new aggregate expressed as a percent of total aggregate 
In recycled mix 

Pnb • new asphalt or recycling agent In recycled mix, percent 

Pb • asphalt content of recycled mix, percent (approximate 

asphalt demand, P, determined In 7.1) 

Psb • asphalt content of reclaimed asphalt concrete, percent 

Mote: 1f aspt.alt content Is expressed as percent by 'tlel ght of aggre• 
gate, the for1111la Is: 

(100 • r) Psb 
Pnb • Pb • ------

100 

9,0 GRADE OF NEW ASPHALT OR RECYCLING AGENT 

9.1 The grade of new asphalt or recycling agent Is determined using a 
log-log viscosity vs. percent new asphalt or recycling agent blending 
chart as shown In Example Figures E,l and E.2, A target viscosity for 
the blend of recovered asphalt and the ne'tl asphalt or recycling agent 
1s selected, The target viscosity ts usually the viscosity of t~e 
mid-range of the grade of asphalt normally used depending on type of 
construction, climatic conditions, ~mount and nature of traffic, If 
the asphalt content ls expressed by 'tlelght of total mix, calculate 
the amount of new asphalt or recycling agent as a percentage of 
asphalt content In the recycled mix '111th the for1111la: 

Pnb x 100 
R • 
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where: 

R • new asphalt or recycling agent expressed as a percentage of 
tota1 aspha1t content 

new asphalt or recyc1fng agent in recyc1ed mix, percent 
(new asphalt rontent or recycling agent as determined in 
8,2) 

Pb • aspha1t cont,•nt of recycled mix, percent (tha approximate 
asphalt dema~d, P, determined in 7,1, i~ used initially) 

Note: The same fot•iru1a is used when aspha1t content is expressed as 
percent by total weight of mix and asphalt content Is express~d 
as percent by weight of aggregate, 

9.2 Draw a vertic~l line as illustrated in Figure E,1 representing the 
percentage of new asphalt or recycling agent calculated in 9,1, and 
det~rmine its intersection with the horizontal line representing th~ 
target viscosity, Point A, Plot the viscosity of the aged asphalt in 
the reclaimed asphalt concrete on the left hand vertical scale, Point 
8, Then draw a straight line from Point B, through Point A and extend 
it to intersect the right hand scale, Pc.int c. Point C is the viscos« 
ity at 140°F (60°C) of the new asphalt or recycling agent required to 
blend with the asphalt in the reclaimed asphalt c0<1crete to obtain the 
target viscosity in t~e blend, Select the grade of new asphalt or 
recycling age~t tnat has a viscosity range that includes or is closest 
to the viscosity at Point C, Selection of the grade of new asphalt 
cement is illustrated in E~ample 1, 

Example 1 

The reclaimed asphalt concrete contains 5,2 percent asphalt by weight 
of total mix, The visco~ity of the asphalt recovered from the reclaimed 
asphalt concrete is 46,149 poises a·c l40°F (60°C), Thi, gr~dl! of asphalt 
cement normally used is AC-20, and the target visr~~1t1 at a temperature of 
140°F (60°C l for the blend of recovered a•pr,a1t and new asphalt or 
recycling agent is 2000 poises. The gradations of the aggregate recovered 
from the reclaimed asphalt concrete, and gradations of the new CQarse 
aggregat~ and new fine aggregate are: 
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Sieve Size 

l in, 
3/4 in, 
l./2 in, 
3/8 in. 
No, 4 
No, 8 
No, 16 
No. 30 
No, 50 
No, 100 
No, 200 

Reclaimed 
Asphalt Concrete 

100 
99.1 
94,5 
71.9 
51,5 
37.2 
26.1 
20.3 
16.1 
13,0 

A, Combi~ed Aggregate Gradation 

Percent Passing 
New 

Coarse Aggregate 

100 
9'], 7 
64,2 
36.4 
9,2 
4,J 
3.6 
3,1 
2.6 
2.0 
t.3 

N~ 
Fine Aggregate 

lCO 
99,8 
91,5 
79,2 
59.4 
33.~ 
13,2 
5,4 
3.1 

Forty percent of reclaimed asphalt concrete and 60 percent new aggre
gate is selected for the recycled mix, The new aggregate as percent 
of the total a9gregate in the recycled mix is cal~ulated as follows: 

r ~ 

Psm • 

r = 

40 -

P'ns 

Psm X Psh 

100 

60 

40 X 5,2 

100 

r = 61,3 percent 

X 100 

+ Pns 

X 100 

+ 60 

,\ combined aggregate grading is then ca 1 cu 1 a ted using 61,3 ?ercent 
new aggregate (49 percent coarse and 12,3 percent fine) and 38,7 
percent ~ggregate from the reclaimed asphalt concrete, The combined 
aggregate grading is shown in Figure E,2, 
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e. 

c. 

Approxi111ate Asphalt Demand 

P • 0,035 a + 0,045 b + KC 

P = 0,035 , 68,3 + 0,045 X 25,7 + 0,18 X 6,0 

P = 5,6 percent 

Amount of New Asphalt or Recycling Agent 1n Mix 
, 

(100 - Psb r) Pb 
Pnb • --------

(100 - r) Psb 

100 {100 - Psbl 100 - Psb 

, 
(100 - s.2 ~ 61,3) s,6 (100 - 61,3) s., 

100 (100 - 5,2) 

Pnb • 3,6 percent 

100 - 5,2 

O, Grade of New Asphalt or Recycling Agent 

+ F 

+ 1,0 

1) new asphalt or recycling agent, percent of total asphalt content 

R • X 100 

3,6 
R • __ x 100 

5,6 

R • 64,3 percent 



2) On Figur~ [,1, point A is located using values of 2,000 poises 
for the target viscosity and 63,4 percent new asphalt, expressed 
as pe,cent of the blend of the new asphalt nr recycling agent and 
recovered asphalt. Pcint B is located using the value of 46,149 
poises for the viscosity of the asphalt recovered from the 
recl•imed asphalt concrete. The projected line from point B 
through point A to point C indicates that the viscosity at 140°F 
(60°C) uf the new asphalt or recycling agent should be approxi
mately 450 poise~, which is within the viscQsity rarge specified 
for an AC-5 viscosity gradE' asphalt cement. 
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FIGURE E.2 .. CCl"b1ned Aygreq,te Gr1d1t1on 

38 .. 7'1 Ret11i111ed •on 12.3' 
A5~ 1h11t C9ncrete Coarse F1ne CWlbtned Spec1fic1tton 

5l ewe 
-'Bgre~te 

ercent 
~,!F.Pi!!te-

erll!flt 
A.gre9.!te 

ercent 
ApgreJ!le 

erCl!'nt 
R~uire111ents 

ercent 
51,e Pns1ng Pessing Pns1ng P1nin9 Pissing 

In. (?5.0 ... , [100 , .387 • 38.7] ♦ [100 x .49 • 49.0] ♦ [100 X .123 • 12.3] • 100 100 

3/• In. (19.0 ... , (100 • .3B7 • 38.7] ♦ [99.7 X .49 • 48.9] ♦ (100 x .123 • 12.l] • 9~.9 90-100 

1/? 1n. (lZ.5 ... ) [93.1 , .3B1 • 3B.4] + [64.2 x .49 • 31.5] ♦ [100 x .123 • 12.l] • 82.2' 

3/B 1n. (9.5 ..,, [94.S 1 .JBl • 36.f] + [Jti.4 x .49 • 11.B) V (99.B x .123 • 12.3] • 66.l 56-80 

No. 4 (4.7S 1t111} [71.9 X ,.387 • ?J,.8] ♦ [ 9.2 x _4g • 4.5] ♦ [9J.5 x ,.123 • 11,.l] • 43.6 35-65 

No. B (2.36 nm) [51.5, .387 • 19.•J ♦ r ,.J • ,.49 • 2.1 J ♦ [79.2 , .123 - 9.1) • 31 ., i::.>-49 

No. 16 (1.18 ... , lJl.Z x .387 • 14.4) + [ ],.6 I ,.49 • I.BJ ♦ (59.4 , .123 • 7 .3] • 13.5 

No. 30 ( 6UO .,,J [26.9, .381 • 10.4] + [ 1.1 x ,.'99 " 1.5] ♦ (33.4 x .123 • 4.1] • 16.0 -.,, 
No. !>O (300 ... , (20,.] X ,.381 • 7.9] .... + [ 2,.6 X ,.49 • 1.3] • [13.2 x .1Z3 • 1.6]. 10.B 5-19 

No.IO(' (150 ,m) [16.1 , .381 • 6.2] ♦ [ 2.0 X .,4CJ • I.OJ • [ 5.4 x .123 • o.7l • 7.9 

Mo.ZOO ( ,5 ,..) [13.0 , .387 • s.01 + [ 1.3 , ••• • s.01 + [ l.1 • .123 • 0.4] • 6.0 2-8 



9.3 lf point C falls below the viscosity range of the lowest standarc 
grade of asphalt cement, alternatives are to establish a new blend of 
reclaimed asphalt concrete and new aggregate that contains less 
reclaimed asphalt concrete, or to use a recycling agent with lower 
viscosity than standard grades of asphalt cement. Another alternative 
in recycling is to use a low viscosity recycling agent along with new 
asphalt cement. The use of a low viscosity recycling agent along with 
new asphalt ~ement Is illustrated in example 2. 

F.XAMPLE 2 

The reclaimed asphalt concrete contains 6.2 percent asphalt by weight 
of mix. Tre visco'.ily of the asphalt recovered fr0m the reclaimed asphalt 
concrete ls 7,000 ~oi~es at 140°F (60°C), An AC-5 new asphalt with a 
viscosity of 590 poises at 140°F (50°C) fs selected for use alon~1 with a 
low viscosity recycling agent having a viscosity of l poise at 140°F. The 
grade of asphalt cement normally used is AC-20, and the target viscosity 
recycling agent is 2,000 poises. The gradations of the aggregate recovered 
from the reclaimed asphalt concrete, and gradations of the new ag~regates 
are: 

Sieve 
Size 

3/4 in. 
1/2 in. 
3/8 in. 
No. 4 
No. B 
No. 16 
Ho. 30 
No. 50 
No. 100 
No. 20a 

Reclaimed 
Asphalt Concrete 

100 
91,4 
85.0 
68.1 
56.7 
48.5 
40.5 
30.4 
18.3 
9 0 R 

168 

Percent Pass lng 
New 

Coarse Aggregate 

mo 
74.0 
47.5 
ll.6 

7,0 
5.6 
4.e 
4.2 
3.6 
2.6 

New 
Fine Aggregate 

lO!J 
13.6 
10,0 

7,6 
5.8 
4.3 
3.0 
2.0 



A, Combined Aggregate Gradation 

F1•ty percent of reclaimed asphalt concret~ and 50 percent ne,i 

aggregate is selected for the mix, The new aggregate as precent or 
of the total aggregate fr. the recycled m1x 1s calculated as fo11~s: 

Pns 
r = X 100 

Psm X Psb 
Psm - 100 + Pns 

50 
r = X 100 

50 X 62 
50 • 100 + 50 

r = 51,6 percent 

A combined aggregate grading is then calculated using 51,6 percent 
new aggrpgate (35,8 per'cent coarse and 15,8 percent fine) and 48,4 
percent aggregate from the reclaimed asphalt concrete, The com
bined aggregate ts shllWn In Figure E,3, 



F 'GURE E .J - Comb1 ned "ggreg/Jt'! 

~8.41 Recla1med 35.3% 15.8% 
4spha1t Concret~ Coarse Fine Combtnpd Spectfi1;,1tfon 

Agg ·egate Aggreg;;ite Aggregate Aggregate Requ t rement s 

Sieve Percent Percent Percent Percent Perunt 
Size Passing Passing Passing Pas:;1ng Passing 

3/4 in. {19.0 n .. ) [H)Q K .464 ,. 46.4] • [100 , .358• 35.8] • [100 , .158 • LS.BJ • 100 100 

l rt in. {lZ.S m) (91.4 x .484• 44.2] • [74.Q X .358• 26.5] . [100 X .158 • 15.B) • 86.5 io-100 

3/8 1n. (9.5 ml [85.0 x .484• 41.IJ • [47.5 X 0 358• 17.0] • [100, .158 • IS.BJ• 73.9 

No. 4 (4.15 ..,) [68.1 x .484• 33.0) • [ll.6 x .35~• 4.2] + [35.l x .158• 13 0 6) • so.a 48-76 

··- • (2-36 r.n) [56.7 x .484• 27.4) • ( ,.ox .358• 2.5] + (63.3 x .158• 9.7] • :?9.9 36-~9 

- No. 16 (1.18 ,..) (48 0 5 x 0 484• 23.5J • ( 5.6 I( .358• 2.0] + (48.1 x .158• 7 .6] • 33.1 27 .. 4~ ..., 
0 

No. 30 (500 aim) (40.5, 0 484• L9.6] • ( 4.8 X ~1581:: ' " '•' J + [36 0 7 X .158• 5.8) • 27.L 

No. 50 (3.00 1111) [30,4 X 0 484• 14.7] • [ 4.2 X 0 358:111 I .s) • (27 .2 '.'.: .15B• 4.JJ • 20.5 15-29 

No.JOO (150 111t) [lB.3 x .484• B.9] • [ 3.6 x .35B• L .3 l ' (19.0 , .L58• J.O] • 13.Z 

No.200 i 75 1,mi [ 9.8 X .484., '.7 J • [ 2,6 X .358., 0.9) • [12.7, .158• 2.0] • , ,6 s-11 



~. Approximate Asphalt Demand 

P = 0.35! + 0,045b + KC + F 

• (0 0 35 X 60.1) + (0 0 45 X 32 0 3) + (0.18 X 7,6) + 00 7 

= 2.104 + 1.545 + 

P 5.6 percent 

C. Amount of New Asphalt or Recycling Agent in Mix 

Pnb = 
(100' - Psb r)Pb 

100(100 - Psb l 

(100 - r)Psb 

100 - Psb 

1.368 

, 
(100 - 6,2 x Jl 0 6) 50 6 

100 (100 - 6.2) 

(100 - 51.6) 6.2 

(100 - 6.2) 

Pnb • 2.6 percent 

D. r,rade of ~ew Asp ha 1t or Recyc 1 i ng Agent 

+ 0.7 

1) new asphalt or recy:ling agent, percent of total asphalt content 

Pnb 
R • X 100 

Pb 

X 100 

~ • 46.4 percent 
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2) On Figure E,4, point A is located using values of 2,000 poises 
for the target viscosity and 46,4 percent new asph~lt, expressed 
as percent of the blend of the new asphalt or recycling agent and 
recovered asphalt, Point 8 is located using the value of 7,000 
poise~ for the viscosity of t~e asphalt recovered from the 
reclaimed asphalt concrete. rhe projected line from point S 
through point A to point C Indicates that the required viscosity 
at 140°F (60°C) of the new asphalt or recycling agent should be 
450 poises, To determine hOil n11ch of the one poise viscosity 
recycling agent Is necessary to blend with the 590 poise vlscos• 
ity new asphalt to obtain a 450 poise viscosity blend of the 
two, point D 1s located using the value of 590 poises for the 
viscosity of the new asphalt and point E Is located using the 
value of one poise for the viscosity of low viscosity recycling 
agent, A ~tralght line Is drawn oetween points D and E, Po1nt 
F, located where the line Intersects the desired target viscosity 
of 450 poises, indicates approximately 2,5 percent of the one 
poise viscosity recycling agent 1s required to blend with the 590 
poise new asphalt to obtain a blend of the two ~aving the desired 
v1scos1ty of 450 poises at 140°F (60°C), 

, .. 



2) On Figure E.4, point A Is located us1ng values of 2,000 poises 
for the target viscosity and 46.4 percent new asphalt, expressed 
as percent of the blend of th~ new asphalt or recycling agent and 
recovered asphalt, Point B Is located using the value of 7,000 
poises for the viscosity of the asphalt recovered from the 
recla1med asphalt concrete. The projected line f'rom point 3 
through point A to point C 1ndicates that the required viscosity 
at 14D°F (60°C} of the new asphalt or recycling agent should be 
450 poises. To determine hOIII 111Jth of the one poise viscosity 
recycling agent 1s necessary to blend with the 590 poise viscos• 
ity new asphalt to obtain a 450 poise viscosity blend of the 
two, point D Is located using the value of 590 poises for the 
vls~oslty of the new asphalt and point Eis located using the 
value of one poise for the v1scosity of low viscosity recyc11ng 
agent. A stra1ght 11ne Is drawn b~tween points O and E, Point 
F, located w~ere the line Intersects the desired target viscosity 
of 450 poises, 1ndlcates approxlmat•,ly 2.s percent of the one 
po1se viscosity recycling agent 1s required to blend w1th the 590 
poise nl!W asphalt to obtain a blend of the two havf:1g the desired 
vlscos1ty of 450 poises at 140°F (60°C). 
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10.0 AMOUNT OF RECLAIMED ASPHALT CONCRETE IN RECYCLED Ml~ 

10.1 11 the asphalt content 1s expressed as percent by weight of total mix, 
calculate the quant1ty of rec1a1med as~halt concrete In the recycled 
mix with the formula: 

too (100 - r) (100 • r) Pb 
• 

100 • Psb 100 • Psb 

where: 

Psm • reclaimed asphalt concrete In the recycled mix, percent 

r • new aggregate expressed as percent of total aggregate In 
recycled mix (Equation 6.1) 

Psb • asphalt content of reclaimed asphalt concrete, percent 

Pb • asphalt content of recycled mix, percent (the approximate 
asphalt demand, P, determined in 7,1 is used initial!;: 

Note: If the asphalt content is expressed as oercent by weight of 
aggr~gate, th~ formula is: 

(100 + Psbl(lOO - r) 

100 

ll.O AMOUNT OF NEW AGGREG~TE 1N RECYCLED MIX 

11.1 If •he ~sphalt content is expressed as percent by weight of total mix, 
calculat= the quantity of new aggregate 1n the recycled mtx w1th the 
formula: 

Pns • r - ---

100 
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where: 

Pns • new aggregate 1n recycled m1x percent 

r • new aggregate expressed as percent of total aggregate 1n 
recycled mix (Equation 6,1) 

Pb • asphalt content of recycled mix, percent (the approxlr,,ate 
asphalt demand, P, determined 1n 7,1 is used initially) 

Note: If the asphalt content is expressed by weight of aggregate 
Pns • r. 

12, OCALCULATION OF MIX COMPONENTS FOR INCREMENTS OF NEW ASPHALT OR 
RECYCLING AGENI ABOVE ANO BELOW iRE APPROXIMAlE ASPHALT DEMAND 

12,l Calculate amounts of mix componEnts for r~cycled mixes containing 0,5 
percent Increments of total asphalt content, Pb, above and below the 
approximate asphalt demand, P, determined in 7,1 using the formulas in 
8,2, 10,1 and 11,l, Schedule tests with asphalt contents at the 
approximate asphalt jemand, with three asphalt contents below and one 
asphGlt content above the approximate asphalt demand when Marshall 
test apparatus Is used, When Hveem test apparatus is used, schedule 
tests with asphalt contents at the tpprox1mate sspha1t demand, with 
two asphalt conto?nt! below, and one asphalt content above th,! approxi
mate dSphalt demand,, 

---·-----·--------------------~ 
it Is not likely that the viscosity of the binder at optlirum condi• 
tions will be out of specifications but it may be, In any case, 
it Is still a "theoretical" viscosity In the actual recycled mix 
and, at this point In the state of the art, this viscos1ty may not 
be of much practical significance. 

13,0 TEST SP~C!MENS 

13.1 Mix and coll'C)act recycled mix test specimens by ASTM Met.hod O 1559 when 
Marshall test apparatus is used and by ASTM Mtthod D 1561 when Hveem 
test apparatus 1s used with the following changes or special 
provisions: 

1) If nacessary reduce processed rec1~imed asphalt cc,ncrete 
to pass the l in. (25,0 mm) sieve and separate It by dry 
Into the following size fractions: 
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l to 3/4 in. (25.0 to 19.D rmi) 

3/4 to 3/8 in. (19.0 to 9.5 mm) 

3/8 to No. 4 (9.5 to 4.75 mm) 

Passing No. 4 (4.75 mm) 

2) Heat the new aggregate 50°F (28°C) above the standard ~STM Method 
G 1559 or ASTM Method D 1561 mixing temperatures. 

3) Heat the reclaimed asphalt concrete to the standard ASTM Method D 
1559 or ASTM Method D 1561 compaction te"!leratures. 

4) Dry mix the new aggregate and reclaimerl asphalt concrete 30 
seconds. 

5) Add the nP.W asphalt and/or recyc11ny agent previously he~ted to 
the mixing temperat~re to new-aggregate and reclaimed asphalt 
concrete and mix 60 seconds. 

6) Transfer cGmpleted batches of mix to covered tins and place them 
In an oven maintained at the compaction temperature for a mini mum 
of one hour and not exceeding two hours prior to compaction of 
the specimens. 

7) Prepare duplicate batches of mix at each asphalt content for 
determining the theoretical maxil!N.lm specific gravity of bitumi
nous paving miKtures by ASTM Method O 2041. 

Note: The mixing and compaction temperatur~s are based on the viscos
ity of the ~lend established in 9.1 of tne recycling agent and 
ag~d asphalt recovered from the reclai~ed asphalt concrete. 
Determine viscosity of the blend at temperatures of 140°F (60°C 
and 275°F (135°C) to establish mixing and compaction ter1"9era
tures if the Marshall test apparatus is used or to verify the 
specification grade for the blend if Hveem test apparatus are 
used. 

14. 0 TEST PROCEDUR~~ 

14.l Determi,12 the bulk specific gravity of the compacted specimens -cor,1-
ing to ASTM Method D 272G. 

14 • .2 Oe·;ermir,e the 1.Jximum load and flow value of the specimens according 
to ASTM Method D 1559 if Murshall test appar~tus arP used, or the sta
bilometer value of the specimens according to ASH! Method D 1560 if 
Hveem test apparatas are used. 
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14.3 Calculate the percent air voids in co"'l)acted specimens according to 
ASTM Method D 3203. 

15.0 TEST DATA 

' .1 If Marshall test apparatus are used, pre~are graphical plots of maxi• 
mum load (stability) versus recycling agent or nl,w asphalt content, 
flow va,lue versus recycling agent or new asphalt content, density of 
specime~s versus recycling agent or new asphalt content and percent 
air voids versus recycling agent or new asphalt content. 

15.2 If Hveem tast apparatus are used prepare graphical plots of 
stabllometer values (Hveem stability) versus recycling agent or new 
asphalt content, density of specimens versus recycling agent or new 
asphalt cont!nt, and percent air voids versus recycling agent or new 
asphalt content, 

16,0 OPTIMUM RECYCLING AGENT OR NEW ASPHALT CO~TENT 

16,1 If Marshali test apparatus are used, determine the optillllm asphalt 
content by Asphalt Institute Marshall Method of Mix Design (26) proce
dures for asphalt concrete giving consideration to three of the test 
property curves prepared in 15.1. Determine recycling agent or new 
asphalt contents from the test property curves yielding the following: 

a) maximum load (stability) 

b) maximum der.sity 

cl four percent air voids 

Select the crtimum aspha1.t content as the average of the nlutis for 
the recycling agent or new asphalt content determined as ibo~a. If 
peaks are not obtained for maximum load or uensity curves, select the 
optillllm asphalt content as the recyclinJ agent or new asphalt conteNt 
yielding four percent air voids. 

16,2 If Hveem test apparatus are used, the optimum asphalt content for the 
rnix design should be the highest percentage the mix w1l 1 acconrnodate 
without reducing stability or void content below minimum values. The 
optillllm asphalt content is determinee from stabflometer values, per• 
cent air voids and observations of surface flushing of specimens 
after compaction. The following steps are used to select the optimum 
asphalt content: 

(a) Using the stepped diagram shown below, insert in Step (1) of the 
pyramid, the asphalt contents used for preparing the series of mix 
design specimens. Insert asphalt contents in o· Qe• of incr~asing 
amounts from left to right with the maximum a·:~halt content used in 
the square on the right. 
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(b) Select from Stfp (1) the three highest asphalt contents that do 
not exhibit IIIOderate or heavy surface flushing and record on Step (2). 
(Surface flushing and/or bleeding is considered "Slight" if the sur
face has a slight sheen, It is considered "Moderate," 1f sufficient 
freP. as~halt ls apparent to cause paper to stick to the surface but no 
distorthm 1s noted. Surface flushing is considered "Heavy• if there 
is s~fficiert free asphalt to cause surface puddling or specimen 
distortinn after co1111action). 

(c) Select from Step (2) the two highest asphalt contents that pro
vide th~ specified mini,rum stabilometer value and enter them in Step 
(3). 

(d) Select fro~ Step (3) the highest a~pha1t content that has at 
least 4.01 air voids and enter in Step /4). 

(el The asphalt content i~ Step (4) is the optiorum asphalt content. 
However, 1f the maximum asphalt content used in the design set {Step 
1) is the aspha1t content entered on Step (4), additional specimens 
irust i>t: prepared with inr.(eased asp~a1t content in o.s percent incre
ments and a new optlnum asphalt content determination made. 

tent with. Step 4 Maximum asphalt con 
4 or more percent air voids 

~lep 3 Specimens meeting m 
stability requirement 

Step 2 Specimens with no 
flushin& 

Step I Design serica 

inimum 

Ovtimum 
Conte 

Asphalt 
nt• 

•Optimum asphalt content is not valid if the maximum ai:phalt content u5ed in 
the design series ('Step 1) is the asphali content arrived at in Step 4. In this 
e"ent additional spedmeru must be pre:,ared with increased •spha.1 t content in 
0.5 percent increments and 1 new analysis made. 

17.0 DES!GN CRITERl._ 

17.1 Compare recycled mix test data at the optiioom recycling agent or nl!'lof 
asphalt conte~t to the appropl'iate tentative Marshall design crft~ria 
in Table E.I or tentative Hveem des\gn criteria in Ta~1e E.2 to deter
mine ff tne mix fs satisfactory. 
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Table E.1 -- TENTATIVE MARSHALL DESIGN CRITERIA FOR RECYCLED HOT-MIX 
ASPHALT CONCRETE 

Criteria 

Light Trafficl 
Surface & Base 

Min. Max. 

Medi um T ra ffi cl 
Surface .\ Base 

Min. Max. 

Heavy Traffic! 
Surface & Base 

Min. Max. 

Compaction, number of 
blows each end of 
specimen ~5 50 75 

Stability, lb. 500 750 1.soo 
(N) (2,224) (3,336) (6,672) 

Flow, 0,25 mm (O.Oi • n, ) g 20 8 18 8 16 

Percent A"ir Voidr 3 5 3 5 3 5 

1 Traffic Classifications: 

Light: 
Medium: 

Heavy: 

Table E,2 

Criteria 

Traffic conditions 
Traffic conditions 
and l'l". 
Traffic conditions 

resulting a Design EAL < 10•. 
resulting a Design EAL between 10• 

resulting in a Design EAL > 10°, 

TENTATIVE HVEEM DESIGN CRITERIA FOR RECYCLED HOT-MIX 
ASPH~LT CONCRETE 

Light Trafficl 
Surface & Base 

Min. Max. 

Medium Trafficl 
Surface & Base 

Min. Max. 

Heavy Traffic! 
Surface & Base 

Min. Mu. 

Stabilometer value 30 35 37 

1 Traffic Classif1cat1ons: 

Light: 
Medium: 

Heavy: 

Traffic conditions resulting a Design EAL < 10•, 
Traffic conditions resulting a Design EAL between 10" 
and 10°, 
iraffic conditions resulting in a Desfgn EAL> 10°. 
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• Note: The Marsha11 and Hveem design criteria for recycled mixes 
are adapted from The Asphalt Institute Marshall and Hveem 
design criteria for conventional asphalt concrete mixes 
(25). The tentative design criteria are based on extensive 
laboratory studies and limited ffeld perfor~ance Information. 
Their use fs suggested until additional data correlating 
field performance and the laboratory mfx design test prop~ 
erties becomes available, 

18.0 MOISTURE DAMAGE AND STRIPPING BEHAVIOR 

18.l If the reclaimed asphalt concrete is obtained from ~avements that have 
experienced moisture damage or stripp!ng, or ff new aggregates are 
used which are known or thought to be susceptible to moisture damage 
or stripping, evaluate the recycled mix at the optinum recycling agent 
content by The Method of Test for Effect of Water, Freezing ~nd 
Thawing on Indirect Tensile Stren;ith of Co111>acted Recycled Mix. (~~e 
Appendix D.) 

18.2 If tensile strength ratios a;•e below 0.8 as suggested in NCHRP Report 
246 (23), use of anti-stripping agents should be considered a~d evalu
ated by The Method of Test for Effect of Water, Freezing and Thawing 
on Indirect Tensile Strength of C~acted Recycled Mix • 
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FEDERAU,V COORDl"IATED PROGRAM (FCPJ o.- HIGHWAV RESEARCH, 
DEVELOPMENT, AND TECHNOLOGY 

The Offi.:e~ ot W.esear.:h, De1.elopment, an•J 
TC\.:hnolugy (RD&T) ~)f 1he Federctl Highway 
Administration {FhWA) are responsible for a bruad 
r~arch, developrr,ent, and cer..:hnology transfer pro
gram. This program is a~t.-omplished using numerous 
methods of fun,~ing and management. The effons 
indude ""ork dJne in-hou"e by RD&T staff, con
tracts usmg ad:ninistrative funds, and a Federal-aid 
program conducted b/ or through State highway or 
transr,ortatio,1 agencies, whi...:h indude !he Highway 
Plani ing and Re,.e:uch (HP&R) program, the Na 
tic,~at Coo·:,,era1ive Highway Research Program 
(NCHRPJ managed by the Transportation Rc:...earch 
Board, and the one-ha]f of one percent training pro
gram cond•Jcted by the r-..·ationa: Highway Institute. 

The FCP !S a carefully selected ~r1Jup of projects, 
separaled into broad categories, formulated to use 
research. de1,eJopment, and technology transfer 
resources TO obt?.in solutions to urgent national 
highwa~· problems. 

The diagonal double stripe on the .:over of this report 
represents a highway. It is color-coded to Identify 
thr FCP caler,ory to which the report's ~ubject per
tains. A red <,tripe indicales category I, dark blue 
for category 2, light blue for caregory 3, brown for 
category 4. gra~· for category 5, and grern for 
categor;,· 9. 

f'CP r·attgory /Jtscription£ 

1 • Highwa,- Design and OperaUon for Safft)• 
Safety RD& T addresses problems assxiated 
with the responsibilities of the FHWA under the 
Highway Safety Act. It includes investigation oi 
appropriate design standards, roadside hard
ware, traffic control devii,:cs, and collection or 
analysis of physical and scientific data for the 
formulation of improved safety regulatio:is to 
beuer protect all motorist'i, bicycles, and 
pedestrians. 

2. Traffic C(lntrol and Management 
Traffic RlJ&T is concerned with incrca.'iing the 
operario:-ial efficiency of existing highways by 
advancing technology and balancing the 
demar.d-capacity relationship through traffic 
management techniques such as bus and carpool 
iJreferential treat:nent, coordinated signal tim
ing, motorist information, and rerouting of 
trafflc. 

3. Hiahwi:.y Openlion:s 
Thi;, category addresses µreserving the Nation's 
highways, natural resources, and community 
attributes. II includes activities in physical 

maintenance, traffic $Cr\'ices for maintenance 
1,oning, management of human resources and 
equipmenl, and identification of highway 
element!! that affect ;:he quality of the hl'.man en• 
Hronment. The goals of projeccs within tr.is 
category arc to maximize operationa.l efficiency 
ar.d safety tu ihe traveling public while consef\'· 
ing resoun.:es and reducing adverse hiahway a~d. 
traftic impacts through protec!ions and enhance
ment of environmen1al features. 

4. Pn~meol Design, Consuuctloa, and 
Mana1emeni 
Pavement RD&T is concerne.:l with pavement 
design and rehabili1itation methods and pro
cedures, conslruction technology, recycled 
highway materials, improved pavement binders, 
and imprm'ed pavement management. The goals 
will emphasize improvements to highway 
performance over the network's life cycl~, thus 
extending maintenanc-e-fr:-e operation and max
imizing benefits. Specific areas of effun will in• 
elude material charactcdzaticJs, pavement 
damage predictions, methods to minimize loca1 
pavement defects, quality control specifica1ions, 
l0i1g-rum pa\'ement monitoring, and life cycle 
cost analyses. 

5. S:ructural Design and H,-·draulics 

Structural RD&T is concerned with funhering tJ,e 
latest technological advances in !.tructural and 
hydnH.!!:, designs, fabrication processes, and con• 
:!~1.1ction t~chniques to provide safe, efficient 
highway structures at r•as-.1nable costs. This 
category deals with bridge superstructures, earth 
struct1..1 r~s. foundations, culverts, river 
mecha,1ir,;, and hydraulics. In addition, it in• 
eludes ma~ena.l aspects of struct..::es (metal and 
concrett.·) along with their proteci.ion from cor• 
rosive or degrading environments. 

9. RD& T M1na1rmenl ■nd Coordination 

•'\ctiYities in this category include fundamental 
work for new concepts and system character
ization before the investigation reaches a rc,int 
where it is incorporated within other categories 
of the FCP. Concepts on the feasibility of P .w 
1echnology for highway safety are included in this 
category. RD&T reports not within other FCP 
projects will be published as Category 9 projects. 




