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ABSTRACT 

A study to determine the advisability of adoptfng th~.dryer-drum 
proc~ss as _an alternate to conventional batch .plants is reported. 
The study i 1wo 1 ved arr assessment of the as-produced qua 1 i ty of 
matertals produced by a dryer.:.drum .plant for parking lot · · 
construct:! on at the New Jersey Sports Comp 1 ex. 

Findings from this. evaluation of dense ... graded surface and binder 
drum-mixes were generally favorable. The uniformity of the drum-mix 
asphalt content, mix_gradation. and Marshall stability was comparable 
to that of convent ton~ lly produced mixtures. In contrast, substanti~U 
cliscr,epancies between the design and ·production means were generally 
observed for each of. the parameters. Given the unjformity of the 
drum-mix product, achievement_of desired target values on future . 

. projects should not provedifficultwHh appropriate process • 
adjustments. To effect an improvement in process gradation control, 
additional weighing equipment and a.ssociated instrumentation is 
required. · · 

The drum-mix displayed no detrimental strength loss when tested 
according to standard ·1mmers ion compress ion conditions. However, 
fower.,.than-normaJ retained strengths were indicated when the 
material was subjected to the NJDOJ's special extended soaking 
tests. Excessive adherent ffoeson the project coarse aggregate 
are believed to have played a role in reducing both the as-
produced Marshall stability and retained strength levels. 

Mechanical and chemical tests performed on the asphalt cement 
indicated that, for a given mix discharge temperature,the degree 
of hardening caused by dryer--dru1n and conventional processing are· 
essentially theJsame. · · · 

The dryer 00 drt1m process was obs.erved t9 increase production rates 
while reducing fuel requirements re lativ~ to conventional plants, · 
thus yielding a genera.l _ savings in production costs •.. A reduced 
fuel requirementfor any construction operation also furthers the 
national policy of energy conservation. 

I • 

. It is recommended 'that· the use of the dr,ver;..drum process be 
permitted on· NJDQT projects.· · Propose~ specification requirements 
are presented. · 
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SUMMARY 

Research Objective: Use of an innovative method.of 

producing bituminous concrete -- the 11 dryer-drum11 process --
has been reported by some· agencies to afford a signifi.cant 

•• _. • I • •• • :, • • 

reduction in bid prices. The comparative economy for the 

- dryer-drum process is basically attributed to a reduction in 

required plant operating equipment and .in the amount of fuel 

consumed per unit of product. In the dryer-druni process, 

aggregate drying and mixing with asbhalt are achieved in the same 

heated dr~m, with gradation control being limited to cold-feed 

proportioning only. The pugmill, intermediate screening 

operation and hot bins typical in a batch type plant are 
. . ' 

eliminated. 
. . . . ··. . . . 

This report presents the results of a study undertaken to 
. . - . . . . 

determine whether use of this alternate process on New Jersey 
' . . -

Department of Transportation projects. is advisable and, if so, 

to develop specification provision an~ control requirements 
to go~e·rn the equipment Is operation. 

Research Methodology: A decision to permit use of the 
. . . . . 

dryer-drum process fundamentally entails a determin~tion of 
, . : -

w_hether any initial savings afforded by use of drum-mixing -

-· may be offset by subsequent increased maintenc,,nce costs associated 

I 
I 
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with decreased product "quality. While the ultimate answer in this 

regard would require awaiting the outcome of long-term performance 

tests, a reasonable assessment of potential drum-mix performance is 

provided by an evaluation of the degree to which the as~constructed 

material complies with current quality acceptance standards. This 

approach was adopted for the present study. 

The evaluation of the as-produced quality of dryer-drum 

mixtures undertaken in this research was based on samples of mix 

produced for parking lot and access road construction at the 

Giants Stadium sports facility. The paving mixtures studied 

included dense-graded surface and binder mixtures, the latter 

material being employed as a combined binder/stabilized base. 

The bituminous concrete items of the $5.6 million paving contract 

totalled approximately a qu~rter of a million tons. 

The studied project was not under the supervision or 

control of the New Jersey Department of Transportation. The 

important point in this connection is that the specifications 

governing this parking lot paving were significantly less 

restrictive than those conventionally applied to NJDOT projects. 

Since the NJDOT acceptance criteria did not in fact appl~, the 

thrust of our analyses was directed at determining if the us~al. 

tolerances could be met. 
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Findings: 

A. Asphalt Conten_!;: Evaluation of the composition of the 

finished ~rum-mix was based on extraction tests performed on a total 

of 41 samples of each mixture obtained on nine production days. 
' The test days were randomly selected over a three-month period. 

Analysis of these extractio.n results indicated that the. 

percentage of asphalt in successive samples of finished drum-mix 

was .of comparable uniformity to historical data for conventiona 1 ly 

produced New Jersey mixtures. · The standard deviation for the samples 

of binder mix was about equal to that historically observed for 

the 11average 11 conventionalplant product (0.23 versus 0.26 percent). 

while the variability of the surface mix was only slightly higher 
. . 

{0.33 versus 0.26 percent). However, the overall mean asphalt content 

of each type of drum-mix was significantly lower than the corres-

ponding design target value. The observed differences between the 

production mean and design target values for the surface and binder 

mix (0.40 and 0.45 percent, respectively) were more than 2 and 3 

times greater than the departure typically observed for similar 

mixes produced at New Jersey conventiona1·plahts. 

The fact that the job-mix formula misses for the sampled 

drum-mixtures were greater than those normally observed is not 

considered to be of particularly great moment. That is, since the 

dryer-drum asphalt content results are .uniform in terms of the 

process standard deviation, it would normally not be difficult to 

make adjustments to achieve the desired mean value (e.g., by changing 

the percent AC dial setting on the control console). 
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To gain information on the actual controllability of the 

finished asphalt level. an effort was made to identify the specific 

causes for the observed low asphalt content in the sampled project 

materials. These analyses indicated that inaccuracies in both of 

the key elements of the dryer-drum proportioning system -- the 

aggregate 2!J!!_ asphalt delivery systems -- apparently contributed 

to the observed shortfill from the design AC content on the 

studied project. On an average basis. the control console readings 

for the asphalt input were calculated to be erroneously high by 

about 3 percent, while the aggregate weigh belt signal was 

apparently consistently low by about 5 percent. Further. apart 

from being inaccurate. the control instrumentation readings were 

not inherently in accord~ The quantity of asphalt and aggregate 

indicated by the control instrumentation. even if correct, generally 

would not have yielded the AC percentage dialed in on the control 

console. The fundamental significance of the results of these 

proportioning checks is that they confirm that, absent the 

application of suitably frequent calibration verification procedures~ 

electronic displays of materials input clearly should not be 

accepted as gospel. 

B. Gradation: The New Jersey Department of Transportation 

uses three design sieves -- the numbers 8, 50 and 200 -- for gradation 

acceptance purposes. The larger design sieves are used merely for 

control purposes. 
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A comparison of the variability of the drum-mix gradations 

for the acceptance sieves to that historically observed reveals that, 

with one notabl~ exception, the uniformity of the drum-mix product 

was comparable to that of conventional plants. Only the #8 sieve 

results for the surface mix exhibited excessive variability. 

However, apart from the number 200 sieve results -- which were uniformly 

close to the design target value -- the average misses from the job-

mix target values for the dryer-drum materials were about 2 to 5 times 

larger than typically observed cm NJDOT projects. If the Department's· 

specifications had been in effect, these job-mix deviations would have 

resulted in a significant number of failing acceptance lots for the 

surface mix. 

Various analyses were undertaken to discover the source(s) 

of the significant gradation job-mix formula misses observed in this 

research. These analyses indicated that the departures from the 

intended percent passing for the cited sieves were for the most 

part unrelated to variations in the stockpile materials (the average 

percent passing), but rather to a problem of metering the binned 

materials in the correct proportions. The important point here is 

·that the straight volumetric cold-feed control procedure employed on 

this project yielded neither the type nor number of measurements 

needed for the timely discovery and remedy of a proportioning problem. 

In the ~~searchers' opinion, this inability to discover which bin or 

bins contributed to the control problem mandates that additional 

commercially available gradation control equipment and associated 
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instrumentation beprovided on any future NJDOT drum-mix project. 

Such would consist of furnishing beli scales (ioad cells) beneath 
: I 

certain of the aggregate bins. Inst9-llation of several s·uch belt 

scales beneath the cold-feed bins woi.ild provide direct bin 

proportioning checks on both a contihuous basis (from a rate meter 
I 

display in tons per hour for each bin) and an overall basis (from bin 

totalizer displays). 
i 

While the inadequacy of the c~ld-feed control instrumentation 
. . I 

used on this project is considered to be the basic source of the 
i 

observed disparity between the target and extracted gradation, 

other factors played some role. These included loss of weighed 
- . -I 

fines from the main feed belt to the drum-mixer (remedy: appropriate 
I 

belt scraper), apparent bulking and/or bridgin~ in the fine~ggregate 

bins (remedy: bin vibrators) and excessive dirtiness of the project 

coarse aggregates (remedy: washing or rejectidn). 

C. Stability: To assess the str~ngth of the drum-mix product, 

Marshall stability specimens were obtained along with eac.h of the 

composition samples. 

Comparison of the collected Marshall results to historical data 

for conventionally produced mixtures indicated ~o statistically 
I 
i 

significant difference in the variability of mixture stability. 

For both drum-mixtures, however, there was a substantial overall. 

disparity between the design stability and the production mean (600 and 

900 pounds, respectively, for the surface and binder mix). In fact, 
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the overall as~produced stability level for the binder material was 

so low that about a 40 percent failure rate would have occurred had 

the Department's strength requirements been in effect. 

It seems reasonable to assume that if the Department's.more 

stringent acceptance criteria and associated payment reduction 

schedule were actually in effect, a producer employing normal process 

control procedures would have been aware of this low stability 

situation early-on and would have taken steps to avoid payment 

reductions. 

The average mix discharge temperature at the Sportsplex project 

was 245°F. This temperature is significantly lower than that of the 
11 typical 11 conventional product (300°F) and, more importantly, is lower 

than the specific value (280°F) used in the project mix design. 

Analysis reveals that use of discharge temperatures lower than those 

contemplated in the design and the previously described low overall 

finished asphalt content were the major causes for the shortfall 

between the design and as-produced stability. In particular, these 

two factors together account for about 75 and 90 percent of the total 

observed miss in strength.for the binder and surface mix respectively. 

The problem of low AC and the associated detrimental effect on 

stability is easily avoidable and is thus not considered an obstacle 

to the use of the dryer-drum process on a Department project. However, 

the finding regarding the effect of temperature on achievable mix 

stability strongly. suggests that the Department move cJutiously should 

the use of low temperature mixes be considered. In any event, if a 
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decision is made to permit lower-than-conventional mixi'ng temperatures 

in future work, mix designs for those projects should of course 

be based on intended mix discharge temperatures. Proper considera-. 

tion of discharge temperature is obviously a must if the design 
. . 

value is in fact to provide a realistic estimate of achievable 

mix strength. 

The restricted range of moisture contents in the finished 

drum-mixes (0.5 to 1.6%) precluded any definitive findings regarding 

the effect of this factor on achievable mix strength. It is 

worth noting, however, that the general trend indicated by the 

study data -- that achievable stability increases with increasing 

mix moisture -- tends to support what others have suggested: 

Residual moisture in the mix aids compaction. Further work in 

thisarea may prove beneficial. 

D. Retained Strength: One concern regarding the durability 

of drum-mixes is whether free moisture in the finished mix and/or 

residual moisture in the partially-dried aggregates has any implica-

tions for a detrimental in-service strength loss. Quite apart 

from the as-p~oduced stability then, another key measure of the 

strength properties of any bituminous mixture is its ability to 

retain that stability in a highway environment. AASHT0 T165, which 

involves comparing the compressive strength of freshly-molded and cured 

bituminous mixture specimens with that of companion samples which 

have been immersed in .water under prescribed conditions, provides 

such a measure. A retained strength after soaking of 7O\o 75% of 

the dry strength is generally considered adequate. 
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Immersion compression testing performed for this research 

indicated that the average retained strength for the studied drum-

mixtures would satisfy conventional criteria. However, the results 

of a special series of extended soaking tests yielded lower retained 

strengths than required when this special soaking procedure is 

applied for approval of mineral fillers on Department projects. 

The specific cause(s) for the latter condition were not determined. 

One possibility is the excessive dirtiness of the Sportsplex coarse 

aggre~ates: About 2.5 percent of the total weight of coarse aggregate 

consisted of ''adherent fines''. Such adherent fines are potentially 

detrimental to retained strength if the adherent material is 

sensitive to water and/or prevents the large coarse aggregate 

particles from being properly coated with asphalt cement. 

E. Asphalt Hardening: In the dryer-drum process, the 

asphalt cement is introduced in the presence of hot burner gases. 

An obvious concern then is whether such exposure may result in 

premature age-hardening of the asphalt cement. To determine whether 

drum-mixtng inherently entails any such detrimental effect, samples 

of the as-supplied and as-processed asphalt cement were subjected 

to a program of conventi-0nal mechanical tests (penetration and 

viscosity), as well as a special series of chemical composition 

tests (Rostler-Sternberg procedure). 

Comparison of the observed consistency changes occurring on 

drum-mixing to historical data from conventional plants indicates 

that no detrimental or beneficial effect inherently accrues from 

drum-mixing. That is, while the overall degree of hardening 
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observed for the studied drum-mix materials was less than that 

typically observed at conventional plants, various temper,ture-

consistency relationships developed in this work indicite1 that 

such lesser hardening was substantially (if not completely) due 

to the significant difference.in average discharge temper~ture is 
i 

between the drum-mix and conventional plants (245°F versuJ a 
typical 3oo°F). Our analyses indicate that if the drum~mix had 

been produced to discharge at conventional temperatures, the 

observed asphalt consistency change could reasonably be eipetted 
I 

to be of the same magnitude as that from a batch pl~nt op~rated 
! 

at the same temperature. 

Unfortunately, some rather protracted analyses wer~ 

required to establish the effect of drum-mixing on recovered. 

penetration and viscosity. As a result of deficiencies in tha 
I 

consistency testing procedure employed by our central laboratory --

which deficiencies were not discovered until after the completion 

of the research -- a considerable effort was required t.o determine 
! 

the genera 1 re 1 i ab i 1 i ty of the data (i.e., whether a.ny definitive 

analysis of the data was possible). As it turns out, the 'principal 

effect of these testing deficiencies was to create general 

underestimates of the true amount of hardening occurring on 

processing. 

The results of the Rostler-Sternberg analyses indicate thAt 

the chemical composition of asphalt processed thru the dryer-drum 

remains relatively unchanged from its original values. further, whit 

little change does occur is generally less thanthat for ~ither 
,:\ 1 
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simulated (thin-film oven conditioned) or actual pugmill mixing. 

Thus, the results of this chemical testing are viewed as confirming 

the findings based on consistency testing that drum-mixing does 

not inherently entail any detrimental effect on the asphalt 
I ·, 

cement. 

While the various hardening tests performed in this work 

indicated that asphalt cement is not inherently harmed by drum-

mixing, it is recognized that -- under other operating conditions 

such an effect might occur. For example, in some drum-mix units, 

the asphalt may be introduced as close as six feet from the 

burner flame as compared to the sixteen feet used in this study. 

It thus appears advisable that if use of a drum-mix unit is permitted 

on a NJDOT project, as a preliminary matter, tests on the original 

and processed asphalt should be made to determine whether any 

excessive hardening occurs for those particular project conditions. 

F. Pavement Construction: Based on numerous observations of 

the Sportsplex paving operati-0ns, the constructability of bituminous 

mixtures produced by the dryer-drum process appears to be essentially 

the same as that for the conventional product. 

Unfortunately, it was not possible to obtain definitive 

information relative to the compaction characteristics of drum-mix. 

The rollers used at the Sportsplex differed from the Department of 

Transportation's standard roller system (i.e., 3-wheel breakdown and 

tandem finish rollers). Also, the inherent compactability (achievable 

Marshall density) of the project surface mixture during the compaction 
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evaluation was appreciably less than that typically expected for 

Department projects. However, given the other findings of this 

study, it seems reasonable to expect that with appropriate process 

control for asphalt content, the mixture from a dryer-drum plant 

would be as compactable as mixtures of equivalent temperature 

from a conventional plant. 

It was not possible to verify the claim that retained moisture 

in drum-mixes may offset the influence of low temperature to the 

extent that the field compactabil ity of dryer-drum mixtures is 

comparable to conventionally produced high temperature mixtures. 

That is, although analysis of the factors influencing stability 

suggested the existence of an apparent "lubrication" effect for 

retained moisture, whether such effect would be a significant factor 

in achieving the desired field density in low temperature mixes 

remains to be confirmed. 
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CONCLUSIONS 

L The average daily production at the Sportsplex drum-

mix plant was about double that of a typical batch-type facility 

in New Jersey •. 

2. Use of the dryer-drum process and a relatively low 

mix discharge temperature resulted in a reduction in the quantity 

of fuel required per ton of product compared to batch type operations. 

A general savings-in terms of both energy consumed and production 

costs ir thus indicated. 

3. The dryer-drum plant used at the Sportiplex, equipped 

with a wet scrubber system, satisfied both state and federal 

environmental regulations. 

4. The average asphalt content of the drum-mix binder and 

surface course evaluated in this study was significantly lower than 

the percentage called for in the respective mix ~esigns. However, 

for both mixtures, the variation of asphalt content about the mean 

level was not excessive and quite comparable to that of conventionally 

produced New Jersey mixtures. Based on this finding of product 

uniformity, it is concluded that the drum-mix asphalt proportioning. 

system is indeed inherently controllable. Accordingly, on a.ny future 

· NJDOT dryer-drum project, a producer can reasonably be expected · 

to successfully make appropriate process adjustments to avoid any 

payment reductions due to non-compliant asphalt content levels. 
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5. , Various analyses indicate that the shortfall between 

the production means and the design·target asphalt contents were 

due to inaccuracies in both the asphalt and aggregate proportioning 

system. 

While it is ~he responsibility of the producer to maintain 

·his plant in calibration, a plant inspector may make various 

simple comparisons among data displays on the plant control con~ole 

to detect gross discrepencies in plant operation. Generally, these 

internal checks relate to verification of the indicated total 

production rate and design asphalt content. Comparison of the 

indicated input of raw materials (control room data) to the proven 

output of finished mix (scalehouse weights) also provides a useful 

check on the control operation. 

6. The cold-feed aggregate proportioning procedure employed 

on this project generally yielded gradatiohs for th~ acceptance 

sieves which were at least as uniform as those from conventional 

plants. The one exception in this regard {abnormally high standard 

deviation) was apparently due in large part to the variability of 

the stockpiled material, rather than to control of the aggregate 

metering process per se. 

While the production process was thus indicated to be in 

control in one sense, there was a general lack of compliance with 

target gradation values. An effort to ac.count for the substantial 

·· differences between the gradation expected for the given raw materials 

and control equipment settings and that actually observed in the 

;; 
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finished product proved unsuccessful. This result was to some extent 

pre-ordained:.· absent suitably frequent calibration checks. propor-

·. tioning controls such as those employed at the studied plant 

(i.e., belt speed· indicators) simply do not provide therequisite. 

reliable,.direct indication of the quantity of material being 
metered from each bin. While it is possible that a producer for• 

a future drum-mix project might be able to remedy· a problem by 

performing such timely calibration checks, it appears ~qually 

likely that -- absent a continuous positive indication of the. 

tonnage of material from each bi~ -- adequate gradation control 

would be difficult at best. 

Thus,.it is here concludecl that if the NJDOT is to permit 
.: . . . . . 

generalized use of the dryer~drµm process, the cold-feed control 

set-up must· be supplemented by additional .weighing equipment 

{load cells under each bin} to provide the producer- with a re~sonable ·.· 
. . 

. opportunity to discover and remedy any possible gradation control · 

problem. The equipment required is within the state ... of~the.;.art . 

and available at reasonable cost. 

7. An automated belt sampling device is a highly desirable 

item of equipment at a drum-mix plant since it provides a safe means 

of obtaining aggregate for both moisture and gradation control 

purposes. The sampling equipment used in this research did not 

yield the requi.site representative samples. It is clear then that 

approval of any type Qf automated gradation sampling device will be 

required, based on· a program of reliability testing prior to production. 
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8. Comparison of the Marshall stability results from 

this study to historical data revealed no statistically significant 

. difference in the variability of mixtures produced by the dryer-

drum process a.nd conventional batch-type plants in New Jersey. 

9. The average Marshall stability of the sampled surface 

and binder mixes w~re lower than the design values by 600 and 900 

pounds respettively. This shortfall in mix strength is largely 

. attributable to the fact that average asphalt content and mix 

discharge temperature were both significantly lower than the values 

prescribed in the mixture designs. 

It is estimated that had the Department's stability acceptance 

criteria been in effect, about 40% of the binder lots produced 

dur1ng this evaluati-0n would have been judged non-iompliant. However, 

by developing mix designs at intended mix discharge temperatures 

and with improved process control procedures.for asphalt content, 

it is believed that adequate mixture strength levels are 

achievable. 

10. Marshall stability/temperature relationships developed 

during this study confirm that stability decreases in direct proportipn 

to discharge/molding temperature. Our best estimates of the 

specific stability decrease accompanying each unit (1°F) decrease 

in molding temperature during this study are 12 pounds pet degree 

for binde.r and 11 pounds per degree .for surface mix. In view of 

this finding, it is concluded th~t dryer-drum mixtures for any 

future Department project should not be permitted to be produced at 
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temperatures lower than those currently required for conventional 

batch-processing. The reduction in stability associated.with the 

low temperature experienced at the Sportsplex was too large for 

accommodation on NJDOT projects. 

While seneral use of low temperature drum-mixing is considered 

inadvisable, some limited experimentation in. this regard would be 

useful in view of the energy savings and associated potential 

initial economy offered by use of such mixes. 

11. The binder and surface drum-mix each yielded adequate 

retained strengths when tested in accordance with MSHTO Tl65. 

However, the average retained strength of drum-mix specimens 

subjected to a NJDOT modification of the standard test method 

(a 14 day immersion period) were l9wer than the minimum 70% 

required by the Department. 
I 

12. One factor believed to have exerted some effect on the 

stability values in this study (both as-produced and retained) was 

the excessive dirtiness of the project coarse aggregate. . . 

·The precise impact that such adherent fines had on the 

stability and retained strength results was not determined. 

Nonetheless, the presence of excessive aggregate dirtiness is at 

least potentially detrimental to these parameters. This would 

appear to be particularly true if the adherent material is 

sensitive to water and/or prevents the large coarse a~gregate 

particles from be5ng properly coated with asphalt cement. The 

solution to this problem on any future drum-mix project~- indeed, 

on a conventional project -- would be to reqµire washing or to reject. 
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13. In producing mix at a given discharge temperature, 

the dryer-drum process can generally be expected to cause changes 

in the chemical composition and associated physical properties of 

the asphalt cement which are similar to those which would occur 

on conventional processing. 

In a specific case, however, introduction of the asphalt 

cement close t~the flame end of the drum-mixer conceivably might 

result in .. excessive oxidation-volatilization of the asphalt cement. 

Before permitting full-scale drum-mix production on any Department 

of Ttansportation project, an initial program of consistency 

testing should be undertaken at the particular pl ant involved to · 

determine whether any such detrimental effect in fact occurs. 

14. Subsequent to the completion of the testing for this 

study, the Department was apprised of some general deficiencies 

in the consistency test procedures employed by our central laboratory. 

In response, the Department converted from the AASHTO to the more 

detailed ASTM Abson recovery procedure. 

Va~ious analyses presented in this report suggest that these 
. . . 

deficiencies apparently affected only the penetration test results. 

There was a consistent bias in favor of underestimates of the true 
' . . 

amount of hardening .occurring on processing. Importantly, other 

analyses suggest that the new testing procedures may have eliminated · 

such characteristic bias. 

Given the fact that consistency test results form the basis 

for many important decisions by this Department, further study in 

this regard is warranted. 
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15. Various relationships between mix discharge temperature 

and asphalt har~ening developed in this study indicate that, for 

any type of asphalt plant, stJl:)stantial differences in asphalt 

hardening can be expected when production is at the ends of the 

usual temperature spectrum (270 to 320°F). 
. . 

One implication of this finding is that in evaluating whether 

the equipment set~up ~t any future drum-mix plant results in 

"atypical" hardening~ mix temperature cl~arlywill have to be taken 

into account •. Additionally, since this Department's current 

procedtJre for evaluating surge-silo systems is predicated on the 

aisumptio~ th~t no significant hardening occurs during mixing, 
. . . . 

our silo eval4ation methodology may require modification. 

16. Based on numerous observations of paving operations 
. . . . . . . 

during the course of this study, it is concluded that. the drum-mix 

laydown opera~ion presents no unique problems~ 
. . 

17. The compaction characteristics of drum-mix were not 

definitively established in this study. Basically, this is 

attributed to both the compaction equipment used (not the 
. . . . . . .· . 

Department I s standard .roller system) and a lower-than-norma 1 achievable · 
. . . . 

density for the surface mix evaluated. The latter factor was 

. indicated by a Marshall air -voids level of 5.5% which is higher 

than that normally encountered on a DOT project • 

. ~la. Due to the res~ricted range of moisture contents in the 

finished drum-mixtures studied (0.5 to_l.6 percent), it was not possible 

. to specifically determine the E:!Xtent to which such moisture acts as 

1 ·· a lubricant and thus. a.ids in att~ining density in relatively low 

temperature mix. 
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RECOMMENDATIONS 

A. Specifications: It is recommended that the Standard 

Specifications be modified to permit the optional use of the 

dryer-drum mixing process on NJDOT projects. A description of 

the proposed drum-mixing provision in a suggested specification 

format is presented 1n Appendix D of thi; report. 

The recommended specification modifications apply exclusively 

to the production process: If a contractor elects to use the drum-

mix process, none of the current quality requirements applied to 

the finished product should be waived or relaxed. This is 

particularly important in regard to the temperature requirements. 

Our analysis suggests that producing dryer-drum mix at temperatures 

less than that normally required for batch-type plants could result 

in significant losies in mixture stability. 

B. Future Research: 

1. · If and when a contractor elects to use drum-mixing -0n a 

Department project, pavement performance test sections should be 

established and monitored so as to provide more definitive answers 

.as to drum-mix durability. 

As a part of this future work, some limited experimentation 

with low temperature mixes would be useful in view of the energy 

savings and associated potential initial economy offered by use of 

such mixes. The effects on mixture quality, espe~ially stability~ 

will have to be monitored closely during such experimentation. 
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2. Various analyses P.erformed in thi,s research sygge,st that 

measures undertaken to remedy the general deficiencies tnlthe 
II 

Department's consistency testing procedures may have been 
I 

successful. It is recommended that the Department's central 

laboratory undertake an appropriate program of·testing tolconfirm 
! 

whether this ts in fact the case~ Certain of the data formats/. 

•analyses presented in the report may provide a guideline as to the 
i 

form which such reliability testing mi.ghttake. · 

Depend,ing on the results of the recommended program of 

consistency testing, it may be necessary to modify the Department's 

current surge-storage silo evaluation criteria. 
' 

.3. Certain mix stability investigations undertaken in this 

work indicated that conventional Marshall specimens can be used 

interchangeably with standard immersion compression cylinders to 

determine an index ~f retained strength for bituminous miitures. 

Because of the greater ease of fabrication (without additional 

specialized equipment) and a more direct relationship to design 

criteria, it.is recommended that the central laboratory consider 

using Marshall specimens rather than standard size cylinders in 

their ongoing immersion compression testing program. A decision 

in this regard would entail performing tests (on companion compres-

sion cylinders and Marshall specimens) sufficient to determine the 

extent to which the specific Marshall stability/compressive strength 

relationship derived in this work is of general applicability. 
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PART ONE! INTRODUCTION 

1.1 RESEARCH OBJECTIVE 

An innovative process for producing bituminous concrete~-

variously referred to as the 11 turbulentmass 11 or 11 dryer-drum 11 process 

is reportedly more cost effective than conventional methods. The 

comparative production economy for the dryer-drum process is basically 

attributed to a reduction in required plant operating ~quipment 

and in the amount of fuel consumed per unit of product. 

· This report presents the results of a study undertaken to 

determine the advisability of permitting this alternate, 11 dryer-

drum11, process to be used for producing paving mixtures on New 

Jersey Department of Transportation projects. If such use is 

found warranted, a further objective is to develop specification 

provisions and control requirements to govern the equipment's 

operation. 

1.2 BACKGROUND 

1.2.1 Study Overview and Nature of the Dryer-Drum Process: The 

conventional process for producing bituminous concrete mixtures 

comprises several steps, culminating in the mixing of batches of 

dried, heated and screened aggregates with hot asphalt in a pu!jfitill. 

In the dryer-drum process -- with proprietary variations, aitually 
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bc,.sis, it has recently been noted{fi,7)that some highway agencies are 

realizing as much ~s one to two dollars per ton savings by using 

the dryer-drum process. 

Given that the dryer-drum process has a real potential.for 

savings in the initial cost of bitumihous paving mixturesi a 

decision to permit the,genera1 use of the process basically ~n-

tails a determination of whether such initial savings might 

be offset by any subsequent increased costs resulting from 

decreased product quality,. In particular, such a determination 
requires resolution of the following questions, which are the sub~ 

ject of this research: 

. At the plant: Is the dryer:fdrum product consistently of 
compan1ble quality and uniformity as[ 1 conventionany produced' 

mixtures? 
I i: 

• On the construction site: bo the lower temperatures and/or 
I 

! . ' 
higher moisture contents tharacteris~ic of dryer-drum mixtures pose 

' 
any construction problems (e.g., compaction, smoothness)? 

. . . . ' . . . ' · .. ! . . .··· 

. In service: Are dryer-drum mixtures as durable as conven-

. tional ly produced mixtures? 

Based on a literature search and responses to a survey · 

questionnaire, most agencies feel that the answer to the first 
I . . 

question posed above,,._ "Is the as-produced dryer-drum product of 
' 

comparable quality and uniformity as conventionally produced mix-. 

tures 11 -- is 11 Yes 11 • Not·unexpectedly, such·affirmative responses 

are often accompanied by the qualify~ng provision that the dryer-drum 
i 
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, ,· ' . . 

plant must b.e well--controlled and welhcalibrated. Of particular 
~- ,-- ' ,, '. ' .. · ·, 

. . 

·. interest with regard to the as-produced quality ts the report that 

. the asphalt is not harmed by exposureto direct heat in the drum-

dryer and the findtng that with proper 11 c0Jd-feed 11 * control, the 

process is indeed capable of producing satisfactory gradations • 

. The questions relating to theconstructability and durabi l 1ty 

of dryer-drum mixtures are not as well resolved. For example, a 
number of agencies have pointed out the need for particularly timely 

and adequate compacti ve effort on dryer-drum mixes, and one state( l fr) 

has reported at least isolated instances of substandard density. 

The relattvely recent· advent of the dryer-drum process has 

precluded .definitive answers to the all-important question of 

· .long-term performance of drum-mixes. Further, apart from tim~/con-

s i derati ons the jn-servi ce performance observed in at 1 east s~me 

states would be less than completely applicable to New Jersey's 

high traffic conditions since their first trial usage of the 

proceis has understand~bly been on less important (tecondary) 

roadways. 

1.2.2 Description of FirstDr,yer-Drum·Project i.n New Jerse,y: While 

mix produced by the dryer-drum process constitutes an increasing 

*Proportioning the graded wet rag,gregates by means of adjustable 
storage bin gate openings• a.nd,:y~riable speed conveyor· belts, with-
out the conventi.onal intermedti/ate screening operations. 
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share* of the total y~arly production in some states, particularly 

those in the western part of the country, only one New Jersey 

contractor is known to have acquired one of the units. Obviously, · 

contractors are reluctant to make such an investment without an 

advance commitment that use of the process will be permitted on 

Department of Transportation,work. 

An opportunity to conduct the present evaluation of the 

capabilities and product quality of the dryer-drum process was 
I presented in connection with a contract let by another.state 

agency, the New Jersey Sports and Exposition Authority. 

In the fall of 1976, the Sporis Authority opened to service 

a $300 million sports comple>< on a 588 acre site in the Hackensack 

Meadowlands, located just across the Hudsqn River from New York· 

City. 

*From the first installations in 1969, the number of dryer-drum 
plants in the United States increased to 34 in 1973 and to about 
150 at present •. By way of comparison, there are onthe order of 
4,500 conventional plants in this country. (~ource:. Reference 8 
ahd informal estimates by Nation~l Asphalt Pavement Association.) 

• I 
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The principal facilities of the Meadowlands tomplex are a 77,000 

seat football stadium {Figure 1} and 35,000 seat race track. 

Parking for some 20,000 cars is provided. 

Figure 1; View of.Stadium Parking Lot Construction 

The successful bidder for the parking lots and access roads 

for this facility -- a New York-based contractor -- employed a 

Boeing Model 600 dryer-drum asphalt plant. This same plant was 

used in the first successful trials of the dryer-drum process 

in New York( 9), 

The paving mixtures produced included dense-graded, stone-mix 

surface and binder courses, the latter material being employed as a 

combined binder/stabilized base. The bituminous concrete items of 

the $5.6 million* paving contract totaled approximately 250,000 tons. 

*Since this contract was bid on a lump sum basis and contained items 
other than blacktop, it obviously is not possible to directly determine 
the magnitude of any savings in the cost of the bituminous mixtures 
accruing from the use of the dryer-drum process. However, it 
seems reasonable to assume that use of the alternate process did, in 
fact, effect some significant savings: The second low bid, by a con-
tractor who did not have an existing dryer-drum capability, was about 
$600,000 higher than the successful offer. 
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While the New Jersey Department of Transportation was not .. '' . . . ' ' ',-' ' ' ,,, " ' . '•, . ---
. ..· . . • .i ·... . •. . 

contractµa,l ly involved in the superv:ision or materials testing 
• ·.• - • : • I .- • 

for this paving, the. contracting authority kindly permitted 

monitoring of the Sportsplex dr,Yer..;drum plant for purposes of 

this study. 

l. 3 · RESEARCH . SCOPE AND APPROACH 

1.3.1 Limited Scope of the Wor!: At the outset of this research, . 
. ' . ' . 

. : ,' ' . . . . 'i 

it was realized that the Sports Complex work alone would not pro-

vi de a suffi dent ba$is to fulf i 11 the needs of·· the study. That 

is, whi.le tests and observations of b1ant .production and parking, ., __ ,.,·,, _,- :: ' '·,· ,' .- - ' ._ .· ' ' ', ._ . . '. ,' . .' .... ,. . 

lot.construction would. permit asses .. sment of the .as-produced . ' .. ', ',_-_.·.. · ... · ·-:, . • .. , .-· '' . . 

qua li tY and re,lat i Ve .constructabiJ i ty pf the dryer~drum product, 
. . - . 

it was apparent that a re,alistic evaluation of the durability 

and perf_ormance of drum-mixtures would rE!quire monitoring pavement 
,,,,·" ' .· ', . - ·, ,- ; ' ' ··. '_ ' . ' - . ' 

behavior under some ,type of representative (highway) 'traffic 

conditions. To this end., it wa~ planned that drum-mix from the 

Meadowlands plant would be incorporated into test sections on a 

nearby he,avily~traveled highway which was then being widenedand 

resurfaced tQ accommodat/e traffic generated by the sports facilities. 
> .·;• ; .;.·,. ,, ; • ,· ·-! ' ' ,_,• . 

However, due to a condition not directly related to the 
, . . 

dryer-drum process per se -- the occasion.al presence of excessive . 

fines adhering to the project coarse .aggregate .;_ the researchers 
. . ,· i·- ' ,· ·.·;' . ··. ,._ " . . ' . '• : '' 

concluded that installation of the .planned performance testsecttons 

was inadvisable.· Qur cqncern was that this fines condition might 
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result in premature distress if the drum-mix was subjected as 

pl~nn~d to high ~olumes of mixed traffic. This possibility was 

suggested by some early marginal or unsatisfactory immersion-com-

pression test results. As a consequence. the scope of this study 

is generally limited to an evaluation of the as-produced quality 

of the dryer-drum product. 

1.3.2 Research Methodology: 
- " A. Evaluation of As-Produced Quality 

Concurrent with informal observations designed to familiarize 

Department of Transportation personnel with the dryer-drum processt 

the as-produced quality of the drum mixtures was gauged by samples 

obtained on eight* produc_tion days in accordance with the fol-

lowing program of testing: 

Gradation and moisture tests: To determine the adequacy 

of the critical cold-feed proportioning system and the associated 

process control requirements at various stages of production, the 

mineral aggregates were tested for gradation and moisture content 

in the form of stockpiled raw materials, as a blend on the main 

belt feeding the dryer and as a finished product exiting from the 

drum and/or storage bin. 

Asphalt tests: The AC-20 asphalt cement used at the Sports-

plex plant was tested in original form from plant tank samples 

and i.n processed form from mixture recovery samples. 

*On one additional day, a more limited program of testing 
was undertaken. 
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The samples of original asphalt were subjec:ted to routine 

specification tests and special thin-film oven and chemical compo-
- i 

sition tests. The special thin-film oven tests were conducted 

at an oven temperature lower than that u~ed in the standard 

procedure (250°F versus 325°F). 
The· purpose of the temperature modification was to provide. 

an estimate of the amount of hardening which the studied asphalt . 

might undergo.· if processed thru a conventional p 1 ant operated to .· 
- . 

discharge mix at the relatively low temperatures employed at the. 

Sportsplex (average: 245°F) •. The chemical analyses (Rostler- ·. 

Sternberg procedure) were undertaken in an effort to more fully' 

characterize the nature of the asphalt 1 and in particular, to 
-

provide a basis for ascertaining the nature of any compositional 

changes occurring on processtng thru the drum-mixer. 

.The samples of processed asphalt (Abson residue) were 

. analyzed to determine the extent of any premature age-hardening 

caused by .exposure to the direct heat in the dryer--drum. These 

determinations of relative hardening were based on before/after 

comparisons.of conventional mechanical tests (viscosity and 

penetration) and the Rostler-Sternberg results. 

Determination of the chemical composition of asphalt is a 

new procedure in this state. Consequently, to provide the neces-

sary basis of comparison for the dryer-drum analyses, tank and 

recovery samples from four randomly selected conventional pl~nts . 

were subjected to an i den_t ical program of chemi ca 1 and me_chani ca 1 
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testing. (An opportunity to obtain ideal control data -- use of 
- . 

the Sportsplex vendor's asphalt by the operator of a conventional 

plant~- did not develop.) 

Tests of Relative Strength and Density: Samples of the 

finished dryer-drum mixtures were subjected to the usual schedule 

of tests to determine conformity with the New Jersey Department 

of Transportation's specified Marshall criteria. In addition to 
these tests of relative strength and dens,ity. samples of each day's 

propuctton were tested for retained streng~h in accordance with 

the standard irrmersion-compression procedure and variations 

thereof. 

The retained strength of a bituminous mixture is an expres• · 
. . . 

sion of the relative decrease of strength onsoaking· and provides 

an indication of any tendency for loss of adhesion bet\'Jeen the 

asphalt and aggregate in that particular mix. Here the purpose 

of the retained strength test was to determine whether the free 

moisturein the drum mix itself or residual moisture in the 

partially-dried aggregates created any such stripping tendencies. 

The retained strength testing performed in this work occa-

sionally departed from the standard procedures in two respects. 

First, certain of the samples were fabricated and tested as Marshall 

specimens. rather than as the conventional compress ion cylinders• 

thus yielding a "retained stability" value. Second, certain of 

the Marshall and compression samples were soaked for two weeks, 
-

this non-standard soaking period being conventional in New Jersey. 
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-
B. Evaluation of Constructability 

An evaluation of the constructability of the dryer-drum 

product was based on observations of the laydown operation to-

gether with a program of tests designec1 to determine the 
- - -

relative density and voids level achieved. Evaluation of the 

degree of in-place compaction was based on nuclear gauge relative 

density measurements and the analysis of dril 1 ed cores, the core · 

locations being keyed to specific deliveri~s of materials havirig 

kn.own Marshall properties. 
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PART TWO: PLANT EQUIPMENT AND OPERAlION 

2. l GENERAL · . 

! 
. . i . 

As previously n~teg, the paving contractor at the Spo1rt~plex 

·project used a B~eing drum-mix plant, Model .series.600, tQ. Prroduce, 
·the more than 250,000 tons of bituminous mixtures required for . .. . . . ; , : .·. . .. ' ·. : . . !., 

access road and parking lot construction. , 
. ·. . ·. .. . . . - ; . . . . I 
The Sportsplex drum-.mix unit was evaluated by the State. 

of New York on a 1974 Interstate Highway pr~ject(9). - Subsequent 

to the New York evaluation, the contractor opted to modify.the 
. . . . . . 

plant's asphalt delivery system~ Specifically, the location at. 

· which asphalt cement is introduced into the drum-mixer was changed· 
. . . ·. •, 

· from 6 to some 16 Jeet from the burner end of the drum. This 
. . ' . . ' . " .• 

. was apparently done as a precautionarymeasure to a nevi ate the 

.Potential for oxidizing the asphalt. 

The contractor elected to stockpile about half the total 

. quantity of aggregate required for this work at the· plant site . . ' . . 

prio~ tot~estart of production. This early stockpiling was.· 

apparently ~ndertaken in consideration of the size of the project 
,· -· . . . 

and the high prod~ctton rates anticipated for the drum-mix plant. 
·. · .. _, ... ··._, ·. . . .· . . : :- • .. 

· Although various thicknesses· of plant mfx were specified .. 

. -for the Sportsplex work,. a. total thickness of 6 inches of bituminous 

concrete was typically required. This total was comprised of 

.',' ·. '.; . 
. :•.:··· ft' 
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4 inches of base course (NJDOT binder, Mix I-3) and 2 inches of 

surface course (Mix I-5).with nominal ·aggregate top sizes of 3/4 

and 3/8 inches, respectively. The mix designs for the bituminous 

mixtures used at the Sportsplex are presented in Appendix A. 

2.2 PRODUCTION EQUIPMENT AND OPERATIONS 
2.2.l Plant Layout: An. overview of the Sportsplex plant layout 

is shown in Figure 2 • 

Figure 2: . OverVi ew of Sportsp 1 ex Drum-Mix P 1 ant 
("leaning tower" effect results from use 
of wide-angle lens). 

The major elements of the drum-mix plant shown in this photo 

are the cold bin system, aggregate feed belt, drum-mixer, hot 

elevator leading to a 150 ton capacity surge-bin, and hanging ... type 

scales (located just under the storage silo). 

The operations involved in producing drum-mixtures are il-

lustrated by a series of photographs presented in the following 

subsections. 



2.2.2 Chargin9 Aggregate Bins: The production process starts 

when the cold bins are charged with material from the appropriate 

aggregate stockpiles. As shown in Figure 3, the contractor used 

a5 cu. yd. capacity front-end loader to accomplish this transfer 

of aggregates from the stockpi,es to the cold bins. On this 
· ·particular project there were four bins. The first of these 

Figure 3: · Charging Cold Bins 

contained sand, the second. screenings. while the third and fourth 
. . 

each contained the particular coarse aggregate (3/4 or 3/8 inch 

stone) being used that day. On some days, two front-end loaders 

were needed to charge the bins in order to maintain pace with 

plant production (reported daily high: 4,500 tons). 

2.2.3 Metering Aggregate Materi.als: The importance ·of this 

step in the dryer-drum process cannot be overemphasized since this 

is the point where final mix gradation is accomplished. That 

is, the mixture exiting the drum-mixer can be expected to have 



-37-

· essentially the same gradation as achieved at the bins. 

· The. metering of gracled wet aggregates from the individual 

bins into the cles ired mix proportions is achieved by the combina-

.. tion of variable speed b.elts ancl .bin gate openings. More , 

specifically, the bottom of each bin has a mechanically .adjustable 

gate, and directly under each gate opening there is a short 

11 Feederll conveyor belt as shown in Figure A. Thus, the ,volume . 

Coll e.ctor Belts 

of material flowing from a bin is depenclent on both the speed 

of th~ feeder belt and the gate opening •. The specific bin gate 

openings and feeder belt speeds necessary to deliver a total 

volume of flow corresponcling to the design proportions by 

weight for a given mix are initially established when the plant 

is ca 1 i brated (i.e., prior to the start of procluct ion). 



From the four feeder belts, the materials fall onto a 

"tollector" belt which travels under the full length of the four 

bins. The electrical fixtures shown in Figure 4 ~ouse various 

input and output devices which relay belt speed signals to and 

from the control room. 
Figure 5 is an end view of the bin system showing the 

combined aggregates being deposited from the collector belt 
onto the main feed to the drum-mixer. The automatic sampling 

device shown in this Figure will be described in detail in 

subsection 3.2. 

Figure 5: Discharge of Combined Aggregates from 
Collector Belt Onto Main Feed to Drum-Mixer 
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2.2.4 Aggregate Weighing and Asphalt Supply System: Fjgure 6 

shows the composite wet aggregates on the main conveyor belt to 

the drum-mixer. As noted earlier 1 the aggregate meterin~ and 

blending process is complete, thus, final mix gradati~n is essen-

tially established at this point. Here, the finished wet ag-

gregate blend is weighed for the first and E.!!.!l time by a contin-

uous reading device (load-cell) positioned about mid-way up the 

main conveyor. 

Figure 6: Main Feed to Drum-Mixer 

The electrical devices shown on the side of the main con-

veyor belt transmit signals to the plant control room as to the 

quantity of wet aggregate passing over the belt in tons per hour. 
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Since final proportionihg is on a dry weight basis, ~n adjustmerit 

for moisture is made by means of a dial setting in the control 
' room to cbtain a dry aggregate weight. An electronic signal 

rep~esenti~g the dry aggr~gate ~etght is interlocked with a 

po-it~ve displacement asphalt pump to maintain the desired asphalt 

content during mixing. 

2.2.5 .. Drum-Mixing: The heart of the process .. the drum-mixer --

is shown in Figure 7. The equtp,ent shown at the left of the 

drum-mixer is a Genco burner unit with a rated capacity of some 

200 mi 11 ion BTU/hour.. The burner flame is shielded or redirected 

so as·to prevent direct contact with the material. 

Figur~ 7: Drum-Mixer 



-41-

The drum-mixer is s imi 1 ar in conf i gurat fon to the dryer 

units used at conventional bitch type plants. The major 

difference between the t~o is that a drum-mixer entails 

"parallel flow" operation (i.e., the aggregates flow in the 

same direction as the burner flame), while in a typical 

dryer, the flame and aggregate flow are in opposite directions 

("counter flow"}. 

As the blended aggregates enter the (10 1 x 40 1 ) drum, a 

series of mixing flights, similar to large pieces .of angle iron, 

catch and conti~uously agitate the materill as the .drum rotates. 

At this point t~e aggregates are partially dried by the shielded 

flame. .When the aggregates are about 16 to 18 feet into the. 

drum -- and in the presence of hot burner gases.-- an 1ppro-

priate quantity of asphalt for the given mix and procluction 

rate is introduced by means of a spray bar. 

2.2.6 Mix Storage and Delivery: The hot .. mix exiting the drum 

discharge is transported by means of a slat conveyor (hot 

· elevator) to a surge-bin where it is subsequentlyweighed and 

disthargedinto trucks for deTiveryto the paving site (Figure 8). 

2. 3 PLANT INSTRUMENTATION. 

2.3. l Overview of Control Room Panel: The various control 

instrumentation for the dryer-drum process was displayed on a 

console housed in a trailer located near the burner end. of the 

drum-mixer. As shown in Figure 9, there are basically three 



Fi,gure 8: Mix being Dis.charged from 
Surge-Bin into Delivery Tru_cks.' · 

' Fi.gure 9: Overview of Plant Control Console· 
at Sportsplex 
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segments to the operator I s control con so le. · The center portio.n . 

contained various indicator lights {e.g., purner, conviwor 

be·1ts, etc.), and are thus primari lY the concern of the prod1;1cer, 

The two outer sections of the console display information the.t 

would be of considerable interest to a state plant inspector,· 
,._. 

, , 

and consequently are described sepa.rately in the two·subsect'ions . . . . ' .. ,' •, 

· • to fol low. 

2.3.2 Temperature Controls: The right-hand s~ction ,of t~e 
control panel, shown separateiy in 'Figure 10, contains ,var:ious 

I 

types of temperature control and recordation·equipment~ iF:or 
, , 

example, the circular Pl9}. shown in this segment .of theip:anel. 

continuously records the .discharge temperature of the ~ix~· 

Figure 10: Temperature Control and Recordation 
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. , > .2.3.3 Total and Proportional Controls: The left-hand section 

. of., tl:le operator I s con so le contained the plants tota 1 and pro-.• . . : 

p9rtional controls~ This instrumentation is shown in closer 

· detai 1 in Figure 11. 

Figure 11: Total and Proportional Controls 

Total control refers to the plant's overall production 

rate i.o _tons: per hour, while proportional control pertains to 

the relativ~'quantity of aggregate fed from each bin and the 
' . 

percentage ()f asphalt cement added. In order to maintain 

positiv~· p-toportional control when •the production rate is 

changed~ the feed rate from each bin (as indicated by the re-

spective feeder be 1 t speeds) and the rate of asphalt deli very . 

must autornaficany adjust t'o that required for the given total 

output. The total output of the plant is varied by the master 
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feed control shown at the lower right in Figure ll. The studied 

plc1.nt had a rated capc1.city of 300 to 600 tons per hour. 

At this plc1.nt, verificationof the production rate 

(controlled b,ythe master feed dial) required a calculation 

based on the two rate meter displays shown in the upper-left 

porticm of Fi.gure 11. That is, the delivery rate of dry aggre-

gate .in tons per hour must be added to the asphalt cement 

delivery rate (converted from gal/min to tons/hr). The output 

of the above tworate meters can also be used to determine 

w'1e.ther the instrumentation is inherently in accord (i.e., in 

resolving whether the percentage of asphalt being introduced 

into the mix based on dial readings is in fact the desired 

percentage). As will be descrtbed lc1.terj such obvious {albeit, 

rough) checks 6an indeed be useful since certain of the control 

instrumentation Used at the Sportsplex was not internally 

consistent. 
Th.e four dials and indicators in the upper-right portion 

of Figure 11, are the .aggregate proportioning controls for the 

individual bins.. The main difference between the total aggre-

ga,te output display and these p.roportional indicators is that 

the tota.l aggregate feed rate is expressed d.irectly in tons 

per hour wh i 1 e the bin feed rates are displayed a.s be 1t speeds 

in revollrtions per minute. A direct determi,nc1.tion of the quantity 

of material, in tons· per hour, being fed from any bin thus can-

not be obtained from these proportioning indicators. In practical 

effect, if achieving the mix design required 11 X11 tons per hour 
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from a particular bin, neither the plant inspector nor a casual 

·observer would know if the bin in question was in fact deliver-

ing the required 11 X11 tons per·hour from the control instrumen-

tation. · In order to obtain the desired information -- that 

is, whether the plant is in gradation control -- would require 

knowledge of the current plant calibration data.* 

The researchers were not present when the Sportsplex 

plant was calibrated. In general, the calibration procedure 

for dryer-drum plants involves running the project materials 

from each of the bins (individually) thru the plant or divert-

ing them into a truck for a fixed period of time with a given 

gate opening and belt speed and then weighing to determine the· 

tonnage delivered~ This proc~dure is repeated for various belt 

speeds so as to establish sufficient points to plot a calibra-

tion chart for each bin depicting the tons per hour delivered 

for particular RPM settings. These charts are then used in 

conjunction with design proportions to determine. the individ.ual 

bin RPM settings necessary to produce the given mix gradation 

for various production rates. 

The desired asphalt percentage is set manually using 

the knob shown directly underneath the asphalt rate meter dis-

play in Figure ll. The small box in the center portion of this 

figure totalizes the number of gallons (in terms of pump revolutions) 

*It should be noted that the installation of additional weighing 
equipment (load~cells) under the collector belt would piovide a 
direct readout in tons pet hour for each bin. This alternate 
arrangement will be detailed in .subsect.ion 4 •. 3.3. 
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, I . 

of asphalt cement Used each day~ This tnforrnation provides a 

means for detecting gross differences between the indica~ed. 
. . . . I • . 

and required quantities of asphalt cement. Such a check is ac-

complished by comparing the quantity displa,yed on this device 

( converted to tons) · at the end of a given day; to the theoretica 1 
tonnage of .asphalt cement required based on the quantity of mix 

produced that day and the mixture's design·asphalt cortent. 

The sma 11 knob shown just to the 1 eft of the p~rcent 

AC dial is set manually for the amount of moisture inlthe combined 

aggregates as determined from the results of conventional lab 

tests. As noted earlier, 'the setting on this device adjusts the 

total wet weight of aggregate flow to a dry weight which is then 
. I 

relayed by electronic signal to the asphalt pump.I 1 

.. I·. ! - . ._· __ • 

The needle display shown in the lower~right portion of 

Figure 11 provides a continuous rnoisture 1 measurement from a 

probe in the sand bin. This display was used as a secondary qr 

back--up system to laboratory determinat;o~s of th~' mOistur.e ·· 
• • ! i-' . ' ' 

contained in the combined aggregates. This needle displaywas 

provided so that if a sudden surge of wet or dry sand differing 

from rather extreme pre-set low and high moisture values was 

encountered, a signal would be activated to warn the operator. 

2.3.4 ~lant Output Controls: The instrumentation previously 

described dealt predominantly with rates of production. The unit 
. . 

shown in Figure 12 is a totalizer Which accumulated the tonnage 

of wet aggregate that had passedover the belt scale since the 

start of production. 

I 



Figure 12: Digital Totalizer 

.use of this aggregate totalizer reading (converted.t~ 

a dry weight basis) toget_her with that of the asphalt totalizer 
:· . :·. • \ -· ... ,_. . . . . ,. •, r .- . . . •· . .• 

(c~nverted_frqm pump. revolutions to tons) 'provides a basis for . 

c~.lculating. b~th,.the total daily tonnage of mix produced and 
-,;,_ ·. ., :· . . ' •. . 

it's asphalt conten~. C:omparisons of the tonnage of mix based 

on th~s~ control. console read.ings to the proven weight .of material 
. ' . . . , . . . 

produced as measured at ,the scale house provides a plant inspector 

with a ~qugb check on the adequacy of the contiol instrumenta~ 

tion on a daily basis. For the eight test days at this particu-
. . 

lar plant, such gross comparisons revealed differences between 

the contr~l .room and scale..;house dailytonnage which rangedfrom ·.·. 
. -~ . . . . . . .. 

about 1/2 to 8 percent (i.e., up to 266 tons). · The apparent 

causes for this disparity and the eff~ct on the finished product 

are detailed in subsettion 4.2.4. 
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2~4 PLANT .. PRODUCTlON. J\ND .. ·.MIX.T~MPERATUR~S. 

2.4. l PJantPtoduction: One of the major advantages of the dryer.; 

drum process is its high production capability relative to 

conventional plants. The total tohnage and the average ptoduction 

rate for each day the full research testing progtatn was applied 

at the Sportsplex project are presented in Table,. 

Test 
Day 

1 
2 . 

3 

4 

5 

6 

7 

8 

Table l: Pl ant .. Prociuc:t ion. Qa_ta 

Mixture 

Binder · 

Surface 

Surface 

Binder 

Surface 
. surface 

Surface 

Binder 

Totals 

Averc1.9es 

Total 
Hours a 
Worked· 

7.33 

8.50 

8.67 
.8.25 
7.47 

9.50 

49.72 

· 8.29 

I 

Total 
Output 
(tons) ·· 

1,553 

2,380 
.2,955 

3.388 
2,637 

.584 

973 

3,680 

Average . 
Production Rate 

(tons/hr} · 

212 

280 

341 

.411 

353 . 

387 

334 

aBased on total elapsed time, including moderate down-times 
(typically 1/2 hour per day). If down-time is excluded. an 
overall average production rate of 355 tons/hr is indicated. 

boays 6 and 7 excluded. 
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As shown in Jable 1, dailyproduction·for the drum-mix· 

plarit ranged from l,553 to 3,680 tons and averaged about 21 800 

tons.. The d~ta for days 6 and 7 waS exclUded since they inyolved • 
. . . . •, 

low pr9duction, ~top-and--go work (e.g., mix for sidewalk areas), 
. . . . . . . • , . . •·. • ·1 . 

and/or inclement weather •. The average tonnage rate for these 

six days was about 330 tons/hr •. ,As mentioned earlier, ~· daily. 

high of some A,50Q :to•ns was ·re'portedly achieved during the .... . . . . . . ' ' 

. Sportsplex work •. In comparison to the ~verage daily production:: 

· for a ••typical" conventional batch type plant in New Jersey, 
'· ,. . .. ' ,. . . . . 

. the a,v~~age output of the drum-mix p 1 ant for the six study. days , , 

represents about a two-fold increa~e. 

2.4.2, Mix Temperature: Mix temperature data obta'ined d1,1ring 

· each day of :this evaluation is presented i11 lable •2. ·. 
··. Table 2: Mix Temperature 

Binder Coursea 

· Mix Tempetatur~ (0F) ·. . Mix Temperature · (0P) · 

Day 

1 

4 

8 

Range 

230 - 270 252 

·230 .: 260 244 

205 - .250 · 224, 

Wtd. Averages · · ··· 237. 

N 

7 •. 

16 

18 

. Day·.·. 

2 

3 .· ·. 
·., 5 

6 

·,7 

9 

. Range· . 

250 - 275: 

215· - .· 305 . 

220 - 255 

225 . 255· -
·, 226'~ 250 

227 - 242 

a .. • •· ·.· ... •·.· ,·. < .. ··. ' ·' . . ..· > . 
. ·. Drum and truck temperatures h'ave been combined, since 
.. no .sigOif cant difference was observed- .. ·. ·· · · 

257 

251· 

.242 

240 
'. 

·239 

235 

244 

.. 

N 

6 

8 
.. 12 

4 

6 

5 .,. ,.' 
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Temperatures were taken at two locations: at the ~ischarge end 

of the drum ... mixer and from trucks. As shown, the temperatures 

of the binder mix ranged from 205°F to 270°F while those for 

the surface course ranged from 215°F to 305°F. For the nine 

test days, the average temperature (drum and truck) of the 

binder arid ~urface course was 237°F and 244°F, respectively. 

The average mix temperature measured al the drum discharge was 

about 245°F. 

While mix moisture is, of course, not solely a function 

of discharge temperature, c6nsidering that the average temper~-

ture of the Sportsplex mixes were about so°F below that of con-

vention~l mix, a surprisingly low quantity of moisture was 

retained in the finished mix. Specifically, the moisture 

content of mixture samples obtained for th~s study averaged 

only about l percent. 

2.5 FUEL CONSUMPTION I 
I 

·. The energy crisis of 1973 brought to light the necessity 

for conserving all existing forms of energy. 
I ·. I 

In ~ine with this, 

the federal government has encouraged states to adopt appropriate 

energy conservation measures in the production of bituminous 

mixtures. As previously indicated in this report, one of the 

economic benefits attributed to the dryer~drum process is reduced 

fuel costs. That is, since drum-mixes are normally produced 

at relative low temperatures compared to conventional plant 

mixtures, a general fuel savings is realized. 
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' . : .. ' ·. •.' . 

A contractor Is· representative provided the 'nece~sary •. 

. · infor111ation to petmit a ro~gh comparison of the fuel requirements, . 
. . . . . . . . . ' . J." . .. . ' .• 

. ·. for the studi'ed .dryer-dru!JI process· to ·those of conventional 
.·· .· ,. . . '. .· . ·.· ., _..·· : 

pl ants. Based on the data prov i d_ed -- which represented over 20 

•- percent (or about 56,006 tons of mix)of 'the total quantity .of 

bituminous concrete required fo.r this project~- an average of., 

l ~375: gallons of fuel was consumed for each ton of. mix produced~. 
~nformati(>~ obtained from two conventional pl~nts .· ... 

indicated ·a.rather large range·in.·fue] retjufrernents (i'.e., from 

1.6 to2.38- gal/ton) •. However, a redu~ed fuel demand is indicated 

.·. for the drum-mix process even wh~n compared to the l~west value 
. ,. . ··: . ' ' ,' .. · ·. 

reported for the conventionar plants· (l.375Vs li6 gal/ton}. 

. Based on the latter comparison then, .a conservative estimate· of 

the.fuel reduction wouldbe 0.225 gal/ton •. For a mocl~rate ~ay•s 

•. production,. ~ay 2,000 -tons, this ~ould: resµlt in a savings of .. 

· .. some 45(l gallons of fuel. : Obviously~ the '[indicated fuel reduCtion 
.· . .- •· . . . ·. ·, - . - •. .· '1 · . . . -

for the .drum'."mix process.reflects p,l'rticul/ar C:onditfons- {e.g.,-

efficiency of bi.irner equipment, amount of aggregate moisture, mi:x 

temperatures). enc-ountered a't the Spo~t-splex and· mus~ ~e Viewed -. 

· accprdtngly. The actual r~te of fuelcon~umption by the-.dryer-c;trum 
. . . . . . ' . . . 

. -. pr();ess on another project can be expected to vary with the -.. ·. 

-previou~ly indicated, factors. 



t.6 POLLUTION CONTROL 
The studied dryer-drum plant complied with both state and 

federal government enviro_nmental protection criteria. In 

New -Jersey, the specified maximum limit for particulate emissions 

from an asphalt plant is 15 pounds.per hour. At the Sportsplex, 

~his requirement was satisfied by equipping the drum-mix plant 
,.;, ; 

with the wet scrubber system shown in Figure 13. 

Fi~ure 13: Wet Scrubber System 
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PART THREE: SAMPLING AND TESTING PROCEDURES 

3. 1 .GENERAL. 

The samplfog and testing procedures e111pl0Yed in this research 

were generally the same as standard inspection practices used at 

conventional asphalt plants. However, due to the nature of the 

dryer-drum operation and the particular needs of this study, some 

non~routine m~thods of obtaining, storing and testing samples 

were required. The principal purpose of this report sectio~ is 

to outl inetho~e non-routine procedures. 

3.2 
. . 

The raw mineral aggregates 1;!ere sampled. ·and tested for 

gradation and moisture content as individu'al stockpiled materials 

and as· a co111pos ite blend. · 

The various .stockpiles of sand,' screenings, and. coarse 

aggregate were sampled twice per day (morn fog and afternoon) • 
; ' ,_ , -

In order to provide a direct basis of comparison between 

the aggregate gradation entering and exiting from the drum-dryer, 

the sampling of the aggregate blend entering the dryer was timed 

to coincide with the taking of mixture samples at the discharge 

end of the drum. Generally, these two types of. samples were 

taken within several minutes of each other. 

.. 



:_55 .. 

The composite aggregate samples were obtained using th:e 

automatic sampling device shown in Figures 14_ an_d 15. Th_is device 
. . 

consis.ts of a_ ch~in-driven sampling tray' which intercepts ,the · 

s'tream of, composite aggregate as it drops from .the bin collector 

belt onto the main feed to the dryer-drum and deposits the-
! • . . • • ' . 

' samp1 7q material into a r~ceiving hopper. 

-Figure 14: Automated Sampling Device 

Figure 15: Stop--Attion Photo of Sampli~g Tray beginning 
to Intercept Stream of Combined Aggregates. -
Note spray of fines. 
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3.3 . MIXTURE SAMPLING 

The charactedstics of the finished bituminous mixtures 

produc:ed at the Sportsplex plant were determined from tests 

performed on two general types of samples: 11 Drum 11 samples obtained 

at the discharge end of the mixer and 11 Truck 11 samples from project 

delivery vehlcles. 

· Truck samples, obtained at the rate of one sample per 3 to 

4 hundred tons of production, are the conventional basis for 
• ,. I . - • 

determining conformance .with New Jersey's specified bituminous 
. . 

_concrete gradation, asphalt content, and stability requirements. 

While such samples would thus be used to gauge the quality of the 

product on any future Department of Transportation drum-mix 

project, it was felt that exclusive reliance. on truck samples 

might confound the results of this study •. That is, since the· 

characteristics of truck. samples obviously reflect the influence 

of variable holding time~ in tile storage silo -- more particularly, 
,"' ·,· ·. . . 

possible .segregafion and penetration. loss -- such· samples could· 

obsc:ure the true llas-produced 11 quality. of the .drum-mix. The purpose. 

of the drum samples was to provide the most direct indication of 

the.characteristics and quality ofthe drum-mix product, eliminating 

the storage silo as a possible variable •. 
. . 

Sampling at the discharge end· of the dryer-drum is not a , 

standar,d procedure; consequently, there were no ready-made · 

provisions for such work. To ensure the sa.fetaking of a. truly 

representative sample, the equipment and set-up shown in.Figures 

16 and 17 was employed. Figure 16 shows the special (wide} sampling 
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Figure 16: Mixture Sampling and Shaping Equipment 

MATERIAL 
FROM 
DRUM 

Flat Metal Supports 

Slat 
Conveyor 

Figure 17 : Sketch of Supporting Arrangement Used In Obtaining 
Mixture Samples at Discharge End of Drum 

TO SILO 



-58-

shovel used. This equipment was wide enough to intercept the· full 

stream of finished mix discharged from the drum onto the lower 

end of the storage silo elevator. Figure l7 shQws the simple 

set-up used to stipport the thovel (and thus prevent personnel 

injury) during sampling. The supporting arrangement consists of 

two strips of flat metal stock hinged an a solid rod attached 

to the slat conveyor enclosure. During sampling, the shovel was 
slid up the flatmetalsupports while they were in the position 

shown. After sampling, the supporting strips were moved aside 

by sliding them along the solid rod to the sides of the enclosure. 

Drum samples obtained by the above-described procedure 
I 

were placed on a steel platform, tested for temperature and then 

quartered. Two of these. quarters were immediately molded into 

conventional extraction and Marshall specimens. The third sample 

frattion -- used to determine the properties of the recovered 

asphalt -- was shaped, frozen using dry ice and stored in a 

styrofoam chest (Figure 18). (On delivery to the laboratory, and 

after every intermediate stage of testing, these recovery samples 

were· stored in a freezer so as to preserve their 11as-produced 11 

character.) A one-quart sample of the remaining material was 

sealed fn a tared can, weighed and subsequently tested for moisture 

content. These (non-standard) moisture content determinations were 

based on the weight loss on heating for 3 hours at 325°F. The 

latterternperature was sel~cted since it .is the same as that used 
. j 
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in the thin-film oven test and thus provides some assurance that 

the extent to which volatilized asphalt is erroneously reported 

as moisture will be minimal.* 

Figure 18: Shaping and Freezing of 
· Asphalt Recovery Samples. 

*The maximum aJlowable loss of asphalt volatiles under the TFO con-
ditions of 325 F for five hours is 0.5%. For a mixture containing 
5% asphalt, this woul'crcorrespond to a maximum loss of on the order 
of 0.05 x 0.005 = 0.025% by weight of mixture. 
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PART fOUR~ FINDINGS 

4. 1 GENERAL APPROACH TO THE ANALYSIS OF DATA. 

Given that the principal pur~ose of this study is to 

evah,ate the capabilities of .the dryer-drum process, the parameter 

of major interest in certain of the subse.tjuent anaJyses is the 

uniformity of the finished produCt (i .·e.' the proc~ss standard 

deviation), rather tha.n' .the particular mean Jest values. Implicit 
/ . ·. . ... .'·' · .. ' ' ' . . . ' 

in this approach is that if the variability of mixtures produced 

by the drum-mix process and conventional plantsystems are com-

parable, compliance with current New Jersey Department of 

Transportation acceptance limits based on the conventfonal process 

might reasonably be expected with normal process contro 1. (e.g., 
\ . . . 

calibration). This is not to say, however, that a comparison of 

the project mean test results to job mix values is unimportant: 

Determination of the factors causing any observed job mix formula 

"miss 11 provides a specific indication of required process adjustments. 

To some extent, this emphasis on pr~cess variability in the 

analysis of data was dictated by the fa~t that the specifications 

for the Sportsplex paving differed from those conventionally 

applied to New Jersey Department of Transportation projects. For 

example, in th.is work, the composition of the finished product 

( grad at ion a.nd asphalt content) merely had to comply ·wi•th the 



·• 

. . 

! 
i 

Department of Transportation 1s masterdesignlimtts rather than 

with the usual, more restrictive.· job-mix formula tolerances. 

Addition~l]y, the project specifications: .contained none of the 
. . . : . . . 

·usual Department of Transportationprovisions for reduced :payment 
.. . . . . 

in the event of non-conformance with the various acceptance 
. ' . . . ,· . ~- .. · . . . .. 

para~eters •. Since the New jersey Department of :transportation.· 
,· .. /,. \. . ' .. . . ..... 

acceptance criteria did not in fact.apply,: some of the following 
. . . . , .. 

analys.es are of necessity directed at determining if the usual 
. ·, ,_· 

tolerances could be met. 

4~2 ASPHALT CONTENT · 

. · 4.2.1 Nature of Sample: As indicated i_nTable 3, the ·asphalt 

. con_tent deterrn:i nations made in this work comprised.· te·sts on a··· .·. 
. . 

· total of 82 mixture samples obtained· on nine production days. 
,. . . ; . : .. . . . ·. 

Table 3: . Summary of Mixture Asphalt Content Sampling 

Tonnage Number.of :samples· 

. "::.; . : 

Mixture . ·oays. 
Tested 

Daily 
Range · Total Drum ·Truck Total 

•. Binder · 3 

Surface· 

-. 1,600 ,;. 
3,700 8,600 · 

600 - . 11 . 500* 
3,000 · ' 

TOTALS 20, 100* 

24 . 17 41 

16 41 

·. 49 82 

*On test day 9, _only a portion of the day's production was sampled. 
Estimated fractiOnaJ s~rnp-le: 2,000 tons· 
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The test days were randomly selected over a three month period. 

Individual truck and drum samples were obtained at an average 

rate of one sample per 365 tons from a total of some 20,000 

tons of mix. 

4.2.2 Variability of Asphalt Content: The most recent 

comprehensive analysis(lO) of the compositional variability of 

New Jersey bituminous concrete was performed in 1972. At that 

time, analysis of more than a thousand asphalt content determina~ 
. . 

tions yielded average standard deviations for our binder and surface 

mixtures which were nearly identical at about 0.26percent. The 

average observed difference between the design asphalt content 

and production mean was .0.12 percent for binder and 0.17 percent 

for surface mix. 

Ana.lysts of the extraction test results obtained in this 

study (plotted in Figure 19) indicates that the percentage of 

asphalt in successive samples of finished drum-mix is of very 

comparable uniformity to the described historical data for . 

conventionally produced similar mixtures. Specifically, the 

standard deviation of.the combined*(truck and drum) samples of 

binder course is about equal to that historically observed for 

the llaveragell conventional plant (0.23 versus 0.26%), while the 

*Pooling the.asphalt content test results for the truck and drum 
samples appears to be a valid procedure. Conventional statistical 
tests indicate no real difference between the test itatistics for 
the two types of samples .at the 95% confidence level. 
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Flgure 19 = A$Qhalt Content of Finished Drurri Mixtures 
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variability of the surface mix is only slightly higher (0.33 

versus 0.26%). 

It is apparer1t from Figure 19, however, that the mean asphalt 

content of each of the Sportsplex drum-mixtures is significantly · 

lower than the corresponding job-mi~ formula. In particular, the 

observed differehces between the production means and design 

target values for surface and binder course (0.40 and 0.45%, 

respectively) are more than two and three times greater than the 

departure typically observed for similar mixtures pr9duced by 

conventional plants. 

4.2.3 Expected Conformance with Department of Transportation 

Acceptance Criteria: On New Jersey Department of Transportation 

projects, the mean asphalt content of a mixture lot is acceptable 

if the five-sample average is within 0.45% of the design asphalt 

content. For the Sportsplex job-mix formula, this would mean 

that the five-sample average for a given lot would have to be at 

least 4.25% for the binder and 5.05% for the surface course to 

be considered acceptable according to the usual (versus the actual) 

specification ctiteria. Considering that the observed overall. 
. . . 

average for'each of the sampled drum-mixtures either exactly or 

approximately coincided with the respective lower acceptance limit, 

it is obvious that many (roughly, half) of the samp1ed lots of 
\ 

each mixture would have been considered deficient in asphalt 

had the Department of Transportation tolerances in fact been 

in effect. 
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Since the samples obtained in this work represent only a 

fraction of the total production at the Sportsplex, it is not 

possible to directly apportion the samples into actual (1500 + ton) 

acceptance lots and determine the specific extent of non-conformity. 

Simply, given the nature of the research sample, it is not possible. 

to determine with which additional four samples a particular 

sample should be grouped for acceptance purposes. 

Notwithstanding the above, it is possible and useful to 

provide at least some particularized indication of the extent to 

which the sampled material departed from the con.ventional 

acceptance criteria. That is, given,the uniformity of the asphalt 

content data, it seems reasonable to assume that for purposes of 

simulation, successive samples of each mix might be considered to 

be from consecutive production days (i.e., assuming no time gap 

existed between test days). Once this assumption is made, it is 

possible to apportion the extraction results into simulated 

acceptance lots by calculating running averages of five, representing 

all possible consecutive five-sample averages. Using this procedure, 

N samples yield N-4 lots to which the acceptance criteria may be 

applied. 

As shown in Table 4, applying this .simulation procedure to 

the Sportsplex asphalt content data indicates that nearly half of 

all the lots for each mixture would be unacceptably low in average 

asphalt content. As suggested earlier, this result was generally 

quite forseeable since the average asphalt content levels were so 

close to the Department's lower specification limit. If the 
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studied mixtures had in fact been presented for acceptance on a 

New Jersey Department of Transportation project, the low asphalt 

content lots would ha've been expected to result in payment 

reductions of two percent of the bid price. (New Jersey Department 

of Transportation specifications provide for three penalty levels: 
2, 5 and 10%.) 

Mixture 

Binder 

Surface 

Table 4: Simulated Application of DOT Composition 

Acceptance Criteria to Dryer-Drum Mixtures 

Number of Number of Simulated 
Simulated lots Deficient in Deficient Acceptance Lots Asphalt Content 

Lots, 
Truck Drum Total Truck Drum Total Percent 

13 20 33 8 7 15 45 

12 21 33 5 11 16 48 
' .. 

4.2.4 Factors Affecting Observed Asphalt Content: Frequent checks 

performed throughout the course of the research indicated that 

the asphalt metering control (console dial) was set to 9chieve the 

design asphalt content. Notwithstanding any differences between 

the actual/usual 'acceptance criteria applied to the mix then, there 

was clearly a shortfall with respect to the indicated and actual 

asphalt contents. As will subsequently be shown, this general 

deficiency i.n asphalt content was due to apparent inaccuracies in 
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both of the key elements of the dryer-drum proportioning system 

(i.e., the asphalt and aggregate de 1i very systems). As it turns 

out, the other factor affecting the composition of the mix -- the 

moisture correction factor applied to the wet aggregate -- played 

a relatively insignificant role. 

One overall indication that something was awry With the 

proportioning controls at the studied plant was an occasional, 

sigriific~nt discrepancy between the production tonnage calculated 

ffom control room equipment readings and the proven weight of 

material measured at the scale htiuse. 

lf a dryer-drum plant is performing exactly.as intended, 

the moisture content of the blended aggregate is known and 

c6rrect~d for, the w~ight belt is completely accurate, there are 

no losses -0f the weighed materials during processing*, and the 

asphalt pump delivers constant temperature asphalt at the calibrated 

rate. Under these conditions, the tonnage of finished mixture 

measured at the plant scales and the plant output based on the 

recorded data at the operator's station will differ only with 

*As will be discussed in Section 4.3.3 of this report, this plant 
did not operate as a closed systemi Fines were observed to be lost 
from-ui"e main feed belt. However, while such losses in fines are 
thought to have contributed to departures from the intended grada-
tion, they are not believed to have been of such magnitude to have 
affected the AC content of the mix. In any event, such loss of 
weighed materials would have reflected as a higher than intended 
AC content in the finished mix; the reverse of the observed 
situation. Other more normal losses of weighed material {dust 
collector fines) would have a similar, ostensibly negligible, 
effect. 



regard t~ the weight of residual moisture in the finished mix. 

The extent to which these two measures of daily production 

tonnage differ thus provides an indication of the extent to which 

the process control e~uipment and procedures depart from the above-

described ideal conditions. 

Table 5 presents such a comparison between the input of 

raw materials to the dryer-drum (based on control console totalizer 

readings) and the output of finished mix (based on the accumulated 

deliveries at the scale house). The particular comparison shown 

is obviously the grossest type of check on proportioning which 

can be made: Input tonnage is expressed as the simple total of 

asphalt and wet aggregate, with no correction for aggregate -.·. 

moisture~ When, as in Table 5, such a gross check indicates that 

the output generally exceeds the input (i.e., on 6 of 8 days), a 

producer might normally be expected to be more than a bit con-

cerned. When output exceeds apparent input by more than 250 tons 

(test day 4), the time to reflect on the equipment calibration 

and/or operation has clearly arrived. 

In an attempt to determine the source(s) of the apparent 

discrepancy in total mix weights, an analysis of the comparative 

tonnage of the constituents of the finished mix (scale house 

data) and the raw materials (control console data) was made for 

the eight test days on which the complete research testing program 

was applied. The detailed calculations involved in this input-

output analysis are presented as Appendix B. Briefly, determination 
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Table 5: Gross Comparison of Indicated Input of Raw 
Materials and Output of Finished Drum-Mix 

OUTPUT INPUT DIFFERENCE 

Tonnage of Tonnage of Output 
Test Mix Measured Wet Aggregate Less 
Day At Seal~ AiiaAC Measured Input 

House In Control Room (tons) 

1 1553 1526 27 

2 2380 2436 -56 

3 2955 2909 46 

4 3388 3122 266 

5 2637 2574 63 

6 584 582 2 

7 973 985 -12 

8 3680 · 3549 131 

of the output quantity of the various constituents of the finished 

mix for a given day entailed converting the delivered wetghts of 

(wet) mix to a dry weight basis using representative moisture 

contents, and apportioning this quantity between asphalt and 

aggregate using .the day's extraction test res.ults. Tonnage of 

asphalt input is calculated by applying the producer's calibration 

factor to the asphalt totalizer reading. The dry weight of aggregate 

input is determined by applying the results of moisture tests 
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. .· ·. ·: .. ; ·. ; .. ·. ·. . . .. • . . . . . .. · .. 

· ·performed on the blendeda.ggregatesto the_ (wet) aggregate totalizer 

· readings •. This research test data. (rather than the producer's 
. . 

· console moisture setting) is used to make the conversion since 
. .·. .·· . .·.. . i . . . ·. 
·such data (up to 9 tests per day) are believed tobe the best 

estimate of the "true•i moisture in the blended aggregate. 

A summary of the appended analysis of the output and 

. input tonnages:is presented in Table 6. As indi~ated in the 
·. - . . . . ( 

tabulation, inaccuracies in both of the proportioning controls --

the asphalt metering system and the aggregate weigh belt 

system -- apparently contri'buted to the observed general defici~ncy 

in asphalt content. That is, on 6 of the 8 test days, the 
• • ••• • > 

absolute (as well as relative) quantity of asphalt actually 

incorporated in the finished mix is calculate·d to be less than the 

amount shown_on the control console totalizer. On an average 

basis, the control console readings for the asphalt input are 

indicated to be erroneously high by about} percent. · Compounding 

the problem, the weigh b.elt totalizer is indicated to have 

consistentl,X yielded erroneously low readtngs. Since the delivery 

of asphalt to the dryer-drum is keyed to the aggregate delivery, 

these erroneously low readings (!'missed" aggregate tonnage) 

· reflected as a concomitant depa~ture from 'the intended quantity 

of asphalt· in the· finished mix. · On an average basis, the apparent 

.. inaccuracy of the signal from the aggregate weigh belt amounted 

to about 5.6 percent. 
..., 
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An interesting general basis for assessing the above-

described relative errors in the Sportsplex plant proportioning 

controls is provided by a recently promulgated AASHTO draft 

specification for the dryer-drum process. (l 3) In the cited 

document, AASHTO proposes that the materials delivery systems of 

dryer-drum plants should ·calibrate to within 1.0 and 0.5 percent, 

respectively, of the true quantity of asphalt and aggregate_ 

delivery. The relative errors observed here exceed these 

suggested limitations (and at least by implication, good practice) 

by factors of about 3:1 (asphalt) and 10:1 {aggregate). -On a 

more fundamental basis, it is interesting to note that if a 

dryer-drum plant were to be operated within these AASHTO guidelines, 

tllle suggested maximum allowable proportioning system errors would 

be expected to affect the average extracted asphalt content of a 

5.5% design mix such as that studied here by at most 0.08%. 

The specific role that the observed inacturacies in the 

Sportsplex proportioning system played in the acceptability of the 

finished drum-mixtures will be addressed later. However, it is 

considered appropriate at this point to note that the reader (or 

in future, a plant inspector) may quickly estimate the influence 

of a given percentage proportioning error on the final asphalt 

percentage of the mix by an easily remembered rule-of-thumb. 

Namely, each 1% error in any of the elements of the drum-mix 

proportioning system -- asphalt or ag~;egatedelivery or moisture 

content -- will affect the final extracted asphalt content 



I 

,. 

-73-

· percentage by slightly less ~han 0.01 times the destgn asphalt·. 

content. Applying this rule -- illustrated in Figure 20 -- to the 

respective errors of Table 6 indicates that the inaccuracy of the 
. . . ; 

. . 
aggregate delivery system .decreased the asphalt percentages in 

the finished mixtures by about 0.33% in the case of binder and 

0.23% in the case·of·the surface course~ (Examplecalculation 

·(binder): 6 % AC = .01 x 4. 7% AC x 7% error = 0.33%) In the case 
. . . 

of the asphalt delivery system, the inaccuracy indicated in Table 6 
. . . - . 

reduced the average AC.content of the finished surface and binder 

mix.tures by about 0.25% and 0.07%, respectively. 

· Returning to the analysis, it is~- to be noted that the 

inac:curacy in the a:sphalt metering s;stem indicated in Table 6 
~. 

is only one component' of the overall asphalt delivery system error. 

· That is, those calculations reflect only the difference between 

• the indicated (totalizer) tonnage and ~he actual tonnage of asphalt 
.: _: . . . . . 

" based on extra.ction results; they do not address the question of. 

whether the indicated quantity'is in fact the required quantity. 

In other words, not only mus't we determine 11 did the asphalt pump 
. . . . 

deliver the quantity indicated on the totalizer?llbut also 11what 

should the totalizer have read (and delivered) for the measured ·. 

quantity of aggregate?" The latter question is resolved in 

Table 7, 

· In Table 7, the. column headed 11 required11 asph~lt: tonnage 
! . . 

represents the quantityWhich should have been registered on the 

asphalt totalizer to:yield the design asphalt content for the given 
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Figure 20 = Effect of a Unit Error(±l.0%) Jn 
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A%AC~0.OIXACo X[~oisture +Pump+ Belt% Errori] Where: 
Ao/oAC = Estimated Overall Departure from Desired Asphalt Content 
Moisture Errort°/o)= True Aggregate Moisture Content(0/o)-Console Setting(%) 

· . . . 0 •. _ True AC Tonnage -TotoHzed AC Tonnage x 100 % . 
Purnp Error( Yo)- .. T . AC T · rue onnage 

E .. · .. ·.· (0 '· .. )· .. Totalizer T.onnage.--T .. rue Wet T.onnage x. 100 .. %. Belt rror ,o = · · · · · . . . . . . . • 
· · · _ True Wet Tonnage 
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. Table 7: 
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Component~: . of· Asphalt .Mete~ing, .·Sy.stern Inaccuracy 
. . ·. ·.. . '·. . .. ' 

. . - . 

·····Asphalt Tonnag~-
.. ':;' .. 

. ·. ' .. 

Asphaclt ME!tering Errors .. '• ,· ' - . 

--···· .····: ... · ... ~uppliet w1 Required.· Indicated' Actual,·· ~: 
,;___;,_,1....;-._ ....... ___.,; _________ ---t---------------t----------+----------t 6 ACr: •.. .. ·. tSAC2.(·· .. ClTot.al :. · 

Test ... · 
, Day._ 

.. J' . 
. 2 

3 

4.-··. 

.5 

6 

Totals·· 

: Calculated . 
.. From Total iier 
·. <: Usi-ng Console 
Moisture-Setting 

·. ·. -, • • t .·• 

·.. . . . 

. . ·· 2220~0 :· 

. 2·625-~:6 · . 
.. · . . ..• ·. 

· ... ·. 2895.2· 
. , . ·.. ·, ·-. 

. . . 

. •. 236.9.4 .. ·•···· .. 
. . ._ _. .. 

539.3 .. 

9l3~6 · -

3289.:8 .· 

·. Hi 254~4 , . · .. 

lnd i cated: ..:, · Actual ... ·. Actual -·. ··. ·.· Calculated · · CaTcu lated·-· '.' 0 . • . · 

·. · AC x W · · .. . . Re.quired · Indicated Required • 
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}00 -: AC~ ·· Totalizer . House Tonnag(f '·. Tons ·Percent*·•·· Tons . · • · Jo.ns, . Percent* -
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. \46 .. l -
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. }29.0:'·. 

·. 29 •. 9 

. 0, 50.0\ 
. . . 

. 150'.9 

.841.3 

· ·. -0.4. 

. ·•- -L5 

·•·•}; ~0~2.· 

• · · -2~7 
··'- . 
;.4: •. 0 

0:.-4: . 

-0~3 
·. ·--l .5 ··· 

~o.£: _ ·o.6 
. 1. 2 •. .. · ~:5 • 4 

-0.T .· -6.5. _ .. · 
.-•.'' . ' 

·-L9 3.T 
-2.9. · -4 .• 9 

.• -l.3 -l.9: • 
-0:6. : · ~2 •. 9 

~0.9, -9·~s · . 

. -27. l 

. *based on AC required 

**weighted average 

0.2 0.3 

. ; -6. 9 · ;..5. 3 . 

· -6-7 ... 4_4 ... 

Lo· o.7 · 

·. -8.9 ..:6.5 

. · .. 1.5 . -4.8 

· -· . ..:3 • 2 . ..;5_ 0 .·· . 

-11~3 -7.0 

37.3 
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Top_ .. -5 .• 4. 
I .;,_. 

u, 
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(albeit ~rroneously low) aggregate totalizer readings and console 

moisture settings. Comparison of these required amounts to the 

totalizer quantity reveals that the totalizer quantity on 7 of 8 

test days was from about one-half to three percent less than the 

quantity actually required to achieve the design AC content. 

This instrumentation error -- amounting to an average of slightly 

more than one percent -- when combined with the delivery error 
discussed in Table 6, results in an indicated overall inaccuracy 

in the asphalt metering system of slightly more than 4 percent. 

While the described discrepancy between the required and 

observed asphalt totalizer readings alone might be expected to 

have a relatively minor overall effect on resultant asphalt con-

tents (rule-of"'.thumb approximation: about 0.05%), it did have a 

rel~tively significant effect on the acceptability of mix p~oduced 

on particular days (e.g., test day 5). In any event, such a 

discrepancy is clearly undesirable inasmuch as it is symptomatic 

of an inherent internal inconsistency in the proportioning 

controls. 

Another factor generally affecting the quantity of asphalt 

incorporated into the finished drum-mix is the moisture correction 

applied to the blended raw aggregates. On this project, reasonably 

close control of the moisture correction problem -- minimizing 

undesirable differences between the console moisture setting and 

the 11 true 11 aggregate moisture content -- resulted in this factor 

playing a relatively insignificant overall role in the observed 
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Overall deficiency in. asphalt. In fact, in the case of one mix 

(surface course), the moisture contents. selected for proportioning 
. . . 

generally mitigated somewhat the effects of othEff proportioning 

system inaccuracies. 

The preceding point is illustrated by the data of Table a. 
This tabulation shows the difference between the console moisture 

·· settings for each producti6n day and the observed average moisture 

... in test samples, together with the resultant effect of such 

·. differences on the tonnage of asphalt added to. the mix. As indicated 

in Table 8, on the five test days on which top course was being 

produced~ the moisture settings used in proportioning were on 
I 

the conservative side (i.e., an average of about 1% lower than the 

i•trueH aggregate moisture content} •. In effect then, on those days 

the proportioning system was "told" that a fraction of what was 

in fact water was instead aggregate, resulting in the addition 

of more than the theoretically required quantity of asphalt being 

added to the mix. On the other hand, for the three test days on 

which binder course was being produced~ the console moisture 

settings were. slightly (0.5%} higher than the test sample averages. 

On those three days then,. a quantity of dry aggregate was "missed" 

by the proportioning system (assumed to be water)~ resulting ip . ' ... . . . . 

the .addition ~f les~ asphalt than the quantity theoretically 

required for the qieasured tonnage of blended aggregate. 
. . ' . . 

On an overall basis, use of the indicated console moisture 
• >o • • ' ' : • • •• 

settings rather tha~.the 11 true 11 m~isture contents resulted in th~ 

addition of a total of nearly 5 tons more asphalt than theoretically 



Table 8: Influence of Aggregate Moisture Content Correction Factor on the 
Quantity of Asphalt Supplied to Mix 

Aggregate Moisture Content,% Tonnage of Tonnage of Asphalt Measured Test Tonnage Observed Dry Aggregate Which Would Have Console 6 = 
Day of Wet Setting, Sample 11Missed 11 due Been Added If Aggregate 

Mc Average, M0 less Mc to Moisture Mo M = M 6 C 0 

l* 1457.6 4 3.4 -0.6 8.2 0.4 
' 

2 2308.8 4 4.9 0.9 -19.0 - 1. l 

3 2756.9 5 5.3 0.3 -7.5 -0.4 

4* 2982.1 3 2.5 -0.5 14.2 0.7 
. 

5 2440.5 3 4. l 1. l -25 -1.5 
6 550 .1 2 3.3 1.3 -6.8 -0.4 

7 931.9 3 4.5 2.5 -21.8 - 1.3 

8* 3388.5 3 2.7 -0.3 9.6 0.5 

*denotes binder course production Averages binder -0.5····•. Totals binder .1 .6 
top 1.2 top -4.7 

I 
--..J 
CX> 
I 



required i ri the case of the top colff Se drum-mix and about 1 1 /2 

tons less than theoretically required in the case of binder. 

In terms of the percent asphalt in the finished mfx, the net 

effect of the ~verage console/true moisture differenc~s was to 
' ' ' 

cause a relative increase of about0.06% in extracted asphalt for 

the top course and a decrease ·of. about 0.02% for. the binder 

materials. 

Iri the .p.receeding discussions of the percentage inaccuracies 

of the studied dryer-drum proportioning system, some genera 1 

estimates of the role whkh such errors played in the observed 

extracted asphalt content were made using a rule-of-thumb 

. approximation. Table 9. summarizes the. results of a more precise 

· analysis in this regard and expresses the influence of the. 

· metering systern inaccuracies in a more fundamental and useful 

format: Namel;,the expected effect ·of eliminating particular. 

metering.errors on the percentage of compliant composition 

acceptance 1 ots. . ( Here agc1i n., "acceptabi lity11 . is based on the 

. conventional New Jersey Department of Transportation criteria.) 

. The calculation details involved in deriving Table 9 are 
. . . . 

· presented. as Appendix C. Inessence, these calculations are 
' ' ' 

.· merely a recapitulation of the information previously presented 

· · in Tables '6 thru 8. For examrle, the average increase in asphalt 

.content expected to accompany elimination of the asphalt metering 

error is based on the AC totalizer registering and delivering 
. . . . . 

the required quaritity 6f ~sphalt for the given (erroneous) weig~t . . - . . . . . 

· · belt readings and moisture correction for each day. These 
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Table 9:. Relative Effects of Individual Proportioning System 
Errors on Drurn-MixAsphaltContent Acceptability . . . . \ 

A •. ACTUAL MIX COMPOSITION 

Course Design Average JMF 
AC% Extracted .. ·. Miss AC% 

: 

Binder 4.7 I 4.25 Q.45 
' 

... 

: 

Top 5.5 5.06 .0.44 

B. EFFECT OF PROPORTIONING SYSTEM IMPROVEMENTS 

Expected <8 AC: % of NATURE OF Course· Average Expected Observed IMPROVEMENT ·AC% - Actual .· JMF Miss 

Eliminate I· 

Binder 4.36 ·0.11 24.4 Asphalt 
Delivery ' I 

System 
Top 5.34 :0.28. 63.6 Inaccuracy 

' 

! Eliminate · 
Binder 4.57 0,32 71.l Aggregate 

Delivery 
System . 

Inaccuracy .. Top. 5~28 0~22 50.0 

Use 11 True 11 Bi.nder 4·.27 . 0.02 4.4 Aggregate I 

Moisture · 
. Content In 

Proportioning Top · 5.00 ·-0.06 -13.6 

E$timated % 
Acceptable 

Lots 

50 

,. 

52.8 

Estimated% 
Acceptable 

Lots 
,· 

86 

98.5 

99.9 

95.6 

57.5 

35.6 



... a, .. 

·•• quantities are shown in Table 7. The tabulation of the expected 
.· . i . . . 
percentage of acceptable lots associated with a particular 

·. . . . ' .· •' . 

.processing improvement is derived from-properties of· the 

standard normal distribution.* 
. . 

As indicated in. Table 9, _while an improvement in either 
the aggregate or asphalt delivery system would have improved the ·. •. . . . . . . . 

. . . ,. . . 

re 1 at iv~ acceptability of the composition lots• the aggregate 

. delivery system generally played somewhat ;the greater role. . . . . . ! . .. 

Specifically, the aggregate metering error amounted to about 

3/4 and 1/2 of the total JMF miss in the case of binder and top, 
. . . . . . . . . . . 

respectively. The asphalt delivery ~rror would have been expected 
. . ·. 

· to have eliminated about 1/4 and 2/J**of the observed JMF misses 
. . . ·-· 

for binder and top. As a consequence,.had the weigh belt error 

. alone been el~minated~ the Sportsplex bindef course would have. 

been expected to have been completely acceptable according to the 

-conventional criteria, while the producer's risk of unacceptable. 

*These calculations invol~e a determination of the area of the 
normal curve to the right-of a Z-score equal to the Department.of 
Transportation specification lower acceptance limit for a distri-
bution having the particular mean aspha,lt .content. In making. such 
estimates, it was (conservatively.) assumed that the standard 

. deviation of the product would not change if a particular 
proportioning improvement was mad.e .• 

**The reason that the sum of the.· percentages of the· surf ace course. 
JMF mfss accounted f orTy the asphalt and aggregate de 1 i very system 
errors·total greater than 100% is that, for the conservative moisture 
correction used, elimination.of these proportioning .system errors. 
would have resulted in an AC percentage greater than the design. 



top course lots.would have been less than two percent greater 
- . . . 

than normal •. · (New Jersey Department of Transportation acceptance 

. criteria are constructed with balanc~d producer's ~nd consumer's· 
' ' 

.· risks of 2.5 percent.} 
. . _, 

Given the previous discussion of. the moisture. correction 

factor, the indicated effect of this factor on overall lot 
, ' ' 

acceptability fs not surprising. That is, the data of Table 9 

. confirnisthat f~r-the conditions.encountered in this study, . . . . 

use of the t.r~e agg;egate moisture content in proportioning the 

· binder would have been slightly beneficial to lot acceptability, 

whereas use of the true moisture in proportioning the top course 

'would have had a detrimental effect • 

.4.3 MIXTURE GRADATION 

4.3. l Variability of Extraction Results: The extracted gradations 

,from 41 samples of each of the finished drum..;mixtures are·shown 

in Figures 21 and 22., 
' ' 

' ' 

The most obvious overall characteristic of the.finished 

. drum-mixtures revealed itithese gradation plots is their rela.tive 
. . . . ·. 

coarseness W.ith respect to th.e int'errnediate siev·e Si?es --· p~rticu-

larly in the case of the surface mix -- as contrasted to their 

. near-perfect conformity W; th . the targe't values :for the top· and,. ·· 

more importantly, the #200 size mate.rials. 
' ' 

Only three of the design sieves presented in the gradation 
. . ' . . . 

plots --~·~ th~ rlu~bers 8, 50, and 200 ..;_ are fo~rr\a lly used for 

acceptance.purposes bY the New Jersey Department of Transportation. 



-83-

, Figure 21 = Gradation of Finished Drum- Mix. 
Mas.ter 

Sieve am 
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Surface Course 

I II 

;,2 100 !t • • • •• • • • • • • • • ,. w; ll€ •)I( )0()( )I( )16( ><: .x x>E~ 
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Fl9ure 22 = Gradation of Finished Drum - Mix 
,Binder Course 
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Assoctated with those sieves is a tighter (JMF) tolerance than the 

master design limits shown and a schedule of payment reductions. 

for non-conforming results. The latter are based on the average 

and range of five samples from a 1soo! ton lot. The #4 and 

larger sieves are used strictly for control purposes. Whenever 

the mixture proportions for these control sieves depart significantly 

from the job mix target values, a process change is recommended; 

if the departure causes the results to fa 11 outside the master 

design limits, a processing improvement is required. 

As indicated in Figure 21, a substantial number of test 

results for the drum-mix surface course fall outside the master 

design limits for the #4 sieve. Ordinarily then, this non-

conformity would have necessitated a processing improvement on a 

Department of Transportatipn project. 

A comparison of the uniformity of the drum-mix gradations 

for the acceptance sieves to that historically observed (lO)for 

mixtures produced in conventional plants is presented in Table 10. 

Note that in the tabulation, the overall "variability" 

of the product is again expressed in terms of two statistics: 
I 

the average standard deviation of the individual test results 

and the average miss from the job mix target value. As alluded 

to earlier, the reason for separately analyzing these components 

of variability is that while both in fact represent the inherent 

"capability" of the process, the standard deviation statistic, 

generally speaking, is more indicative of the 11 control1ability11 

of the process. That is, if the process results are uniform 



Mixture 

Binder 

-···-

Top 

Tab le 10: Relative Variability of Drum-Mix Extracted Gradations 

Standard Deviation (o') JMF Miss (A) = Standard Deviation 
!Job Mix..:Production Mean! plus JMF Miss (O" +~ )** 

Acceptance Conventional Dryer- Conventional Dryer- Conventional Dryer-
Sieve Plant Drum Plant Drum Plant Drum 

.. 

Average Project Average Project Average Project 
.· 

# 8 2.77 2.23 0.92 2 .00* · 3.5 4.0 

#50 1.58 0.94* 1.10 1. 70* 2.5 2.5 

1/200 0. 8') 0.49* 0.37 0.10* 1.3 0.6 

.· 

#8 2. 70 3.59* 0.87 4. 70* 3.5 8.5 

#50 1.92 2.00 0.90 2. 00* 3~0 4.0 

#200 1.10 0;65* 0.18 0 .10 1.3 0.8 

NJ DOT 

I 
0:) 
O'l 
I 

Acceptance 

Tolerance {.:) 

Applied to 

-X5 

4.0 

3.0 

1.4 

4.0 

3.0 

1.4 

* Indicates significant difference ** All values rounded to account for tes.t precision. 
between test statistics at 95% 
confidence level. 

... 
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(in terms of standard deviation), it is normally not difficult to 

make adjµstments to achieve the desired mean value (e.g., by 

varying bin pulls in t~e case of gradation or changing a dial 

setting in the case of asphalt content). On the other hand, 

achieving the converse type of control (reducing the process 
standard d~viation) ~enera11y requires a considerable effort by 

the producer • 

. Th~ New Jersey Department of Transportation gradation 

acceptance tolerances (shown in the last column of Table 10) 

Jre in fact constructed so as to reflect both of the above 

measur~s of process variability. That isi the tolerance for a 

particular sieve is about equal to the sum of the historical 

average job~mix miss and standard deviati9n for that sieve~ In 

p~actical effect, use of these tolerantes means that if a 

producer exercises 11 average 11 gradation tontrol ~- that is, if the 

overall variability of his product equals the historical norm --

his risk of lot rejection will be only slightly mor~ than one 

percent. 

Examination of the gradation statistics pr~sented in 

Table 10 reveals that, with one notable exception, the uniformity 

of the drum-mix product is comparable to that of conventional· 

plants. That is, except for the #8 sieve results for the surface 

mix, the average staridard deviations for the acceptance sieves 

are about the same or less than those observed for conventionally 

produced surface or binder course. Regarding the latter, Table 10 
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shows that the standard deviations for the combined* (truck and 

drum) samples of drum-mix binder are less than the historical 

average. Except for the #200 sieve results, however, the average 

miss from the job-mix target values for the Sportsplex material . 
is about.twice that normally encountered for binder mix produced 

at conventional plants. The net effect of this relatively 

lower standard deviation and higher job-mix miss is to cause the 

overall variability of the.drum-mix binder to be similar to that 

of the "average" conventional plant product and generally within 

the indicated Department of Transportation tolerances. 

The most significant point in connection with the surface 

course data of Table 10 is the relatively high variability of the 

drum-mix results for the #8 sieve, both in terms of standard 

deviation and departure from the intended design average. This 

observed high overall variability for the #8 sieve, together with 

a greater than average departure from the intended mean for the 

#50 sieve, obviously suggests that much of the sampled surface 

mix would be considered non-conforming according to the Department's 

usual acceptance provisions. 

*As in the case of asphalt content, there is no statistically 
significant difference in themean or standard deviation of the 
truck and drum extracted gradations. Thus, pooling of the two 
types of. sample results is valid. 
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4.3.2 Expected Conformance with Department of Transportation 

Gradation Acceptance.Criteria: To provide a more specific indication 

of the extent to which the sampled drum mixes would comply with 

conventional gradation acceptance criteria, the simulated 

acceptance procedure (running average technique) described 

earlier in this report was applied to the extraction results. 

In view of the general discussion in the preceding sub-

section, the results of this simulation (Table 11) were quite 

. predictable.·· That is, the drum-mix binder is indtcated to be in 

general conformity with the current Department of Transportation 

acceptance criteria. On the other hand, if judged by the 

Department's relatively stringent criteria, the sampled drum-mix 

surface course would be considered to possess multiple deficiences: 

Nearly 2/3 of all possible running averages of five for the top 

course (simulated acceptance lots) fail to comply with the usual 

tolerance for the #8 sieve and half of these are also non-conforming 

. with respect to the #50 sieve. 

As further indicated in Table 11, had the sampled surface 

mix been presented for acceptance on aDepartment project, the 

extent of non-conformity with the #8 sieve criteria would not only 

be expected to be cause for frequent rejection, but also the 

imposition of moderate (5%) rather than slight {2%) reductions 

in pay. 
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Table 11:. Simulated Application of -DOT Gradation· 
Acceptance Criteria to Dryer-Drum Mixtures.· 

A; Expected -Frequency of Non-complaint Lots 

Total 
Number of 
Simulated 

Number of'Simulatccl Lots Having Non-Compliant 
5-Sample Averages* for the Indicated Sieve 

Acceptance Lotsi------.--.---------.------..---------t 
(Truck + Drum) 

33 

33 

#8 

1 

20 

#SO 

0 

10** 

Percent 
#200 b e 

0 3 
., 

0 60 

*3 ·top course lots would also fail DOT range requirements· for the 
#8 sieve (Rs> 1390). · 

** Indicated lots also failed #8 sieve requirements 

B • ' . Expected Severity of Payment Reductions 

Number of Simulated. Lots Receiving 
Iridi ca,ted Payment Re-duction * 

• i-

, Mixture 
I JMF - X5 I = . 

· 1.01 to.LS 
times tolerance 

I J~ - x51 = 
1.51 to 2-.0 

times.tolerance 

Binder 

Top 

1 

ll 

0 

< • • • • • 

twice tolerance 

0 

0 

*. In accordance with DOT cri te.ria, when more than one reduction, due 
to nonconformance to the JMF gradation is indicated for a lot, only 
the greater single adjustment is applied.· 

** All incurred for #8 ~ieve results. 
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4.3.3 Factors Affecting Gradation of the Product at Various 

Stages of Production: 

A. General Limitations of Cold-Feed Gradation Control 

Subsequent discussions in this report subsection are 

directed at assessing the effect .of various production operations 

on the gradation of the finished drum-mixtures and, in particular, 
' ' 

determining possible source~ of the observed relatively high 

variability of the surface mix. While most readers are familiar 

with the cold-feed method of control in general and its potential 

drawbacks in particular, it is useful to state at the outset that 

due to inherent limitationsof this type of control procedure 

the subsequent discussion of factors ,affecting gradation must 

of necessity be of a relatively qualitative rather than quantitative 
. . 

nature. That is, as a general proposition, proportioning controls 
. . .. i • 

such as those employed at the studied plant (i.e., belt speed 

indicators) may not yield either the~ or number of measurements 

required to discover or remedy a proportioning problem. In this 

specific instance, it is concluded that they did not. 

In the first pJace, while the gradation of a bituminous 

mixture is designed and accepted on a weight basis, achieving the, 

correct aggregate proportions by the cold-feed method of control 

obviously depends on (and thus yields instrumentation readings 

based on) maintaining correct volumetric proportions. The point 

here is axiomatic: When ,a proportioning problem occurs, it can be 

expected to be more quickly discovered and corrected if the data 



for production control and product acceptance are direct.ly on 

the same (weight) basis. 

Secondly, it is evident that when multiple stockpiles 

contribute to the percent passing a given sieve and there is 

only one direct measure for determining if the intended multiple 

combination is in -fact achieved (i.e., th~ extraction result), one 

ca'n expect more than occasional difficulties in isolating the 

specific cause of any subtle discrepancy between the desired and 

observed proportions. Simply, in the case of three stockpiles 

· with overlapping gradations, there are three unknowns (stockpile 

contributions) and only one equation (extraction result). While 

various algebraic ·and graphical methods are .available for examining 

more than one or all of the sieve results so as to assess the 

source of a proportioning problem, such methods are known to be 

laborious and often only approximations. Consequently, they·may 

yield only one of several possible aggregate combinations resulting 

in the problem extracted gradation. Further, while after-the-fact 

calibration checks would be appropriate, such might not detect 

certain problems such as aggregate bulking or other temporary inter-

ference with bin flow. 

If a dryer-drum plant is fitted with a belt sampling device 

which yields representative gradation samples, such samples would 

provide an additibnal (or at least, more rapid and direct) 

indication of the accuracy of the aggregate delivery system. 

• 
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However, as wi 11 be q~scri Ped l c1ter, the part ic4 lar ~e 1 t sampling 

device used on this prqject apparently did not yield representative 

samples. 

In thE! context of any future dryer-drum installation, it is 

important to note tnat the sh,ortcomings of a s;traight volumetric 

. cold-feect c~nt,rol m~tnod can potentially be overcome QY equipping 
: . ' . ··. . . . . . 

the dryer-drum plant with additional, co11111ercial ly available . . '• . (" . . . . . . . ·, 
. , 

weighi.ng ~quipment (load cells) and associated control console 
• ' I • • • • • • 

readouts •. _ One possible layout for su~h an instaJlatir;m is shown 
. . . . . 

· in the sketch of Figure 23~ -- As indi<;!lted in the sketch, 

- installation of several* such belt scales beneath the cold feed . . . . . ,. '·· ·. : . . ·-.. · .. ·,· .. . . . ,.·. '.. . .· 
. . , ·. 

bins would provide direct checks on the bin proportioning on both 
: . . . . . . . . . 

·. a c·ontinµo~s basis {from a rate meter displ~y in tons/hoµr for 
. .·; ··.. . . .. . · .. ·. . .·_ ·. . . . . 

each bin) and an overall basis (frqrn bin totali:zer displays). 

w.hile su~h dire,c;t rneasures qf the relc1tive wei~ht pf aggre~ 
. . . . 

gatefrorn each'bin, of course, will npt in themselves ensµre 

achievement of c1 con5.ist.ently acceptable product, the number and 

type of measurements ,Y.ielqed by the additiqnal 1oc1d cells clearly 
. . . . 

would give the producer a ~etter oe.po:t~ni_\Y for maintaining 

proper gradati9n cpntr9l. Interestir1gly; several.states presently 

*While the particular instrumentation set-up ~hown in Figure 23 is 
considered most desir~ble 1 then~ are O.bvioU,s,ly alternative. arrange-
ments~ For example, if {as on this project) bins 3 and 4 contain· 
the same coarse aggregate, a lower.;cost o.ption would be to eliminate 

·· 1oad cell 4.'."'·In that case, the relative proportion of total coarse 
aggregate would be inpicated' by load cell 3. This change might _ . 
reduce the producer's. additional plant investm~nt by about $10,000. 



Figure 23: Sketch of Alternat·e ln-strumentation for Cold-feed Control 

BIN I BIN 2 BIN 3 BIN 4 
' 

w, r r W= Weight of aggregate 

i flow, tons/ hour 

feeder belt 
I. . · collector be_ It ·------...,....,I' 

L = load cell ( belt scale) 

{ R = Ratemeter display, tons/hr. 

T = R xt {T= Totalizer display, tons 
4 4 t = time,hours 

Calculation of Bin Pulls Using Displayed Data 
BIN I BIN 2 BIN 3 BIN 4 

R-~ R2 -R3 R3-R4 R 
P = T ~XI00% P2= X 100% = R X I000/o ~=~XIOO% 

I RT Rr T T 
or or or - or 

,-: -T2 T2-T3 T T 
XI00¾ = T . X 100% =. X10O% = 3 - 4 X100% 

TT .. TT T T_ 

' I.O 
.i:=. 
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require at least certain of the described additional weighing 

equipment and readouts (bin rate meters expressed in tons/hour). 

Further, in their responses to a survey questionnaire, several 

states which do not currently require belt scales beneath the bins 

suggest that such would be highly desirable. Perhaps most 

persuasively, NAPA (l4)reports that at lea~t as early as 1974, a 

· number of contractors -- apparently at their own option _.;. equipped 

their plants with multiple weigh belt systems. 

B. Stockpile Gradations 

As indfcated in the preceeding subsections, the problems 

with the as.;.produced drum-mix proportiofis. primarily involved only 

the surface mixture and three sieves: the #4 control sieve and, 

more importantly, the #8 and #50 acceptance sieves. While there 

were differences in the proportions of sand and screenings used 

for the two mixtures, the basic difference in the constituents of 

the binder and surface course was the coarse aggregate size. This 

fact obviously suggests that the high variability and miss from 

the target gradation value for the surface course may at least in 
. . . 

part be a reflection of relatively high variability and/or a 

departure from the design gradations of the.3/8 11 stone stockpile. 

Table 12 presents a comparison of the stockpile gradations 

used for mixture design and those observed in eight days of plant 

testing. The test results shown represent washed analyses 

(ASTM c~ 117) performed on two samples per day from each of the 

three stockpiles being used on that production day. 



TABLE 12: Variability of Stockpile Gradations 

- --· - - -- - ------ ---- -

PERCENT PASSING INDICATED SIEVE 

SAND SCREENINGS 3/8" STONE 3/4" STONE 

ncsign Actual Design Actual Design Actual Design Actual 
I 

Sieve Mean Mean · Mean Mean Mean Mean Mean Mean t.O 
en 
I 

l" 100 100 0 100 · . 100 0 100 100 0 

1/2'' 100 99.9 0.3 100 99. 2 0.7 100 99 0 43 52.3 4.8 

3/8'' 100 99.8 0.5 100 98.7 0.9 84 83.8 4.0 

#4 98.7 98.4 0.5 100 97 .7 1.0 16.5 18.9 5.9 2.8 6.8 2.5 

#8 92.3 91.7 ~1. 7 80.5 80 .7 2.1 7.3 9.6 3.7 0 4.4 2.1 

#SO 21 15.9 3.1 33.1 38.9 3.1 2.9 5.3 1.8 0 3.7 1.2 

#200 2.3 2.9 1.0 19.0 23.8 2.1 1.8 4.2 1.5 0 2.9 1.2 

Number of Tests 16 16 10 6 

•· .. 
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As indicated in Taple 12, the standard deviations of the 

#4 and #8 sieve results for the 3/8 11 stone stockpile are generally 

greater t.han those for the corresponding results from the other 

stockpiles. Indeed, the standard deviation .of the #4 sieve is 

greater than that for any of the other stockpile sieve results. 

While it obviously would be of ~onsiderable interest at this 

point to know whether the indicated variability of the studied 

· stockpile gradations is ••typical", similar data for conventional 

plants, unfortunately, is not tabulated by the New Jersey 

Department of Transportation. However, from the data we do have, 

it dpes appear that the 3/8 11 aggregate stockpile was in fact a 

major source of the high variability observed for the #4 and #8 

sizes in the finished mix. 

While the variability of the raw materials apparently 

contributed significantly to one component of mix acceptability 

(the standard deviation of the finished surface mix); stockpile 

gradation apparently did not play the major role as regards the 

other component (the significant JMF miss). That is, while 

Figure 21 indicated that the finished surface mix was consistently 

deficient in the percent passing the #4 and #8 sieves, Table 12 

shows that each of the stockpiles contained sufficient of these 

sizes (the actual average stockpile gradations closely conform to 

the design gradations). This is also the case for the binder 

course raw materials. In fact, while the finished binder was 

somewhat low in the average percent passing the #8 sieve, the 
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stockpiles actually contained more of this size fraction than was 

contemplated in the stockpile design gradation. In other words 

then, it generallYappears that the shortfalls in average percent 

passing the #4 and #8 5ieves in the finished mix were not due to 

a problem of knowing what was delivered to the bins (the average 

percent passing), but rather to a problem in metering the binned 

materiali in the correct proportions. 

The effect of the stockpile gradations on the acceptability 

of the surface mix with respect to the #50 sieve are not so readily 

apparent from Table 12. While the stone stockpiles contained 

somewhat more minus #50 material than the design stockpile grada-

tion, the sand contained an average of 5 percent less.than the 

design mean for the minus #50 fraction and the screenings, 

6 percent more than the design value. The extent to which these 

essentially equal high and low values compensated for each other 

and thus, did or did not contribute· to the unacceptably low 

percent passing the #50 in the finished surface course -- obviously 

would require consideration of the relative proportions of each 

material used. 

An attempt to provide a more specific indication of the 

part the stockpile gradations played in the gradation of the final . 

product is presented in Table 13. The columns headed 11 Theoretical 

Combination 11 in Table 13 respectively show the gradation mean and 

standard deviation which would have been expected for eight days 

of plant testing had the project materials in fact been combined 

· in the proportions originally contemplated (design bin pulls) 
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Table 13: Comparison of Expected and Observed Drum-,Mix Extracted Gradations 

MEAN GRADATION (% PASSING) 

Sieve 
Design 
Target Extracted· Design Pulls. Actual Pulls 

l" 

1/2'.' 

#4 

#8 

#200 

1/2'' 

3/8'' 

#4 

#50 

#200 

100 

68 

44 

37 

12 

4.9 

100 

92 

60 

49 

16 

100 

70.1 

41.8 

35 .o 
10.3 

4.8 

99 •. 8 

90. l 

55.4 

43.9 

13.4 

6,4 

100 

72.1 

45.9 

39.2 

13~9 
7.5 

99.2 

92.4 

61.S 

50.4 

17.3 

9.6 

100 

70.4 

42.8 

37.2 

11.4 

5.6 

99.1 

92.6 

62.8 

52.0 

16. 8 

9.0 

A Mix Pull Sand Screenings 
----;-~------+-=-=--'-----+---~__;..:;::...._-4-'------~ Design 20 23 5 7 
Bind er t-------+-'-------+-----------'.;:__----1-------....:..:-

. Actual 25 . 3 14 .2 
Bin Pulls(%) 

Top Design 25 28 47 
Actual 29.5 25.2 45.2 

~1.0 

-2.2 

-1.1 
""". . 8 

0.7 

-2.5 

'-7.4 

-8.1 

-3.4 

-2.6 

STANDARD DEVIATION 

0 

3.9 

2.8 

- 2. 2 

0.9 
o.s~ 

0 .4 

2.4 

4 .o 

3.8 

2. 

0.7 

Theoretical* · 
Combination 

0 

2.9 

1.5 

1.4 

1.0 
Q.8 

0.2 

1.9 

2.7 

>T.8 

1.5 

0.9 

* Based on actual (weighted av~rage) pulls 

I 
I.O 
I.O 
I 
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or according to the modified proportions used in practice (actual 

bin pulls). These calculations indicate whether successful 

combination of the given raw materials according to either the 

original or modified proportioning formula would have been 

expected to result in an acceptable mix gradation or at least a 

more acceptable gradation than that actually produced. The 

extent to which the theoretical mean gradation calculated using 

the actual bin pulls (console dial settings) differs from the 

actual extracted gradation provides a general measure of the overall 

inaccuracy in the cold-feed metering system. 

The calculation details involved in developing Table 13 

are not presented. As is generally well-known, for a particular 

sieve, the expected mean and standard deviation of an aggregate 

combination is derived by weighting the statistics for the 

individual stockpiles, the respective bases of weighting befng the 

bin pul 1s (for X) and the square of .the bin pulls (forcr-). In 

this work, the daily stockpile gradation results and the actual 
I 

bin pulls were additionally weighted on the basis of daily production 

·tonnage. The ••actual bin pull" data were obtained by converting 

recorded control console dial settings (potentiometer readings) 

to an equivalent proportioning percentage using a formula furnished 

by the producer. 

As indicated in Table 13, while the average extracted 

gradations for both mixtures were coarser than the design target, 

combination of the stockpiled aggregates using the design bin pulls 
•. 
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woul~ h~ve resulted in both mixtures being ffnJr than the 

design for all but the respective top sizJ sieves_ . . In the 
. . . 

case of the binder course, such a gradation.would have been 

expected to be unacceptably fine. That is, as a consequence 

of an excess of minus #200 in c.~rJain of the stockpiles 

(notably, the screenings), use of the design bin pulls would 

have result~d in a finished mix havtng a ll)in11s #200 fraction 

outside the master design band •.. The gradation of the theoretical 
i 

combination for the actual binder course ·tiin pulls reflects 
j . . 

a successf_ul effort by the producer to avdid.this excessive· 

fines situation. 

A somewhat similar_ situation is indicated for the Sur.face 

course. T,hat is., except for the #200 sieve, achievement .of the 

theoretiq.l . combination corresponding to the design bin. pul 1 s. 

would have.been expected to result in gradation_ means w~ich 

were conside~ably closer to the design target than the~e~tracted 

means. _I~ the case of the #8 and #50 acceptance sieves, such _ . 

a reduction, in the JMF miss would have substantially mitigated 

(but not eliminated) the observed non~con'flormance with the . •.~.-•. ,·, ., _.·· . 

Department of Trar:isportation ac~eptance criteria. On the other. 

hand• as in the case of the binder £ourse, use of the design ... 

pulls would have created a problem of unacceptable #200 sieve. 

results; the expected (9.6} percent .passfog for this sieve would . 

again border on the.upper design limit •. Such an inordinately large 

JMF miss (i .e.,l:l= 2.9%) would in itself result in essentially 

a 100% rejection rate if the Department of Transportation acceptance 



criteria for t,he #200 sieve applied (tolerance: t 1.4%) 

'' Further, had the producer ·in fact' achieved the gradation 
.. ·. corresponding to the actual bin pulls· set on the control console, 

the· material would still have been excessively fine wH:h respect 
. - . ' 

to the #200 and a new problem of excessive fineness would have 
' ' 

b.een · created for the #8. 
' ' 

·The reason that this situation did 'not in fact materialize 

is evident from the :tabulation: For both )nixes and for all 

· sieves below the 1/211 , there was: a consistent shortfall· 

(deficiency in percent passing) between th~ extracted gradation 
. . . . . . ! . 

and that exp~cted from the actual bin pull settings. In the 

case of ·the binder~ this greater relative coarseness of the-

extracted gradations was relatively uniform at about one percent ·. 
-· . . ' . . 

:passing, wher~as ih fhe cas~ of the surface mix, the apparent 

.metering error range.from about 2.5 to 8 percent passing. 
•. . . 

Now, While it would be possible to make· some further 

analyses of the tabulated gradation results (e.g., a determination· 

of th~ bin pulls which might have yielded the design values or .· · 

the bin puJ,ls which could have resulted in the problem gradations), 

.· such would:6,lear1'y be mere speculation. S·imply, as suggested at 
' ' 

the out•et of this report subsection; the cold~feed control 
. . . - . . . 

instrumentation' used on this project did not. yield the data 
.· ' ' ,. --
needed to determine which specific bin(s) contributed tothe 

. disparity betw~en the expected and observed aggregate proportions. 
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Admittedly, it is possible that if a producer were required 

to conform to more stringent gradation acceptance criteria than 

imposed on this project, he might be able to remedy a gradation 

control problem such as observed here by performing appropriate 

process calibration checks. However, in the. writer's view, 

it appears equally likely that absent a continuous, positive 

indication of the tonnage of material from each bin (such as 

would be provided by the additional load cells described earlier). 

this would be a very difficult task. In such case, the producer 

would have merely the same level of information as the authors 

here: after-the-fact knowledge .of a metering error in an unknown 

bin or bins. 

Apart from the information regarding gradation means, a 

further point of interest in connection with Table 13 is the 

tabulated standard deviations. It is to be noted that the 

indicated standard deviations for the theoretical combinations 

are based on a relatively small number of samples and thus are 

very much only estimates of the true standard deviation. Nonetheless, · 

these statistics do provide some particularized information 

regarding the relative contribution made by the raw aggregates 

to overall mixture variability. Specifically, notice that the 

standard deviations which would be expected for the #4, #Sand 

#50 sieves. in the surface mix due solely to the variability of the 

raw materials are about the same as the standard deviations 

observed for these same sieves in the completely processed binder mix. 
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. . 

. As suggested at the outset then, it appears that the relatively 

. greater variability of the surface mix raw materials was ind~ed 
. ' .. . 

·· a reason why the finished surface mix would fail to comply 
· with current Department of Transportation gradation acceptance 

criteria. 

C. Belt Gradatidns 
A total of 48 samples of the blended aggregates feeding 

the dryer-drum were obtained in~his study~ The principal 

objectives in sampling at this point in th~ production stream 

were to determine the accuracy of the aggregate metering system 
• . I 

per se (i.e., the as-blended aggregate proportions) and to 

provide a basis for determining the nature of ~rny gradation 

changes which might occur in the drum-mixer. That gradation 

changes may indeed occur on processing was recently co~fi rmed 

in a research study conducted by the State of Maine(l2). In the 

cited study, the gradation of mixture samples obtained at the 

drum disch~rge were observed to be "several percent finer" than· 

.the material tested from the main feed belt. The increase in 

fines was attributed to the effect of 11we~r, abrasion and heat 

spalling 11 during the heating and mixing cycle. Unfortunately, 

it appears that the particular automated belt sampling device 

. used in our research yielded non-representative samples, and 

thus little useful information regarding tha as-blended aggregate· 

proportions. 
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· The results of washed gradati'on analyses performed on 

the binder and surface mix belt samples (23.and 25 samples, 

. respectively) are presented in Table.14. As indicated in this 

tabulation, the averag~ percent~ge passing the #4 and #8 sieves• 
in the belt samples is ·about 3 to 6 percent lower than the 

corresponding extraction results for each of the finished 

mixtures. On the other hand, in comparis~n to the extraction 

results, the belt samples display about the ·same or more 

material passing the #50 and #200 sieves. 

While the reason for the indicated greater coarseness. 

of the belt samples reiative to the extracted gradations for 

the plus #50 material is not known, such difference is consistent. 

with a loss of larger sand sizes during sampling. As previously 

shown in Figure 15, fines were observed to spray off the sampling 

tray during· the belt sampling operation. For the particular 

sample size used in this work, a relatively small loss of such 

"sprayed" firies {a total of about a half pound for the two 

sampling passes) would account for the observed disparity 

between the belt and· extracted gradations. This circumstance, 

together with the fact that the belt samples generally display 

a somewhat higher percentage of the very smallest sizes as 

compared to the extraction samples,suggests that the belt samples 

are indeed non-representative. If the alternate hypothesis were 

correct -- that is, if the belt samples were in fact representative 
, :~. . , , , 

and the belt/fxtraction gradation differences were merely du~ to 
. ·t,· ' . 
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Table 14: Comparative Aggregate Gradations of 
Extraction and Belt Samples 

MEAN GRADATION Co PASSING) 

~: 
Extracted 

Sieve Extracted Belt less l3elt 

l" 100 100 0 

1/2" 70 .1 66.0 4.1* 

#4 41.8 3(). 1 5.7* 

#8 35.0 30.G 4.4* 

#50 10. 3 10 .1 0.2 

#200 4.8 5.4 -0.6* 

1/2" ~)9. 8 99.7 0.1 

3/8" 90.1 89.0 1.1 

#4 55.4 51. 7 3.7* 

# 8 43.9 41.1 2.8* 

#50 13.4 14.8 -1.4* 

11200 (). 4 8. Ci -2.2* 

* In<licates statistically significant 
difference at 95% confidence level. 
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aggregate breakdown -- the extraction samples would be expected 

to reflect any such degradation by displaying at least the same 

degree of fineness as the belt samples for the smallest size 

sieves and certainly n~t less as is indicated for the actual 
situation. 

An automated belt sampling device is a highly desirable 
1 

item of equipment at a drum-mix plant, since it provides a safe 

means of obtaining aggregate for both moisture and gradation 

control purposes. It ~ppears from this work, however, that 

if belt samples were to be depended on for control purposes 

on any future dr~m-mi~ project, lome modifications to the 

sampling apparatus (or; an alternate model) would be required 

to yield belt samples :which provide a reliable estimate of the 

finished mixture grad~tion. In any event, it is clear that 

prior to the use of any type of automated sampling device, a 

program of reliability testing will be required. Such would 

involve analysis of the comparative gradations of mechanically 
. ! ', 

and manually obtained aggregate belt samples. 

D. Loss of Fi~es From Dryer Feed Belt 

As noted earlier, the gradat'ion of the binder and surface 

course drum-mixes were generally coarser than that contemplated in 

the design and expected from theoret i ca 1 cons i derat i ans (i.e., 'the 

given bin pulls and stockpile gradations). One factor affecting 

this result to some, ;albeit undetermined, extent was the loss of 

weighed fines from the main feed to the drum-mixer. This loss 
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re~ulted when wet fines in the blended aggregate would adhere 

to the feed belt, carry over the discharge end and be deposited 

on the ground rather than enter the drum-mixer~ 

Figure 24 is a photograph showing such fines beginning 
. ! .. 

to accumulate .beneath the feed belt early in a day's production. 

Notice that these wet fines* appear darker than their surroundings. 

Figure 24: Wet fines beginning to 
accumulate beneath dryer feed. 

-· *A gradation sample was taken to determine the specific size 
distribution of these "fines". Unfortunately, the sample was 
misplaced. 

· .. 
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, 

While the quantity of fines depicted in Figure 24 would 

. only have a minor effect on . the gradation of the finished 

product. the point is that the loss increased to the extent 

·. that the producer periqdical ly had to bring in a front-end 

loader to remove the accumulation. 

Again, while it :is not known to what extent the fines 

lost from the belt contributed to a departure from the.intended 

gradation, such a loss is clearly undesirable. It is believed 
. . . 

that on any future drum-mix Job, this undesirable situation 
. 1· - . ' ,• -

· might be minimized bythe simple expedient of equipping the 

belt with· an appropriate scraping device •. 

' E~ Volume of r1ow from Cold Feed Bins 

Since a~hieving; the correct aggregate proportions by 

the cold-feed method df control depends on maintaining correct 

volumetric proportions, any condition which interferes with 

the intended volume of flow from the aggregate bins' clearly 

will have some detrimental effect on final mix proportions. 
·. :_ ', :_ ' ''[ . . . . . 

Two such possible effects are 11 bulktng 11 (changes in the 

volume of aggregates L particularly sands -- caused by 

variations in moisture content) and 11 bridging 1I across a bin 

gate opening. Importantly, if bulking or partial bridging* occurs, 

it would not be detecied by proportioning control equipment such - ' 

as that furnished at the Sportsplex plant since belt speed indicators 

obviously measure only one variable affecting volume of flow. 

*Cold-feed bins are commonly equipped with warning devices which 
indicate if complete interference with flow occurs.· 
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On this project there was some evidence that at least 
. . . . 

occasi.onal 11 bridgingil and associated interruptions of the flow 

of cold aggreg·ate feed occurred. That is, a plant laborer was 

peri odi cal ly observed to hammer on the sides of the sand and 

sc~eenings bins with a sledge to release :bridged material. 
While the effect of this apparent bridgtng phenomena 

on th~ Sportsplex final mix proporti6ns i~ unknown, it is known· 

·that reliance on hand labor to remedy or prevent a significant 

bridging problem is not the best approach. A better practice 
' ' 

would be to equip the cold-feed bins on any future dryer-drum 

installation. with vibrators. Additionally, the fact. that the 
' ' 

·effect of aggregate b~idging or bulking is difficult to account 

for 'in a straight volumetric type of cold-feed control further 

· ·suggests the advisabi,.ity of requiring any future New Jersey 

• drum.;rnix plant to be fitted with the weighing equipment previously 

shown in Figure 23 •. · The control console readouts associated 

with the latter equipmen~ would show an~ undesirable flow changes 

di·rectly in t.erms of decreased bin delivery weights. 

F. Adherent Fines on Coarse Aggregate 

A factor which played a relatively;minor role in the 

observed coarseness of the drum-mixtures (and the disparity 

between the theoretical and actual extracted gradations in 

particular} was the relative dirtin,.~s of the project coarse 

aggregates. · In brief, it. appea~s tKa;t the sol vent used in 

extraction testing yielded slightly)il;tferent gradation results 

.~--:~ 
•·~dt?i·. 
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for· one sieve UIB) t~an' those indicated by (water) washed analyses 
' 

. of the same samples.· 

By way of -'background, out of concern for potential 

durability problems (e~g-., incomp:lete coating), the New Jersey 

Department of Transportation places an upper.limit on the· 

· quantity of ·adherent fines on coarse aggregates, where "adherent" 

·.· fines are those removed bY washing over. a #200 sieve after an 

inhial dry sieving over the #16. As. shown in Table 15, 

adherent fines testing;performed on the Sportsplex.coarse 

aggre!iate's indicated respective averages of 2.3 and 2.6 percent 

for the bindef and top·tourse stone stockpiles. 

. . . . -

Table 15:' Adherent Fines on Project Coarse Aggregate 

.. Percent.Adherent· •. Number Tentative* 'Fines · 
Stockpile · of .. Specification ,, 

. Tests Range. ·. Average ·Maximum 

3/4 11 

2 2.3 - 2.4 2.3 (Binder) ! ·-

1.5 
3/8" 7, 1.6 - 3.6 -· 2.6 

(Top l · I 

. . . 

*The Department is currently performing laboratory durability 
testing to determine if our present limitation of 0.5% can be 
safely increased, possibly to as much ~s 1.5%. · 
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While the precise percentage of adherent fines which 

will be permitted on future Department of Transportatio.n work 

is currently unsettled, the indicated percentage for the 

Sportsplex aggregates would doubtless be cause for their 

rejection under any acceptance plan ultimately adopted. 

It is widely known(ll} that the hydrocarbon solvents 

used in extraction generally recover a lower fraction of minus 

#200 material than that removed by the washed analyses 

typically employed to develop theoretical aggregate combinations 

for mix design and control. Since ~he Department does not 

routinely wash the plus #8 fraction of an extracted gradation, 

it was theorized that a part of the observed difference between 

the expected and actual mix gradations might simply be that 

our ordinary extraction procedure was removing only a fraction 

of the fines in these excessively dirty aggregates. To determine 

if this was the case, for each of the drum-mixtures, two samples 

of the combined aggregates from the feeder belt were subjected 

to the usual extraction procedure and then were washed and re-

graded. (At the time of the testing, no samples of finished mix 

were available for test.} This testing indicated that the 

additional washing affected only the #8 sieve results, the 

binder and surface mix displaying increased fineness for this 

sieve of one-half and one percent passing, respectively. These 

results are considered relatively insignificant in view of the 

overall shortfalls on the #8 sieve for the binder and surface mixes 

(JMF6: 2.0 and 4.7%, respectively.} 
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4.4 STA6ILITYAND IMMERSION COMPRESSION TESTS 

4.4.l Stability Samples: To assess the strength of the drum-mixes 
produced at the Sportsplex plant, a total of 82 Marshall stability 

specimens (41 of each mix) were obtained at the same rate and 
locations (truck and drum) as the composition samples described 
earlier in Subsection 4.2.1. The results of Marshall stability 
tests for the nine production days studied are presented in 
Figure~ 25 and 26. 

4.4.2 · .. · Variation of Mix Stability: A l970 study( 29 ) indicated 

that the standard deviations of Marshall stability results for 

·. conventionally produced New Jersey binder and surface mix were 

approximately the same and equal to 300 pounds. At face, the 

computed standard deviations o.f stability: test results for the 

Sportsplex binder and surface drum-mixtures shown in Figures 25 

and 26 appear to compare favorably with this historical average. 

This observation can, of course, be confirmed utilizing various 
statistical techniques. 

Applying~ two~tailed F-test at the 95% confidence. 

i~vel indicates that for eac;h Sportsplex mixture, there is no 

significant difference between the variabflity associated with 

the drum and truck samples. It follows that the standard 

deviations of each day's truck and drum samples for the respective 

mixtures can be combined for purposes of statistical comparison 

to the historical averagt. 
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Use of thef-test for thfs comparison reveals n6 real difference 

between the uniformity of the studied drum .. mixes and the 

historical average. In essence, the results obtained in this 

study indicate that the variation in stability for mixtures 

produced by the dryer-drum process and conventional batch 

type plants fn New Jersey can be considered equal. 

For both mixtures, however, there is an obvious disparity 

between the design stability and that actually achieved during 
the production days sampled in this study. The overall average 

stability for the binder and surface mix are 1040 and 1380 pounds, 

respectively. In comparison to the essentially common mix 

design value of 2,000 pounds, these indicated averages 

represent reductions from the JMF on the order of 50 percent 

for the binder and 30 percent for the surface mixture. 

4.4.3 Expected Confor111ance·with.Departmerit·of.Transportation 

Acceptance Criteria: The New Jersey Department of Transportation's 

acceptance plan for stability involves lot-by-lot acceptance 

with a five.:sample average from a binder or surface mix lot 

being required to equa 1 or exceed 900 pounds. The lot acceptance 

approach is predicated on uniformity of materials and conditions 

within any given lot. Inspection of the stability results shown 

in figures 25_and 26 indicates that the present data sets do not 
' 

satisfy this underlying premise. For each mixture, there are 

obvloµsly instances of distinctly different day-to-day* mean 

*Recall that s foce consecutive test days do. not in a fl cases 
represent successive prod.uction days, the indicated variability 
is not in fact n.day-to-daylt. ' 

i 
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stability values. Fc>r exarnple,, in the case of the binder, the 

mean stability for test day l is over 700 pounds higher than 

that shown for days .4 and 8. A similar situation exists for 
the surface course, where the average stability for test days 

2 and 3 exceeds that for days 5, 6, 7 and 9 by some 480 

po~nds. A conventional (t-score) statistical test indicates 
. . 

that these apparent differences in the mean stability levels 

for the data groups are indeed real (significant at the 95% 

confidence level). 

Based on the preceeding then, it appears that for 

purposes of analysis, the data for particular mixes should 

logically be divided into groups. That is, it would !221 be 

valid to proceed with a simulated application of the 

New Jersey Department of .. Transportation stc1bility acceptance 

criteria using all possible consecutive ·five-sample averages 

as was done. in the case of asphalt content and mix gradation. 

However, it does seem reasonable to apply the procedure to each· 

data group individually sb as to provide an estimate of the 

sampled materials expected compliance with the Department's 

specification requirements. The results of such a simulation 

are shown in Table 16. 

As indicated in Table 16, if the Sportsplex materials 

had been presented for acceptance on a New Jersey Department of 

Transportation project, about 40 percent of the binder mix 

stability lots would have been expected to incur a 2 percent 

payment reduction, while no reductions would be appli.ed to the 

surface mix lots. 
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Table 16: Simulated Application of Department of Transportation 
Stability Acceptance Criteria to Dryer"."Drum Mixtures 

Mixture 

Binder· 

Surface 

Number of 
·simulated 

Acceptance Lots 

Number of ~imulated 
Lots Deficient · 
. ln Stability 

Test Day ( 5) Truck Drum Total Truck Drum Total 

l 3 0 3 0 0 0 

4 & 8 13 13 26 7 4 11* 

2 & 3 ·. 10 0 10 0 0 0 

5, 6, 7 
7 g, 9 

12 19 0 0 0 

*Three reduction levels are specified: 2, 5, and 10%. 
Only the 2% level applies here. 

Deficient 

Lots, 

Percent 

0 

42 

0 

0 

The general results of this simulated application of 

the Department's stability acceptance criteria (i.e., substantial 

non-conformity for the binder course) clearly could have been 

anticipated from a mere inspection of the data. Thaf is, since 

the average stability of the binder mix produced On test days 4 

and 8 was only 10 to 20 pounds higher than the 900 pound minimum 

acceptable value, fundamental notions of st~tfstics immediately 

. suggest a failure rate approaching 50 percent. The point. here is 

that it seems reasonable to assume that if our more stringent 
. -
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acceptance criteria and associated payment reduction schedule 

were actually in effect on the Sportsplex projectt a producer 

employing normal process control procedures would have been 

aware of this situation early on and would have taken steps 

to avoid payment reductions. This could have been accomplished 

by modifying the binder mix design and/or production ptocess 

to achieve an acceptable stability level prior to production 

on test day 8. A discussion of certain of the factors that 

might have effected a general increase in mix stability is 

presented in the next Subsection. 

4.4.4 Factors Affecting Mix Stability: Given the substantial 

difference between the design stability and observed production 

mean for both of the studied drum-mixtures (JMF 6: 960 and 620 

pounds, respectivelyt for binder and surface course)t the 

obvious questions at this point are whether the differences 

observed during this study can be explained in terms of some 

assignable cause(s) a~d if sot would such cause(s) be controllable 

on any future Department projects where use of the dryer-drum 

process was permitted. In an effort to provide some insight 

in this regardt the collected stability test results were 

analyzed in conjunction with test data for several other mix 

characteristics having the potential for influencing stability. 

Before proceeding to the results of these analyses, it 

should be noted that the researchers did not expect to fully 

account for the disparities between the target and production 
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means but rather to identify the major factors which contributed 

to the shortfall in mix stability and which. by implication, 

might require the major control effort on any future drum-mix 
project. 

A. Effect ·Of Low Finished Asphalt Content: As 

previously described in subsection 4.2.2, the asphalt content 

production means determined from extraction tests perforrned 

on the studied drum-mixes were significantly Jower than the 

JMF target values. These JMF misses amounted to 0.45% and 

0.40%, respectively, for the binder and surface mix. 

As is well-known, achievement of less.than the intended 
. . 

quantity of asphalt in a mix will result in a shortfall from 

the design Mcirshall stability. Examination.of the design 

curves for the studied drum-mixtures indicates that downward 

shifts in AC of the magnitude described above would decrease 

the design stability for both mixes by about 120 pounds (from 

some 2,000 to 1,880 lbs). Thus, for the binder mix the difference. 

in the target and production mean asphalt content accounts for 

over 10 percent of the observed average mfss in stability. 

In the case of the surface course, the relatively low asphalt 

content level accounts for some 20 percent of the average miss 

in mixture strength. 

B. Effect of Temperature and. Otner Mix Parameters: In 
' ·.. ' ·,_', ·, - ·.: 

an effort to account for the remaining diff~jJinces between design 
. . 

stability and the observed production mean (sorrf~};840 lbs for 

binder and 500 lbs for surface), a number of.regression analyses 

ii 



1\Wi· 
:\~ 

.. 

.-121-

were performed on the stability results and test data for other 

mix variables such as temperature, mix moisture, and gradation 
. . 

(percent ~assing the number 4, a, so~ and 200 sieves); These 

analyses entailed application of various regression techniques 

(e.g., linear with two variables, multiple linear, polynomial 

and step-wise multipl:e linear regression.). Unfortunately, most 
of these attempts proved 'unsuccessful in determining meaningful 

. . . 

relationships. As a general proposition,. such a result may be 

attributed to.either:a lack of sufficient data points or a 

. restricted range in the values for certain of the selected 

·. variables. In this particulat case, the latter factpr (restricted 
. -· . 

range) undoubtedly played a role in these correlation diff_iculties • 

. For example, the total range of mix moisture contents observed . 
. . 

in this study was. only about one percent (0.5 to 1.6%). 

As it turns out, the most useful tool in identifying 

· the factors having the greatest influence on mixture strength 

was a computer analysis program for step-wise multiple .linear 

regression. The main advantage of this step-wise regression 

program is that it selects the input variables having an effect 

on the prime varfable (stability) and lists them in order of 

importance. As shown in Table 17, of the numerous variables 

evaluated, the most reliable relattonships, in order of importance, 

were sample molding temperature, percent mix moisture, and. the 

.percent passing the number 200 si,ve • 
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Table 17: Summary of Step-Wise Regression Parameters 
for Stability vs Other Mix Variables 

A. Binder Mix 

Step Mix Equation Variables* 
. 

I i 

1 T s = 12T - 1672 

2 T + M S = 9.5T + 606M 1673 

3 . T + M + G S 9.ST + 541M + 147G - 2313 
! ,_,,) 

' 

B. Surface Mix 

Step Mix Equation Variables* 

1 T s = llT - 1186 

2 J + :M s = 12T + 453M - 1973 
i 

3 T'+ M 1+ G Si'= 13T + 489M + 76G - 2753 
, . 

' I· 
.. i ,, 

*Key T = Temperature,:' °F 
M = Mix moisture~% 
G = Percent passjng #200 sieve 

N r** 

41 0.52 

41 0.64 

41 0.6"6 
' 

. 

N r**· 

41 0.56 

41 0.62 

411 0.63 

**All; correlation coeff'.~cients significant at 99% confidence level 

.. 

Syx 

315 

287 

286 

Syx 

266 

254 

256 
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Although the correlation coefficients shown in Table 17 

are not large, they ~re nonetheless highly significant in each 

case. Consequently, while the observed correlations are 

probably not due to chance, certain of the indicated relationships 

are of limited value in predicting individual stability values. 

For example, while the two variable (temperaturejmix-moisture) 

equations are indicative of a significant trend, it is believed 

that the coefficients for mix moisture were insufficiently 

defined from the study data. That is, confidence limits (95% 

significance level) computed for the mix moisture coefficients 

reveal that the true coefficients might be as much as plus or 

minus 85% from that indicated. As suggested earlier, this 

result may be due tothe restricted range of moisture values 

observed during the nine production days studied. 

A review of the statistical parameters shown in Table 17 

further indicates that for either mix, no real improvement in 

correlation or predicting capability results from introduction 

of the third.variable (percent passing the number 200 sieve). 

Thus, use of the three variable equation for either mix is 

not warranted and only the stability/temperature relationships 

shown in Table 17 will be used in the remainder of this analysis. 

For either mix, use of the latter equations in lieu of the 

combined expressions results in relatively small losses in 

correlation or predicting capability. 
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As expected, the stability/temperature relationship for 

each mix shows that stability increases in direct proportion to 

discharge/molding temperature. The best estimate of the 

specific magnitude of the stability incre~se accompanying 

each unit (1°F) increase in molding temperature is provided 

by the respective regression coefficients for the temperature 

variable: 12 pounds per degree for binder and 11 pounds per 

degree for surface mix. 

In view of this significant general temperature/stability 

relationship, it is important to note that the molding tempera~ 

ture used in mix design and those used in compacting the field 

Marshall specimens differed considerably. That is, the design 

specimens were molded at 2so°F ! 2°F, while the average plant 

molding temperatures for binder and surface mix specimens made 

during this evaluation were only 230°F and 240°F, respectively. 

It is generally evident then that as a result of the relatively 

low mix discharge temperatures used at the Sportsplex project, 

the achievable field stability was substantially lower than 

the design value. In particular, application of the derived 

stability/temperature relationships of Table 17 to the differential 

between the design and average field molding temperatures reveals 
. . · . . . 0 0 

that temperature accounts for some 600 pounds (12 lbs/ F x 50 F) 

of the observed shortfall in binder stability and about 440 

pounds (11 lbs/°F x 40°F) in the case of the surface mix. 
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Thus, the difference between the design and average molding 

temperature at the plant during this evaluation accounts for 

over 60 percent of the observed miss in stability for the 

binder and for over 70 percent of the miss for the surface 

course. 

On an overall basis, the combined effect of average 

asphalt content and temperature levels lower than that of the 

design accounts for about 75 and 90 percent of the total observed 

difference between the design stability and the production 

mean for the binder and surface mixes, respectively. Table 17 

suggests that the remaining differences can be attributed at 

least in part to factors such as mix moisture and percent 

passing the number 2:00 sieve. An additional factor in this 

regard might be the substantial quantity of adherent fines 

on the project coarse aggregates (see Subsection 4.3.3). The 

precise role, if any, which aggregate dirtiness played on the 

stability results obtained in this study is not known. Howeveri 

it is certainly conceivable that the surface friction between 

coarse aggregate particles m~y be reduc~d by adherent fines 

which, in turn, would cause some reduction in mix stability. 

At this point, it is re-emphasized that the preceeding 

analysis was based on average stability and temperature data 

, for each mix •. Clearly, the difference between design and 

production stability for individual samples or even averages 

within a given mix may not be fully explained by simply adjusting 
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for asphalt content and temperature. For example, only about 

40 percent of the difference in mean stability l~vels between 

the grouped test days shown in Figures 25 and 26 is explained 

by low asphalt content and temperature. This again indicates 

that other factors influenced the stability results for this 

study. Nonetheless, it is evident that stability was indeed 

significantly effected by discharge temperature. The latter 

suggests the New Jersey Department of Transportation move 

cautiously should the use of low temperature mixes be considered 

for future projects. In any event, if a decision is made to 

permit lower-than-conventional mixing temperatures in future 

work, mix designs for those projects should, of course, be 

developed based on intended mix discharge temperatures. Such 

a design procedure would obviously provide more realistic 

estimates of a mixtures as-produced strength. 

A final brief comment on mix moisture seems appropriate 

here. The general trend indicated ~Y the test data in Table 17 

that stability increases with increasing mix moisture -- tends 

to support what others(2, 5) have suggested: Residual moisture 

in the mix aids compaction. Further work in this area may prove 

beneficial. That is, laboratory and/or field experimentation 

with various known levels of mix moisture throughout the range 

of interest should provide realistic information regarding the 

true effect of moisture on stability. Any such future work 

would, of course, also require determining the influence of 

increased moisture levels on other essential mix properties 

(e.g., possible stripping), 
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4.4.5 Retained Strength: As noted earlier, the purpose of 

performing retained strength tests on the Sportsplex mixtures 

was to determine if drum-mixes are adversely affected by free 

mix moisture and/or residual moisture in the partially-dried 

aggregates. Generally, retained strength is a measure of a 

bituminous mixtures resistance tendency to stripping (loss of 

adhesion between the asphalt and aggregate particles). 

Several states use the immersion compression test to 

assess the action of water on bituminous mixes when formulating 

mix designs. · Basically, the immersion compression test 

(AASHTO T 165) involves comparing the wet and dry strength of 

a given mixiure. In practice, the compressive strength of 

cylindrical specimens which have been immersed in water 

maintained at 120°F for a specified time period (either one 

or four days) is compared to that of companion, air-dried 

specimens. The ratio of wet to dry strength, expressed as a 

percentage, fs reported as the ''Index of Retained Strength" 

for the given bituminous mix. A minimum retained strength 

index on the order of 70 to 75 percent is reported to indicate 

a mix reasonably resistant to the detrimental effects of water(30)_ 

Current New Jersey Department of Transportation design 

criteria do not require immersion compression testing. However, 

a modification of the procedure -- involving evaluation of 

specimens soaked for 14 days at 120°F -- is used informally 

to assess the effect of proposed mineral fillers on bituminous 
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mixtures prepared in the laboratory using reference aggregates. 

A minimum retained strength of 70 percent is required in order 

for the tested mineral filler to be approved for use on 

Department projects. Although the Department's requirement 

is more severe than the standard test as regards the immersion 

period, few failures are encountered and a retained strength 

index of 80 percent or more is not uncommon. 

To-evaluate the effect of water on the drum-mix produced 

during this study, a mixture sample was obtained each test 

day and forwarded to the central laboratory for immersion 

compression testing. Sufficient materia1 was obtained to mold 

nine, 4 x 4 inch cylindrical specimens which were then separated 

·into three groups for testing. The first group of three 

specimens were tested dry, while the second and third groups 

were immersed in water maintained at 120°F for 4 and 14 days, 

respectively, prior to testing. 

The immersion compression test results obtained in this 

study are presented in Figure 27. 

4 .Day Immersion Tests: Except for the binder mix produced on 

test day 1, the index,of retained strength for both drum-mixes 

equals or exceeds the minimum of 70 percent considered adequate 

by others. As shown in Figure 27, the average retained strength 

for the binder (3 test days) and surface mixes (5 test day~) 

were 76 and 77 percent, respectively. At least one other state 

{Oregon) has evaluated drum-mix on the basis of the standard 

immersion compression test and reported an average retained 
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FIGURE 27: IMMERSION COMPRESSION TEST RESULTS 
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strength of 84 percent, considerably above their specified 
minimum .of 70 percent(3l)~ 

14 Day Immersion Tests: As shown in Figure 27, strength tests 

performed on the samples conditioned for 14 days indicate that 

neither mix would have satisfied the Department's minimum 

value of 70 percent retained strength. The retained strength 

for the binder ranged from 53 to 65 percent and averaged 59 

percent. Values for the surface mix ranged from 44 to 58 

percent and averaged 49 percent. The retained strength values 

that would have been obtained had these mixtures been tested 

at the time they were designed is, of course, unknown. 

In summary then, the average retained strength for·the 

Sportsplex drum-mixtures would have satisfied the criteria 

applied to the short:..term soaking test conditions employed by 

others, but would not have complied with the Department's 

long-term soaking requirements used to evaluate mineral fillers. 

The specific cause(s) for the relatively low 14 day retained 

strengths exhibited by the studied drum-mixes is not known. 

One possibility here is the excessive amount of adherent fines 

on the project coarse aggregates. As alluded to earlier, adherent 

fines are at least potentially detrimental to retained strength, 

particularly if the adherent material is sensitive to water 

and/or prevents the large coarse aggregate particles from being 

properly coated with asphalt cement. 
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As noted in subsection 4.3.3E, while the amount of 
. . . . 

adherent fines which:will be permitted on future Department 

· of Transportation work is currently unsettled, the excessive 
f • • • ' 

dirtiness of the Spottsplex aggregates wo~ld undoubtedly be 
I •• •• • 

cause for their rejection unc;ler any acceptance plan ultimately 

adopted. Thu.s, the ca,~se(s) of the low (14 day) retained 

strength. ma¥ be assoctated wi.th a materials problen, rather 

than the mixing prqcess. In view of this, the true capability 

of the dryer-drum process to prodyce bituminous mixtures that 

. WQlJld $at i.$f).'. current New Jersey Department of Transportation 

retainecf strength criteria w~ll not be determinable until some. 

future pro~ect is studied where a rejectable level of adherent 

fines is not involved • . . . . --,· . 

In t,his connecti:on, it is wo.rth noting that it is the 

researcher's opinion that if a siven level of adherent fines 

. is present on a c_oar~e. aggregate, such mcl.y pose a more 

critical problem on ~rum-mixing projects than at a conventional 

plant. That is, at :a conventional plant,_ the less tenaciously . . ·. . . ·. ·, .-.· . . . 

held adherent ftnes will b_e- gc,ven some. opportunity to be dis-

lodged in passing th:ru the dryer and hot screenin~ deck •.. In 
; . . . 

fact, an attempt ts made to reflec;t this condition in our 
. . 

adherent fines test ;procedure:. Prior to washing, the aggregates 

are -subJec,ted to a p,relimi:nary dry s.creening over the #16 sieve. : .. . ·r .... 
I 

Since s~parate dryinjg and screening. op,erations are not employed 

in the drum.;mix prodes-s, it seems reason.able to assume that a . . '•t . • .• . . • • . . . . . : 

j 

i 
' ! ,. 
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relatively greater percentage of the fines initially present 

may remain bound to the aggregate in the final product. 

Whether this speculation is correct or not would obviously 

require appropriate testing on a future project. 

Marshall Specimens: Unlike standard immersion compression 

specimens, Marshall specimens are routinely molded at asphalt 

plants by Department of Transportation personnel. Molding 

of 4 x 4 inch cylindrical specimens, standard in the immersion 

compression procedure of AASHTO Tl65, would require the addition 

of specialized equipment. Consequently, it would be beneficial 

if Marshall's rather than standard test specimens could be used 

to determine the resistance of a given mixture to the action 

of water. 

In an effort to determine if~ correlation existed 

between the results for the two different types of test specimens 

and thus, whether they might generally be used interchangeably --

additional Marshall's were obtained on five test days and 

subjected to the same treatment (immersion in water for 4 and 

14 days) as the standard size immersion compression specimens. 

Since the molding temperatures of these Marshall specimens 

differed from that required in the AASHTO procedure (255 .:!:_ 2°F), 

the Marshall results were adjusted to the standard temperature 

base using the stability/temperature relationship presented in 

report Subsection 4.4.4. 
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The results of a linear regression analysis retained 

strength and retained stability are presented in Figure 28. 

As shown, the two variables exhibit essentially a one~to-one 

relationship with 11 good 11 correlation being indicated (r= 0.88). 

The specific relationship shown may be applicable only to the 

particular project materials and mixtures used at the Sportsplex. 

However, the finding is sufficiently encouraging to warrant 

future research to determine if the relationship is valid for 

general application~ Generally, any such future work should 

entail obtaining companion compression cylinders and Marshall 

specimens, molded at the~ temperature, from several plants 

using various aggregate types in each class of bituminous mix 

used by the Department. The .resultant data should permit 

development of a graph (for a given sample size) that describes 

a relationship between retained strength and retained stability 

of more general applicability. In fact~ it may be necessary 

to establish several graphs, reflecting the various mixture 

and aggregate types used in New Jersey. 
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FIGURE 28: RELATIONSHIP BETWEEN RETAINED STRENGTH 
ANO RETAINED STABILITY 
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4.5 ASPHALT HARDENING: CONVENTIONAL MECHANICAL TESTS 

4.5.l General: To provide the reader with some sense of direction 

regarding the analyses in this subsection, it is important to note 

at the outset that the _significance of the collected asphalt con-

sistency data as a who,le is colored by one fundamental issue: 

testing reliability. That is, subsequent to the completion of the 

Sport$plex work, the Department was apprised of some general 

deficiencies in the asphalt consistency testing procedures em-

ployed by our central laboratory. As a result of the ''looseness" 

of these testing procedures during the period when the work of this 

project was ongoing, occasional unreliable penetration and vis-

cosity ~ata was obtained for both this and other projects. 

This framework of at least occasional suspect consistency 

data for the historical sample from New Jersey's conventional 

plants (i~e., the base values on which.the relative effect of 

drum-mixing is gauged), coupled .with son:ie apparent anomalies in 

the present data se~ tertainly suggests the possibility that the 

data may defy any definitive analysis. 

However, it ishere concluded that the reliability of the 

data is, in fact, sufficient to permit resolution of the tentral 

question of this subsection: Namely, is the asphalt harmed by 

exposure to the heat on processing through the drum-mixer? The 

author 1 s conclusion: No. As it turns out, the principal effect 

of the deficiencies in out laboratory procedures was to cause a 

· consistent bias towards erroneously high penetration values for 
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conventional and drurri-mix reco.very samples· and thus, a general 

tendency for underestimates of the true amount of hardening occur-

ring on processing. 

The point of this introductory section is to note to the 

reader that, unfortunately, some rather protracted analyses are 

required to reach the above conclusions. Further, while some 

tentat1ve inferences regarding the reliability of the data can be 

drawn based on consideration of the Sportsplex results alone, the 

report subsections on conventional and drum-mix processing must 

be viewed together to reach definitive conclusions. Simply, a 

determination that the error in our penetration values is indeed 
11 characteristic 11 clearly requires consideration of results from 

more than one project. 

4.5.2 Consistency of Asphalt Processed Thru Drum-Mixer: To 

determine the changes in asphalt consistency occurring on processing 

thru the studied drum-mix unit, penetration and viscosity tests were 

performed on a total of 14 samples of the AC-20 supplied to the 

plant storage tank and on 49 samples of the Abson recovery residue 

from the finished drum-m.h. As noted ear lier in subsection 3. 3, 

the mixture recovery samples were obtained exclusively from the 

drum discharge and were specially cooled and stored so as to preserve 

their as-produced characteristics. 

The results of this asphalt consistency testing are presented 

in Figure 29 and Table 18. Figure 29 shows the respective gain or 
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loss in penetration and viscosity observed for individual mixture 

recovery samples, w~ile Table 18 shows the daily average changes 

in consistency. In these and subsequent data presentations, changes 

in asphalt consistency are calculated as the recovered value less 

the original (tank sample) value. As defined here then, asphalt 

hardening is indicated by a gain in vi~cosity or a loss in penetra-

. ti on. 

Examination of these individual and overall test results 

reveals some surprising and apparently anomalous trends. For example, 

in the case of the penetration test results, the data obviously 

suggest that our initial concern with respect to the consistency 

of the processed drum-mix -- excessive hardening was misplaced. 

Rather, a reverse effect is indicated: As shown in. Figure 29, 

individual instances of apparent softening of the asphalt are 

considerably more frequent than test results indicating hardening 

(ratio 2.5:l). This greater frequency of penetration gains to 

losses reflects as an average increase from the original penetration 

value for seven of the eight test days (Table 18). On an overall 

basisi the mixture recovery samples ditplay an average of four units 

greater penetration than the original asphalt, a relative increase 

in softness of about 4.5 percent. The one day's test results which 

markedly depart from this overall average -- the limited sampling 

made on day 6 -- are believed to represent-an outlier, since the 

indicated penetratio~ results are inordinately high not only with 
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Table 18:< Average Asphalt Consistency Before and After Orum-Mixing 

ASPHALT RECOVERED ASPHALT 6."= RECOVERED LESS ORIGINAL 

-Test ---

Day 

2 

2 2 

3 2 

4 2 

5 2 

6 l 

7 1 

8 2 

Weighted NT Averages = 14 

P= 
l'enetration 

(Note 1) 

-81 

86 

88 

83 

106 

98 

92 

88 

. _ Absolute: __ ___ Ki11einJ1ti~ 
Viscosity Viscosity 

2005 

1906 412 

1822 402 

1894 404 

1776 422 

1734 390 

1691 390 

1712 388 

1832 403 

2081 

86 2126 456 5 

90 2184 429 4 

8 88 1883 417 0 

6 88 2056 429 5 

2 139 1114 290 33* 

3 106 1612 388 8 

9. 96 1723 405 4 

NT= 49 92 1934 421 4* 

3 apparent outliers eliminated 4* 

Note l: All penetrations in this and subsequent data presentations are in decimi1limeters (dmm) at 100 
77°F (AASHT0 T-49 procedure). All absolute viscosities are in poises at 140°F (AASHT0 T-'202). 
viscosities are in centistokes at 275°F (A:ASHT0 T'-'-701). 

* Denotes statistically significant difference at at least 90% confidence level. 

76 48* 

220* 44* 

362* 27* 
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-620* -100* 

-79 -.2 

11 17 

102* 18* 

·146* 25* 
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Kinematic 
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respect to the change from the original, but also as regards the 

original value itself. Further, as will be described later, the 

subject day 1 s penetration and viscosity data depart significantly 

from an observed relationship between mix discharge temperature 

and processed asphalt consistency. As noted in Table 18, elimination 

of these two data p9ints for day 6 (and one test result from day 7, 

suspect on similar grounds), does not effect a change in the 

indicated overall penetration gain. 

Given the described overall trend for the asphalt to display 

relatiie incr~~ses in penetration after processing thru the drum-

mixer, for the two measures of consistency to be in harmony, a 

corresponding general pattern of viscosity decreases (softening) 

would be expected. At face, the viscosity data does not appear to 

fit any such pattern .. That is, while the viscosity results plotted 

in Figure 29 display a mix of viscosity losses and gains, viscosity 

gains (indicative of hardening) are more numerous than losses. 

Specifically, as in the case of the penetration data, the gain to 

loss ratio is about 2.5:1. Accordingly, the majority of the daily 

averages (Table 18) represent viscosity gains, with the overall 

sample displaying viscosity increases amounting to 146 and 25 units, 

respectively, for the abso 1 ute and kinematic tests. On an over a 11 

basis then, one measure of consistency (penetration) indicates that 

the net effect of processing thru the drum-mixer was to soften the 

asphalt by about 4.5 percent, while the.other measure (viscosity) 

suggests that the effect was to harden the asphalt by a slightly 

greater percentage (6 and 8%, respectively, for the kinematic and 

absolute tests). 
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Faced with this apparent incongruity between the collected 

penetration and viscosity data, the obvious question which must be 

resolved is which [if ~ny) of the indicated asphalt consistency 

changes are real and which are merely apparent (i.e., a function 

of testing variability alone). That at least certain of the indicated 

changes may indeed be insignificant is clearly suggested by their 

relatively small magnitude. 

Various statistical analyses addressing this question will 

subsequently be undertaken herein. However, before proceeding to 

the application of such mathematical methods, it is useful to note 

at the outset that if one accepts for the moment that the co 11 ected 

data is not wholly unreliable -- that is, if the choice is between 

relying on penetration or viscosity -- several factors suggest that 

such choice be resolved in favor of the viscosity results. In 

the first place, common sense (if not statistics) suggests that a 

hypothesis which merely requires one assumption to be true is 

generally more 1 ikely ,to be correct. than an alternate explanation 

in which multiple assumptions must be satisfied. In the present 

case then, it certainly appears more likely that the penetration 

rather than the visco$ity results are in error, since for the latter 

to be correct, we must believe that there has in fact been a funda-

mental and unexpected change (softening) in the asphalt on exposure 

to heat and both the kinematic and absolute viscosity tests erroneously 

mask this true state of affairs. Secondly, while it is conceivable 

that the asphalt actually might somehow be softened during drum-mixing 
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possibly, thru the mechanism of emulsification in the presence of 

the wet aggregates or by contamination with unconsumed burner fuel --

a review of the literature indicates that if s~ch phenomena h~d · 

occurred at the Sportsplex,. it would apparently represent a unique 

.result in the one case (emulsification) and an uncommon* one in the 

other (contamination). 

·A statistical test of the significance of means (Z-test, 

variability assumed known), while not definitive in resolving the 

· asphalt· softening/hardening anomaly, provides some first, instructive 

• insight. As shown in Table 18, applicatiori of such a statistical 

·. procedure to the Sportsplex data reveals that while the indicated 

penetration and viscosity changes are statistically significant on 
. . 

an overall (total sample) basis, only the viscosity data displays 

significant individual (daily) results. In the case of the viscosity 

data, all but three days results display discernible (real) dif-

ferences in consistency for the processed asphalt. In contrast, 

except for the apparently erroneou·s data of test day 6, all of the 

daily average chang~s in penetration are wfthin the range of error . . 

of the test. While there certainly are cases where individually 

. meaningless d~ta may collectively become significant as the penetra-

tion results ostensibly do·in the present case, the results of this 

first analysis suggest that a decision as to the true effect of drum-
. . . . . 

mixing on the consistency of the processed asphalt_should at least 

*In a 1974 California Study (l~), a 40 percent average gain in 
penetration observed for finished drum-mix was attributed to such 
a fuel contamination problem~ 
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. . 

be narrowed from a choke between hardening and softening to one 

between. hardening and no change. 

To determine if.the present data set possesses the type of 

overall internal agree~ent ~xp~cted of consistency results in general, 

a correlation analysis'was performed on t~e individual penetration 

and viscosity results for the Sportsp lex tank and recovery samples. 

The results of this analysis are plotted as a conventional logarithmic: 

viscosity/penetration plot in Figure 30. Application of usual 
. . . . • .. 

statistical standards.to the best-fit lines shown relating the 

individual penetration, and vfscosity results indicate_s that a 

slgnificant (inverse) relationship doe~ in fact exist between 

these two measures of asphalt consistency. Contrary to the first 

impression conveyed by Figure 29 and Table ~8 then,there is indeed 

a basic harmony among the Sportsplex consistency results. 

·· It is important to note, however, that wh1le there is a good 

penetration/viscosity fit for both the original an_d processed 

asphalt, the specific relationships (e.g., slope of the regression 

li~es for particular types of consistency tests) differ significantly 

as between the before and after data. The significance of this point 

is that sfoce the analysis of the effect of drum-mix processing is 

fundamentally based on before-after differences, if the relationships 

for the origin.al and recovered asphalt generally differ (i.e., 
.· . . . .. . . ·: .· . 

diff~rent viicoiity vilues cot~espond to a give~ penetration), it 
. . 

. ' ,, 

clearly follows that~ disparity in the respective estimates of 
·' asphalt hardening/softening are·to be expected from the two classes 
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FIGURE 30: PENETRATION --VISCOSITY RELATIONSHIPS FOR 
ORIGINAL ANO PROCESSED ORUM"•MIX ASPHALT 
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I 

I 

· of tests. For example~ Jxamination of the !<inematic viscosity-
. ! 

penetration best-fit relationship for the as-supplied asphalt indicates 

that the entire, relatively wide spectrum of penetration results 
I . . 

(81 to 106 units, representing nearly a 30% 11 spread 11 about the mean) 
i ' ' ' ' ' 

corresponds to an extremely narrow range of viscosities (383 to 
0 . I . . . . 411 units; 7% variatioh about mean). In contrast, for this same 

range of p'enetrat ion ih }he processed asphalt, a three times larger 
I i 

range of kinematic Viscosities would be expected ( 372 to 459 uni ts). 
I 

Consequently, assessing thanges in asph~lt consistency based on 

kinematic viscosity invoilves subtracting a nearly constant 
! 

(original} value from varying (recovered) values, while an alternate 
I 

assessment:based on penetration databasically entails subtraction 

among widely varying val~es. Again, while this difference in the 

best..;fit relationships does not suggest which of the two measures 
i . 

of consistency provides fthe more reliable estimate, it certainly 

suggests the possibilit}i of generally different assessments. 

While it is gene1all_y well •known, it is worth noting that the 

observe_d characteristics[ of the present penetration/viscosity data 

(an essentially constan~ original viscosity associated with widely 
I 

varying original penetr~tions) is not some unique feature, repre-
1 

senting cause for its·r~jection. Rather, numerous investigators 
I 
' 

have observed this Sar(leigeneralcharacteristic (see, e~g., reference 

Given that the r~lationship between the viscosity and pene-
1 

tration results for the lsportsplex may be described. by a best-fit 

line, a further analysis was undertaken to determine whether the 

17). 
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variations along that regression line -- that is, the within-day 

and day-to-day variations in processed asphalt consistency -- might 

at,least in part be a reflection of an assignable cause; specifical-

ly, Mix discharge temperature;, The results of this temperature-

consistency analys,is are presented in Figure 31. 

An evaluation of the statistical parameters for the regres-

sion lines of'Figure 31 indicates that there is a highly significant 

· but llpoor11 fit between the observed dis.charge temperature of the 

drum:..:.mix and its consistency. In other words, while there iS a 

clear trend for recovered viscosities to increase and recovered 

perfetratioris to decrease (i.e., indicate increased hardening) with 

increases in observed discharge temperature, the scatter of the 

data is such that estimates of the expected consistency level cor-
• j • ' • 

responding to a particular discharge temperatµre are very imprecise. 

For example, the penetration-temperature regression in Figure 31 

indicates that if many samples of Sportsplex mix discharged at the 

overall sample average temperature of 245°F were to have been tested, 

penetration values would average 91 units, but individual results 

would he expected to range from as low as 73 to as high as 109 units 

(i.e., within 2:,2 ,Syx). 

The general relationships shown in,, Figure 31 are useful in 

at least two respects. In the first ,place, notwithstanding their 

relatively poor ability to predict consistency values for individual 

samples, the developed regression equations are useful to make some 

very interesting (albeit rough) estimates .of the overall extent to 
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FIGURE 31: INFLUENCE OF MIX DISCHARGE TEMPERATURE 
ON CONSISTENCY OF ORUM-MIX ASPHALT 
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which. the consistency changes observed for drum-mixing are·. a 

function of the lower•than-conventional mixing temperatures em-
. ·.. .· ' . ' ' . 

. . . . . . . . . . . . . . 

ployed at the Sportsplex. 
. . .• . . . . . 

By isolating the approximate effect of 

temperature then, the effect of the dryer-drUm process can be more 

directly assesseq in subsequent comparisons to the results of 

· conven.tional {high tempeiature) 'processing.·. For example, the 
' . 

penetration-temperature regression indicates that had the Sports-.· 

. plex asphalt mittures b_een produced to. disc:harge at the .:275 tq 300°F 

levels corrimqri at conventional plants, average penetrations on the 
• • • I 

orde:r of 85 'and 81 units would have been ex'pected. 
.·• 

Compared to the 
. . 

91 unit penetratiun for the 245° average discharge temperat~re, this 
. . . 

~ould trarislat~ a~ about a 7-11% expected increase in relative 
. . . . . 

hardening. As shown in Table 19, use of high temperature mixing 

· would exert. a similar relative effect on viscosity data. 

Table 19: _Estimate of Hardening Associated with Low Mix Discharge Temperatures 
c. 

Predicted Average Relative Increase :.in Harden in! 

Consistency 
Average for Conventional fo6 . Temperatures Units Percent ··Test 245 F 

Mix 
275° 300° 275° · . . 300° 0 300° 275 

Peiietration . ; ·., 
91 85 81 6 10 6.6 11.0 

Absolute 2021 · 2241 2443 220 422 10.9 20.9" Viscosity 
.. . . " Kinematic. 433 457 479 Viscosity 24 46 5.5 10.6 

. ' . . • 

j 
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The relationships of Figure 31 are also useful in that they 

further suggest that the observed pehetra~ion/viscosity anomaly 

generally be resolved in favor of the viscosity results (hardening). 

That is, while alternate inferences are of course possible, orie 

implication of the fact that the recovered penetration results 

expectedly decrease w,th increased di~charge temperature, but un-
. ' . 

expectedl,Y do not di splay an overall decrease, is that the latter 

· result may simply be due to the magnitude of the penetration testing 

error. This is, of course, the gist of what was suggested by the 

· previously d.-istussed significance tests. 

As briefly noted earlier in this report subsection, three 

apparent o~tlying con~istency test results were eliminated from 

the analjsis~ due in part to their failure to fit the discharge 
. . 

temperature - consistency relationship followed by the remaining 

data.· To be more specific, the. penetration values for each· of these 

. outlying samp.les (plotted as triangles in Figure 31} lie beyond three 

standard errors of the estimate (Syx) from the best-fit value cor-

respohdingto its_respective temperature, arid in two of three cases, 

this same situation ·prevails wit~ respect to both of the viscosity 

regressions. Since Virtually all of the data normally falls within 

plus or minus three standard errors from a regression line, the 

. subject three samples;definitely do not appear to be a part of the 

same.population as the rest of the data. 

Given the fact the collected consistency data prov-ide dif-

ferent assessments of the true effect of drum-mix processing, a . 
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further analysis was undertaken to determine the general magnitude 

of this disparity between the indicated changes in penetration and 

viscosity. The results of this analysis are presented as regres• 

sion plots in Figure 32. These particular plots describe the 

relationship between the gains and losses in penetration and vis-

cosity observed for the 49 individual mixture recovery samples. 

Application of conventional statistical yardsticks to the 

best~fit lines of Figure 32 confirms that a significant relationship 

does in fact exist between the two measures of asphalt consistency· 

change. It is important to note, however, that the regression lines 

shown depart from the ideal case in one significant respect: They 

do not pass thru the origin, but instead display intercepts. In 

the case of the penetration intercept, for example~ the indicated 

offset from the origin amounts to about 8 penetration units for both 

the kinematic and absolute viscosity data plots. The obvious im-

port of such offsets is that when, as here, it is known that a curve 

expressing the relationship between two variables should theoretically 

pass thru the origin, the extent to which a regression plot displays 

statistically significant intercepts provides a measure of some bias 

in the sampling and testing process employed to determine the values 

of the variables. Accordingly, to determine if the offsets from 

the origin shown in Figure 32 represent a real effect and, if so, 

their possible maximum and minimum values, a statistical determina-

tion of the confidence limits for the intercepts(lS) was made. 

This analysis indicated that the intercepts are real and that the . 
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FIGURE 32: RELATIONSHIP OF DRUM Ml~ 
PENETRATION. ANO Vl9CO:StTY CHAN§£S 
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penetration intercepts for both regression lines lie betwee~ 6 and 

lO unfts at the 95% confidence level. This suggests that even if 

no real change in consistency occurs during processing, 95% of our - .· ' ' . 

penetration results would erroneously indicate a gain (softening) 

of 6~10 units. In other ~ords, it appears that our assessments 

of the amount of hardeni~g occurring on processing using.pen~tra-

tion data generany represent consistent underestimates~ Alter"'.' 

natively, of course, since .the regression plots of Figure 32 also 

intercept the viscosity axis, it could be that the apparent sampling/ 

testing error is•associated with the viscosity rather than the 

penetration res~lts. 

Which -- 'if indeed either -- of the above hypotheses are 

correct? That is, is the significant departure from the expected 

(theoretical) configuration for the regression line of Figure .32 

indicative of a consistent bias or rather, are such departures 

indicative of an overall pattern of testing.variability and thus, 

generally unreliable data? If there is indeed a consistent bias·, 
. . . 

· the data would merely require an appropriate adjustment to be 

.brought:into accord and analyzed. For example, if one accepts that 

the penetration results are truly in error, a reasonable general 
' . 

estimate of thetrue average change inpenetration of the asPhalt 

-- can be made merely by subtracting the penetration axis intercept 

f~om the observed penetration change. If this is done, our estimate 

of the true effect of processing on the recovered penetration is 

changed from an average gain of 4 unit~· to a loss of 4 units. 

• 

.. 
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While the question of the reliability of the New Jersey 

Department of Transportation's consistency testing will be addressed 

specifically in the following subsection, to this point, it does 

not appear that the second hypothesis posed earlier (i.e., the ap-

parent anomaly between the viscosity and penetration results 

generally reflects unreliable data) is true. In the writer's 

view~ the fact that the present data set possesses the type of 

overall internal agreement expected of consistency results in 

ge.nera 1 and displays expected types of trends ( i . e. , increased 

hardening with increased discharge temperature) suggests that 

while our assessment of the true consistency change may be 

imprecise, it is not unreliable. 

4.5.3 Consistency of Conventionally Processed Asphalt and. a Note 

on Test Reliability: · While the New Jersey Department of Transporta-

tion has available a considerable body of penetration and viscosity 

results made in connection with routine control testing, such 

historical data are generally not useful in the context of this 

report. That is~ such results predominantly represent tests ex~ 

elusively on original asphalt, obviously precluding assessment of 

changes occurring on processing. Further, they are typically 

characterized by a limited number of replicates, thus generally 

negating the possibil1ty for determining th~ repeatability aspect 

of test reliability. Fortunately, for purposes of determining the 

relative effect of dryer-drum processing on asphalt consistency, 
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· a reasonably large sample of comparative consistency results from 

conventional plants has been obtained in connection with the 

Department's ongoing efforts in the area of surge-storage silo 

evaluations. In such silo evaluations, differences in temperature 

and consistency between the as-produced ani as-stored material 

·. provide one basis for judging the adequacy pf particular storage. 

units. Here, the as-produced (pugmill) mixture samples -- which 

are specially cooled and stored in the same manner as the research 

samples -- provide a basis of comparison tothe drum discharge 

consistency results. 

By combining surge silo consistency data from a previous 

research study with results furnished by operations personnel, it 

was possible to initially compile a sample of the desired type of 

results (rnix discharge temperature and before-after asphalt con-

sistency) amounting to tests on 55 recovery samples obtained during 

ll days of plant production. However,based on a statistical test 

similar· to that applied to certain of the Sportsplex ·data (i.e., 

a Jo-outlier test for results not conforming to a general tempera-

ture - .consistency relationship), one entire days testing (7 samples} 

and two individual samples from other days work were omitted from 

consideration as being non-representative of the historical sample 

as a whole. Consequently, the net sample of representative results 

analysed here amounts to tests on 45 samples obtained for 10 days 
)· . 

production at 8 conventional plants. This historical sample --

obt~ined during the period 1973 thru 1977 -- is thus of nearly 
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identical site to that from the ~esearth project (45 versui 46 

samples). 

Before proceeding to a spetific discussioh of the historical 

data from conventional plants· (Table 20), it is worth noting that 

while it is not possible after-the..;fact to determine the true 

reason for the above;.;i,oted non-representative nature of ohe day's 

tests, a iikeJy reason. tan be stated. Specifically, it is believed 

that the subject anomalous recovery data -~. which indicated apparent 

sbftehing amounting to an average of 10 arid 2b percent in the case 

of the penetration and Vistbsity resuits, respectively -- was due 

to incomplete removai of lhe Abson recovery solvent. In one other 

New Jersey Department of trahsportat ion surge! silo eva i uat ion, a 

Sitiiilar indication of ah apparent 1hordinant softening of the 

asphalt for sev·eral ihdividual samples was atlributed to this 

same cause . 

. Returning to the analysis, there are three major pdints of 

interest in connection With the conventional plant data summarized 

in Table 20~ Firsti it is evident that the tohventional ~lant 

results in several instances display the same type of anomaly ob-

served in the drYer..;d~um results: Apparent softening of the processed 

asphalt based on the indicated penetration change, as contrasted 

to indicated hardening based ori viscosity changes for the same 

materials. Specifically; While each of the teri days vistosity 

results indicate some degree of overall hardehirig (average viscosity 
' . 

gain), three days penetrations results indicated either no change 



TEST 

Penetration 

·. 

Absolute 
Viscosity 

Kinematic 
Viscosity 

TABLE 20: CONSISTENcY OF ASPHALT PROCESSED THROUGH 

NEW JERSEY CONVENTIONAL BITUMINOUS PLANTS 

[Sample: 45 Recovery Samples Tested During 10 Days at 8 Plants] 

AS-SUPPLIED AS-PROCESSED 6-· : CHANGE IN CONSISTENCY 
CONSISTENCY CONSISTENcY (Recovered less original) 

Number of Weighted Average 
Range of Days Results Range of 

Daily Weighted Within- Indicating Daily 
Values* Average Average . Day (I' Hardening Averages Units Percent 

64 - 96 77 72 7.0 7 of 10 -15 to +10 -5 6.5% 

1198- 2017 1977 2296 416 All 80 to 1466 319 16 .1% 

358 - 499 416 474 26 All 10 to 145 58 13.9% 

* Al 1 represent sin,:g1e test result. 

Day-to-
Day <r 

8.0 

410 

37 

I __, 
u, 
O'I 
I 
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.. ! . . . 

··.. or an aver~g,e gain id 'pen~tratjon. (soften i·~g }. . As. wi 11 subsequently· 

. be showp, the. reason )f.or thi~- disparity definitely appears to be 

that.~ugges~ed earJiJ~•in the analysi·s (}f theSportsplex data set: 

.· A corisfstent Q1as ,in !the New Jersey Department of Transportation . : . . . . . i. . . . . - . . . . ' 

penetration .. data tn f:avor of underestimates of. the app~rent true ·. ·· 
. . ... ··. . ; ,. ·:·· . . ' . . . . . ,· . . . 

amol.lnt of hardeni11~l· .: Importantly~· while .. less deftnitjvely es-
. :·- ·. .._ ·. : ._._._.-. . i:' ·,._ . ·. . . . ·.. . .. ·. . 
tab li shed, .. s.(Jth. subseiquent analyses .suggest that .. assessments of 

.. . . 1 ._ • • . . ' " 

,•· ,' ,consj stency chang.e m~de usjng our viscos UY da_ta are generally 
' ' . ' ! 

. reasonable (if riot "c;orrect") .. 
··j 

The .second maj1or .point of interest .. in connection. with Table 20 
;__ . ' : . ' ,_• 

' " 

is the relative magniitude of the indicated consistency change~ On 

... an _overall basi:s, th~_average consistency .changes observed for-the· '., - .. , .. ' •' .·· . . . , .. :.·· . :_ .. ' 'i' . . . . ·. .· . 
· present sample of New: Jersey•s conventional.plants (i.e.,5%p.ene~· 

-. . ' ' . . ' -

tratton .loss; about li5% viscosity gain)., are less than that ·reported 
, . ·. . '. ,. . . ·•. ·_, . 

as being "t,vpisal" i{other; states. For ex.ample~ California. (l 6) 
' ' 

not~s that the loss of. volatiles ancl/or ox:idation,,,of t:he asphalt· .,.. :· ., '. :·' ·. ·· .. l . '.' . . . . . . ' . : ,I': . ..·. . . • 

··. in a conv~ntfonal · pla'.nt can be. expected. to result. in Abson recovery 

resid'ues apprO?,<imateJY, 30-to 40 perce~t harder tha.n the ori.ginal*. · 
' I ' ' • • 

·· However~. it is appare;nt from tbe range:column of Table. 20 :that certain 
,- l ' • . , . 

: 

of the dafly average· !changes observed.·' at particular New Jersey. plants 
• . . , .. '.. ·. I .· . ·" . . .•. ,,. 

exc~ed this value. B1 implic;:ationthen,·,at least some of th.e consistency 

*In the cite() report,: the comparison was mad!:! in the context ·of ~- discus-. 
sion of results _for. drum .. mix s-amplesWhich hacJ l:>een. preserved with dry 
i te. . It thus would a:ppear :that ttie author was referring to similarly 

· cooled and stored samples from a. conventional pl~nt,. ~ince .some of 
the,, 11 typica1 11 Consistency changes.for conventional plarits reported ·;n 
the literature are frbm samples not_ so-treated, they are not partic-. 
ularly meaningful as irega'rds the. effect of processing. per se. . 

.\ 
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changes observed at New Jersey plants are in the typical range 

observed by others. 

The third point of significance regarding to the conventional 

plant historical data is the considerable variability of the daily 

mean changes in consistency. That is, the range and standard 

deviation statistics for each of the various measures of consistency 

change indicate that the observed average values are very much 
11 general 11 values, about which individual values are widely scattered. 

For example, in the case of absolute viscoslty, the standard devia-

tion statistic suggests that if many days of conventional plant 

testing were undertaken by the New Jersey Department of Transporta-

tion, the average daily viscosity gain observed at some plants might 

be as much as four times greater than the average shown in Table 20 

(indicating up to 60% hardening), whereas the results at other plants 

might occasionally be indicative of an overall decrease in viscosity. 

To determine whether the described substantial variability 

in the historical plant sample is indicative of generally erratic 

(unreliable) data or whether -- as in the case of the research 

sample .__ these fluctuations might at least in part be a reflection 

of an assignable cause such as mix discharge temperature, a correla-

tion analysis was performed. The results of a temperature - consis-

tency analysis for the conventionally processed asphalt are presented 

in Figure 33. 

Before proceeding to a specific discussion of the meaning of 

the regression plots of Figure 33, it might be well to characterize 
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FIGUA!E 33: INF'=fJENCE OF MIX 01.SCHARGE TEMPERATURE ON 

CONSISTENCY OF CONVENTIONALLY PROCESSED ASPHALT 

.lO 

250 275 

• 

300 325 

KEY: 
• = Conventiona I Mix 
A = Drum-mix (Observ,ed i) 
/:::,. = Drum-mix (Predicted i) 

/:::,. P= 26 _ 8 .994+.00ST 
r = -.384 
N=45 

350 375 

T = Mix Discharge Temperature (°F) 
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• • 

t:::.v = 82.791 +.013T _ 500 
a 
r = .451 

N = 44 

.,,,, 
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200 /:::,. Vk = 1.35 T- 348 _, 
. . "" ..,. r =.549 • ·-g 

150 i • ;> • c.> 10· 1 • /:::,. 2.28 + .008T 75 J 50 • Vk= e -

<I • r = .474 • II 0 N= 45 
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their sigr1ificance. in general terms. Basically, each of the regression 
. . . ; :, 

lines shown relating the various measures of ~onsfstericy change and 

mix discharge temperature are indicati~e of a highly significant 
. . . .. . . . . . . ' 

relationship (99% or higher confidence level) between these two 

variables. However, as is the case of the derived Sportsplex 

r~lationships, each line is characterized more by it~ ability to 

depict trends than to predict individual future values. In this 
.· . . ' ,· ' . . . 

connection, it .i.s · important to note that the scatter about the. best-

. · fit lines for the: convent i ona 1 pl ant data are to some extent due -.-.-
to material differences among the asphalt samples,. which differences . 

are unfortunately notquantifiable. ·• That is, sfoce .the conventional 

plant .data presents asphalts from a variety of sources; some of 
.. · . . . ··. ·. ,· ; .. 

which certainly might -be. exp~cted to have i:ndJvidual temperature -

consistency relations which are truly different.from the overall . . ' . 

relationships shown, one could reasonably e~pect a reduction in 

scatter ('increased predicting ability) were it p()SSible to accoimt 
. . . 

for such differences. At bottom then, what.Fi-gure 33 shows is that 

mix discharge temperature is in fact an assignable cause for at . ·. . ,' •, . 

least some of the previo1Js ly: discussed withi11~day .and day..;to~day .· 

variability in the' conventiona,l plant consistency results. Further, 

and more importantly as regards a key question_ of this research,. 
. . -.· ' . . . 

since.the consistency results for conventional plants and the drum--. . . . . . ' . . 

.mix plant are a function of the s~me assignable .cause (temperature),.· 

it is possible to put the resuits on the same temperature-equalized 
., ·. ·:,_ . : . . 

basis _so as to.permit direct comparisons. of the relative effect. of. 

ttie two·processes. 
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( .. 

As shown in Ffgure 33, for each of the various tests of 
: .'·: - .: •• > •• • ' ' • • • • • 

asphalt consistency, two different regressions were performed: one, 

a conventional straight~ line best-fit; the s~cond, a log.arithmic 

curve fit .. While the: statistical parameters_ for each of these 
. ..• . .: ·. . . . ... 

~urves Js .indicattve iof a.highly,significant relationship, the 

.torrelation'coeffkient for each of the st~aight-line fits.are 

- higher than those for .their companion logarithmic curves. Under· 

most c:ircurnstanc:es, g:iven th1s choice between\ alternate curve fits, 
' . . . . . . . ·. 

- the. one with the hi gh:er correlation coefficient would normally be 
• • • I • • - • • 

selected as mo~t repr:esentative of the. ''true." relation. Here, 
. . : . ' . . 

however~ there aret~o common-sense reasons for choosing the lower . - . . . . 

correlation coeffict~nt (logarithmic) curves as being most repre-

sentative. first, siince consi.stency is known to generally _be a 

·logarithmic function ~f temperature~ it seems reasonable to assume 

that differences in donsistency should·be similarly related. . - . . . . . ' . . . . . 

Secondly, it 'is generially apparent that certain of the information 

conveyed by the strafg-ht- linef its: cannot be indicative of a real 

situation •. Specifically~ a redu~tion .in .mix dfscharge temperature, · 
• • I • , " • • , 

per se~ clearly will ca~se .softening of the asphalt (i~e-, cause 

a negative viscosity (intercept}._ ·Rather, certainly in the ideal 

· case, corisfstency cha,nge should be asymptotic to zero in the zone 
, . . ' . 

. . i ·.. . . . .. 
of 1 ow mix discharge temperatures as indicated by· log <curves. 

'·. ·• ' ' I ••• • • • • 
1· . 

. Having stated .:some g,eneral ities regarding the regression. lines· 

:of Figure 33, the question now is what specifi\: information do these 

plo;ts convey? First,, arid most baskall.Y,. within .. plant and plant-to-
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plant differences in mix discharge temperature account· in part for· 

the variations in the associated consistency changes occurring on 

· processing'. For example, the regression line for absolute vistosity 

· .. change suggests that while many New Jersey Department of Transpor-

tation tests~at a conventi6nal plant oper~ting at the low end of 

the usual temperatute spectrum (~70°F) would indicate essentlally 

no average hardening, this same plant operating at the usual upper 

end. of. the temperatur~ range ( 320°F) wol.ild be expected to harden 
. - . : . 

the asphalt by nearly 30% (about 545 poises, l 3/4 times overall 

sample mean). The penetration and kinematic viscosity regressions 

indkate a ·similar result for this same range of temperatures. 

Specifically, these measures would change from a very modest value 

to a value indicating about 4 1/2 ~imes more hardening . 

. The second point of interest in connection With Figure .33, 

briefly noted earlier,. is that the same apparent bias towards 

erroneously high penetration gi;iins. in the Sportsplex sampfe is 

also genefally evident in the conventional plant sample. It thus 

appears that this bias .is a characteristic deficiency of New Jersey 

·· .· Department of Transport at ion penetration d.ata in genera 1 . 

The featuie,of the regression ·curvei which suggests the 
. . . . 

presence of a consistent error in the penetration assessments is 

the generally different characteristics of _the viscosity and. pene-

tration ·curve~ ·fo the range of lower mix discharge temperatures. 

That is, whi]e the best-fit for·each of the vistosityplots is nearly 

asymptotic to zero (indicating little or no average hardening for 

.. 
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lower temperature mixes), the penetration regression appears 
. . 

asymptotic to some positive offset from zero, indicating a general 

bias toward apparent penetration gains (softening) for low tempera-

ture mix. Significantly, the approximate magnitude of this bias 

as indicated by the pen~tration regression of Figure 33 is quite 

similar to that indicated by earlier analyses of the Sportsplex 

data set. In particular, the derived relationships of Figure 33 

indicate that when there has been no change in the absolute or 

kinematic viscosity.of the conventionally processed asphalt, the 

penetration data would indicate an average net gain (softening) 

of 5 and 8 units, respectively, or very nearly the same as the 

8 + 2 units previously shown for the drum-mix data in Figure 32. 

The third, and perhaps most important point in connection 

with Figure 33 is that it indicates that the influence of mix dis-

charge temperature on the consistericy of the processed asphalt is 

very similar in the case of both the studied ( low temperature) drum-

mix and conventionally produced (high temperature) mixtures. In 

particular, using the best-fit relationships of Figure 33 to predict 

the average consistency changes expected for the 245°F average dis-
' 

charge temperature at the Sportsplex yields values quite close to 

the averages actually observed, the observed values being indicative 
. . 

of bnly about 3 to 5 ~e~cent more hardening than predicted .. 
. ' : 

. . 

Similarly, use of the temperature-consistency regressions developed 

for the Sportsplex data (Figure 3land Table 19, shown previously) 

to predict the average consistency change expected for the 300°F 
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average discharge temperature for the conventional plant sample 

yields values which are not significantly different from those 

actually observed. Considering that the temperature-consistency 

relationships for the.research and conventional plant samples are 

each very much only "trend lines 11 , the observed good general agree-

ment between the various predicted and observed values is quite 

remarkable. 1 

I 

In the writer's ~pinion, the above analyses provide a 
I 

basis for twQ conclusi9ns; one of particular significance as regards 

this research~ and one ~f more general interest. First, since the 

predicted-observed con~istency change comparisdns indicate that the 

difference between the lover an degree of hardening observed at the · 
' Sportsplex and that in !the conventional plant sample are substan-

tially (if not completely) attributable to the marked (55°F) differ-
I 

ence in average discharge temperatures, the answer to the key research 

question -- is drum-mixing relatively more harmful to the asphalt 

than conventional processing -- seems inescapable: No. Rather, 

the preceding analyses indicate that if the Sportsplex drum-mix · 

had been produced to discharge at conventional temperatures, the 

observed asphalt consistency~hange could reasonably be expected· 

to be of the same magnitude as that from a batch plant operated 

at the same temperature. Secondly, as a matter of more general 

iriterest, the fact that the individual regressions for low and 

high temperature mi~es definitely appear related (i.e., yield 
. : ' ,\ "":'::/::}'; 

reasonable estimates of the expected,1iav~;age consistency change for 
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higher and lower temperatures, respectively) su9gests that the best 

overall indication of the influence of mix discharge temperature 

on New Jersey cohsistency data may be had by combining the 

two data set~. The tes~lts of ~uch a combination are depicted in 

Figure 34. 

While the overall temperature-consistency regressions of 

figure 34 are useful for a number of purposes (e.g., in providing 

at least some yardstick for gauging the reasonableness of future 

sutge~silo consistency data), in the present context, perhaps 

their greatest utility is that they permit some further inferences 

to be made as to the geneta l reliability of the: present co 11 ect ion 

of New J~rsey Department of Transportation consistency data~ That 

· is, retutning to a point discussed earlier, the fact that for the 

extremely wide spectrum of discharge temperatures shown in Figure 34 

the Viscosity data generally display an expected type of overall 

behavior (being asymptotic to zero or nearly so) suggests to the 

writer that such data is indeed basically 11 reasonable 11 • At a 

minimum, thfs characteristic of the viscosity plots would appear 

to rule out previous occasional observations of incomplete solvent 

removal as being a general deficiency. Ifsuch were the case, it 

seems reasonable to ass~me that at some point, the viscosity data 

would reflect this artificially induced softening by manifesting 

a significant 11dip 11 below the origin (i.e., a generalized indica-

tion of viscosity loss). 
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FIGURE 34: A$PHAL T CONSISTENCY CHANGES FO.R 
LOW ANl) HIGH . MIX . 01·s.eHARGE TEMPERATURES 
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· Given t~e. fact th.a.t consi~te.nc;:y te..st data p.rovid~s a b.a.si s . . ' . : . . . . . 
. . .· 

for man.y impqrta.nt c.i-~cis:1011~,. it is evident that this Depart.~e.nt 
. ·. . . . ' . ' . ' . . . ' . 

. ' . . 

~hould: 1,1nderta.ke a s~udt in c.onside.ra.bly more dept,h t,han gossible 

here so a.s to dete;rmi ne. 'whether the reme.c:H al measures. 1,mde.rtaken 

to i~prove our cqnsistenc:y testing have ih fact been effective, . ·.. . . . . ' : , . . ~' 

4.5.4 _ Thin,..f'ilm Oven Tests: Each of the 14 samples of the as-
- -

- -

supplied AC-20 was subjected to two types of thfn-fi lm oven (TFO) 

te~ts. The first of these foll owed the standard AASHTO procedure 

(conditioning at 325°F ior five hours), while in the second procedure, 
' • • I , 

_- - -- 0 - . - - - -the oven was maintained .at 250 F. The purpose of the latter tem-

perature modific;ation was to provide a possibly t>ette.r estimate of 

the amount of hardening which the studi~d aspha.lt might u,n~er~o if 
. . . . ' . 

-- prote-ssed thrµ a pl ant operated to di scha.rge mix at the rel i:!,t i ve ly 

- 1 ow temperatures emp l oyJd at the Sportsp lex { ilveraije: ~45°F) . 

In brie.f, the principal significance of the thin-film oven 
- - - - - : - - 0 - -

work is that certain o~_the data (the 250· resijlts) strongly suggest 

the probable basic.c:a.usJ for the._preyiously qisc:ussed characteristic 

penetration-vfscosity anomaly of _New Jers~Y Department of Transpor-. . . . . . . . . .. . . 

tation data (i.e., erroneous penetration .f)ains). Specifically, 

it appears that our general underestimate of hardening based on 

penetration resµlts accrues from th~ application of the Abson -

recovery technique!, a~ ~ontrasted t_o s9me general bia~ or error 

in the New Jersey Department of Transportation's penetration testing 
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procedure per se. (Note that the problem of correctly applying 

the Abson procedure in general is distinguishable from the . 

earlier discussed specific problem of incomplete solvent removal.) 

Unfortuhately, since the writer can offer no suggestion as to the 

particular aspect of the recovery procedure which causes the 

problem, the remainder of this subsettion will generally be 

limited to a discussion of the existence and apparent magnitude 

of the effect. This being ~he case, the basic usefulness of the 

present collection of TFO data is that it suggests a possible 

fertile area for further investigation in some future, in-depth 

study of the reliability of New Jersey Department of Transportation 

asphalt consistency sampling/testing. 

The results of regression analyses designed to determine 

the relationship between the individual penetration and viscosity 

results for the low-temperature TFO testing of the Sportsplex 

asphalt are presented in Figure 35. For purposes of comparison, 

the best-fit lines resulting from similar analyses of the Sports-

plex recovery samples (previously shown in Figure 30) are also 

presented. 

Examination of Figure 35 reveals that the best-fit lines 

relating the consistency results for the TFO samples (which, of 

course, are not subjected to the Abson recovery process) display 

near-identical slope to the companion regression lines for the 

mixture recovery samples, but different (higher) means and 

(lower) intercepts. 

.j, 
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FIGURE 3,5: PENETRATION - VISCOSITY RELATIONSHIPS FOR 
PROCESSED DRUM - MIX ASPHALT ANO 
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The obvious message conveyed by the difference ·in means is 

that esti.mates of the amount of hardening based on laboratory 

conditioning of a sample at _250 d.egrees. does not (or at least, 

did not) simulate the actual level of hardening·for drum-mix 

asphalt discharged at about this same average temperature. 

In partkular, the TFO results exceed the observed average amount 

bf hardening by about 30% in the case of the penetration and 

absolute Viscosity tests and by abo~t 12% in the case.of kinematic 

viscosity. 

What significance (if any) should be; attributed to th.is 

average difference bet~een the TFO and field results? One 

interpretation, grounded on the proposition that the TFO test is 

indeed a reliable indicator of the actual amount of hardening 

that takes place in a conventional plant, is that compared to a 

conventional plant the studied drum-mix unit was significantly 

beneficial as regards premature hardenin~. However, it is here 

concluded that an alternate explanation is corre~t: Simply, the 

TFO results represent an overestimate of actual hardening. The 

basis for this con~lusion is the earlier analysis of temperature-

consistency relationships (Figure 34} which indicated that~- for 

a given discharge temperature -- no significant detrimental or 
. . · .. ·-

beneficial effect would accrue from drum-mixing. In any event, the 

observation that TFO data at least occasionally represents an over-

estimate of actual amount of har'dening. occurring on process1n·g is 

certainly not an uncommon one.. For example, comparison of TFO 

.. 
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consistency data to thatJrom (fro~~n,) rec;:qvery sc;1mples oqt~iried .·· 

directly from the pugm.i 1 J .. at., ?Six. New. Jersey corwent i ona 1 , p 1 ants 

indicates that the laboratory (TFO) estimates of hardening based 

· on abso 1 ute viscosity exceeded the actua 1 level by an average 

of 53 percent. 

~he ~ori importa~t point in connection with Figure 35 is 

the difference in intercepts as between the penetration-viscosity 

regressions for the TFO 1and recovery samp1es, which differences 

manifest as an c1pparent lloffset 11 between the. corrtpatiion best-fit 

· lin~s~ •· 

The siignificance of this fe.ature of the regression liries 
.. . .. 

is thc;it, in contrast to :the remarkably similar overall relation'."' 

ship be}weehth~ recovery and non-recovery data_ classes (i.e.~ 
. ·.·· ( _. ,. 

their near-identical slope), the specific correspondence between 

penetration and<viscosHY is distinctly different f6r the two· 

· classes of _data. · That is, for .a given viscosity value observed in 

TFQ and recovery samples, the correspo~ding penetration value in 

the recovery samples is:consistently higher (indicating softer 
. . 

asphalt) than that associated with the TFO value. Since the funda-. - . ' . 

mental diffeten6e between the two data sets is the applicatiori of 
. . 

the Abson technique, the clear implication is that the apparent 

general increase in. pen~tration for the r,ecovery samples is in 

fact attributable.-to this difference in treatment. :Whi,le th.ere 
' .. · :· . \ ·- . . ·.·. . 

are, of course, alternative explanations for the subject differences 

(e.g.i_the TFO.or viscosity data might be generally incorrect,. 
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rather than the recovery or penetration results), since the present 

analysis is not performed in a vacuum, these alternatives definitely 

appear rejectable. Simply, the previously discussed underestimates 

of true penetration change appear to be due to a bias introduced 

by the Abson technique. 

While the· companion best ... fit lines of Figure 35 are offset 

by a constant distance, it is evident that due to the logarithmic 

nature of the relationships, this constant difference does not· 

equate as~ constant apparent error in the recovered penetration 

values for varying viscosities (i.e., difference from the correspond-

ing TFO penetration). However, for 11 typical 11 ranges of absolute 

and kinematic viscosities expected in recovery samples 

(VA= 2000 - 3000, VK = 400 - 500), these penetration differences 

are relatively crinst~nt at about 8 and 11 units for the respective 

viscosity tests. The reader will recall that these estimates of 

the apparent bias in the level of recovered penetrations are quite 

similar to the previously described estimated errors in penetration 

change for the drum-mix and conventional plant data sets (6-10 and 

5-8 units, respectively). 

The key question at this point obviously is whether the 

described regression line offsets and the associated apparent 

general error in the recovered penetrations are in fact real 

(statistically significant). While the statistica\ analyses 

required to make this determination are something less than com-

pletely straightforward, the short answer to this question definitely 

appears to be 11 yesll. 
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. Two irtatistical approximations were employed to assess the 
. . 

diffe~snt off~ets~ In. the first of these~ the assumption was made 

that th!il companion line_s w~re truly parallel. The vfrtual ly 

identical slope of the '.line ~airs suggest~ that this assumption is 
. ' .· 

. ' 
reJsonable, Once this :assumption was made; a significance test 

was made. which involve.d comparing ordinates at a penetration value 
. ' . . 

( 78 1,.1n its) near the over a 11 mean of the TFO and recovery curves. 

·. This produced t-statistics which indicated.that the separations for 

both pJirs of lines were statistically si9nificant well above the·· 
.. ' i. . . 

95.% confidence level. To check this first approach, another method 

wa$ .employed which utilized the residuals about the lines. Here 

again,. the ~eparations. :between. the_ lines were indii.ated to be 

highly significant. 

The results of the conventional {3i5°) TFO testing performed 

in this. wqrk p.r()vided Htt·ie of si9nificl)._nce .. As expected, such 

results. ,,..,. which s.uppQ.$ed.ly approximate the level of hardening at 
. . . ,· . •. . . . . . 0 . i 

an average disqharg~ temperature of 300· ..... very much overestimated 

_ the ob~e~ve.d hardening: at the (245-ci) drum.-mi.x plant. Further, the 
' . ' . . ., . 

poor fit betwe§n the cqllected pene.tN,tion ~nd·(absol1,1te) viscosity 

data precl1,1ded meaningful compari~On$ to the other-classes of data. 
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4.6 ASPHALT HARDENING: SPECIAL CHEMICAL TESTS 

4.6.1 Nature and General Significance of the Testing:_ In order 

· to provide an alternate basis for ascertaining the nature -0f any· 

changes in the asphalt which ~ccur on drum-mixing, a rather modest 

program of chemical testing was undertaken. This work involved 

comparisons of compositional change among drum-mix, batch plant 

and TFO samples. 
The chemical separation technique employed -- the Rostler-_ 

Sternberg procedure(lB,l 9) -- has been known for nearly thirty 

years. However, while asphalt producers and using agencies have 

long employed a variety of fractionating techniques to 

llfingerprint 11 asphalt for purposes of production control and 

performance eva'.luation, this research represents the first 1,.1se 

of any such procedure by the New Jersey Department of 

Transportation. 

In brief, a Rostler~Sternberg analysis is a multi~step 

procedure entailing use of pentane and sulfuric acid to separate _ 
. . . . . ' 

. . . 

the exceedingly complex structure of an asphalt into five 

generic groups: asphaltenes (A), nitrogen bases or polar com-

pounds (N), first acidaffins (A1), second acidaffins (A2) and 

paraffins (P). The latter four groups of constituents are 

collectively known as 11maltenes 11 • Broadly speaking, the 

asphaltenes •re solid components predominantly responsible for 

the consistency of the asphalt, while the maltenes collectively 

serve to plasticize the asphaltenes and provide a homogeneous blend. 



· While. a. c!et,erm.in~ticm gf the ~hemical. make-up qf {m asphalt 
. . : ' . 

' ' 

in th~ p.r,~sent r~.$earcll .. t,he s~ope Qf the i nqy iry is re 1 at i ve ly 

1ir:ni'ted. That is,. ~ere we ar~ basically concer11ed with c,nly two 

i!i~4f::?~~ Fir~t, 11 WtT~t is the general nature ~nd mag11itµqe of 
· qhemic~l (?hJn~e· ex~~<;ted during ce>nventional proce.s$i.n~?I' and, 

~~c::Qnq~ ''Are ·th~ gb,~~r~ec! compos,jtional change$ o~~Yrrin~ on 

drµm"mi~ing i,ndi<Hitive of some getrimental effectt• The 

rem~in~er pf t~ts in.trgductory subsection will cc,nsis.t e>f a 
capsule irnmmar,Y Q,f the background. en. the. first ~f the.~e. qyestions 

· (~)(pec.t~~ C.he.rnic:a.1 q.hc,,nQe~) and the imp.lic::at,iQn,s for ~$$.o.ciated 

c~~nij@$. in_ more. fampta,;r,, phy~i~.al prqp.ertie,s iµch ~s p,em~tration 

~ng './1S.OQ$iJ.y-, 

A lit~r~ture !review indic~te, th~t., ~t lea.$,t in the 
. . . .. 

r;i~rt.i~yla.r- c.a~e oft.he Rqstler ~nqlisi:s!· re~e.~:r~he.r, have 

· · · ~eneral 1,t ~Qn~ent.raiec;I th~ir inve$t.i$~tiy~ ~ffQrt.:; on in.,s~rvice 

(versv$. ij~~rrii,<e_c;I) c;~~ng~s. in l$Ph~l~ qo.mpq~it.i.c;>.rt~ Cqos.e.guently, 
• •. • • • ' •• • .• I • •' •, • 

whilt; the m~~h~nism (Qr at lf:!~il, .directi0.n) of c.he.miqal change · 

·occ;:urrin~· Q.f.l prq~e~sin~ i~ ·r~~s,qn~~-1.y, w~l. l,defir1e<;t, the· magnitude 

of such ~hange is. a_pp~r~ntlY n()t ~efinitiv~,ly e~~aplished., 
. • , . . . . I . 

The literatute reports describing the_ mechanism of chemical 

change h_~ve v~riou$1Y entailed ~ppl ic;~tions of the Rqstler 
. ! . . . •· . ·- .. 

proces~ed. throygh. a:p~~mill pr ~il:llt1l~te.d, Pl.J~mJll and. t9 rec;overy 
· samples from i~~$eryic:e pavement1; (~0~25}. The c:itec! ·li.terature 
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identifies the following broad trends: The paraffins undergo 

little Qr no c;:hange from their original levels, acidaffins convert 

in part to nitrogen bases, and a portion of the nitrogen bases· 

convert to asphaltenes. Overall then, except for the paraffins. 

the maltenes level generally decreases, while the asphaltene$ 

increase. As might be ~xpected. the changes -exhibited by particular· 

-asp ha l t_s have been observed to depart from this genera 1 pattern. 
The chemical fractionreported·to disPlay the greatest mix of. 

net gains and losses is the nitrogen bases. 

As a matter of general interest, certain of the cited 

studies indicate that while the vast majority of the a~phalt in 

a finished pavement (i.e.• that below the top 1/8") changes but 

little from its as-mixed/as-laid state*, due to exposure differences, 

the topmost portion may undergomarked relative changes in.chemical 

composition and associated physical properties. 

Having described the general nature of compositional change 

observed by others. the block d 1 a grams of Figure 36• are presented 

to illustrate the magnitude .of such change occurring on processing. 

While .this figure will be commented on later_in connection with 

the New.Jersey results, in view of certain of the obvious dif-

ferences between the two diagrams, a comment at this point is 

necessary.· 

,0, ' ,. 

*One implication of this finding is that mechanisms of chemical 
- -change postulated from in-service changes may (as here) be used 

to support conclusions regarding the nature of changes occurring 
on processing. 

-• 
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F~R: ··.IN Ml· ·. IT 
oc~u•11N§ .QM .. f!!Q'E.l§lNG: Lr1TEPIATUR£ BCPQBia , 
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As indicated in Figure 36A, the compositional changes 

observed by Halstead et al were based on simulated pugmill mixing 

(325°F for 6 minutes). Since the application of this laboratory 

procedure yielded results which agreed with TFO testing, the 

cited authors concluded that the laboratory procedure indeed 

approximated the effect of mixing in a commercial hot~mix plant. 

The work of Chipperfield et al (Figure 36B), while based on 

actual plant mixing. used a different chemical separation 

technique. Although the resulting data compare favorably in 

the case of the asphaltenes and paraffins, Chipperfield observed 

substantially greater average changes for the chemical fractions 

analogous to the intermediate maltenes. Considering the well-

known fact that different asphalt separation techniques or solvents 

can yield different boundaries for certain of the various hydro-

carbon classes( 27 ), the latter compositional differences may be 

due at l_east. in part to the difference in the fractioning process. 

In any event, inasmuch as the present research employed the Rostler 

procedure, it seems evident that in comparing New Jersey results 

to those of others, primary reliance should be placed on the work 

where this same separation technique was employed (i.e., Figure 36A). 

A multitude of observed correlations between asphalt 

chemistr,y and physical properties address the question of the 

significance of changes in chemical composition (see, e.g., 

reference 28). For the present introductory purpose, it is useful 

to reach behind those correlations and examine their fundamental 
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basis •. Work by Corbett( 26 ) 9 involving a determination of the 

physi,c;:al properties of the various individual fractions making 

l;!P the asphalt blend, provides considerable. insight on this 

point. 

In the cited work, a fractionating technique different 

from the Rostler procedure was employed. (Indeed, since certain 

of the Rostler fractions are obtained as a precipitation reaction 

product, they are not available for further, separate investigation.) 

Again then, there is a potential for different boundaries for 

certain of the (maltene) hydrocarbon classes and their associated 

properti.es... However, si.nce certain of the fractions isolated 

(asphaHenes) are the same and the others are at least similar 

between the Corbett and Rostler procedures, the latter's findings 

are useful fot the present broad illustrative purposes .• 

Corbett observed that the chemical fractions q.nalogous to 

paraffins and total acidaffins each displayed essentially unlimited 

penetration (300+ at n°F) and absolute and kinematic viscosities 

whose values were in the units and tens places, respectively. In 

marked contrast, the separated asphaltenes displayed zero penetration 

and viscosity so extremely high as. to be immeasurable with 

conventional tools. A chemical fractfon~apparently similar to 

Rostler's nitrogen b~~es displayed hardness only somewhat less 

pronounced than that of the asphaltenes. At a minimum then, 

· Corbett's work confirms in rather dramatic fashion that the 

conversion of maltenes into asphaltenes expected on processing is 

indeed the root cause of increased hardening. 
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4.6.2 Comparative Compositional Changes for New Jersey Conventional 

and Drum-Mix Plants: · In this study, the chemical composition of 

the processed drum-mix was based'"-on replicate Rostler separations 

performed on composite recovery samples from each of three 

production days. These composite samples consisted of the combined 

Abson residue from two or three individual mixture recovery·samples 

obtained within the particular day. Such combined samples were 
required since the individual samples provided insufficient 

material for the chemical fractionating. For each of these 

production days, the composition of the as-supplied asphalt was 

gauged by replicate Rostler determinations performed on one 

tank sample. 

To provide a basis of comparison for the dryer-drum 

results, a similar program of chemical analysis was undertaken for 

samples from four New Jersey conventional plants and on residue 

from TFO testing of the Sportsplex asphalt. -· The conventional 

plant chemical testing consisted of replicate Rostler separations 

on one tank and recovery sample from each plant. The composition 

of the TFO_residue was based on tests on two Sportsplex tank samples. 

The average composition and change_in composition observed 

for the conventional and drum-mix samples are shown in Figure 37. 

Comparative data for the TFO samples are shown in FJgure 38. 

Shown- beneath each of the composition block diagrams of 

Figures 37 and 38 are the average consistency test results for the 

particular sample depicted. It is important to note that the 

sampling and testing of the conventional plant mixtures performed 
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FlGURE 37: QQWPARl§QN .. OF CHANGE$ IN CHEMICAL CQMPQ§ITIQ~ 
OCClJRRIN§ ON CQNYEN,TIONAL PROCESSING ANP DRUM~MIXING 
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FIGURE 38 : ·CHANGE IN CHEMICAL COMPOSITION OCCURRING . . . .. oN··,AIN-FILM OVEN··PROCEs§lNG 

( 1.~s1s : f)upNcate Determinations, 2 Tank Sam.pies) 

Average Composition,% Change From OrigincJI, % 

Original TFO Residue · .·. Absolute R•lative 

-0.7 -4.5 

0.8 · . 3.8 

_- 3,.5 .. -15.3 

N=22.I 21.9 -0.2 -0.9 

A= 18.4 21.8 3A 18;5 

Consistenc.y : Pen =86 69 - 17 -19.e 

(XandA) VA= 17~6 2224 457 25.9 
VK= 410 ·439 28 6.7 • 



• 

.. 

-183-

in this phase of the study was accomplished after the Department 

had undertaken steps to improve our consistency testing procedures. 

These remedial measures: included converting from the AASHTO Abson 
recovery specification to the more detailed ASTM procedure. 
Considering this general change tn procedures ..... more spe.cifically, 

the• possible ¢1imination/reduction ·of the bias in past penetration 

data -- it is apparent that comparisons of consistency results 
betweetl the two processes is, to say the least, a delicate task. 

Examination of figure 37 reveals that the- pattern of average 

compositional charge for the present sample of conventional and 

dryer-drum results is basically the same as that reported in the 

literature. that is, the results for both processing methods are 

generally characterized by a reduction in rnaltenes and an associated 

net gain.in asphaltenes:. The obviously more important pbint, · 

however, is the rather rnodest magnitude of chemical change i_ndicated 

to occur for either type of processing. A conventional statistical 

test indicates that none· of the indicated .average changes 1n· -
individual fractions fQr either the conventional .2!:. dryer-drum 

plant represent a signi:ficant change from the original value. The 

fact that a statistica1; test fails to detect a difference in means may, 

of course, mere1y reflect a limited samplin.g. However, here we· 
' ' ' 

have two bases for rnaki,ng inferences regarding .the. influence of,· 
' 

. dryer-drum processing on asphalt chemistry. That is; not only is 

there no detectable difference between the average composition of 
the as;..supplied and as-.processed drum;..mix asphalt, but also the 



average compositional changes displayed by the drum-mii are about 

the same if not less (e.g., with respect to asphaltenes) than those 

for the average conventional product. 8ased on the sampling of 

New Jersey plants then, drum-mixing clearly does not appear to 

effect a change in the overall chemical make-up of an asphalt 

which is meaningfully different from the change expected to occur 

during conventional processing. 

Comparison of the observed compositional changes for the 

Sportsplex drum-mixtures to batch plant results reported by 

others lends support to the above conclusion. That is, compared 

to the conventional plant data previously shown in Figure 36, 

the compositional changes displayed by the New Jersey conventional 

and drum-mix plants are about the same for one chemical fraction 

(paraffins) and generally less for the other components. In the 

particular case of the asphaltenes fraction -- which plays a 

major role in the hardness of the finished blend -- the indicated 

changes for the New Jersey data are only about 1/3 to 2/3 of 

those shown in Figure 36 (i.e., at least 1 to 1.5 percent less 

absolute change). 

In comparison to the average compositional changes indicated 

for both the New Jersey and literature samples of conventionally 

processed asphalt, the TFO results of Figure 38 display a relatively 

greater net loss from the original maltenes level and a correspondingly 

greater net increase in asphaltenes. Indeed, the (3.4% absolute) 

increase in the asphaltenes level for the TFO residue is the only 

change for any of the variously processed samples studied here 
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which is statistically distinguishable from the original value. 

The significance which one assigns to this relatively 

greater chemical change for the TFO samples again obviously 

depends on what general credence is placed in the laboratory {TFO) 

procedure as regards it1s ability to provide a valid simulation of 

the change actually occurring in the field mixing process •.. Here, 

the results of the chemical testing performed on the TFO residue 

are viewed as confirming New Jersey's past observations that the 

·TFO conditi.ons are generally harsher than those actually encountered 

in the real P,rocess and thus usually provide ~n overestimate* of 

the amount of change? expected.on processing. 

The foregoing has indicated that the chemical makeup of 

asphalt processed thru ;the dryer~drum remains relatively unchanged 

from its original values and that what little change does occur 

is generally less than 1that observed for either simulated (i.e., 

TFO conditioned) or,actual conventional mixing. Therefore, it. 

seems reasorjable to view this chemical testing.as confirming the 

previous co·nclusions based on consistency testing that drum-mixing 

does not inherently en~ail any detrimental effect on the asphalt 

cement •. 

*Given the benefit of hindsight -- i.e., the good penetration-viscosity 
fit between the Sportsplex recovery samples and the low oven 
temperature TFO samples previously shown in Figure 3~- it obviously 
would have been preferable to perform the chemical testing on the 
latter (non-standard) TPQ. samples. 
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While the fundamental question of this phase of the research 

is considere~ resolved, it is useful to at least briefly address 

an obvious question omitted from the preceding discussions of· 

chemical change. Namely, given the observation that conventionally 

processed asphalt undergoes average changes in composition which, 

at face, are only slightly greater than those indicated tti occur 

on drum-mixing, to what can the marked disparity in average 
consistency change for these same samples (shown in Figure 37) 

: . . .· 

be attributed? 

As a general proposition, the composition-consistency change 

anomaly evident in Figure 37 would be expected to be a function 

of three factors, certain of which are potentially interrelated:_ 

The chemical composition (original and processed) of the various 
. . . 

asphalts sampled, differences in mix discharge temperature between 

the drum-mix and conventional· plant samples; and the general change 

fo asphalt recovery procedures. 

Attempts to discover a relationship between the observed 

changes in particular chemical fractions and consistency proved 

unsu~cessful. This result was undoubtedly due in part to the 

limited number of such comparisons possible using the present 

sampling. However, a number of general correlations between the 

level of particular chemical constituents and the physical 

properties of the asphalts were developed for the total sample 

· (i.e., combined results). These gross correlations provide some 

insight as to the relative role that asphalt chemistry plays in· 
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. the apparent dissimilarity between the consistency and composition 

results of Figure 37. 

For example, as shown in Figure 39, a highly significant 

overall relationship was found to exist between the asphaltenes 

content of the various asphalt samples and their consistency. 

In the particular case of th~ penetration results, a step-wise 

multiple regression indicates that for the present data sample, 

asphaltenes content is the~ significant determinant of hardness 

for the original and recovered samples. Specifically, the 

derived relationship indicates that a one percent increase in 

asphaltenes content can be expected to reflect as a 4 unit decrease 

in penetration. Since the average absolute asphaltenes content 

of the conventionally processed asphalt increased only 0.6 percent 

more during mixing than did the drum-mix, based solely on this 

chemical composition difference, we would expect that the 

conventionally processed material would harden only about 3 

penetration units more than the drum-mix. As shown in Figure 37, 

the observed difference actually amounted to an average of 15 units; 

the sampled drum-mix showing a net penetration gain (softening) 

of one unit compared to a loss (hardening) of 14 units for the 

conventionally processed mix. This indication that compositional 

change very much provides only a partial explanation for the 

disparity between the penetration values observed for the data 

sets using the "new" and "old" Abson procedures obviously suggests 

that the measures undertaken to improve the Department's consistency 
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FIGURE39: RELATIONSHIP OF ASPHALT CQNSISTENCY 
AND ASPHALTENES CONTENT 
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testing procedures may have in fact eliminated the previously 

discussed bias towards consistent erroneously high penetration 

for Abson residues. If this is indeed the case, it follows that 

the penetration-asphaltenes regression of Figure 39 is definitely 

only an estimate of the true relationship between these variables 
and, consequently, provides a basis for but a guess as to the 

• I • • 

magnitude of penetration change caused by' the use of the new 

procedure.* 

Use of the developed composition-consistency regression 

data to determine either the existence or magnitude of any possible 

change in the level of recovered. viscosity accruin9 from the use 

of the new recovery procedure is more complex, For example, while 

the combined absolute viscosity data (original and processed) is 

significantly related to asphaltenes content, a regression analysis 

indicates that the absolute viscosity ~f the original asphalt is 

primarily an inverse function of paraffins content. A somewhat 

*A simpler procedure for assessing the impact of the new recovery 
procedure would be to utilize the temperature-consistency relation-
ships previously shown in Figure 34. Unfortunately, since the 

.· operations personnel assigned to obtain the conventional plant 
samples used in the chemical testing phase of the work neglected 
to record the requested mix discharge temperature data, the 
relationships of Figure 34 cannot be directly applied here. 

lt is interesting to note, however, that if the mix at thes9 plants 
was discharged at the historical average temperature of 300 F, a 
difference of 4 penetration unitsbetween the drum-mix and conven-
tional plant samples shown in Figure 37 would be expected due 
solely to temperature. It. appears then that the in9icated slightly 
higher asphaltenes content for the mix from conventional plants 
(and the associated penetration decrease) is indeed· simply a 
reflection of relatively higher processing temperatures. · 
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similar* effecthas been observed by Utah(24 ). The obvious upshot 
. ' . . 

of this finding is that. to determine the viscosity change expected 

to accompany a change in asphalt chemistry, we must look to multiple 

chemical fractions and to both the original and recovered samples. 

In view of the present limited data and the availability of· an 

alternate, more direct procedure for assessing the impact of the 
. . . . . . . . ' . 

new recovery procedure on viscosity data (i.e., use of the 
relationships of Figure 34), such an excercise will not be attempted. 

*In fact, based on a considerably larger sample than used here, 
the Utah investigators found the ab~olute viscosity of the as- · 
supplied asphalt to be a function of paraffins and asphaltenes~ 
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4.7 PAVEMENT CONSTRUCTION 

4.7.1 General~ The Sportsplex paving operations were observed 

on a number of occasions to determine if drum-mixes pose any 

unique construction problems. Of primary interest in this 

regard was the effect, if any, that the lower temperatures and 

higher moisture contents of-the drum-mixes would have on the 

placement and compaction processes. Based on thes.e observations 

it is concluded that the constructability of bituminous mixtures 

produced by the drum .. mix process is essentially the same as 

the conventional product. 

4.7.2 Compaction: Bituminous mixes for New Jersey Department 

of Transportation proj~tts are generally designed at about 

4 percent air voids, the center of our 2 to 6 percent design 

range. The design air voids for the Sportsplex surface and 

binder drum-mfxtures were 4~0 and 4.4 percent, respectively. 

The Department's current acceptance criteria for pavement 

density requires the average of five air voids measurements 

performed on pavement cores from a given (5000! square yard) 

acceptance lot be between two and eight percent. These limits 

were developed from research and experience and reflect 

consideration of the high volumes of truck traffic typically 

encountered on New Jersey highways. 

To evaluate the compaction characteristics of the studied 

drum-mix, one day's production of surface coarie was monitored. 
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The two inch wearing surface was placed on four inches of 

binder/stabilized base at an average temp~rature of 230°F 

(range: 218° to 258°) and was compacted by the following 

rolling system: 

breakdown - 4 to 8 passes of a 16 ton vibratory roller 

intermediate - 2 to 4 passes of a pneumatic tire roller 

finish·- 2 to 4 passes of a 10 ton tandem roller 
The level of densification attained in each of five 

randomly selected areas (test sections) was evaluated during 

this study. To provide a valid basis of comparison for the 

observed in-place density and the achievab.le laboratory Marshall 

density in each test section, the respective tests Were:· 
. . . . . . 

performed on identical deliveries of materials. 
While the Department of Transportation normally relies 

. . . 
exclusively on drilled core samples for pavement density 

acceptance, a nuclear gage was employed in the Sportsplex 
. . 

research in order to reduce the coring rate. (standard: 5 per . 

lot). In each test section, five nuclear densitymeasurements 

(backscatter made with surface preparation} were obtained. 

One pavement core was subsequently cut from each test section, 

the location of coring being a specific nucl~ar density test 

1ocation. The purpose of keying the core and .nuclear test 

locations "4as to permit conversion of the nuclear density data 
to a predicted equivalent core value. The density conversions 

were accomplished by the equation (shown in Figure 40) derived 
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FIGURE 40 : RELATIONSHIP BETWEEN PAVEMENT CORE 
DENSITY ANO NUCLEAR GAGE ~EASUREMENTS 
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thru linear regression analysis of the paired data. As shown, 

the rela~ion'ship between pavement cores and nuclear densities 

is essentially one-to-one, but offset by some 26 pcf. 

The results of this compaction study are presented in 

Table 21. As shown in the tabulation, the overall average 

in-place compaction in terms of Marshall density achieved was, 

about 96 percent, which corresponds to 9.5 percent air voids. 

Although this level of densification will probably be adequate 

for anticipated parking lot traffic at the Sportsplex, it would 

not comply with the previously described Department of Transpor-

tation air voids acceptance criteria. 

The relatively high average voids level observed during 

this evaluation of drum-mix is not considered very meaningful. 

That is, the breakdown roller was used in the static rather 

than the vibratory mode of operation (the vibrating mechanism 

was either not turned on or was not functioning). In addition,• 

a comparison of the design air voids for the surface mix to 

the Marshall test results for this study indicates the void 

content of the mix increased during production from 4.0 to 5.5 

percent. Based on standard compaction conditions then, the 

achievable density for the surface mix placed during this 

compaction evaluation was less than at the time the mix was 

designed and that normally expected on Department projects. 

In this connection, as noted earlier, the observed average 

asphalt content for the surface course was lower than required 
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TABLE 21: SUMMARY OF COMPACTION STUDY RESULTS 

> •• ' - .,·, : ' ,. '-.. '\ 

LABORATORY FIELD 
.. · .. 

Test Marshall Percent Mean Percent Percent 
Density Marshall Density Marshall Air se~~i.qn 

(Pcf) Voids (Pcf) Dens itjl Voids 
',:;,·:,:• :.: ... .',;, :· ,· .. ,,._,. ,. ·. '••.· , .. : ,"•:,• :•: . ·.• -·:. " .·,• '' ! . , -~ 

1 155.8 3.5 149.8 96. 1 7.6 

2 153.8 5.7 145.2 94.4 10.9 

154.9 4.9 146,9 94.8 9 .• ,9 

4 153.5 6.2 148. 1 .· 96.5 9.5 

5 151.~ 7.6 147.6 97.4 9.7 

. . ', · . .· .· 
Grand 153.9 5.5 147.5 95.8 9.5 Averages 

. • ,, .· ·' : . •"• .·.· . ·. 

General Notes: 

1. Marshall Density and voids are based on the average of 
two specimens. 

•,, 

2. Mean density is avera_ge of five measurements; one pavement 
core ~nd four predicted cQre density values, based on 
nuclear density measuiements. · · 

3. % Air Voids= 100 - Mean0~ensity x 100 

Where: DM = Average of three maximum density values obtained 
from two Marshall specimens and one pavement core. 
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by the job mix formula (5.1 versus 5.5%). A review of the 

Marshall design curves for the surface mix revealed that at 

this observed asphalt content, the air voids would increase 

from the 4.0 percent design value to the 5.6 percent level or 

surprisingly close to the average Marshall voids (5.5%) 

actually attained. Tighter control of the mixtures asphalt 

content would most likely have resulted in Marshall voids 

closer to the 4 percent design value. In any event, if a 

decision is made to permit use of the dryer-drum process on 

a future Department of Transportation project, more realistic 

data relative to the compactability of drum-mixes should be. 

obtained. 
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Appendix A: Mix Designs for Sportsplex Project 

Theoretical Gradation 

Total % Passing 

Sieve Mix l-3 Mix I-5 
Binder Surface 

1 1/2" 100 ..... 

1 II 100 --
--. 

1/2 11 68 . 100 

3/8 11 -- 92 

#4 44 60 
.. 

#8 37 49 
.· 

#50 12 16 

#200 4.9 6.7 
•· 

Mix I-3 Mix I-5 

Asphalt Conten1;% 4.7 5.5 

Air Voids,% 4.4 4.0 

Stability, lbs. 2,000 1,960 

Flow, inches 0.11 0.10 

Weight, PCF 154 151 
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Appendix I!: Relative Effects ofAndtvtd_ua·l P_roport foning System Errors on Drum-Mix Asphalt Content Acceptability 

.. 
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.-.. 
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Appendix D: · Proposed Dryer-Drum Specifications 

ADDENDUM. --
NJDOT SPECIAL PROVISIONS FOR DRYER-DRUM 

. . . . 

MIXING OF HOT-MIX BITUMINOUS CONCRETE 

For ProJect I .. ---• the Sections "Bituminous Stabilized 
Base" and "Hot-Mix Bituminous Concrete" of the Standard Specifications 

are hereby amended with respect to the clauses cited below. No other 

· clauses or requfrements for these items are waived, relaxed or other-

wise changed·hereby~ 

ARTICLE 3.T0.3, METHODS OF CONSTRUCTION 
. . .. · . . . . 

. '. ' . . . . . . 

The following is added to this article of the Specifications: 

Dryer-Drum Mixing Plant. The Co~tractor may, at his opt1on 1 
. . . 

elect to.use the dryer-drum mixing process in the production of 
. .. , . . 

. . . . . . . , 

·bituminous stabilized base and bituminous concrete. If the Contractor 

elects to use this alternate process, the heating, coating, and 

mixing of the bituminous mixture shall .be accomplished in, an. approved 

parallel flow dryer-mixer. The plant shall be designed, equipped, 

calibrated and operated to deliver a well-coated homogeneous bituminous 

mixture meeting the requirements of Article 3.10.2. The plant shall 

· . consist of the following_ items of equipment: 

(l) A9gregate Bin s,ystem. _ The phnt shall have cold feed 

aggregate storage bins of sufficient number and capacity ,to store 

the amount of aggregate required to keep the plant in continuous 
. . . 

operation-and of prciper design to prevent overflow of material from 



• 

-205-

. . 

one bin compar-tment to that of another compartme·nt. The number .of 

cold feed aggregate bins shall be equal to or greater than the number 

of~stockpfles of individual materials·to be used.· 

The fine aggregate bin compartment(s) shall be equipped wtth 
an appropriate type and size vibrator which is automatically 

actuated when "bridging" of the miterial occurs and which shuts off 

automatically with the onset of continuous material flow. 

Each bin compartment sha 11 be equipped with a device that · 

visually and/or audibly signals when the· level of ~g9regat_e is below 

the quarter poiht. Indicators shall also be provided on each bin 

to show the respective gate opening. · 

Each.aggregate feeder shall be interlocked· in such a manner that. 

production is interrupted .if one or more cold bins becomes empty or 

obstructed. 

(2) Mineral Filler System: When mineral filler is to be added, 

it shall be from a bin and_feeder separate from the aggregate cold bins. 

The system shall·have a device· to feed the:mineral filler at adjustable 

rates accurately and uniformly. 

Th~ feeder shall be interloc~ed in such a manner that production 

is interrupted if the bin· becomes empty or the flow is obstructed·. 

(3) Aggregate Feed System: The plant shall be provided with 

a mechanical system for uniformly and continuously feeding each aggregate 

in its proper proportion onto a collecting be'lt and then into the dryer-
- ' 

drum mixer. Prior to entering the mixer• the
1 

aggregates on the collector 
. . - I belt shall pass through a two inch scalping screen or other device that 

will remove oversize or debris. The control of- the .quantity of aggregate 
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'fed to the dryer-drum shall be by variable speed system which provides 

for total and proportional control. One feeder shall be provided for 

each bin. compartment. 

The individual bin feeder belts or the intermediate collecting 

belt that delivers the aggregate to the main feed for the dryer shall 

be equipped with belt type scales {load cells} capable of continuously 
. . 

displaying, at the operator's station, the weight of aggregate flow 

in tons per hour from each individual bin and the accumulated total 

from each bin in tons. Belt scales shall be accurate within 1.0 

percent of the indicated weight throughout the full range of the plant's 

production capacity. 

Means shall be provided for conveniently diverting the 

aggregate cold feed delivery into trucks or other suitably large 

containers for checking the accuracy of the aggregate feed system. 

A method and facilities shall be provided for obtaining representative 

samples of the. composite. or total cold aggregate from the main feed 

to the dryer-drum at any time during production operations. 

(4) Asphalt Metering System •. A.satisfactory system shall be 

provided to introduce the proper amount of asphalt into the mix. 

· The asphalt pump shall be a positive displacement type pump 

with a circulating asphalt system. The asph~lt pump shall be equipped 

with a revolution counter or flow meter and a pyrometer or thermometer 

probe of suitable range and accuracy to record the asphalt temperature, 

with the data being transmitted to the operator's station. , A flow 

switch designed to interrupt production if the bitumen flow is discontinued 

sha 11 be .i nsta 11 ed ,in the deli very 1 i ne between the meter and the mixer. 

i 
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A temperature compensating device shall be installed in conjunction 

with the meter to correct the quantity of asphalt to 60°F. 

The flow of asphalt to the dryer-drum mixer shall be dis:played 

in appropriate units -0f weight and time shall be totalized. The 

asphalt delivery system shall be accurate within 1.0 percent of the 

indicated quantity at any given production rate. 

Convenient means shall be provided for diverting the asphalt 

into distributor trucks or other ~uitably large containers for checking 

the accuracyof the asphalt delivery system. 

(5) Proportioning Control System. The combined aggregates 

shall pass over a. weigh belt or belt scale that is electronically 

interlocked with the asphalt pump in such a manner as to automatically 

vary the asphalt feed. rate as required to maintain the required 

proportion at the point where the aggregate and asphalt are being 

combined. in the dryer-drum mixer. 

The composite aggregate weigh belt shall have an electronic 

readout or display·at the operator's· station that continuously shows 

the tons per hour passing over the belt. The composite aggregate 

weighing system shall be· accurate within Q.5 percent of the indicated 

weight at any given production rate. To prevent adherence or other 

loss of the weighed cold feed aggregate, belt conveyors sha.ll be · 

equipped with scrapers or other suitable devices • 

Provisions shall be.made for introducing the moisture content 

of the cold feed aggregates into the belt weighing signal and correcting 

wet aggregate weight to dry aggregate weight. The dry weight of the 

composite aggregate flow shall be displayed in units of tons per hour 

and shall be totalized. 
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An automatic cold feed shut-off shall be provided to operate 

or actuate when the flow from any individual aggregate feeder is 

interrupted or when the pressure falls in the bituminous supply lines. 

Prior to the start of producti-0n, the plant proportioning 

controls must be calibrated using the project materials. At least 

ten days prior tp such initial calibration, the Contractor shall 

submit to the Engineer two complete sets of plant drawings, a plant 

operator's manual, and a plan detailing the intended ~ethod of 

calibration. Submission of plant drawings and operator's manual will 

not be required for any subsequent calibrations. 

The Engineer shall witness the calibration of the individual 

cold feeders at various gate openings and control console dial 

settings. A copy of the Contractor's computations for the combined 

rate of flow and a plot of calibration charts shall be submitted to 

the Engineer. Such charts shall indicate the rate of aggregate 

delivery in tons per hour from each cold feeder for particular dial 

settings and gate openings at production rates throughout the range 

of the plant's capacity. Calibration points will be determined by 

independently diverting each cold feed into trucks (or running each 

feed through the plant) and determining the proper console dial 

setting corresponding to the measured rate of delivery. Such 

calibration points shall be determined in increments of approximately 

100 tons per hour of total aggregate flow throughout the range of 

the plant's.·capacity. 
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The Engineer shall witness a check on the asphalt feed at 

several production rate increments throughout the r~nge of the plant's 

capacity. Calibration of the asphalt metering controls and subsequent 

checks thereof shall be accbmplished by diverting the asphalt into 

a suitably large container for weight or volumetric measurement. 

The procedure shall be sufficient to assure the Engineer that the 

asphalt controls are properly marked to correspond to positive 

calibration of the asphalt feed. 

Any changes or modifications to the dryer-drum system 

equipment and/or operation subsequent to initial calibration shall 

be reported to the Engineer who, depending on the nature and extent 

of the modifications made, reserves the right to direct talibration 

checks and/or a new plant calibration in accordance with the 

procedures contained herein. 

(6) Dryer~drum mixer •. A drum mixer of satisfactory design 

shall be provided. The dryer-drum mixer shall be of the type that 

continually agitates the mixture of aggregate and asphalt during 

heating and in which the temperature can be so controlled that the 

aggregate or asphalt will not be injured in the necessary drying 

and heating operations required to obtain a mixture of the specified 

temperature •. A continuous recording pyrometer or thermometer shall 

be provided which will indicate the temperature of the mixture as 

it leaves the dryer-drum mixer • 

An approved method and facilities shall be provided for safely 

and conveniently obtaining representative mixture samples at the 

discharge end of the drum-mixer. 
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(7) .. Surge Bin System. The plant shall be provided with a 
. . . 

·surge bin system of adequate capacity to minimize the production 
. '· . . . .. 

interruptions during the normal day's operation~ The surge bin 

shall be designed and.operated to prevent hardening of the asphalt, 

mix segregation and loss of mix temperature. 

The Contractor is attention is directed to the fact that such 

surge-storage systems must be prequalified in accordance with the 
supplemental requirements of Article 3.10.2 cited elsewhere herein. 

(8) Truck Scale System. An approved weighing system, conforming 

to the requirements of Article 3.10.4, shall be furnished at a location 

approved by the Engineer. 

(9) Emission Control System. The plant shall be equipped so 

as to meet an applicable limitations on emissions. 

(10) Control Console. The following iteniswill be part of a 

control console furnished in the operator's station: 

(a) Cold Agg~egate Feed Controls capable of both total and 

proportional c6ntrol of the aggregat~s~ 

(b) Dryer Burner Gontrols that automatically control the 

temperature of the mix and record the mix temperature at the dryer 

discharge. 

(c) Weigh Belt Readouts displaying the weight, in tons per 

hour, of material being proportioned from-each aggregate bin and 
. '. .. ·. . ' 

the total flow over the main feeder to the dryer, together with an 

,accumulative total in tons for each. 
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(d) Mineral Filler Readouts displaying the weight of material, 

in tons per hour, of material being proportioned from the mineral 

filler bin, together with an accumulative total. 

(e) Asphalt Pump Meter Readout indicating the quantity of 

asphalt being proportioned into the mix and a recording pyrometer 

or thermometer that records the temperature of the asphalt at the pump. 

(f) Proportioning Control dials that set the asphalt content 

as well as the aggregate moisture adjustment shall be capable of 

being.key locked. 

(11) Incidental Equipment. The Contrac;:tor shall furnish power 

units, conveyors, aggregate handling equipment and all else necessary 

for the proper and continuous operation of the plant. 

If the Contractor elects to use the dryer-drum process, ARTICLE 

3.10.2 MATERIALS shall be supplemented by the addition of the fol lowing:. 

{l) Sampling Rate. five random samples will be taken from each 

lot of approximately 1750 tons of each type of mix. When a lot of 

bituminous concrete is necessarily less than 1750 tons~ samples will 

be taken at random for each type of mix at the rate of one sample for 

each 350 tpns or fraction thereof. 

(2) Sampling and Testing. The bituminous mixture will be sampled 

in accordance with Article 9. l. 22. 

To determine the quantity of bitumen and the gradation of the 

aggregate in bituminous concrete mixtures for acceptance testing purposes, 

extractions at the sampling rate specified shall be performed each day 

for each type mixture in accordance with Article 9.1.23. 
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Acceptance testing of bitumino.us concrete shall be performed 

by the Department's tecbnician at the plant laboratory. 

Under no circumstances will an employee of the Department do 

the composition control testing or other routine test functions in the 

absence of, or in lieu of the plant laboratory technician. 

(3) Gradation Control of Mineral Aggregates. Prior to the 

start of production, the Contractor shall assure that the cold feed 
aggregates are of known and uniform gradations so that they may be 

metered in the prescribed proportions and consistently produce a 

mixture within specification limits •. Control of the ~ndividuai 

stockpile gradations and:proportioning from those stockpiles shall 

be the Contractor'sresponsibility. 

(4) · Mix Moisture Content~· The moisture ,content of finished 

bituminous mixtures shall not exceed l.5 percent. Moisture content 

determinations shall be based on the weight loss on heating for three 

hours at 280° ± s°F of .an approximately 1500 gram sample of finished 

bituminous mixture. 

(5) Asphalt Harden.fog. As part of the prequalification 

process for the plant surge bin system,' bituminou.s mixtures shall 

be evaluated for gradation, temperature, and asphalt hardening. 

The method of sampling, rate of sampling, and testing and analysis 

· procedures shall be in accorf;iance with the requirements .of 

"Appendix A: Evaluation Procedure" of the report "Storage of Hot 

Bituminous Concrete Mixes'', NJDOT Research Report No. 74-007-7733 

( October 1973). 

li 
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The analysis of asphalt hardening performed as a part of the 

prequalification of the surge bin system shall consist of a com-

parison of the penetration of the asphalt cement from mixture 

recovery samples obtained at the dryer-drum discharge and the surge 

silo discharge. The penetration of the asphalt cement recovered from 

the stored surge silo mixture samples will be acceptable if the 

average penetration is no more than 15 percent less than the average 

penetration of the asphalt cement recovered from mixture samples from 

the dryer-drum discharge. Recovery of asphalt from mixture samples 

shall be performed in accordance with ASTM D 1856. 

In addition to compari.son of penetration test results performed 

on the finished mixture, the Engineer reserves the right to perform 

test comparisons between the penetr~tion of the asphalt cement in its 

original form from plant tank samples and in processed form from 

mixture recovery samples obtained at the dryer-drum disch_arge. The 

purpose of such comparisons of test results is to ensure that the 

asphalt is not injured in the drying and heating operation. The 

results of such penetration tests shall be used solely to gauge 

whether a processing improvement is necessary to eliminate excessive . 

volitization, oxidation or other causes of premature pen~tration loss. 

(6) Production Experimentation. The Engineer reserves the 

right to require that for research purposes, a selected quantity of 

one or more of the specified bituminous mixtures be produced at a 

temperature lower than the specified discharge temperature contained 

in the standard specifications. 
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If such experimentation with low mix temperatures is in fact 

ordered by the Engineer, it is expected that approximately ---
tons of each of the. specified bituminous mixtures Will be involved. 

When low discharge temperature mix is ordered by the Engineer, the 

specified moisture content, Marshall stability and air voids 

requirements will be waived for the affected quantity of material. 

The specifi~d thickness, gradation or asphalt content requirements 

shall not be waived for any low temperature mix ordered by the - . . 

Engineer. 

The Contractor's attention is directed to the fact that the 

decision to undertake any experimentation with low temperature 

mix is completely discretionary with the Engineer. The Contractor 

will not be grantedadditional compensation or other concession 

as a result of the Engineer electing not to undertake experimentation 
' -

with low mixture temperature. 

If the Contractor elects to use the dryer-drum process, ARTICLE 

8.5.4 COARSE AGGREGATE shall be supplemented by the addition of the 

following: 
i 

(1) Adherent Fines: Coarse aggregate shall contain a maximu~ 

of 1.5 percent adherent fines of clay, caked stone dust, or other 

coatings or material as determfoed by Article 9.1.26 of the standard 

specifications. 

I . 
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