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As a result of 1963-64 studies of mixing times in asphalt plants, 
the New York State Department of Transportation reduced its dry 
and wet mix time specification requirements by varying amounts, 
depending on plant size and mix type being produced. Typically, 
however, these times now total 10 sec dry and 35 sec wet mixing, 
regardless of mix type being produced. Individual plant design 
and condition influence time requirements for adequate distribu
tion and asphalt coating of aggregate particles, necessitating 
plant-by-plant testing to qualify for new reduced times. Impli
cations for future manufacture of mixing plants and for producer 
efficiency are discussed. At present, one-third of asphalt plants 
supplying mix for state contracts have requested and received 
permission to reduce mixing time, accounting for a major portion 
of the mix being produced. 

•TO DETERMINE whether a general reduction in mixing times could be allowed at as
phalt batch plants, a field and laboratory study of optimum mixing time was performed 
during the 1963 construction season. This work was conducted by the Cornell Univer
sity School of Civil Engineering under a research contract with the New York State De
partment of Transportation. 

The study's primary purpose was to evaluate the effects of dry and wet mixing times 
on aggregate particle coating for various asphalt concrete mixes produced according to 
Department specifications . Specifically, an attempt was made to determine acceptable 
total mixing times for particular mixtures. A secondary objective was to determine 
the effect of mixing time on strength of the Department's Type 1A aspahlt concrete top 
course mix. 

It was felt that reduction of total mixing time could be beneficial, in terms of both 
economy and mix quality. The economic benefit would be derived from eventually lower 
tonnage costs due to increased production rates. Quality might be improved by the as
phalt's being exposed to less oxidation and vola tilization in the pugmill. 

Department specifications (1) r e quired that bituminous mixtures be dry mixed for 
15 sec from the start of adding-aggregate, followed by a minimum 45-sec wet mixing 
from the start of adding asphalt. The mixing time study was conducted using the Ross 
Count Method (2) in an asphalt batch plant producing top, binder, and base course mix 
for a Department contract. The Ross Count Method is based on the fact that coarse 
particles of a mixture are the last to be coated (2, 3, 4, 5, 6, 7). This method was 
well suited to the primary purpose of the study, and provided a -quantitative measure 
of the amounts of asphalt coating on the aggregate after various mixing times. 

Asphalt cement hardening during mixing had been studied by several agencies and 
its occurrence was well established (,!!, ~' 10). However, when viewed from the stand-
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point of changes in mixing time, asphalt hardening's effect on the mixture's physical 
properties had not yet been subjected to all-inclusive analysis. Consequently, several 
strength tests were conducted on the Department's Type lA top course mix to determine 
to what extent asphalt hardening was affecting its physical properties~ These included 
Marshall stability, unconfined compression, triaxial, flexure, and tension (11). 

From the 1963 study of top, binder, and base course mixes, as producedby one as
phalt concrete batch plant using limestone aggregate and 85-100 penetration asphalt, 
the following conclusions were drawn: 

1. Aggregate was adequately distributed and coated for the mixes studied after 10 
sec dry mixing and 30 sec wet mixing, provided mixing temperature for base was above 
200 F. Top and binder mix temperatures (240 to 295 F) did not influence coating. 

2. In top and binder mixes, asphalt lost 15 to 20 penetration points during the first 
30 sec of mixing, but no additional hardening could be attributed to continued mixing. 

3. Varying the wet mixing time of top course mix produced no measurable change 
in strength properties. 

These conclusions, however, were qualified by the fact that the study was performed 
in only one asphalt plant, where reduction of mixing time was restricted by equipment 
limitations. Consequently, in 1964 it was considered advisable to expand the study to 
several other plants to determine the degree to which the 1963 conclusions could be 
applied on a statewide basis. Asphalt concrete batch plants for the study were selected 
from those able to produce asphalt concrete in less than 60-sec total mixing time. Each 
plant studied introduced asphalt cement into its pugmill through a spray bar. Only mix
ing time and the amount of asphalt hardening that occurred in the pugmill were studied 
during the 1964 investigation. No attempt was made to examine the effect of asphalt 
hardening on the strength of Type lA top course mix, since it was felt the 1963 strength 
conclusions would not be altered appreciably by plant-to-plant variation in this 
phenomenon. 

Nine asphalt batch plants were visited and coating was determined at various mixing 
times for 84 batches by the Ross Count Method. Extractions were conducted on 163 
samples to study variability of aggregate gradation and asphalt content at various re
duced mixing times. Abson recoveries were made to determine the influence of wet 
mixing time on the penetration of asphalts from four plants. Saybolt-Furol viscosity 
measurements were performed as an adjunct to the penetration tests on recovered as
phalt from seven plants. No attempt was made to vary mixing temperature, batch size, 
or any other production variable but mixing time. 

TABLE 1 

MIX SPECIFICATIONS* 

Top (Dense-Graded) Binder (Dense - Graded) 
Base (Open-Graded) 

Item 45 SX Item 45 SN 
Sieve Gen. Limits, Job Mix Gen. Limits, Job Mix 

Percent Tolerance, Percent Tolerance, Gen. Limits, Job Mix Gen. Limits, Job Mix 
Passing Percent Passing Percent Percent Tolerance, Percent Tolerance, 

Passing Percent Pae sing Percent 

2 In. 100 0 100 0 
1- 1

/, in. 100 0 75-100 
1 In. 100 0 90-100 5 60-75 5 55-80 
'/a in. 95-100 5 
'I• In. 65-85 s 

35-65 6 20-50 6 23-42 
10-35 4 5-20 4 5-20 

'/,In. 32-65 6 5-20 3 0-5 3 2-15 
No. 20 15-39 7 
No. 40 7-25 6 
No. 80 3-12 3 
No. 200 2-6 2 

Asphalt 5.8-7.0 0. 4 
Cement 4. 0-5. 5 o. 4 2. 5-4.0 0. 4 2. 5-5. 0 . 
Aggregate percentages based on total aggregate weight; asphalt percentages based on total mix weights. Job mix tolerances ore current, but 
similar to 1964. 

5 
5 
6 
4 
3 

0. 4 



INVESTIGATION 

The asphalt concrete mixes investigated 
are described in Table 1. Coarse aggre
gates were blends of limestone screenings 
and natural sands. Asphalt cements were 
8 5-100 penetration grade. 

Mixing times were measured as speci
fied by the New York State Department of 
Transportation (1), as follows: "The dry 
mixing period is defined as the interval of 
time between the opening of the weigh box 
gate and the commencement of application 
of the bituminous material. The wet mix
ing period is the interval of time between 
the commencement of application of the bi
tuminous material and the opening of the 
mixer discharge gate." On June 3, 1965, 
the Department issued Addenda 23 (12) in 
which this statementand the general speci
fications on mixing time were expanded, 
based in part on the data presented in this 
report. 
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Figure 1. Mixing cycle. 

Figure 1 shows a typical mixing cycle for an asphalt batch plant. The mixing cycle 
has been subdivided into its various parts, using the nomenclature contained in the Ad
denda and also applicable to the mixing cycles of the 1964 study. Starting with the outer 
band and reading toward the center, Figure 1 illustrates the following relationships: 

1. Cycle time = mixing time + discharge time. 
2. Mixing time = dry mixing time + wet mixing time. 
3. Dry mixing time = aggregate charge time + completion of dry mixing. 
4. Wet mixing time = asphalt charge time + finish mixing time. 
5. Time available to weigh next batch = end of aggregate charging to end of batch 

discharge. 

Plant Mixing Limitations 

The practical advantage of reduced total mixing time is the increase in plant produc
tion. However, reducing the mixing time below a certain value for any given plant will 
not increase production, since the time required for other operations will control mini
mum production time. For example, in three of the five plants producing top course 
mix, weighing and charging equipment limited the reduction of total mixing time during 
normal production runs, although the Ross Counts performed on a batch-to-batch basis 
would have permitted additional total mixing time reductions. Also, practical reduc
tion of cycle time (hourly output) is governed by the operating capacities of the dryer, 
screens, and hot bins. 

Sampling Procedure 

Two samples of mix were taken from each batch after its discharge into the truck. 
Approximately 1 gal of mix was taken from each side of the truck. These two samples 
were processed separately (i.e., Ross Counted, extracted, and sieved), so that varia
tions of asphalt coating, aggregate gradation, and asphalt content within each batch 
might be detected. 

Aggregate coating was first investigated at the specified mixing time, followed by 
observations at reduced mixing times. Consequently, it was possible to take most 
samples from the last batch discharged into each truckload without concern that an un
acceptable batch would require rejection of an entire truckload. When it was felt that 
a reduced wet mixing time might possibly produce an unacceptable batch, that batch 
was always the first to be discharged into the truck. In two of the nine plants visited, 
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it was not possible to produce a poorly coated batch because of the time required to 
introduce the asphalt into the pugmill. 

Sample Processing 

The temperature of each gallon of mix was determined as soon as the two samples 
from each batch were removed from the truck. Since the tworesults normally differed 
only 2 to 4 deg, their average was used to represent the batch's temperature. 

Approximately 1 qt of loose mix was removed from each gallon sample and subse
quently taken to the Main Office Laboratory to be extracted for asphalt content and ag
gregate gradation. The asphalt was dissolved from the mix with a reflux extractor, 
using trichloroethylene as a solvent. Some asphalts were recovered from their ex
traction solutions, and subjected to penetration and viscosity tests in order to deter
mine the influence of wet mixing time on their consistency . The extracts were cen
trifuged at an acceleration of 770 times gravity for 30 min. The solvents were then 
distilled from the asphalts by the Abson Method (ASTM designation D 1856-61T). Pen
etration (Afi TM designation D 5-61) and Saybolt-Furol viscosity determinations were 
performed on the asphalts recovered at the conclusion of the distillations. 

The aggregate from each extraction sample was sieved into the appropriate sizes 
and the weights retained were transformed into percent-passing using the Department's 
electronic computer. 

The Ross Count Method was performed on that portion of each gallon sample not set 
aside for extraction. The Count was performed while the mix was still hot, and con
sisted of first separating the coarser aggregate particles from the finer sizes . A sieve 
for aggregate particle separation was selected so as to retain about 50 percent of the 
sample. For the top, binder, and base course mixes studied, sieves used were %-, 
%-, and %-in. , respectively. The sample size, as outlined in the literature, is such 
that approximately 300 coarse aggregate particles are retained on the sieve. However, 
in this study, it was decided to reduce this number to approximately 150, since two 
such samples were being taken from each batch. Any retained aggregate having even 
a speck of area uncoated was classified as uncoated. The number of coated particles, 
divided by the total number of particles, gave the percent of completely coated particles 
in the sample, and served as a quantitative measure of how well the batch was mixed. 

In each plant, for each mix being studied, Ross Count values were plotted against 
wet mixing time as each Ross Count test was completed. This was done so that the fre
quency of subsequent testing could be increased at those critical mixing times when 
Ross Count values showed a sharp decline. 

RESULTS AND DISCUSSION 

Aggregate and Asphalt Distribution 

A multiple regression analysis was performed on the top course mix extraction data 
in an attempt to relate differences in aggregate gradation and asphalt content between 
the left and right side samples within each batch to mixing time. Results showed no 
meaningful correlation among these factors. However, analysis did show that adequate 
aggregate distribution was obtained in each of the five plants producing top course. 

Overall plant uniformities were typical, based on previous New Yorkasphalt concrete 
uniformity research (Appendix Table A-1). Average mix composition did not differ 
significantly between the left and right sides of a batch. sta,n.dard deviations of the left 
and right side samples were also very similar. 

No minimum dry mix time necessary to produce adequate aggregate distribution was 
established. However, dry mix times as low as 10 sec did not increase the gradation 
differences between companion samples. This finding is in keeping with the results of 
others. For example, Ward and Warden@ and Tunnicliff(~ showed that aggregate is 
properly distributed before it is completely coated, and that wet mix times as low as 
10 sec produce proper aggregate distribution when preceded by dry mix times of 10 sec. 

Data available for analysis of the effects of mixing time on binder and base course 
gradations and asphalt contents (Appendix Table A-1) were too limited to permit 
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regression analyses. However, enough data were available to detect several trends. 
In two of the three plants producing binder, dry mixing times were maintained at a 
constant 15 sec for all batches . In the third, dry mixing time was kept at a constant 
18 sec for all but one 13-sec batch. This meant that for all practical purposes, only 
wet mixing times wer~ varied. However, about 70 percent of the total weight of ag
gregate in a binder course mix is divided between the %- and Y.1-in. sieves. There 
fore, it could be assumed that reducing the usual 15-sec dry mixing time would have 
had no major effect on gradation variation, since most aggregate being blended was 
similar in size. 

Overall reductions in wet mixing time for binder ranged from 45 to 20 sec, but did 
not influence aggregate gradation uniformity in the three plants. Average gradations 
of binder samples taken from the left side of each batch were fair ly s imilar to the right 
side averages, being within about 1 percent for material pas sing the 1/.i- and Ya- in. 
sieves. Material passing the %-in. sieve (about 55 percent of the total aggregate) was 
more variable, and the common difference between the left and right side averages was 
about 4 percent. The amount passing the 1-in. sieve was between 98 and 100 percent 
for both left and right side samples. Therefore, the common difference ;between the 
two side averages was only about 1 percent. From a uniformity standpoint, gradations 
of the three binder courses were reasonably consistent, both within and between batches, 
and were not influenced by wet mixing time variation. 

In the two plants where base course mixes were studied, dry mixing times were held 
constant for all batches. As a result, it could not be determined whether reductions in 

dry mixing time affected gradation unifor
mity. However, as with binder course 
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Figure 2. Effect of mixing time on aggregate 
coating. 

mix, the majority of a typical base course 
material is divided between two aggregate 
sizes (i.e . , about 70 percent betWeen l
and %-in. sieves). Therefore, it is prob
able that reducing a plant's dry mixing 
times below the 15-sec standard wouldnot 
cause inadequate particle distribution, 
since the major portion of the aggregate 
is of similar size. This supposition is 
partially supported by the fact that one 
plant producing base course was doing so 
at a 15-sec dry mixing time while the 
other used only 7 sec, yet overall unifor
mity in each plant was about the same. 
The ranges of wet mixing times were sim-
ilar for both plants. 

The effects of reductions in wet mixing 
time on the uniformity of base course 
gradation could be studied in only one 
plant, since companion extraction sam
ples were not obtained at the second plant. 
Wet mixing times in the plant analyzed 
were reduced from 41 to 24 sec, and dry 
mixing time was held constant at 7 sec. 
Considering the coarseness of the mix, 
average gradation of samples taken from 
the left side of the batch was very close 
to the right. Differences between the two 
average gradations for material passing 
the 1-, 1/2-, 1/..-, and Ya-in. sieves were 
1, 3, 2, and 0 percent, respectively. 

In summary, the reductions of dry and 
wet times for top, binder, and base course 
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mixes during this study had nu measurable effect on aggregate and asphalt distribu
tion within and between batches. 

Agg1·egate Coating 

From the various combinations of dry and wet mixing times used in this investiga
tion, it was determined that dry mixing time did not influence aggregate coating for the 
top course llrlx. The data avai lable on the bincte1· and base course mixes wer e insuf
ficient for a definite statement, but a similar trend was indicated. 

Wet mixing time did influence aggregate coating. As it was reduced, aggregate 
coating decreased in a plottable curve of Ross Count vs wet mixing time. Generally, 
this curve had an approximate mix time below which Ross Counts decreased rapidly, 
referred to as the "breaking point" of the mixing time curve. Figure 2 shows mixing 
time curves for the five top course mixes studied. Binder and base course mixes fol
lowed the same general pattern and appropriate curves are also shown. Each curve is 
a visually estimated, "best-fit" curve based on data from individual tests (Appendix 
Table A- 2). 

As is evident from the mixing time curves, each pugmill studied had individual mix
ing characteristics, irrespective of mix type. Four of the five pugmills producing top 
course mix (A, B, C, and D) were approximately 3 tons in size and operating near ca
pacity. The fifth plant (E) was operating a 5-ton pugmill nearly at capacity. The re
sults show that for the 3-ton pugmills, a wet mixing time of at least 25 sec will prob
ably produce an aggregate coating of 95 percent or better, and that 35-sec wet mixing 
will produce practically 100-percent aggregate coating. The results of the 1963 s~dy 
on top course mix have also been plotted in Figure 2. The 1963 plant was of 3-ton ca
pacity, and its Ross Count curve is similar to those of the other four plants. Perfor
mance of the 5- ton pugmill, however, differs noticeably from that of the 3-tonpugmills, 
requiring almost 40-sec wet mixing to achieve a 95-percent coating, and not quite 
achieving a complete coating at 45 sec. The only difference observed between the 3-
and 5-ton pugmills was batch capacity. Average aggregate gradations of top course 
mixes produced in all six pugmills were similar, as were their asphalt contents and 
mixing temperatures. Consequently, from this limited comparison, it seems that 
pugmill capacity could influence mixing time and is a factor to be considered in approv
ing reduced mix time at a particular plant. (Since this study, six other 5-ton pugmills 
have been evaluated. Their typical reduced mixing times for all mixes are 10 sec dry 
and 35 sec wet. In general, 5-ton pugmill wet mixing times were either the same as 
for 3-ton pugmills or longer.) 

Some users of the Ross Count Method consider coating values of 95 percent or more 
as indicative of adequately coated surface mixtures. Applying this criterion, a 25-sec 
wet mix time would be acceptable for 3-ton pugmills producing top course mix. How
ever, as was mentioned in discussing plant mixing limitations, reducing mixing time 
below a certain value will not always increase production, since the time required for 
other operations wiil control. For example, in Plants A anb B, normal charging and 
mixing cycle requirements preclude any reductions in total mixing time below approxi
mately 36 and 42 sec, respectively, although a 95-percent Ross Count requirement 
would have permitted an approximate 5-sec reduction beluw these times for each plant . 
Appendix Table A-3 lists various "total mixing times" possible for each of the plants 
visited; i.e., total mixing time as related to specifications then current, Ross Count 
requirements of 90 or 95 percent, time needed to produce only one batch, and time 
needed to produce one batch as part of a normal production run. 

A study of this type depends in part on needs of the paving contractor. For instance, 
an unexpected change in contractor demand from binder to some other mix can result 
in a shortage of binder research data for that plant, since it is not always practical for 
research personnel to remain at the plant until binder is produced once again. This 
situation, unfortunately, occurred in plants F and G, which were producing binder 
course mix, and in Plant I, which was producing base course mix. However , data 
available from these plants have been included in Figure 2 since they do help illustrate 
partial trends for those mixes. In addition, binder and base course results from the 
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1963 one-plant study have been plotted to supplement the 1964 data. It can be seen that 
Plant F could produce binder at 95 percent Ross Count if wet mixing time were 25 sec 
or more. Not enough binder data are available on Plant G to predict what wet mixing 
time would achieve a Ross Count of 95 percent. However, the existing data along with 
the 1963 binder course curve show that binder and top course mix curves are similar. 
The ·exception is Plant E, which required at least 40-sec wet mixing time to achieve a 
95-percent coating. Plant E's performance in mixing top and binder course is similar, 
except that the binder's rate of coating loss is greater. As with the top course mix, 
the 5-ton capacity of Plant E does appear to influence binder course coatings, since the 
binder gradations, asphalt contents, and mixing temperatures of the four plants do not 
differ markedly. As a result, in Plant E the Ross Count requirement, not plant equip
ment limitations, controls the extent to which total mixing time can be reduced. The 
normal production cycle in Plant F would be operating at optimum if a 95-percent Ross 
Count were a binder course requirement. 

The base course mixes plotted in Figure 2, as produced by Plants H, I, and the 1963 
study plant, show that a 90-percent Ross Count value can be achieved if wet mixing 
time is 35 sec or more. A 90- rather than 95-percent Ross Count value is used as a 
guide because this plant-mixed material is similar in most respects to a penetrated 
base course, and a 90-percent minimum coating value would be in keeping with its per
formance requirements. 

The gradation of Department base course mix is fairly open. Consequently, if pro
duced at too high a temperature, the asphalt runs off the aggregate during transport to 
the job site. For this reason, the base course mix is usually produced in the lower 200 
F temperature ranges. Base course mix temperatures during the 1964 study ranged 
between 210 and 250 F. No trend was evident in this temperature range for a lower mix 
temperature to produce a lower Ross Count value. However, during the 1963 mixing 
time study, producing base course mix below 200 F was found to reduce coating values. 
Therefore, the 1963 base course curve in Figure 2 represents only batches produced 
at temperatures above 200 F. No attempt was made in the 1964 study to produce base 
course mixes at temperatures of 200 For below, since the results would not have been 
applicable to normal production conditions. 

Top and binder mix temperatures during the 1964 study ranged from 255 to 325 F 
and 210 to 265 F respectively. An analysis of whether temperature influenced coating 
in these temperature ranges revealed no trends for either the top or binder course 
mixes. Temperatures are listed in Appendix Table A-2. 

It was noted that as a procedure to determine coating, the Ross Count Method is 
more reliable than mere visual observations. However, the Ross Count value gives no 
indication of the magnitude of uncoated area on the aggregate. In one plant producing 
base course mix it was observed that although the size of uncoated areas increased, the 
Ross Count percentage did not greatly decrease. A batch of material with 93 percent 
coverage was almost an undesirable product, because of splotchy coatings on the largest 
aggregate. Accordingly, it is advisable that an evaluation of coating include visual 
judgment of the extent of coating, in addition to the Ross Count Method. 

Splotchy aggregate coatings did not usually appear until the Ross Count curve had 
dipped well below the "breaking point." In that range of reduced wet mixing times, it 
was also observed that the difference between the two Ross Count values for each batch 
(i.e., one sample from the truck's left side and the other from the right) tended to in
crease as wet mixing time decreased. However, from a practical standpoint, if only 
one sample is taken from a batch for Ross Count determination, its location will not 
influence the results since it would not be advisable to produce mixes as part of normal 
production runs so far beyond the breaking point of the mixing curve. 

Another factor to be considered when performing a Ross Count is stone dust, some
times present in the air at asphalt plants. Since only a pinpoint of uncoated area will 
result in an aggregate particle's being considered completely uncoated, it is important 
that dust particles not be mistaken for uncoated pinpoints. During the 1964 study, stone 
dust was found on coated aggregates only infrequently. However, it was usually pos
sible to identify it as such by visual observation. When identification was questionable, 
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Figure 3. Effect of mixing time on asphalt 
hardening. 

Asphalt Hardening 

it was possible to determine if dust was pres
ent by trying to remove the speck in question 
with a fingernail, since dust particles were 
readily dislodged. 

No attempt was made to ascertain how much 
additional aggregate coating takes place dur
ing mix transport to the job site and in paving 
operations. Gilmore ( 6) and Dillard and 
Whittle (5) investigated this phase of aggregate 
coating and determined that a significant 
amount of coverage occurs in transit and in 
passing through the paver. Consequently, a 
requirement at the plant that top and binder 
course mixes should have at least 95-percent 
Ross Count coatings, and base course at least 
90 percent, would insure adequate coating 
when mixes are finally incorporated into the 
asphalt concrete pavement. 

The effect of wet mixing time on asphalt hardening was determined from asphalt 
penetration and viscosity tests, with the results listed in Appendix Table A-4 . The 
number of penetration units lost by asphalt in the pugmill is plotted in Figure 3, as 
are the loss-in-penetration values determined during the 1963 study (also on 85-100 
penetration asphalt) . 

It is evident that the 1964 values are about 20 points harder than the 1963 values. 
The median point of the 1964 sample temperature range was approximately 20 deg 
higher than the 1963 s ample media.n value (i.e. , 295 vs 275 F). However, the differ
ence in temperature cannot account for the pronounced difference in penetration loss 
between groups, since individual samples in 1963 and 1964 were mixed for the same 
approximate periods at approximately equal temperatures. From a review of field 
and laboratory procedures, the following differences are noted: 

1. The cans containing 1963 samples were chilled in ice after filling and sealing to 
induce a rapid mix temperature drop. The 1964 samples were sealed in cans, but no 
special attempt was made to cool the mix . 
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Figure 4. Effect of mixing time on asphalt 
viscosity. 

2. The asphalt from the 1963 samples was 
recovered by the Abson Method, and tested for 
penetration and viscosity usually within a day 
or so after being obtained. Asphalt from the 
1964 samples was also recovered by the Abson 
Method for testing; however , most samples 
were stored for six months before an Abson 
recovery was performed on them. 

Fr om previous work of the Bureau of Phy
sical Research pertaining to asphalt hardening, 
it is probable that most of the difference of ap
proximately 20 points between the 1963 and 
1964 penetration values is due to longer stor
age of the 1964 samples, and that the penetra
tion loss due to mixing for the 1964 samples 
was generally about 20 points. Effects of the 
ice-chilling procedure on the 1963 samples are 
unknown. 

Although there is a process-induced 20-
point difference in penetration loss between the 
1964 and 1963 samples, the 1964 values plotted 



in Figure 3 do show that as much asphalt hardening occurred in the first 13 sec of wet 
mixing as in a full 45 sec. Therefore, a reduction in asphalt penetration apparently 
occurs rapidly during early mixing, with most probably taking place during about the 
first 15 sec of wet mixing. 

Results of high-temperature Saybolt-Furol viscosity determinations performed as 
an adjunct to the penetration tests (but on different Abson-recovered asphalts) showed 
no trend indicating that greater wet mixing time increased asphalt viscosity. Tests 
were performed on samples whose wet mix times ranged between 18 and 55 sec. Fig
ure 4 (semi-log) shows that asphalt viscosity was not influenced by wet mixing period 
within that time range. 

CONCLUSIONS 

9 

These conclusions are based on the 1964 mixing time study performed by the Bureau 
of Physical Research in nine asphalt concrete batch plants. The mixes studied met 1962 
Department specifications for top, binder, and base course mix containing crushed 
limestone aggregates, natural sands, and 85-100 penetration asphalt cement. 

1. The design and condition of the individual plant greatly influenced the time re
quired for adequate mixing. Consequently, asphalt plants and the mixes being produced 
should be evaluated individually if specific minimum mixing times are to be established. 

2. In the eight plants of approximate 3-ton capacity, aggregate in the top and binder 
course mixes was adequately distributed (two extraction samples from each batch) and 
coated (95 percent Ross Count) after about 10 sec dry mixing and about 25 sec wet mix
ing. Base course aggregates were adequately distributed and coated (90 percent Ross 
Count) after about 10 sec dry mixing and 35 sec wet mixing. The mix temperature en
countered (210 to 325 F') did not influence mix coating. However, as shown in the 1963 
study, base course aggregate coatings are influenced by temperatures below 200 F. 

3. In the 5-ton capacity plant, about 10 sec dry mixing and 40 sec wet mixing were 
required for adequate distribution and coating of top and binder course mixes. (Since 
this study, six other 5-ton pugmills have been evaluated. Their typical reduced times 
for all mixes are 10 sec dry and 35 sec wet.) In general, 5-ton pugmill wet mixing 
times were either the same as for 3-ton pugmills or longer . 

4. The equipment being used in many asphalt batch plants would prevent a reduction 
in cycle time, even though a reduced mix time for an occasional batch indicates adequate 
aggregate coating and distribution. 

5. A study of top and binder course mixes indicated that asphalt hardening occurred 
during the first 15 sec of mixing, and no additional hardening could be attributed to con
tinued mixing. 

APPLICATION OF FINDINGS 

Based on results of the 1963 and 1964 studies, the Department's Bureau of Materials 
issued Addenda 23 (12) to the 1962 specifications, which had required a minimum of 15 
sec dry mixing (from start of adding aggregates) followed by 45 sec wet mixing (from 
start of adding asphalt). The Addenda permit reduction in total mixing time if this re
duction meets the following requirements: 

Base course mixes shall be dry mixed for at least the period of time 
necessary to discharge all aggregates into the mixer. The wet mixing 
period shall then commence and continue at least until 90 percent of 
the coarse aggregate particles are fully coated or the finish mixing 
time exceeds 10 seconds, whichever is longer. Top and binder course 
mixes she II be dry mixed for at least the period of time necessary to 
discharge all aggregates into the mixer or 10 seconds, whichever is 
longer. The wet mixing period shall then commence and continue 
until at least 95 percent of the coarse aggregate particles are fully 
coated or the finish mixing time exceeds 10 seconds, whichever is 
longer. 
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In no case shall the cycle time be so short as to result in a rate 
of production exceeding the operating capacities of the plant. 

How Department asphalt plant inspectors determine whether these requirements 
are being met is outlined in the Bureau of Materials manual entitled "Materials Meth
ods: Plant Inspection of Bituminous Concrete" (13). 

The specifications Addenda permitting reduced mixing times went into effect in 
June 1965. By October 1961, one-third (or 58) of the 175 asphalt plants approved to 
supply state contracts had reduced mixing time . To do this, the producer first re
quested a reduction in mixing time for any or all state mixes, with an accompanying 
submission of what he felt to be appropriate mixing times for the pugmill in his partic
ular plant. The submitted mixing times are in some cases the results of Ross Count 
studies performed by the producer, or they may be based on the producer's knowledge 
of the mixing capabilities of his pugmill from his experiences with non-state mixes. 
If the District Engineer approves the initial request, then the District Materials Engi
neer arranges to check the requested mixing times by the Ross Count procedure. The 
state does not attempt to determine the very minimum time for mixes being tested in 
that pugmill, but only the requested mixing times. If these times do not meet specifi
cation requirements, intervals of 5 sec are added to the wet mixing times and the Ross 
Count procedure is performed again. This incremental testing is continued until ac
ceptable test results are obtained . However, in no case will so short a reduced cycle 
be allowed as to result in a production rate exceeding operating capacities of the plant. 
For example, the drier must still produce dry aggregate, and efficiency of the screens 
over the hot bins must not be reduced, since the Department still enforces its require
ment that there be a minimum of 70 percent of primary size coarse aggregate in the 
hot bins. Approval of a plant's reduced mixing times remains in effect as long as it 
has no major equipment change. 

The 1964 study indicated that equipment in many batch plants will prevent a reduction 
in cycle time even though an individual batch can be adequately coated at reduced mix 
time. This was found to be the case in two of New York's ten districts. Materials 
Engineers of those two districts reported that Ross Count procedures had been tried in 
several plants, but that the reductions in mix times were so insignificant that the pro
ducers withdrew their requests . Lack of continued interest on the part of producers in 
these two districts in reduced mixing time is probably due to the small percentage of 
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WITH REDUCED MIXING TIMES 

Figure 5. Annual production as related to plants 
with reduced mixing time. 

mix produced by them for State con
tracts. In 1966, these two districts 
placed only 11. 5 percent of the total mix 
used on Department projects. The dis
tricts producing a major portion of mix 
for the State had asignificantpercentage 
of plants operating under reduced mix
ing times. Percentage of production is 
plotted against percentage of plants with 
reduced mixing time in Figure 5, which 
illustrates this trend quite well. 

For the 58 asphalt plants with reduced 
mixing periods, typical dry mixing time 
is 10 sec and typical wet mixing time 35 
sec, regardless of the mix type being 
produced. About three-fourths of the 
plants had these or lower mixing time 
values. It will be noted that in the 1964 
research study, typical wet mixing time 
for top course was 25 rather than 35 sec. 
This is because research personnel de
termined the minimum mixing times, 
while District Materials Engineers eval
uated only those times requested by the 



TABLE 2 

STATEWIDE REDUCTIONS OF MIXING TIME 

Mix Time 
Reduction 

(sec) 

4-6 
7-9 

10-12 
13-15 

25 
30 
35 
40 
45 

35 
40 
45 
50 
55 

Number of Plants 

Percent of Plants (by Mix Type) 

Top 

(a) Dry 

90 
lO 

(b) Wet 

ll 
32 
28 
23 

6 

(c) Total 

10 
30 
30 
15 
15 

47 

Blinder 

95 
5 

13 
21 
38 
21 

7 

12 
21 
38 
16 
13 

56 

Base 

10 
25 
53 
12 

6 
38 
31 
22 

3 

9 
32 
50 

6 
3 

32 

TABLE 3 

STATEWIDE DELAY TIMES 

11 

Delay 
(sec) 

Percent of Plants (by Mix Type) 

5 or less 
6 
7 
8 
9 

10 or more 

Number of Plants 

Top 

50 
20 

6 
15 

6 
3 

34 

Binder Base 

54 38 
7 14 

13 14 
7 10 
5 5 

14 9 

42 21 

producers, which were on the conserva
tive side to prevent the possibility of mix 
rejection due to inadequate asphalt coating 
of the aggregate. Accordingly, typical 
total mixing time in the State for plants 
operating on a reduced mixing time basis 
is 45 sec. This represents a 25 percent 
reduction in total mixing time over that 
previously specified. Mixing times for 
these 58 plants, on a mix type basis, are 
given in Table 2. 

Total cycle time is usually 50 sec because equipment operations (e.g ., discharge time 
and gate closing) usually add a 5-sec delay. Total mixing time for base course is 
somewhat less than required for top or binder mixes. Therefore, delay times for base 
are slightly longer due to equipment limitations. Delay times for the 58 plants are 
given by mix type in Table 3. , 

About 80 percent of the pugmills in the State have capacities of 3 tons or less; 15 
percent are 3. 5- and 4-ton capacity pugmills, while the other 5 percent are 5- and 6-
ton capacity pugmills. On a dry mixing time basis, pugmill size was not a factor. 
However, a slight trend was noted for wet mixing time; that is, for the six 5-ton pug
mills operating on a reduced mixing time basis, wet mixing times were the same as or 
longer than those for smaller capacity pugmills. However, the delay times for the 
larger capacity pugmills were the same as those of the smaller capacity pugmills. 

Current Benefits of Research 

Application of research results by the Department has produced several benefits. 
Most immediate to the producer is that wear on pugmill equipment is reduced. Reduc
tion of dry mixing time from 15 sec to a typical value of 10 sec has had most influence 
in this regard. The increase in wear life of pugmill parts will be governed by the 
amount of material produced during a construction season and the type of aggregates 
being mixed. Savings will vary with type of plants, but possibly could average several 
hundred dollars. An additional very important benefit is that mixing time reduction 
improves the producer's ability to meet peak demands during the day. 

Future Benefits of Research 

Of long-range benefit to the asphalt concrete user is the fact that asphalt plant manu
facturers are no longer controlled in their designs of equipment by subjective mixing 
time limitations. As a result, they may feel encouraged to produce prototype equip
ment permitting accelerated, yet still balanced, mix production as required by future 
road-building efforts. However, the concept of being guided in writing mixing-time 
specifications by equipment capabilities will have to be adopted on at least a regional 
basis before manufacturers will feel economically justified in producing new models of 
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greatly improved mixing capability. When this occurs, purchasers of asphalt concrete 
will benefit through reduced prices, since competition will not be restricted by specifi
cations, but only by equipment limitations. 

In closing, it is encouraging to note that, in 1966, of the 3. 5 million tons of asphalt 
concrete used in New York State highway contracts, about 1 million were produced by 
plants now operating with reduced mixing times. It is to be expected that this propor
tion of almost 30 percent will increase in future years as older plants, incapable of re
ducing cycle times, are replaced by modern ones. Also, if the use of hot storage silos 
for asphalt concrete becomes an accepted and widespread practice, their filling at the 
start and end of a day will make excellent use of reduced mixing time specifications. 

An added factor encouraging use of reduced mixing times is the combined introduc
tion of thick-lift and windrow-laydown techniques in flexible pavement base course con
struction. Since use of a windrow-sizer and paver-feeder will provide a continuous and 
uniform supply of mix to the paver, which in turn will normally be placing two-lift 
base courses in one pass, production of mix at an increased rate will become a neces
sity if smooth construction operations are to be maintained. 
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TABLE A-1 

MIX EXTRACTION GRADATIONS 

Top Course Binder Course Base Coursec 

Sieve 
Plant Ab Plant B Plant cb Plant nb Plant E Plant E Plant F Pla.<t G Plant H 

(18 batches) (22 bat ches) (16 batches) (18 batches) (6 batches ) (6 batches ) (4 batches) (2 batches) (11 batches) Plant 1d 
(8 batches) 

Left Right Left Right Left Right Left Right Left Right Left Right Left Right Left Right Left Right 

Aggregate Average Percent Passinga 

2 in. - - - - - - - - - - - - - - - - 100 100 100 
1 1

/, in. - - - - - - - - - - 100 100 100 100 100 100 99 99 75 
l in. 100 100 100 100 100 100 100 100 100 100 100 100 100 98 99 98 69 68 44 
'/,in. 100 100 100 100 100 100 100 100 99 99 52 47 53 58 56 59 37 34 17 
1;. in. 84 84 75 75 78 78 84 85 74 74 23 23 30 32 30 31 16 14 8 
~'sin. 47 47 50 50 51 51 53 53 48 48 14 14 15 16 18 18 7 7 3 
No. 20 23 23 23 24 26 26 20 20 18 18 
No. 40 15 15 14 14 17 17 14 14 12 12 
No . 80 6 6 5 5 7 7 10 10 7 7 
No. 200 3 3 2 2 2 2 7 7 4 4 

Asphalt Average Percenta 

6.0 6.0 6.0 6.0 '7. 0 7.0 6.5 6. 5 6.0 6.0 3. 5 3. 5 4.0 4.0 4.0 4. 0 2. 5 2.5 NA 

Aggregate Standard Deviationa 

l 1/2 in. - - - - - - - - - - - - 0.5 0.5 8.0 

1 in. - - - - - - - - - - - - 6.5 8.5 6.0 
1
/2 in. - - - - - - - - 1. 0 1. 5 4.5 5.0 7.0 9. 5 3.5 

'/•in. 4.0 3.5 3.0 2.5 2.5 2.5 6. 5 6.0 1. 5 3. 0 2.5 1. 5 3.0 3.5 2.5 
1/e in. 3.5 3.5 3.5 3.5 2. 0 1. 5 3. 0 3.5 3.5 3. 0 1. 5 1. 0 _e _e 2.0 2.0 1. 0 

No. 20 2.0 2.5 2. 5 2.5 1. 5 1. 5 3.5 3.5 2.5 2.5 
No. 40 1. 5 1. 5 1. 5 1. 5 1. 0 1. 0 2. 5 2. 5 2. 0 2.5 
No. 80 0.5 0.5 0. 5 0.5 0. 5 0. 5 2.0 2. 0 2. 0 2.0 
No. 200 0.5 0.5 0. 5 0.5 0.5 0. 5 1. 5 1. 5 1. 5 1. 5 

Asphalt Cement Standard Deviationa 

0. 5 0. 5 1. 0 0.5 0.0 0.0 0.0 0.5 0. 5 0.5 0.0 0. 0 - e _e 0.0 0.0 NA 

{o) Percel"lta.ge..s ore rounded to nearest 1.0 or 0.5 percent for ease of comporison, cmd ere based on total weight of cggregate, or for asphalt cement on total weight of mix. 
(b) More bolchf!s were extracted from Plants A, C, and D than had Ross Counts performed (Table A-2). Batches not Ross Counted were completely coated and ore included in this tabulation to 

i 1 lustrate aggregate distribution. 
(c) Plant H produced Item 45 SN base course mix cmd Plant I Item 45 SX base course mix . 
(d) Only one sample was extracted Frorn each botoh at Plant I. 
(e) A standard deviation based on so few sompl~ would have no practical significance. 



TABLE A-2 

ROSS COUNT MIXING TIME DATA 

Mixing Time, Sec Ross Count Mix Mixing Time, sec Ross Count Mix 
Plant Batch Temp. , F Plant Batch Temp., F 

Dry Wet Left Right Dry Wet Left Right 

'l:op Course Mix D 1 14 38 100 100 300 
2 14 38 100 100 295 

A 1 16 30 100 100 300 3 14 38 100 98 300 
2 16 25 100 100 300 4 14 36 99 100 295 
3 16 25 99 99 290 5 10 35 100 100 295 
4 11 25 100 100 290 6 14 31 98 100 285 
5 16 20 100 100 290 7 14 29 98 100 300 
6 16 20 100 100 290 E l 10 45 100 93 270 
7 21 20 100 100 290 
8 11 20 100 99 290 

2 15 45 98 98 310 

9 9 20 99 99 290 
3 15 40 95 97 300 
4 15 36 88 83 290 

10 16 15 96 89 290 5 15 30 88 85 290 
11 11 15 86 87 290 6 10 30 66 68 295 
12 11 13 82 78 290 

B 1 15 55 100 100 320 Binder Course Mix 
2 14 55 100 100 325 
3 8 50 100 100 290 E 1 15 45 97 98 250 
4 15 45 100 100 310 2 15 43 98 97 240 
5 12 45 100 100 310 3 15 40 95 96 235 
6 12 42 100 100 310 4 15 37 95 94 250 
7 15 40 100 100 310 5 15 34 80 80 250 
8 15 35 100 100 310 6 15 29 73 73 265 
9 15 35 100 100 310 F 1 18 25 95 94 265 

10 12 28 100 100 310 2 18 25 95 93 265 
11 20 25 100 100 290 3 13 25 96 99 265 
12 20 25 100 100 290 4 18 20 92 89 255 
13 20 22 98 100 290 
14 18 21 100 100 310 G 1 15 45 100 100 210 
15 20 20 98 99 290 2 15 39 100 100 300 
16 18 20 100 100 300 
17 17 20 100 100 300 Base Course Mix 
18 18 19 93 98 300 
19 17 18 80 77 300 H 1 7 41 99 97 235 
20 18 18 98 98 310 2 7 36 98 97 235 

21 17 15 67 77 310 3 7 36 95 96 230 
22 20 11 66 71 270 4 7 33 90 91 225 

c 1 14 42 100 100 280 5 7 33 92 91 225 

2 15 35 100 100 290 6 7 33 80 77 220 

3 15 30 100 100 265 7 7 31 91 93 240 

4 10 30 100 100 265 8 7 31 96 96 235 

5 15 25 100 95 255 9 7 30 85 89 230 

6 10 25 99 93 260 10 7 26 86 89 220 

7 15 20 89 92 ~55 
11 7 24 76 42 220 

8 10 20 90 92 270 I 1 15 37 94a 220 
9 15 18 91 90 270 2 15 32 98a 225 

10 15 15 93 94 255 s 15 32 99a 220 
4 15 27 93a 220 

aOnly one sample token per batch. 



TABLE A-3 

PLANT MIXING TIME CAPABIUTIES 

Pugmill Mixing Time, sec Single Batch 
Min. Mix Cycle, sec 

Plant By Ross Countb Capacity, By Former Practicea Charge 
tons RPM Dump Total Dry Wet Total Dry Wet Total Agg. AC Mix 

Top Course Mix 

A 3 41) 16 25 41 10 17 27 4 10 6 20 
B 3 51> 15 45 60 10 18 28 8 10 6 24 
c 3 51) 14 42 56 10 21 31 5 10 6 17 
D 2'h 60 14 38 52 _c _c _c 6 25 6 37 
E 5 5i3 15 45 60 10 40 50 8 12 6 26 

Binder Course Mix 

E 5 56 15 45 60 10 40 50 8 7 6 21 
F 31h 45 18 25 43 10 25 35 8 20 6 34 
G 3 68 15 45 60 -C -C -C 10 29 6 45 

Base Course Mix 

H 2% 55 7 36 43 10 31 41 7 10 6 23 
I 3 55 15 32 47 10 32 42 8 10 6 24 

bunder specificorions info"~• at rhe beuinning af rhis res..,rch sludy. 
A«eptable Ross Counts = 95 percent ~>p and binder, 90 percent base. 

•complete coating obtained during charging period. 

Multiple Batch 
Min. Mix Cycle, sec 

Aggregate 
Total 

Weigh Charge 

32 4 36 
34 8 42 
17 5 22 
34 6 40 
38 8 46 

38 8 46 
20 8 28 
34 10 44 

26 7 33 
32 8 40 

Mixed Cycle 
Reduction 
Controlled 

By 

Equipment 
Equipment 
Ross Count 
Equipment 
Ross Count 

Ross Count 
Ross Count 
Equipment 

Ross Count 
Ross Count 

...... 
0) 
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TABLE A-4 

ASPHALT CEMENT PROPERTIES 

Saybolt- Wet Mix 
Plant Batcha Pene- Furol Mixing 

Temp., tration Viscosity, Time, 
sec (300 F) sec F 

Top Course Mix 

A AO 90 96 0 
Al 57 45 300 

2 52 172 25 300 
3 50 25 290 

12 54 13 290 

B BO 90 101 0 
Bl 168 55 325 
10 138 28 310 
11 128 25 290 
18 166 19 300 
02 168 18 275 

c Cl 61 42 280 
C2 144 42 265 
C3 149 42 270 

5 203 25 255 
7 156 20 255 
9 171 18 270 

D 1 400 38 300 
2 328 38 300 

E 4 146 36 290 

Binder Course Mix 

G 2 44 160 39 300 

Base Course Mix 

H 2 40 170 36 235 
3 42 36 230 

aAO and BO represent asphalt samples taken from plant storage tanks. Al, Bl, Cl, etc. 
represent batches on which no Ross Count was perfonned. 




