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ABSTRACT

The introduction of new aggregate sources to Louisiana in the mid 1980s has presented problents in asphalt concrete mix design and construction.
Absorptive aggregates such as reclained portland cenrent concrete and sorre stones nowbeing supplied have made asphalt content detenmination
acritical aspect of mix control. Gurrent test procedures take several hours to determine asphalt content. Inaddition, theuse of chlorinated solvents
isbeingreducednationally because of their hazardous storage, handlingand disposal problenrs. This study evaluated the operationand performance
of the nuxclear asphalt content gauge as a replacenrent for existing methods to reduce test tine and eliminate the use of hazardous solvents.

The variation in test results between centrifiige, refhux and the nuclear asphalt content gange was evaluated for one week's production at six asphalt
plants. Three batch plants and three dumplants were examined. Mbisture content: for the correction of nuclear content results was detenmined
wsing botha microwave and the ASTMDI461 distillation rethod. Cold feed gradations were conpared to extracted gradations fiomthe sanples
tested for asphalt content.

The pooled standard deviations for the nuclear asphalt content gauge were similar to the reflux extraction results regardless of plant type with the
batch plant deviation slightly lower than the drumplant. Both the nuclear gauge and the reflux had lower standard deviations than the centrifuge
extractor. All moisture contents were negligible indicating reducedneed for this test. Cold feed gradations were similar tohot mix extractedresults
with oocasional bias because of the type of plant emission control and retum system  The cold feed standard deviations for each sieve were
conparable to the extracted hot mix sanples, historical and Mhterials Test System(MATT) data bescs.



IMPLEMENTATION STATEMENT

Aspecific plan for the inplenentation of the nuclear asphalt content gauge and cold feed gradation control has been proposed. This plan provides
for atwo to fourfold increase in quality control testing frequency. Such aplan should provide anore uniformand higher quality asphalt concrete
product.

Recently, an asphalt content incinerator oven has been pronoted as providing very accurate asphalt contents while eliminating the need for
hazardous solvents. The sanling and test procedure for asphalt content takes approxinately one hour. The sanple must then be cooled prior to
gradation testing such that the overall test tine for asphalt content and gradation is approxinately two hours similar to current quality control
procedures.  Although the incinerator asphalt content may inprove accuracy, it does not provide increased test frequency. The incinerator would
pethaps prove usefill inthe district laboratories, especially if a decisionis nmade touse the verification sanple for gradation acceptance; thenuclear
gauge and cold feed gradation could be used to enhance quality control at the plant.
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INTRODUCTION

The introduction of new aggregate sources to Louisiana since the mid 1980s has presented problens in asphaltic concrete mix design and
construction. Absorptive aggregates such as reclainmed portland cenment concrete and soe stones which are now being used in asphaltic concrete
have nade asphalt content determination a critical aspect of mix control. Gurrent test procedures take several hours to deterine asphalt content.
It has been established that a nuclear gauge once calibrated, can determine asphalt content within 16 minutes or less. The nixclear asphalt content
gauge would provide a faster indication of the need for a correction of asphalt content at the hot mix plant. It would also eliminate the problem
of hazardous solvent storage, handling and disposal at the plant site, since the use of solvents for asphalt cerent extraction would be terminated.

Gurrently, hot mix is santpled for asphalt content twice ineach lot, nomralty one day of production. Usingthe centrifuge extractionethod, testing
takes approxinrately two hours, in which tine 400-600 tons of mix may be produced. If asphalt content is not within job mix fomila tolerances,
carrections are nade to the plant. However, the mix produced before carrections are nade has already been placed on the roadway. Using the
nuclear asphalt content gauge, with atesting tine of approxinately 20 minutes, onty 60-80 tons of mix will have been produced before corrections
are rade.

Use of the nuclear gauge will provide another benefit. It will eliminate the problem of storage, handling and disposal of solvents. 1,11 -
trichloroethane (ethane) is the sotvent most oftenused intesting for asphalt cervent content. The vapors generated by the testingprocess canproduce
immitation causing deratitis, blotches, or blisters. If sotvent is splashed inthe eye, it will cause inritation and pain. While besic safety precautions
canprevent harmful contact, thepossibility of accidents cannot beeliminated. Withincreasedrestrictions against indiscriminate dunyping, disposal
of the dirty solvents is becoming nmore of a problem  Contractors could becorre required to store the waste for disposal by an approved hazardous
waste facility. Producers of hazardous waste are classified by the anount of waste produced. If a contractor does not reclaimbhis solvert, it is
possible he would produce as much as 100 kg (about 1/2 drum) per month, which is the criteria for classification as a "siall quantity generator,
100 - 1000 kg/." When a contractor is so classified, he is required to dbtain an EPA identification nurrber and conply with EPA and DOT
regulations for storage, shipping and disposal. The waste generated nust be offered only to transportation and disposal facilities with an FPA
identification nunber. Further conplicating this situation, production of 1, 1,1 trichloroethane has been docketed by FPA for termination. Other
nore potent solvents would have to be substituted which pose additional handling and disposal risks.



Mbisture content of the asphalt concrete was another area requiring firther investigation before the nuxclear asphalt content gauge could be
introduced tothe contractors. Louisiana's aggregates arenonmally highinnisture content. Thenuclear asphalt content gaugeuses aneutron count
to detenine the anmount of hydrogen in the mix such that the total hydrogen content must be carrected for the anount of water to accurately
determine asphalt contert.

Another arearequiringinvestigation deals with gradation testing, Maintaining ageregate gradationis necessary toinstureanix which canbe placed
and conpacted properly. Grently, the aggregate fromwhich asphalt is extracted is used for acoeptance testing for gradation. Use of the nuclear
gauge in lieu of the current extraction testing would necessitate a change in the sanpling location and ethod of aggregate gradation testing,



OBJECTIVES AND SCOPE

The nejor dbjective of this study wes to determine the variation in asphalt cenent content found with the nuclear asphalt content gauge during
nomral plant production. Secondary issues whichneeded toberesolved for inplenrentation were nnoisture content detenminations for the correction
of nuclear readings and the variation associated with changing the sanpling location for gradation fromextracted nix to cold feed operations.

The soope of the study included asphalt content determinationusing the nuclear asphalt content gauge and the centrifuge and reflux extraction tests
at three drumand three batchplants. Oneweek's productionwas sanpledat eachplant. Sinultancously, cold feed sanples were taken for gradation
analysis. Vbisture contents were detenmined at the plant using the ASTIMDI461 and microwave imethodks.

Accuracy testing was added to the test factorial affer widely varying results were found during testing at the first plant. Three asphalt contents for
each of two mix types were investigated. Additionally, the effect of mix tenperature on the calibration curve and change in sanple size versus
calibration sanple size were evaluated. Also, the loss of an aggregate feed at an asphalt plant was simuilated by reducing the fine agpregate foed
to detenmine sensitivity of the nuclear gauge.






METHODOLOGY

INSTRUMENT THEORY

The nuclear gauge used in this investigation was the Troxler 3241B Asphalt Content Gauge. The nuclear gauge operates on the sae principel as
that of the soil noisture gauge. Percent asphalt cenent is based on the themmlization (slowing down) of fast neutron radiation which is
predominantly a finction of the hydrogen content of the nraterials and to a lesser degree, by other lowatoimic nurber elenents such as cartbonand
oxygen. Akey elenment used inthe device is Anericium241. Analpha particle is emitted fromthe elerrent which reacts with a berylliumnucleus.
This reaction pronpts the emission of a neutron. The relative size of the hydrogen atomproduces a substantial collision with the neutron thus
cassingareduction inits energy (i.e. 4.5 Mevto 025 Mev). Amongall of the elenents in the periodic table, the nunber of collisions required to
produce neutron themrmlization is substantially lower for hydrogen atons. The only other significant elenents are oxygen and silicon. For this
reason, if neutron thenelization exists, there is a very good chance that it was produced by a hydrogen atom

Another factor that can affect the performance of the device is the neutron absorption rates of certain elenents. In general, the anount of
themralized neutrons produced is proportional to the absorption rate. However, the only elenents that are concermed with this phenonenon are
elenents such as cadimium, boron, chlorine, manganese, iron and potassim  This leads to the detection of themalized neutrors.

For the nuclear gauge to conputte the percent asphalt cenrent, it must first be able to precisely detect the anmount of themalized neutrons. The
detection of the thenal neutrons are afforded by the use of a high pressure Helium:3 isotope which has a very large capture cross section (high
absorption rate). The themral neutrons are counted and regjstered in the device.

Incalibrating the gauge, the operator enters known asphalt contents for two or more sanples. The device then perfors aleast squares calculation
to develop a straight line approxinmation of the form

Y=mX+b
where, Y =percent asphalt cenrent
X=neutron absorption count



m=percert asphalt cerent/counts (slope)
b=percent asphalt cenent (Y - interoept).

When a sanple is actually nmeasured, an asphalt content is autonatically calculated and displayed on the screen.

ACCURACY TESTING

This test phase was added to the study after finding widely varying results at a field plant fromthe first set of test data. After consultation with the
equipent menufacturer, modifications were nade to the sanple preparation and test procedures. These nodifications included the sweetening
of themixing spoon, bowl and pans prior to calibration, defininga technique for achieving consistent volune, andusing background counts. These
procedures were inplenrented for the accuracy testing, The data fromithe first field project were discarded and another field project wes selected

Tiwo mix types, a lowstability gravel mix anda high stability stone mix, were investigated with the nuclear gauge to determine the accuracy of
the device with regard to known sanples prepared in the laboratory. For each mix type, sanples 0f 4.6, 5.1 and 5.6 percent asphalt cerrent were
prepared. Each sanple was subjected to three tests: nuclear gauge, centrifiige extraction and reflux extraction. The centrifuge sanples were
carrected for ash contert.

Oneof the mix types was alsotested for sanple dersity effects on the nuclear gauge output. After a calibration sanple was established, the sanple
weights were varied 100 and 200 grans on either side of the calibration weight.

Anadditional mix type was prepared with fine naterials conpletely omitted fromthe nmix conposition and with S0 percent of the fine aggregate

to sinullate either the conplete or partial loss of the fine aggregate cold feed. If the nuclear gauge is sersitive to these changes, the gauge could

be used for process control at the plant providing enhanced quality control.

Finally, the effect of testing mix at tenperatures other than the calibration tenperature was studied

FIELD TESTING

One week's production fromeach of the three batch plants and three dryer-drumplants was evaluated. Testing included asphalt cement content
by the nuclear method, centrifuige extractor and reflux extractor; noisture content by the distillationnethod and microwave drying; and aggregate



grachtion based on belt sanples and dry hot-bin pull sanples for dryer drumand betch plants, respectively.

Hight sanples per day for five days were split foruse. A conparison of the nuclear asphalt content with the centrifiige and reflux extractions was
wsed toevaluate the variation of the three test methods. Four4-minute counts were averaged for eachnuclear gauge asphalt content determination.
All centrifuge tests were comrected for ash contentt.

The effectivencess of microwave drying versus distillation by ASTM D461 at the plart site to determine noisture content in the mix, and the
variability thereof] was assessed by a conparison of test results on paired sanples.

Agoregate sanples fromthe conposite cold feed belt at drumplants and froma dry batch at batch plants were collected at the tine the hot mix wes
sanpled for asphalt contert testing, In this nenner the gradation from the extracted hot mix could be compared to the cold foed/dry betch
gradations. The nunrber of cold feed/dry batch sanples was reduoced because of contractor opposition to plant shutdown in order to obtain the
sanyples.






RESULTS

ACCURACY TESTING
Accuracy of Asphalt Content

Both a lowstability gravel mix and a high stability stone mix were tested for accuracy of asphalt content at each of three levels, 4.6, 5.1 and 5.6
percent. The typical gravel mix was proportioned at 55 percent crushed gravel, 33 percent coarse sand and 12 percent fine sand. The stone mix
consisted of 34.2 percent sandstone, 17 peroent silicious linestone, 34.2 peroent coarse sand and 9.5 percent fine sand. Calibration was conducted
at 135C

Theresults of this testing, presented in Table 1, indicate that the nuclear asphalt content gauge was capable of determining aknown asphalt content
as well or better than existing nethods. The centrifuge and reflux were within typical variations for these nmethods.

TABLE 1. ASPHALT CONTENT ACCURACY
(PERCENT)
DESIGN GRAVEL MIX STONE MIX
NUKE CENT REFLUX NUKE CENT | REFLUX
46 464 446 451 459 471 444
5.1 503 513 498 50 53 527
56 557 563 541 562 561 571

Effect of Sample Size

The effect of sanple size was evaluated to determine differences in asphalt content because of an error in weighing the sanple size. The gravel
mix at anasphalt content of 5.1 percent was examined using the calibration weight of 6666 gat atenperature of 135C. The weights were varied
100 and 200 g on either side of the calibration weight. Fach sanple was conpacted to a constant volunre. Table 2 denonstrates that a change in



ness of plus or minus 100 g would not provide a significant change in asphalt content.

TABLE 2. EFFECT OF SAMPLE SIZE
SAMPLE WEIGHT, g ASPHALT CONTENT, %
6466 48
65660 50
6666 50
6766 50
6866 51

Effect of Gauge Temperature Setting

Aocording to the manufacturer’s manual, the nuclear asphalt content gauge autonatically conpensates for a mix tenperature different fiomthe
tenperature used for calibration. To evaluate this claim the gravel mix was prepared at both 5.0 and 6.0 percent asphalt using the calibration ness
of 6666g at 135C. Asphalt content readings were determined with the gauge set at both the mix tenperature and the calibration tenperature of
135C. Table 3 indicates that at typical production tenperatures, 143-149C the 6.0 percent asphalt mix denonstrated no difference related to
tenperature setting while the 135C calibration setting provided a nore accurate reading for the 5.0 percent asphalt mix sanple. Onthis besis, the
calibration tenperature should be used for determining asphalt content. It is suggested, however, that the calibration terperature should probably
be the anticipated job mix production tenperature.

TABLE 3. EFFECT OF GAUGE TEMPERATURE SETTING
(% ASPHALT)

TEMPERATURE, C 5.0% ASPHALT 6.0% ASPHALT

MIX TEMP 135C MIX TEMP 135C

149 525 502 612 607
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183 529 515 605 609
129 523 522 6.12 6.15
121 527 5.16 6.15 603

Effect of Loss of Aggregate Feed

The calibration mix used for this evaluation was conposed of 68 percent gravel, 20 percent coarse sand and 12 percent fine sand at 4.5 percent
asphalt cerrent. Mixes were prepared with one half of the fine sand and no fine sand to sinilate the loss of this feed during production. Theasphalt
content was neintained at 4.5 percent inthese mixes. Nuclear gauge readings were determined for these sanples using the calibration caurve along
with centrifiige and reflux asphalt contents as presented in Table4.  The nuclear gauge was able to detect both the pertial and conplete loss of
these ageregate feeds. This finding enhances the use of the gauge beyond sinply the determination of asphalt content because its usefulness in
quality control of the mix froman aggregate feed or change in gradation perspective is increased.

TABLE 4. EFFECT OF LOSS OF AGGREGATE FEED

(PERCENT)
DESIGN 1/2 FINE SAND NO FINE SAND
NUKE CENT REFLUX NUKE CENT | REFLUX
45 416 434 451 413 Nore Nore

FIELD TESTING

Asphalt Content Measurements

Anurrber of projects were investigated for potential use in this study. The criteria for selection involved the type of plant, batch or dryer drum
and sufficient quantities of mix foraproduction run of five days using the same mix type. Potential projects were designated "A" through "H'" The
first project, A, was eliminated when it was found that the nuclear gauge was providing asphalt contents deviating widely fromthe jobmix. At
that point the gauge was retumed tothe laboratory and the acauracy phase of this study was conducted. Afterward, thenuclear gauge asphalt content
determinations appeared tobe inline with the results of the other test methods. Project Dwas also eliminated when the contractor ceased operations
foranextended period. Therenainingprojects, B, C E, F, Gand Hrret the requirenrents of three batch and three dryer drumplants and were used

11



inthe study.

Forty sanples were collected and tested fromeach of the projects according to the research plan with the exception of one project, C, where crly
38 sarmples were obtained. Fach project produced only one job trix formla during the sanpling period with the exception of project E, where
several rix designs were produced. Table 5 presents the rrean and standard deviation of the asphalt contents deterrrined by the three nethods
evaluated. Pooled standard deviations were exarrined by plart type.

12



TABLE 5. FIELD ASPHALT CONTENT VARIATION

(PERCENT)
PROJECT STATISTIC TEST METHOD
JMF %AC NUCLEAR CENTRIFUGE REFLUX
B X 52 5.01 48
5.1 Y 0.16 025 0.18
C X 492 465 455
45 Y 024 025 032
E X 4.76 478 449
Varies Y 034 029 031
F X 523 5.15 521
52 Y 0.13 046 0.18
G X 487 480 483
49 Y 022 0.30 020
H X 532 5.11 513
5.1 Y 0.12 0.38 0.14
POOLED o
BATCH 017 031 017
DRYER DRUM 025 034 027
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The weighted mean design asphalt content of project Ewas 4.8. The nuclear gauge provided asphalt contents similar to the job mix fonmulas, as
didthe centrifuge andreflux methods. Oneexceptionwas project Cwhere the nuclear device results were significantly higher. Thetypical standard
deviation for asphalt content for the centrifuge nethod is 0.25 besed on historical and Mhterials Test Systemy MATT, data. The pooled standard
deviations presented in the table indicate the nuclear gauge results were similar to the reflux method results in both batch and dryer drumplants.
Both of these nethods produced similar results for the dryer dumplants and lower for batch plants than the MATT standard deviation. The
centrifuge results were higher than the typical standard deviation for this method. Better control of asphalt content was indicated for batch plants
than dryer drumplants. The inplication fromthis testing is that the nuclear gauge can produce asphalt contents consistent with the job mix while
reducing the variation inherent in the test method as long as the calibration sanple is consistent with the mix produced at the plant.

Moisture Content

Misture content determination using both the distillation procedure of ASTMDI461 and a microwave method developed by the University of
Nevadh, Reno was evaluated. The distillation procedure was tine consuming and the original sanpling plan of four sanples per day was reduced.
Additionally, this procedure posed a safety hazard, fires oocurred on several occasions. The microwave oven did not ammive until after projects B
Cand Hhad been conpleted. Problens were encountered with the explosion of ageregates during the next three projects. Table 6 provides the
1rean nisture contents determined in peroent. These noisture levels are extrenely low providing insignificant changes in the asphalt content.
Direct conparison of the two procedures provided alnost identical results on two projects with the microwave procedure detecting alnost twice
as nmuch noisture for the third project. It should be noted that the weather was very dry during the conduct of the study. While the depertrrent
specifies aneximumallowable nisture contertt of 0.5 percent inthe mix, discussions with plant inspectors indicate that nisture contents rarely
exceed 0.1 percent. This indicates that nuclear gauge asphalt contents probably should not be routinely corrected for noisture content. Anristure
cortent could be determined if the asphalt content is continually higher than the job mix and the plant totalizing neter.

TABLE 6. MOISTURE CONTENT

(PERCENT)
METHOD PROJECT

B C E F G H
DISTILL 0024 0072 0058 0,060 0050 004
MCRO None Nore 0015 0063 050 Nore
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Gradation Control

With the elimination of the extraction process for detenmining asphalt contert, gradation control would have to shift to the cold feed  Carey
evaluated cold feed control in 1980 to determine the feasibility of screenless batch plant production {1}. Inthis study, Carey found that cold foed
grachtions were as accurate as hot mix extractions but that the variation was greater. The cold feed sanple results were biased because of the batch
plant stack losses. The variation difference was attributed to the cold feed sanpling procedure enployed

Inthe current study the following plant configurations were used: project Band H- screenless batch plant witha baghouse; project C- dumplant
with wet scrubber; projects E and F - drumplants with baghouse; and, project G- screenless batch plant with wet scrubber.

Statistical means and standard deviations for extracted hot mix and cold feed gradations are presented in Table 7. Similar to the Carey study, the
oold feed gradations were as accurate as the extracted hot mix gradations. Sorre bias inthe mean values is noted depending on plant configuration.
For instance, projects B and H, both retuming baghouse fines, have cold feeds consistently several percert finer than the extracted gradation.
Projects Cand G both using wet scrubbers, conpensate for fine ageregate loss as idertified in the finer 0.075 screen.

TABLE 7. HOT MIX AND COLD FEED GRADATION CONTROL (% PASSING)
PROJ | STAT SIEVE SIZE, mm
19 12 9.5 4.75 2.00 0.42 0.18 0.075
B =0
HOT X 100 R 889 677 485 24.1 114 69
o 0.00 04 251 372 284 1.38 0.76 062
=3
Db X 100 93 8.0 700 513 26.7 140 9.7
o 0.00 082 244 374 2.80 143 1.13 1.05
C =38
HOT X 94 91.0 784 525 374 262 139 78
o 1.18 288 4.06 398 288 20 1.00 0.66
=
b X 970 878 75.5 51.0 378 273 14.5 93
9) 255 3.30 429 392 281 1.98 1.05 090
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E =40
HOT X 9.8 A9 787 56.7 44.6 379 12.8 57
o 059 1.89 RV 386 232 1.30 09 0.81
=7
b X 100 B4 769 55.1 43 273 119 56
o 0.00 1.93 348 423 295 1.65 1.19 092
F =40
HOT X 100 952 43 583 379 29 12.5 86
o 000 1.&4 364 425 295 193 145 1.2
=8
b X 100 RN8 80.6 52.8 319 176 105 78
o 0.00 206 373 4.76 397 313 1.98 1.60
G =40
HOT X 100 973 859 581 437 256 124 74
o 000 1.31 303 363 279 282 1.95 1.26
=8
b X 100 979 86.8 a0.1 454 271 136 88
o 0.00 1.15 233 315 243 286 214 145
H =40
HOT X 100 R6 91.1 71.8 514 260 12.1 7.8
o 000 0.86 1.80 258 212 1.39 0.71 046
3
b X 100 977 913 73.0 530 267 13.7 93
o 0.00 047 1.25 245 1.63 236 1.70 1.25

Unlike the Carey results, the cold feed variation s very similar to the extracted gradation variation indicating that gradations established at the cold
foed are just as consistent as extracted gradations. In fact, the variation found in both the extracted hot nix and cold feed gradations are lower or
similar to variation determined fromhistorical data and subsequent evaluations of Louisiand's statistically oriented specifications (References 2-4).
On this besis, cold feed gradation can be used for quality control testing. Depending on plant configuration, minor adjustrrents based on typical
plant operations ay need to be enployed

It shouldbenoted that projects Eand Gused reclained asphalt paverrent, RAP, inthe mix investigated in this study. Thesenraterials were sanpled
fromthe RAP feed belt at the sane tine as the other cold feed mraterials. The RAPwas extracted in the laboratory and the gradations added tothe
oold feed gradations acoording to jobmix propartions. Theuse of the RAP affected neither the accuracy nor the variation of the extracted and cold

feed gradations.
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CONCLUSIONS

The following conclusions are drawn fromthe data generated in this study and, as such, are constrained by the nunber of projects examined.

Thenuclear asphalt content gauge produced results that were as accurate with less variation (more consistent) than the current centrifuge
extraction nethod used for quality control testing, Because of the reduced test tine for the nuclear method (20 minutes) versus the
centrifuge nrethod (2 hours), additional quality control tests could be required enhancing the process control operation. Inaddition, the
use of the nuclear gauge would eliminate the use of a hazardous solvent at the asphalt plant.

Mbisture content testing using both the ASTMDI46] distillation rrethod and a rricrowave nrethod indicated negligible nisture
contertsinthe nixtested forasphalt content. Mbisture content deteminationswouldorlly be necessary whenabnorml asphelt conterts
were found. The distillation procedire wias hezardous with several explosions and fires occurring during testing, s use is not
recommended. Themicrowavetestwouldneed firther developrrent toeliminate theaggregateexplosions experienced during this study,

Cold feed grachations were found to be as accurate with similar variation (as corsistent) to the extracted hot mix gradations. Minor
adjustirents may be necessary to renove bias inposed by plant configuration, ie. the loss of fines in a wet scrubber systemoould be

conpersated at the cold feed.

‘When conpacted toa constant vohurre, a change insanple weight of up to 100 grans did not provide significant differences inasphalt
content deterined with the nuclear gauge.

The nuclear gauge was able to detect the simulated loss of fine aggregate foed enhancing its use as a quality control tool. If quality
control testingis increased because of the quicker test tine of thenuclear gauge asphalt content determinations and cold feed gradations,
plant nelfinctions causing nonspecification mix can be found and corrected nuch sooner than: currently feasible.

The calibration tenperature should be used during quality control testing, The calibration tenperature should be the projected jobmix

18



tenperature.

The use of RAP in the hot mix did not affect the asphalt contents or cold feed gradations.

19



RECOMMENDATIONS

Theuse of the nuclear asphalt content gauge and cold feed gradation for quality control testingis reconmrended. The results obtained in this study
denonstrate these methods to be as accurate and nmore corsistent than the current centrifuge extraction method and can be conducted innach less
time. This provides the advantage of conducting nore control testing thereby decreasing the opportunity to send nonspecification mix to the
roadway. Whilenot tested during this study, the equipment nanufacturer nowhas devel oped anuclear gauge capable of testing Marshall specinens
inaddition to loose mix sanples. Additional advantage can, therefore, be made by reducing sanple preparation tinre for the nuclear gauge loose
mixsanples. Sinoe Marshall testing is currenty required four tines per lot, such testing would inmrediately double the quantity of asphalt content
control testing while eliminating two hours of sanple preparation and test tine for extraction and gradation testing, Additional quality control
testing for asphalt content or cold feed gradations could be incorporated o the inspector could spend increased tinre in the plant observing plant
operations. With the ability to detect aggregate feed problens and the ability to increase test frequency, a nore uniformand higher quality mix
should be produced. As an initial programuntil experience dictates refinerrent, the following specific recommendations for inplenentation are
offered:

L Require all Marshall specinens be tested for asphalt content using the nuclear gange prior to Marshall testing, Four additional asphalt
contents should be obtained throughout the lot at randomtinres using the nuclear gauge. This would provide a fourfold increase in

quality control testing for asphalt content.

2 Require cold feed gradation testing at least four tines at randomper lot providing a twofold increase in gradation quality control testing,

3 Require moisture content testing as needed dependent on unexplained high asphalt content detenminations that cannot be reconciled
through Marshall or gradation results.

4, Hither eliminate gradation as an acoeptance criteria or use the reflux extracted verification sanple for acoeptance purposes. This will
totally eliminate the need for solvents at the plant, using themonly in the nore controlled laboratory environment.
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