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- ABSTRACT

A study to determine the advisability of adopting the dryer-drum
~ process as an alternate to conventional batch plants is reported.

‘t'r The study involved an assessment of the as-produced quality of

 materials produced by a dryer=drum plant for parking Tot
constructton at the New Jersey Sports Complex o

.Ftndtngs from this evaluation of dense- graded surface and b1nder
drum-mixes. were generaT]y favorable., The uniformity of the drum-mix
asphalt content, mix gradation and Marshall stability was comparab1e
to that of conventtonal]y produced mixtures. -~ In contrast, substantial
discrepancies between the design and productton means were generally

" observed for each of the parameters. Given the uniformity of the

drum-mix product, achievement of desired target values on future
projects should not prove difficult with appropriate process
adjustments. To effect an improvement in process gradation control,
additional wetghtng equtpment and assoc1ated 1nstrumentat1on is
required. SRR v .

The drum-mix d1spiayed no detrimental strength loss when tested
according to standard immersion compression conditions. -However,
Tower-than-normal retained strengths were indicated when the
‘material was subjected to the NJDOT's special extended soaking

~ tests, Excessive adherent fines on 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 chemtceT tests performed on the asphalt cement

| - indicated that, for a given mix discharge temperature, the degree

A of hardening caused by dryer drum and convent1ona1 process1ng are
a'essent1a11y the same . } .

: The dryermdrum process ‘was observed to 1ncrease productlon rates '
- while reducing fuel requ1rements relative to conventional plants,
thus yielding a general savings in production costs. A reduced

fuel requirement for any construction operat1on also furthers the

| v=>nattona1 pol1cy of energy conservatton, ‘;*

. ,It is recommended that the use of the dryermdrum process be ;
: permttted on NJDOT" proaects,- Proposed speC1f1cat1on requ1rements-i
.‘zare presented ' o ,
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SUMMARY

Research Objectiue‘ Use of an 1nnovat1ve method of

produc1ng b1tum1nous concrete -- the "dryer -drum" process --
has been reported by some agenc1es to afford a s1gn1f1cant
reduct1on in b1d pr1ces. The comparat1ve economy for the
dryer-drum process is bas1ca11y attr1buted to a reduct1on in
required p]ant operat1ng equ1pment and in the amount of fuel
consumed per un1t of product ‘In the dryer?drum-process,
aggregate dry1ng and m1x1ng with aspha]t are achieved in the same
heated drum, with gradat1on control be1ng 11m1ted to co]d feed |
proporttonlng only. The pugm111, 1ntermed1ate screen1ng
operation and hot bins typwcal 1n a batch type plant are
eliminated. '

Th1s report presents the results of a study undertaken to
determ1ne whether use of th1s alternate process on New Jersey
Department of Transportat1on proJects is advisable and, if so,
to deue1op'specification provisiOnvand contro] requirements

to gouern the equipment's operation.

Research Methodology: A decision to permit use of the

dryer=drum process fundamenta11y entails a determination of
whether any initiaT sauings afforded by use of drum-mixing

may be offset by subsequent increased maintenance costs associated



with decreased product%quality. While the u]timate answer in this
regard'wou]d requtre awaiting}the Qutcome of long-term perfdrmanCe
tests,ia‘reasonab1e aséessment'ofvgotential drum-mix,performanCe is
.prorided by an eva]uatidn Of.the degree to whichfthe aeﬁconstructed
materia1 complies with current duality acceptance standards;a.This
approach was adopted for the present study;v |

The eva]uat1on of the as- produced qua11ty of dryer-drum |
mixtures undertaken in this research was based on samp]es of m1¥
produced for park1ng Tot. and access road construct1on at the
: G1ants‘Stad1um qurts fac111ty. The paving m1xtures studied
included dense-graded Surface.and b1nder m1xtures; the latter
material betng emp1oyed as a combined binder/stabi1izednba$e.'
The bituminous concrete items of the $5.6 mi1iion‘pav1ng‘contract,
‘totalled approxinately:a quarter of a mi]]ion tons. | |

The stud1ed prOJect was not under the superv1s1on or
control of the New Jersey Department of Transportat1on. The
1mportant point in this connect10n11s that the spec1f1cations
governfng thie parking’]ot paring‘Were significant]y less
'restr1ct1ve than those convent1ona11y app11ed to NJDOT proaects.
Since the NJDOT acceptance criteria d1d not 1n fact app]y, the.
thrust of our‘ana1ysesAwas directed at determining if the usual.

tolerances could be met.




}‘Findings:

»Af"Asphalt Con?ent: Evaluation of—fhe‘composition of the

finished drum-mix was Based on extraction tests performed on a total
of 41'samp1es-0f,eéch mixture obtainéd»on hine production days.
| The tést days were fandom]y selécted‘over a three-month period,

. ‘Analysisdof theée extractioh resu]ts indicated that the .
percéntage of asphalt iﬁ sutcessive,samp]és of finishéd drum-mix_
wasdofvcomparable unifdrmity to historical data for conventionally
produced New Jersey mixturesg'vThe standard deViatidn for the samples
’of binder m1X‘wa$’about equal to that hiétorically observed for
the "aVerage" chVentiona1=p]ant product (0.23 versus 0;26dpefcent),
whi]elthe Variability df'the_surface‘mix;was only‘slight1y higher,
.(0.33'Versu5'0.26 percent). HoweVer, the overall mean asphalt content
“of each type of drum-mix was significant1y'1ower than the corres-
‘ponding design target Qé]ue. The observed differences between the
'prddubtion‘mean and ‘design target va]des fdk the surface and binder
mix (0.40 and 0.45 percent, respe¢t19e1y) Were.more than 2 dnd 3

A‘times greater than the departure ﬁypiéally observed for similar
mixes produced‘at New Jersey conVehtiona]fp]ants.

The fact that the job-mix formula misses for the samp]ed
drum-mixtdres”were greater thdn those normally obserVed‘is not
_considered to be of partiéularly great mdment. That is, since the
fdryér-drUm asphalt COntent resu1t§ are uniform in térms of the |
prdceés.standaﬁd deviation, ft wou1d normél]y not be difficult to
,maké adjustments to achieve the desired mean va1ue.(e;g;. by chénging

the percent AC dial setting on the contro] conéo]e).



To gain tnformatjon on the actual contro]lability of the‘
finished aspha1t 1eue1; an effort was made to identify the'epectfic ;
.causes for the observed low asphatt content‘in the sampled preject‘
materials. Theseiana1ySes indicated that}inaccuracies‘in»botn‘Of -
the key elements of the dryer-drum prbportioning system -~ the
aggregate and asphalt deliuery systems*-- apparent1yfcontributed-
'to the observed shortfa]] from the design AC content on the |
studied proaect. On an average bas1s, the control conso1e read1ngs
for the-aspnalt input were~ca1cu1ated to be erroneously high by
about 3vpercent, whtie the aggregate wetghtbelt signal was
apparentlyvconsistently_low byfapput 5 percent. Further; apart"'
from beingiinaccurate;‘the controt.inStrumentationfreadingsrwere
not 1nherent1y in accord The quantity of aspha1t and aggregate
indicated by the control 1nstrumentat1on, ‘even if correct, genera11y
would not have y1e1ded the AC percentage dialed in on the contro]
~ console. The fundamental significance of the results of these
proport1on1ng checks is that they confirm that, absent the
app11cat1on of su1tab1y frequent calibration verification procedures,
electronic displays of materials input clearly-should not be

accepted as gospel.

B. Gradaticn: The New’Jersey Department of Transportation'
uses three design sieves -- the numbers 8, 50 and 200 -- for,gradation‘
acceptance purposes. The 1arger design sieves are used mereiy for

control purposes;f



| A comparison of the variabiiity of the drum-mix gradations
»for the acceptance Sieves to that historicaiiy observed reveais that
with one notabie exception, the uniformity of the drum-mix product
. was comparabie to that of conventionai piants. Only the #8 sieve

_ resu]ts for the surface mix exhibited excessive variabiiity
| However, apart from‘the number 200 sieve resuits -~ which were uniform]y "

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

: _‘mix target vaiues for the dryer-drum materials were about 2 to 5 times -

1arger than typically observed on NJDOT prOJects. If the Department s
‘speCifications had been in effect, these Job-mix dev1ations wouid have
resuited in a 51gnif1cant number of faiiing acceptance Tots for the

, surface mix. '

‘yVarious anaiyses were undertaken to discover the sOUrce(s)
‘ot>thersignifiCant gradation job-mix formula misses observed in this
research. These‘anaiyses indicated that the departures from the
- intended percent passing for the cited sieves were for the most .
part unreiated to uariations in the stockpile materials (the average
perCent passing),»but rather to a probiem of metering the binned |
materials in the correctfproportions,' The important“point here is
“that the‘straight volumetric cold-feed control procedure employed on
‘this project‘yieided neither the type nor number of measurements
needed for the timeiy'discouery and remedy of a proportioning problem.
In the'researchers' opinion, this inability to discover which bin or
- bins contributed to the control problem mandates‘that~additiona1

"commerciaiiy available gradation control equipment and associated



instrunentation be provided on any fnture NJDOT drum-mix project.

Such would con51st of furnishing beit scaies (1oad celis) beneath

_ certain of the aggregate bins. Installation of severai such belt‘
scales beneath the cold-feed bins wou]d prov1de direct bin
proportioning checks on both a continuous ba51s (from a rate meter
~display in tonS»per hour for each bin)'and an overa]i basis (from b1n.'
1totaiizer disp]ays) | }; 4
Nh11e the 1nadequacy of the ccid feed contro] instrumentation -
vrused on this project is con51dered to be the baSic source of the
observed disparity between the target and extracted gradation,

other factors piayed some role. These included loss of weighed
’fines-from the main feed beit t0‘the drum-mixen (remedyﬁ apprdpriate
belt scraper), apparent bulking and/or bridging in the fine~aggregate*
~bins (remedyﬁ binAVibratorsi and excessive dirtiness of the project ,vi

coarse”aggregates (remedy: washing or rejection).

C. Stability: To assess the strength of the.drum-mii product,
:Marshaii stability specimens were obtained along with each of the
composition samples. | | |

- Comparison of the collected Marshall results to historical data
for_conventionaily produced mixtures indicated,ne statistically‘
significant difference inrthe variability of m#xture stabiiity.

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,



the overa11 asaproduced‘stabiltty level for'the,binder material was
s0 Tow that about a 40 percent fa11ure rate would have occurred had
‘the Department's strength requ1rements been in effect

It seems reasonable to assume that if the Department S more
str1ngent acceptance cr1ter1a and assoc1ated payment reduct1on
‘schedule were actua]ly in effect a producer emp10y1ng normal process
rcontrol procedures wou]d have been aware of th1s 1ow stab111ty
s1tuat1on early-on and would have taken steps to avo1d payment
'reduct1ons. |

The : average m1x d1scharge temperature at the Sportsp]ex project
was 245°F. This temperature is s1gn1f1cant1y-1ower thanhthat‘of the
?typica]" conventiona]vproduct=(300°F)‘and,_more important]y, isv1owerf
than the specific value (2806F) used in the project miX'design. |
Ana]ysis reveals that use of discharge temperatures,tower'than those |
contemplated in the design‘and the previously described Tow overall
‘vfintshed aspha]t'content were.the~major causes’for the Shortfall
"between the des1gn and as- produced stab111ty In part1cu1ar, these
two factors together account for about 75 and 90 percent of the total-
observed m1ss 1n‘strength ‘for the binder and,surface mix respective]y.
a The prob]em'OfvlowvAC'and the associated detrimental effect on
stabilitv is easily~avoidab1e and is thus not constdered’anvobstacle
to the use of the dryer drum process on a Department proaect However.
the f1nd1ng regard1ng the effect of temperature on ach1evab1e mix
stability strong]ycsuggests_thatrthe Department move caut1ous1y should

the use of low‘temperature mixes be‘considered. 1In any -event, if a



décisiOn is made to permit 1ower-thah-¢onventiona1 mixing temperatures:.
in future work, mix designs for fhose prOjecté shou]d of course
be based on intended ‘mix discharge temperatures. Proper considera-,
tion of discharge temperature is vaidus]y a must if‘the design
value is in fact to brovide a realistic estimate of aChievab1e
“mix strength. | o

© The restricted range of“moisture"cohtents in the finished
drum}mixesv(o.s to 1.6%) precluded any definitive findings regarding
‘the effect‘df this‘factor on achievable mix strengtﬁ; vit is
worth noting, howeVer, that the general trend indicated by the
study data -- that achievable stability increases Wifh increasing
 mix'moisturé -- tends to support what others have suggested:‘
Residual moiéturé in the mix aids compaction.‘ Further work in

this area may prove beneficial.

D. Retained Strength: One concern régarding the durabi]ity |

- of drum-mixes is whether free moisture in the finished mix.and/or
residual moisture in the partia]]y-dried éggregates has any implica-
tion§ for a'detrimental in-sefvice strength loss. Quite apart-
from the as-produced stability then,'another key measure of the
strength prbperties of'any'bituminous mixture is its abi]ity to
retain that stability in a highway environment. AASHTO T165, which |
involves comparing the compressive strength of‘fresh1y-m01ded ahd cured

kbituminous mixtUre specimens wifh that of companion samples which
have been immersed in water under prescribed condftions, provides
such a measure. A retéined strength afterlééaking of 70?to 75%‘0f:

the dry stréngth is generally considered adequate.



Immersion!compression testing‘performed for this research
indicated'that the average retained strength for the studied drum-
‘mixtures wou]d satisfy,conventiona]'criteria. HOWeyer, the results
of a special series of extended soaking tests yielded lower retained

strengths'than required when this special soaking proCedure is

app11ed for approva1 of m1nera1 f111ers on Department projects.

 The specific cause(s) for the latter condition were not determ1ned

One possibility ts‘the excessive djrttness of the Sportsplex coarse

' aggregates: -About 2.5 percent of the total'weightvof coarse aggregate
‘ consisted of “adherent fines". Such adherent fines are potent1a1]y
detr1menta1 to reta1ned strength if the adherent mater1a1 is |
sensit1ve to,water_and/or prevents the}large coarse aggregate

partic1esvfrom beingtproperly coated with asphait cement._'4

E. Asphalt Harden1ng In the dryer-drum process, the

aspha]t cement is introduced in the presence of hot burner gases.
}An.obv1ous concern then is whether such exposure may result 1n '
‘premature age-hardening of the aspha]t cement. To determine whether
' drum;mixing‘inherently entails any such detrimental effect, samples
‘of the‘as-suppTied and as-processed‘asphaTt cement were‘subjected
to a program of convent1ona1 mechan1ca1 tests (penetrat1on and
» v1scosity) as well as a spec1a1 series of chemical comp051t1on
tests (Rostler Sternberg procedure). }‘ |

o Compar1son of the observed con51stency changes occurring on
,drum-m1x1ng to h1stor1ca1 data from convent1ona1 plants indicates
~ that no detrimental or benef1c1a1 effect 1nherent1y accrues from

drum;miXing. That is, while the overa]]‘degree‘of hardening
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~observed for the studied drum-mix materials was Tess thénvthat~ R
typically obsefved at cqnventiona] b]ants, various tembér$the-}
cOnsistenéy relationships developed in this work ihdicateﬁ thaf
such lesser hardening was substantially (if not completely)'due
to the significant difference in avérage discharge temperéture_as
between the drum-mix and conventional plants‘(245°F versué a
typical 300°F); Our analyses indicate that if the drum-mix had
been produced to discharge'at conventional temperatures, the N
‘observed asphalt cohsistency'change could reasonably bgvéﬁpeCted :
to be of the same magnitude as thaf from a batch plant ohérated-_ 
at the same temperature. | -

B Unfortunately, some rather protracted ana]yses'werﬁhi‘
required to establish the effect of drum-mixing on recovefng
penétration anq viscosity. As a result of‘deficienéies {ﬁ thél,jil
consistency testing procedure{emp]dyed by our centra] 1ab6katory --
which}deficiencies were ﬁot discovered until after fhe comp]etiqn
of the research -- a considerable effort was required to &éferm§né
the general reliability of the data (i.e., whetheriggx qe%initive;
“analysis of the data was possible). As it turnS'ouf; the‘prihcipal
effect of these testfng deficiénéies was to create‘generaiﬂi .
Qgggrgstimates of the true amount of hardening occurring on
processing. D
| The results of the Rost1er;Sternberg'analysesvihdfCatéﬁthif{'

the chémica1 composition of asphalt processed thru théfdryederum |
remains relatively unchanged from its original vaers. :Furfhek;:whit"

little change does occur is generally less than:that fbr‘eitﬁgr’”’
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. simu]éted (thin-film oven conditioned) or actual pugmill mixing.
Thus, the résu]ts of_{his chemical testing‘aré-iiewed as_cbnfirming
theifindings based oh consistenby testing_that.drum-mixing'dbes
Ahot inherent1y.énta11'any detrimental efﬁect‘on thé asphaTt

cemént. . " v | |

while the various hardening tesfs pérformed_in this work

- indicated fhat‘asphalt cement is not inhereht]y harmed by drum-
, hixihg, it is recognized that -- under other operating cohditions}--
such an effect’mignglbccur.‘ For example, iﬁ some;drumémix units,
the asphalt may be ihtrbduced}aS.c]dse és,éix feet from the
burner flame as compared to the‘siQteenlfeet used in this stUdy.’

It thus abpears{advisab]e that if use of a drdm-mix‘unit is‘pekmitted
.-on a NJDOT project, as a preliminary matter, tests on the original
jrand;p‘\roces's‘ed aspha]thhould_be made to determine whether any |

excessive hardening occurs for those particular project conditions.

F. Pavement Construction: Based on numerous:obServatiohs of
~the Sportsplex paving operations. the constructabi]ity of bituminous !
‘mixtures produced by'the dryer-drum proCess appears to be essentially
the same as that for the conventional product.

Unfortunate]y; it was not possible to obtain definitive-
information relative to the Compaction charactefistics of drum-mix.
The rollers used at the Sportsplex differed from the bepartment of
Transbortation's standard roller system (i.e., 3-Whee1 breakdown and
tandem finish rollers). Also, the inhérent compacfabi]ity (achievab]ekl

Marshall density) of the project surface mixture during the compaction
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‘eva1uat1on was apprec1ab1y less than that typ1ca1]y expected for
| Department proaects However, g1ven the other f1nd1ngs of this

“study, it seems reasonab]e to expect that w1th approprwate process

contro] for asphalt content the m1xture from a dryer- drum p1ant

wou]d be as compactab]e as mixtures of equ1va1ent temperature

'from a convent1ona1 p]ant

It was’ not possible to verify the claim that reta1ned moisture

in drum-mixes may offset the influence of 1ow,temperature to the
‘extent that the field‘oompactability of dryer-drum mixtures is

.comparab1e to conventionally produced high temperature mixtures.

That is, aithough analysis of the factors influencing stabi]ity

sUggested the existence of_an apparent “1ubr1oation“ effect for

retained moisture whether SUCh effect'would be a significant factor

in ach1ev1ng ‘the desired f1e1d dens1ty 1n Tow temperature mlxes

- remains to be conf1rmed
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CONCLUSIONS

1. The"average daily production at the Spbrtsp1éx:dr0m—
mix p]ént was about double that of a typical batch-type faci]iiy |
~1in New Jersey. | ‘> ‘ | | |

2. Use of the dryer-drum_pVOCess}and.a relat1v§1y Tow
mix discharge temperaturé resu]téd in a reduction ih'theiqUantity
of fuel required‘per‘ton of producf‘compared to batch tyﬁefopérations.
A génera1 saviﬁgé-in terms of both energy consumed and production |
costs is thus indicated. o |

3. rThe.dryer—drum*p1ant,used at the Sportsplex, équipped 
with a wet scrubber system, satisfied both state and federal
environmental regulationé.

| 4. The average asphalt éontent bf_the drdmemix‘bihder and

surface course evaluated in this study Waé signifiéant]yv1ower,than
the percentage called for in the respective mix designs; However;
for both mixtﬁrés,:the variation ofvasphalt'contentﬂabqut‘the.meén |
Tevel was hot‘éxcessive ahd quite comparable to fhat Offbthgntiona11y
'pkoduced New JerSey mixtures. Based on this finding,offprdeCt |
uniformity, it ié cohcluded that the drum-mix aéphalt propoftiOning
.syétem‘is indeed inherently controllable; »Accbrding]y,_on_any future
"NJDOT dryer-drum projegt, a pfoduCer‘can reasonab1y‘be eXpécted' |
‘to su¢cessfu11y make appfopriate process adjustméntsitb avoid any

payment reductions due to non-compliant asphalt cohtent‘1eVels.‘
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"5. Varlous ana1yses 1nd1cate that the shortfa]l between

'-the product1on means and the des1gn target asphalt contents were

due to inaccuracies in both the aspha1t and aggregate proport1on1ng
system. | R

Wh11e 1t is the respons1b111ty of the producer to ma1nta1n

. vh1s plant in ca11brat1on, a plant 1nspector may make various

s1mp1e compar1sons among data displays on the p]ant.contro] console |

“to detect gross discrepencies in plant operat1on Generally, theSe
-\“1nterna1 -checks. re]ate to verification of the 1nd1cated total

: production rate and des1gn asphalt content. Comparison of the
indicated inpUt of raw materta]s}(contro1 room data) to the pr0venv
| output of f1n1shed mix (scalehouse we1ghts) a]so prouides arusefu1
check on the ‘control’ operat1on.'

: 6. The cold-feed aggregate proport1on1ng procedure emp1oyed

~on th1s project genera11y y1e1ded gradations for the acceptance
':‘sieves which were at 1east as un1form as those from convent1ona1

jp]ants. The one except1on in th1s regard (abnorma11y h1gh standard'

'r deviation) was -apparently due in 1arge part to the var1ab111ty of

the stockp11ed mater1a1 rather than to control of the.aggregate
‘meter1ng process per se, | ; | o

While the product1on process was thus indicated to- be in
v’control in one sense, there was a genera]}]ack of comp11ance with
u»target_gradation ualues. An effortatouaccount for-the substantial
/ dtfferenceslbetween the gradation expected'for‘the_given‘raw materials

5..and controlfequipment settings and that actua11y observed in the -

L1
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finished product proved unsuccessfu1, This result was to some extent
pre-ordained: absent suitably frequent calibration'checks, propor-
tioning controls éuch as those employed at the studied plant

(i.e., be]t speed indicators) simply do not provide the requisite
reliable, direct indication of the quantity of material being
metered from each bin? While it is possible that a producer for g
a future drum-mix prgject might‘be able to remedy a problem by
performing such timejy calibration checks, it abpears equally

likely that -- absent a continuous positive indication of the
'tpnnage of mater1a1 from each biq -- adequate gradation control
‘would be difficult at best.
| Thus, it is hére concTudéd:that if the NJDOT is to permit
~ generalized use of the dryer-drum process, the cold-feed control
set-up must be supplemented by additionél,weighing equipment -

(load cells under each bin) to provide the produéerrwith a reésonéble
_bEEortunitx 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 bé]trsamp1ing'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 cohtro]
purposes. The sampling eguipment used in this research did not
yield the requisite representative sdﬁp]es. It is clear then that
approvaliof any type of automated gradatidn samp]ihg deviée will be

‘required, based on a program of reliability testing prior to production.
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8. Comperison of the Marshall stabi]ity‘resu1ts from
”thisvstudy}tb‘hjstorical data revealed no'Statistically‘significant»
- difference in the veriabi1ity of mixtures'produced by‘the dryer- -

drum process and conventionalabatch-type plants 1n‘Newaersey.'

“'_ 9; Tne average Marshall stabi]ity of the‘sampled surfaCe'v
and binder mixes were Tower than the des1gn values by 600 and 900
'pounds respect1ve1y Th1s‘shortfa11»1n mix strength_1s 1arge1y
‘attr1butab1e to the fact'tnat average asphait content and mix
discharge temperature were both significantly lower than the values
prescr1bed in the m1xture des1ons.

It is estimated that had the Department s stab111ty acceptance
' criter1a beenVTn effect,,about 40% of the binder Tlots produced
during this evaluation would have been judged non-compliant. chever,
by developing'nix designs at intended mix discharge temperatures
“and with imprdved process control procedures‘for asphalt content,
1t is believed that adequate m1xture strength 1evels are
ach1evab1e.
- 10. Marshall stab111ty/temperature relat1onsh1ps developed

dur1ng this study confirm that stability decreases in direct proport1on
'1_to discharge/mo1d1ng temperature. Our best est1mates“of the
‘Spectfic stabi11ty decrease accompanying each unit (]QF) decreaSe:
in molding temperature during this study are 12 pounds per degree
~ for binder and 11 pdunds per'degree for sUrface‘mix.‘ In view‘of
thié'finding,'it'is concluded that dryer-drumtmixtures for anyil

fUture,Department‘project should not bevpermitted to be prqduced at

4
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;temperatures 1ower than those current]y requ1red for convent1ona1
batch-process1ng The reduct1on in- stab111ty assoc1ated W1th the
Tow temperature exper1enced at the Sportsp1ex was too 1arge for
| accommodat1on on NJDOT proaects o o

wh11e genera use of low tempera ure drum-m1x1ng is considered
1nadv1sab1e, some Tlimited exper1mentat1on 1n th1s regard would be |
, usefu] in view of the energy savings and assoc1ated potent1a1
1n1t1a1 economy offered by use of such m1xes. ,‘
; 11. The binder and surface drum-m1x each y1e1ded adequate .’~.
“reta1ned strengths when tested 1n accordance with AASHTO T165
'\However, the average reta1ned strength of drum-mtx spec1mens-
~ subjected to a NJDOT,mod1f1cat1on of the standard test metthv .
(a 14 day_immersion period) were,iower than the.minimumaZO%‘g
' requ1red by the Department - - | o _
| ]2, One factor be11eved to mave exerted some effect on the
stab111ty values -in th1s study (both as-produced andvretanned) was
the excesstve dtrt1ne55'of the project‘coarse aggregate; f

‘The precise 1mpact that such adherent fines had on the
stab111ty and retained strength results was not determ1ned
Nonetheless, the presence of_exces51vevaggregate_d1rt1ness»1s‘at
l’1east potentially detrimenta] to these parameters. This wou]d
- appear to be parttcu]arly true if the adherent mater1a1 1s
e sensitive to water and/or prevents the 1arge coarse aggregate i
‘partlcles from being proper]y coated with aspha]t cement The ‘
solution to th1s problem on any future drum-mix prOJect - 1ndeed

on a convent1ona]rprogect -- wou]d be to requ1re washnngvor to reJect.
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13. In produc1ng mix at a given discharge temperature,
-the dryer- drum process can generally be expected to cause changes
“in the chemical comp051tion and assoc1ated phy51ca1 properties of N
the aspha]t cement which are 51m11ar to those which wou]d occur
on conventiona1 proce551ng |

In a spec1f1c case, however, introduction of the asphalt
cement close to the f]ame end of the drum-mixer conceivably might
resuit 1n_excessive 0x1dat10an0]at111zat10n of the aspha]t_cement.
Before permitting fuTifscale drum-mix production on_any_Department
of Transportation prOJect;jan initial program of conSistency‘
testing should be- undertaken at the particuiar p]ant invoived to
determine whether any such detrimental effect in fact occurs. |

14, Subsequent to the comp]etion of the testing for this

*study, the Department was apprised of 'some genera] def1c1enc1es

~in the cons1stency test procedures employed by our central laboratory. ;

. Injresponse, the'Department converted from the AASHTO to the more
,detaiied ASTM‘Abson recovery procedure.

| Various anaiyses presented in th1S report suggest that these
: _def1c1enc1es apparent]y affected only the penetration test results,

- There was a consistent bias in favor of underestimates of the true
amount'of hardening occUrring on-proceSsing; ImpOrtant]y, other
’ana]yses suggest that the new testing procedures may have eliminated
such characteristic bias. o |
- Given ‘the fact that con51stency test resuits form the baSis
for many 1mportant dec1Sions by this Department further study in

this regard is warranted.
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-15. Various relationships between mix discharge temperature
and aspha1t‘herdening‘deve1oped in this study indicate that; for
any type of asphalt plant, substahtiai differences in aspha]t‘
hardening can be expected when production is at,thevends of the .
usuai_temperature'spectrum (270 to 320°F). |
One 1mp11¢atton of thisoftnding is‘that tn_eva1uating whether
 the eduipment set-up-at ény future drum-mix plant resu1ts in
Matypical” herdening; mix temperature c1ear1y will have to be taken
tnto account‘ Add1t1ona]1y, since this Department s current
' procedure for eva1uat1ng surge s110 systems 1s predicated on the
assumpt1on that no s1gn1f1cant hardenlng occurs dur1ng m1x1ng,
our silo eva]uat1on methodo]ogy may require modification. |
16. Based on numerous observat1ons of paving operationsu
dUrinobthe course of.this study, it is concluded that the drum-mix
laydown operat1on presents no. un1que prob]ems.
| 17. The compact1on character1st1cs of drum-m1x were not
h definitive]y estab]ished in this study. Basica]ly;'thls is
attributed to both,the»compaction equipment used (not the
}Department's standard,roller system) and a lower than normal ach1evab]e
density‘for the surfece mtx evaluated The latter factor was
f1nd1cated by a Marsha11 air vo1ds level of 5.5% which 1s h1gher v
,‘than that norma]]y encountered on a DOT proaect
;.]8. Due to the restr1cted range of mo1sture contents in the
finishedkdrum-m1xtures studied (0 5 to 1.6 percent), it was not p0551b1e
tovspecifica11y determine the extent to.whjch'such~mo1sture acts as
v"a.1ubricant and'thusJaids‘in atteining denstty.in relatively Tow

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 proceés on NJDOT'projecté. A description of
the proposed drumemixing provision in a suggested specification
format is presented in Appendix D of this report.

The'recommended specification modifications apply exclusive]y
to the production process: If a contractor elects to use the drum-
v mix process, none of the current quality requirements appiied to
the finished product shou]d be‘waived or relaxed. This.is |
particularly important in regard to the temperature nequirements.
Our analysisksuggests that producing dryer-drum mix at temperatures
less than fhat normally required for batch—type plants could result

in significant Tosses in mixture stability.

B. Future Research:

1. If and when a‘contractor elects to use drum-mixing onca
Departmentcproject, pavement performance test Sections should be
established and-monitofed s0 as to provide more definitive answers
| as to drum-mix durability. | ”

As a part of this future work, some limited experimentation
with 1ow’temoerature mi*es wou1d be USefoi in view of the energy
éav1ngs and assoc1ated potentiai initiai economy offered by use of
such mixes. The effects on mixture quaiity, espec1a11y stabiiity,

| will have to be monitored closely during such experimentation.
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2. Various analyses performed,in this research sdggest,that
measures undertaken to remedy the genera1‘deficiencies-injthe
Department's consistency testing procedures may have been‘
successful. It is recommended that the Department'svcentral
v 1aboratdry undertake an appropriate program of‘testing to%confirm
whether this is in fact the case. Certain of the data formats/
h‘,ana1yses.presented in thevreport may provide a guideline as to the
fdrm which_sdch re]iabi1ity testing might take..

Depending dn the resd]ts 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 1nvest1gations undertaken in this
work 1nd1cated that convent1ona1 Marshall spec1mens can be used
~interchangeably w1th standard immersion compression cy11ndersyto
~determine an index of retained strength for bituminous mixtures.
Becadse}of the greater ease of fabrication (without additional
specia]ized equipment) and a more direct relationship to design.
,cr1ter1a, it is recommended that the centra1 1aboratory cons1der
using Marsha]l spec1mens rather than standard size cy11nders 1n
their ongo1ng immersion compress1on test1ng program. A dec1s1on
-in.this regard wdqu entail pertorming tests (on companion compres-
‘sion cy11nders and Marshall spec1mens) sufficient to determ1ne the

extent to which the spec1f1c Marshall stab111ty/compress1ve strength

re]at1onsh1p der1ved in this work is of general app]1cab111ty
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PART ONE: INTRODUCTION

1A RESEARCH OBJECTIVE

| -An 1nnovat1ve process for produc1ng b1tum1nous concrete -

| various1y referred to as the "turbu]ent mass" or "dryer-drum? process -
is reported1y more'cost~effective than convehtiona] methods. The |
comparative productionteconomy‘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.

| ~This report presents the results of a study undertaken to
determ1ne,the adv1sab111ty of permitting this a]ternate, “dryer-d
drum",tprocess 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‘controt reqUirements to goVernvthe equipment's |

~operation.

.‘[] 2 BACKGROUND

1.2.1 Study 0verv1ew and Nature of the Dryer-Drum Process The

: convent1ona1 process for produc1ng bituminous concrete m1xtures
‘compr1ses severa1 steps, cu1m1nat1ng in the mixing of batches of
'dr1ed heated and screened aggregates w1th hot aspha]t in a pugm111

In the dryer-drum process -- with propr1etary var1at1ons, actua]]y
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basis, 1t has recently been noted(6 7)that some: h1ghway agenc1es are
'frea1121ng as much as one to two do]lars per ton sav1ngs by us1ng
‘the dryer drum process. v | ’ ,

G1ven that the dryer drum process has a rea1 potent1a1 for
B sav1ngs in the 1n1t1a1 cost of b1tum1nous pav1ng mtxtures,. |
dec151on to permit the general use of the process bas1ca11y en- |

ta11s a determ1nat1on of whether such 1n1t1a1 sav1ngs mtght

' be offset by any subsequent 1ncreased costs resu1t1ng from

i decreased product qua11ty. In parttcu]ar, such a determ1nat1on B
‘ requ1res resolut1on of the fo11ow1ng quest1ons, wh1ch are the subn
Ject of th1s research

At the p]ant Is the dryer drum product cons1stent1y of

} comparab]e qua]tty and un1form1ty astconvent1ona11y produced
‘m1xtures? ‘ |

On the construct1on s1te Do the lower temperatures and/or

"h1gher moisture contents character1st1c of dryer -drum mixtures pose

1-;'any construct1on prob]ems (e g oy compact1on smoothness)? B

In serv1ce | Are dryer drum m1xtures as durable as conven- ’p
tt1ona11y produced m1xtures? | ?'} | |
" Based on a'ltterature search dnd responses to a survey
“ duestionnatre;}most agencieshfeel thht the answervto’the~firstf
" question'posed'above -- "Is the as-pLoduCed dryer-drum product»of'
,hcomparable quality and un1form1ty as convent1ona11y produced mix=- .

f‘ttures" Qe is "Yes". Not unexpectedly, such aff1rmat1ve responses

”‘*'are often accompan1ed by the qua11fy1ng prov1s1on that the dryer-drum}
o o 1 :
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@:;]vplant must be we11 contro]led and we]]-ca11brated Of part1cu1ar

| ‘.‘{1nterest w1th regard to the as- produced qua11ty is the report that

‘ ‘v”s;dg"the asphalt 1s not harmed by exposure to d1rect heat 1n the drum-

lvdryer and the f1nd1ng that w1th proper "co]d feed"* control the
;process 1s 1ndeed capab]e of.produc1ng sat1sfactory»gradat1ons.f

The quest1ons re]at1ng to the constructab111ty and durab111ty

tbkof dryer-drum m1xtures are not as we11 reso]ved For example a .

‘-number of agenc1es have po1nted out the need for part1cu1ar1y t1me1y
(16)

V'”and adequate compact1ve effort on dryer- drum m1xes, and one state
; has reported at 1east 1so]ated 1nstances of substandard dens1ty
The re1at1ve1y recent advent of the dryer drum process has

: prec]uded def1n1t1ve answers to the a11 1mportant quest1on of

‘-*_f;long term performance of drum-m1xes. Further, apart from t1me con- |

"vistorage bin-gate openings an

V.s1derat1ons, the in- serv1ce performance observed in at 1east some ,f '
-‘~states wou1d be 1ess than comp]ete]y app11cab1e to New Jersey s -

: 'h1gh traff1c cond1t1ons s1nce the1r f1rst tr1a1 usage of the

. ,process has understandab]y been on 1ess 1mportant (secondary)

- ”roadways.‘ :

’751‘2h2' DeSCription5of FirSt Dryer-Drum Project'in:New.JerSey°~ Nh11e

"l“vm1x produced by the dryer drum process const1tutes an 1ncreas1ng

aggregates by means . of ad3ustab1e o
) Nar1ab1e speed conveyor belts, w1th- o
f;out the convent10na1 1ntermed1ate screenlng operat1ons.,' A ‘

t*Proport1on1ng the graded wet?
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share* of the total yéarly;prOductiqn'in some states, particularly
those in the westefn pért of the ¢0untry. only;dne>New Jersey
contractor is known to haVébacqujred one of the units. ObViousiy,‘
~ contractors are reluctant to make such an investment without an
advance commitment that use of‘theMprOcess will be permitted on
Departmént'bf Transportation work, | |

Ah bpportunify tb ¢6nd0ct the preSent.evaluation of_thé
capabilities ahd produCt'quality of thé dryer-drum process was
presented invconnéction with a contrgct let by‘anothervstate
agency, the New Jefsey Sborts and Exposition Authority.

In the fall of 1976, the Spor%s Authority bpéned to Sekvite
a $300 million sporfs comp]ex Qn‘a‘588 aqhe‘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 on the order of

‘4,500 conventional plants in this country. (Source: Reference 8
and informal estimates by National Asphalt Pavement Association.)
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The principal facilities of the Meadowlands complex 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 sucéessfu1 bidder for the parking lots and éccess roads
| for this faci]ity.-- 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(g).

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 1ump‘sum basis and contained items
other than blacktop, it obv1ous1y 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 capab111ty, was about

~ $600,000 higher than the successful offer.



= :-:‘,29-’ 3

. Whlle the New Jersey Department of Transportat1on was not ‘f
;‘;contractually 1nv01ved 1n the superv1s1on or mater1als test1ng 1
"1for th1s pav1ng, the contract1ng author1ty k1nd1y perm1tted

) g mon1tor1ng of the Sportsp1ex dryer drum p]ant for purposes of |

o this study. SRR -7\rfﬂ¢_{,, S

‘1L3n'RESEARCH:SC0PEVAND’APPROACH :

1‘3 1. L1m1ted Scope of the Work: 'At5the"ootset'of7this research'

1t was rea11zed that the Sports Complex work a]one would not pro- =
,jv1de a suff1c1ent bas1s to fu1f111 the needs of - the study.’ That
‘Vh1s, wh11e tests and observat1ons of p]ant product1on and park1ng
a',lot construct1on wou1d perm1t assessment of the as-produced

'1 qua11ty and re]at1ve constructab111ty of thefdryer drum productt

it was apparent that a rea11st1c eva]uat1on of the durab111ty

:and performance of drum-m1xtures wou1d requ1re mon1tor1ng pavement'f‘d
;ffbehav1or under some type of representat1ve (h1ghway) traff1c ‘;‘
"cond1t1ons.. To th1s end, 1t was p]anned that drum-mlx from the

7Meadow1ands p]ant wou]d be 1ncorporated 1nto test sect1ons on a

"fmsnearby heav11y-trave1ed h1ghway wh1ch was. then be1ng W1dened and.

| ~Vresurfaced to accommodate traff1c generated by the sports fac111t1es.

| However, due to a cond1t1on not d1rect1y re]ated to the

vef,dryer-drum process per se - the occas1ona1 presence of exce551ve
fines adher1ng to the. proaect coarse aggregate»-- the researchers
:concluded that 1nsta11at1on of the p1anned performance test sect1ons;;

"was 1nadv1sab1e. Our concern was that th1s fines cond1t1on m1ght f’
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result in premature diétress if the drum-mix was subjected és
blannéd to highvVolumes of mixed traffic. This possibility was
suggested by some eér]y marginal or unsatisfactory immersion-com-
pression test results. As a'conséquence, the scope of this study
is generally limited to an evaluation of the aé-produced quality

of the dryer-drum product.

1.3.2 Research Methodology:

A. Evaluation of As-Produced Qué]%ty
" Concurrent with informal observations'designed to fami]iafizev
Departmént 6f Transportation peréonne] with the dryek-drum process,
the as?produced qua]ity of the drum mixtures was gauged by samp1¢5v'
obtained onveight* produgﬁion days in accordance with the fol-
1owing program of testing:

Gradation and moisture tests: To determine the adequacy

of the critica1 cbld-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
dﬁum 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 in processed form from mixture recovery samples. ‘ ' v

*On one additional day, a more limited program of testing
was undertaken.:
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The.sahp1e5'of origina1raspha1t were subjected'to‘rOUtine v
speoiftcation tests and special thin-film}oVen’and‘chemical compo-;ﬁ;‘
sition tests. 'The'special thin-fi]m'oren tests'were'conduoted |
~at an oven temperature 1ower ‘than that used in the standard
procedure (250 F versus 325°F) ‘

The purpose of the temperature mod1f1cat1on was to prOV1de'

an estlmate_of_the amount of harden1ng wh1ch the studledrasphalt .

) might.undergo,if}proceSsed thru a conuentiona1‘p]ant Operated_tog S

discharge mix- at the,re]atiue]y,low‘temperatures empjoyed at the{ls
‘SportSplex,(auerage: ;245°F).\'The chemicatlana]yses:(Rost]er-'::
Sternberg procedure) were undertaken in an effort'to more fu11yh{~f
character1ze the nature of the aspha]t and in part1cu1ar, to
»‘prov1de a basis for ascerta1n1ng the nature of any. compos1t1ona1
changes‘ocourrJngfon process1ngvthru the drum-m1xer.;

~.The samples of processed asphalt (Abson,residue);were :
_analyzed to determine-the extent ot any premature age-hardeningif
caused by exposure to the d1rect heat 1n the dryer-drum.r These"
determinations of relative harden1ng were based on before/after
' compar1sons of conventional mechan1ca1 tests (v1scos1ty and
, penetrat1on) and the Rost]er-Sternberg resu]ts.
- Determination .of the chem1ca1 eompos1t1on of‘asphalt is a

new procedure in this state. Consequently, to proVide the neces-_'

. sary bas1s of comparison for the dryer-drum ana]yses tank and

recovery samp]es from’ four random]y selected convent1ona1 plants »

~ were subjected to an identical program of chem1ca1 and mechanical e
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testing; (An opportunity to obtain ideal control data --:dse of

~ the Sportsp]ex vendor ) asphalt by the operator of a conventional

‘plant - d1d not- develop N |
Tests of Re]at1ve Strength and Dens1ty ’Samp1es'0f the

finished dryer-drum mixtures were subJected to the usual schedUTe‘
of tests to determine conformity with the Nen}Jersey Department

of Transportation's specified Marshall criteria. In additionnto,

~ these tests of re]atire_strength and denSjty,‘sampies of each day'S‘
:production‘Wereltested for’retaﬁned strength in accordance with |
the standard immersion-compression.pr0cedure and variations
thereof. | .‘

| The retained strength of a bituminous mixture is an expres-
sion of the re]atire decrease ofvstrength on:soaktng"and prorides |
. an indication of any tendency for loss of adheston between the
asphalt and aggregate in~that particular nix. Here the purpose

of the‘retained‘strength test was to determine whether the freev
moisture in the drum mix itself or res1dua1 mo1sture in the

: part1a11y-dr1ed aggregates created any such stripping tendenc1es.

~The reta1ned strength test1ng performed in this work occa-.

o 51ona11y departed from the standard procedures in two respects.

F1rst certa1n of the samp]es were fabr1cated and tested as Marsha11
f spec1mens~rather_than as the conventional compress1on cylinders,

~ thus yie]ding‘a "retained stabi]ity“'ralue; Second, certain of
the_Marsha]t and chpression samples were‘sdaked‘for twe_weeks,

~ this non-standard soaking~period beingtconrentional in New Jersey.
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'B. Evaluation of Constructability

 ‘»An eQéiuation of the cohstructabi]ity of the dryer-drum
product was based on obsekQationSHOf}the11aydown oberation'to-
gether with a'prbgram of tests designed to‘determiné the
relative density and Qdids'leQel achieQed; Evaluation of the
degree of in-place compaction was based on nuclear gauge relative
density measurements and the analysis of dri]led Cores,»the core
“locations being keyed to sﬁecific deliveries of materials haVing

known Marshall properties.



PART TWO: PLANT EQUIPMENT AND OPERATION

2.1' GENERAL |

| As prev1ous1y noted, the pav1ng contractor at the Sportsplex
’project used a Boe1ng drum-mix plant, Model Series 600. to Hroduce
the more than 250 000 tons of bituminous m1xtures required for
access road and park1ng lot construct1on. | 'k

The Sportsp]ex drum-m1x unit was evaluated by the- St;te

of'New York on 3,1974 Interstate Highway proaect(g).f Subsequent“‘
" to the New York eVa]uation, the‘contraétor opted to modify the
‘plant‘s.asphalt de]inefy system. specifically, the location at
‘whicn asphé]t cement is introduced into the drum-mixer was changed»n
from 6 to some 16 feet from the burnernend of the drum, This
. wasvapparent1y’done as a precéutionary measnre to a]]éniate the
‘potential for oxidizing the asphalt. | | E

~The contractor elected to stockpile about half the total
_qdantity'of aggregate required for this work at the p1ant'site
» prior to the start of production. This early stockbi]ing was
apparently Undertaken 1nVCOnsideration»of‘the size of the project
‘and tne hfgh»produétion-rates anticipatéd for the drum-mix p]ant.
- A]thbugh Varibus thicknesses of plant mix were specified
for fhe Sporfsp1ex‘work, a total thickness of 6 inches of bituminous

concrete was typically requiked. This total was_comprised of
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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’aggfegate 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

2.2.1 Plant Layout: An_overview of the Sportsplex plant layout

~is shown in Figure 2.

Figure 2: Overview of Sportsplex Drum=Mix Plant
("1eaning 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 Charging Aggregate Bins: The proddction 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 stbckpi1és to thé 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 éohtained fhevparticular coarse aggregate (3/4 or 3/8 1inch
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 Materials: 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
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>*essent1a11yfthe same'gradation‘as:achieved atfthe\bins.

:The~meter1ng oftghadedtwet aggregates-from‘the individual

- bins into the ‘desired m1x proportions is ach1eved by the combina-
~tion of var1ab]e speed belts and bin gate openings. More
spec1f1ca11y, the bottom of each b1n has a mechan1ca11y adaustab]e

ugate,‘and directly under each-gatesopen1ng there is a short

"Feeder" conveyor be]taas‘shown in Figure 4. Thus, the volume

.»_Figune 4: FeédétfandthT1ector Belts

.of mater1a] f]ow1ng from a bin is dependent on both the speed

of the feeder belt and the gate open1ng The spec1f1c b1n gate |
'»open1ngs and feeder be]t speeds necessary to de11ver a total

- volume of Flow corresponding to the des1gn_proport10ns by

ﬂSiﬂhE fbr a given mig are_initially estabjished when the p1ant

is calibrated (i.e.,‘pribr to the staht,of}production).
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From the four feedér_belts. the materials fall onto a
"collector" belt which travéls under the full length of the fodr
‘bins. The electrical fixtures shbwn in Figure 4fhou$e various
input and output devices which re]ay belt speed signals to’and

o 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 frbm
Collector Belt Onto Main Feed to Drum=Mixer



2.2, 4 Aggregate Weighing and Asphalt Supply System Figure 6

shows the composite wet aggregates on the main conveyor be]t to
the drum-mixer. As noted ear11er, the aggregate meter1ng and
b]end1ng process is complete, thus, final m1x gradat1on 1s essen~
: tially estab11shed at this point. Here, the f1n1shed wet ag-
gregate b1end is weighed for the f1rst and_lez time by a contin-
vuous_read1ng device (load-cell) pos1t1oned about m1d-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 proportioning is on a dry weight basis, an adjustment
~for moisture is méde by means of a dial setting in the control
room to obtain a dry aggregate weight; An e1ec£rohic signal
‘répfeéehtihg the dry aggregate weight is interlocked with a

. positiVe}displacement asphalt pump to maintain the desifed asphalt

content during mixing.

'2.2.5 Drum=Mixing: The heart of the process =- the drum-mixer --
is shown in Figure 7. The equipment shown at the left of the
drum-mixer -is a Genco burner unit with a rated capacity of some
200 million BTU/hour. The burner flame is shielded or redirected

50 as to prevent direct contact with the material,

Figure”7: Drum=-Mixer
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The:drum-mixer»ﬁs simi]ar‘in configuratfon'to the:dryér :
un1ts used at convent1ona1 batch type plants The major
‘_d1fference between the two 1s that a drum-m1xer entails
"parallel flow" operat1on (i.e., the aggregates,f]ow in the :
same direction'as7the~burner f1ame) whi1e in a typiCal |

'dryer, the f]ame and' aggregate flow are in oppos1te d1rect10ns .

~ ("counter f]ow")

As the b1ended aggregates enter the (10"x 40') drum, a
series of mixing f11ghts, 51m11ar to 1arge p1eces of angle 1ron,
~catch and cont1nuous]y ag1tate the mater1a1 as the drum rotates.
‘At th1s po1nt the aggregates are part1a11y dr1ed by the sh1e1ded
flame. When the aggregates are about 16 to 18 feet 1nto the
drum -- and in the presence of hot burner gases - an ;ppro--
pr1ate quant1ty of asphalt for the g1ven mix and product1on

rate is 1ntroduced by means}of,a spray,bar. .

2. 2 6 M1x Storage and De11very The hot-m1x ex1t1ng the drum

d1scharge is transported by means - of a s1at conveyor (hot
‘ e]evator) to a surge-bln where 1t is subsequent1y we1ghed and

'fd1scharged_1nto trucks for de]1very to the paylng s1te'(F1gure 8).

'2”3LuPLANT INSTRUMENTATION

2 3.1 Ovethew‘of‘COntrol Room'Panel‘ The VariouS‘oontrol

“1nstrumentat1on for the dryer drum process was d1sp1ayed on a ;
’conso1e housed in a tra11er 1ocated near the burner end of the

'drum-m1xer, As shown in F1gure 9 there are ba51ca11y three E



Figure 8: Mix being Discharged from
- Surge-Bin into Delivery Trucks."

Figure 9: Overview of Plant Control Console
at Sportsplex
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segments to the operator's control console. The center portion
contained varibus indicator lights (e.g., burner, Conveydr ‘
belts, etc.); and‘are fhus primarily the concern of the producér;
The two outer sections of the console display 1nformatibn thétv
would be of considerable interest to a state plant~inspecpor,

and consequently are described separafer in the tw0'sub$éqfions.

-to follow.

2.3.2 Temperature Controls; “The right-hand section}qf"the

control panel, shown separately in Figure 10, containsivariéqs
types of temperafure control and recordation equipment,"ﬁor
example, the ciréu]ar plot shown in this segment of the panel

continuously records the discharge temperature of the mix.

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

, offthe operator's. console contained the plants total and pro?
.- portional controls. This instrumentation is shown in closer

- detail in Figure 11.

Figure 11: Total and Proportional Controls

a Total control refers to the plant's overall production
rategin'tons;pernhour, while proporfiona] control pertains to
thehrelafivé quahtity‘of'éggregate fed from each bih and the
percenfage‘df'asphalt'cement added.‘ In ordefvto maintain
positive proportional control when the production fate is
changed; fhe-feed raté from each bin (as indicated by the re-
spective feeder belt speeds) and the rate of ‘asphalt delivery
must automatica]Ty adjust toffhat fequired for the given total

0utput. The total output of the plant is varied by the master
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’ feéd control shown at the 1bwer'r1§ht in nguré 11; The studied B
plant had a rated gapacity of‘300‘to 600 tons per hour. | |
. s ' - At this p1ant.vyerificatigﬁ of ihe:prodUction rate‘
(controlled by thefmaster feed dial) fequired-a calculation
| - based on the two réte méter dispiays shown in the upper-left
portion of Figure'll. That is, thé delivery rate of dry‘aggre-
~gate in tons‘per hour must be added to the asphéltycement
»delivery rate'(convérted ffom gal/min to tohs/hr), The output
: df the‘abQVe two rate meters can also be used to determine
whether'the inStfumentation is inherent]y’in‘aécord (i}e., in .
restving whether the percéntage.of}asphalt being introduced
| info the mix based on dial readings is in fact the desired 
percentage). As will be described later, such obvious (albeit,
- | rdugh) checks}Can indeed be usefu]Asincé cértain of the»control '
| instrumentation used at the Sportsplex was not internally
cohsistent. |
| The four dials and indicators in the,uppef-right}portion
- of Figure 11 are theiaggregate,proportionihg controls for the
‘individual bins. - The main difference between the'total aggre-

gate output disp]ay and these proportional indicators is that

the tota]-aggrégate feed rate is expressed direct1y in tons
per hour}Whife the bin feed rqtes are displayed aS belt speeds

¥ in revolutions per mﬁnﬂte. Awgigggg determination of the quantity
of materia1, in‘t6ns.per hour, being fed from any bin thus can-‘

; ‘ vnot be obtained}from these proportioning indicators. In practical

‘effect, if éChieving the mix design required "X" tons per hour
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from a bartitular bin, neither the plant inSpector‘nor a casual? g
'observer would know if the bin in quest1on was 1n fact de11ver-'

ing the required "X" tons per hour- from the contro] 1nstrumen-

' :tat1on. In order to obtain the de51red 1nformat1on -= that

is, whether the p]ant is in gradat1on control -- wou]d requ1re
: know]edge of the current plant calibration data.*
'  The researchers were not present when the SpoftépleX'

p1ant_was calibrated. In general, the_ca1ibration proéedureAﬁ e
for dryer-drum plants involves running the Eroject}materials
 from each of the bins (individually) thru the plant or divert-
ing them into a truck for a fixed period of timé with a givéﬁW‘ . 
gate opening and belt speed and then weighing to determine the:y
tonnage delivered. 'Thié-procédure is repeated fofxvarious'be]t” 
speeds so as to establish sufficient poipts~to plot a calibra- .
:tion chart for gggn,bin'depicting-the tons per hour de]iVered_

f&r pérticu]ar RPM settings. These charts are then used in.
HconJunct1on with design proport1ons to determine the 1nd1v1dual‘
b]n RPM settings necessary to produce the g1venvm1x gradat1on}

for véribus producfion rateé. |
| The deéired'asphalt percentage is set mahua}]y using
“the knob shown.directly,underneath the asphalt rate,meter‘dise
play in Figure 11. The smafl box in the center portion of this

figuke:tota]izes 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 provide a
direct readout in tons per hour for each bin. This alternate
arrangement will be detailed in subsection 4.3.3.
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of asphalt cement used each day. Th1s 1nformat1on prov1des a

vmeans for detect1ng grgs_ dlfferences between the 1nd1cated

and»requ1red quant1t1es of aspha]t cement Such a. check 1s ac-."

comp11shed by compar1ng the quant1ty d1sp1ayed on th1s dev1ce |
(converted to tons) at the end of a g1ven day to the theoret1ca1

tonnage ofvasphalt cement‘requ1red based on the‘quant1ty of-mjx
produced that day~and'the mixture's design asphalt cohtent

| The sma]1 knob shown just to the Teft of the percent

v AC d1a1 is set manua]]y for the amount of mo1sture 1n|the comb1ned

aggregates as determ1ned-from the resu]ts of convent1ona1-1ab-

. tests.; As noted ear11er the sett1ng on th1s dev1ce adJUStS the ,

tota1 wet’ we1ght of aggregate flow to a dry we1ght wh1ch 1s then g,/

; re]ayed by e1ectron1c s1gna1 to the aspha]t pump ‘_i

: The need]e d1sp1ay shown 1n the 1ower r1ght port1on of : E"
F1gure 11 prov1des a cont1nuous mo1sture measurement from a |
probe in the sand b1n. Th1s d1sp1ay was used as a secondary or‘v |
back up system to 1aboratory determ1nat10Ls of the mo1sture
conta1ned 1n ‘the comblned aggregates. Th1s need]e d1sp1ay was
‘prov1ded S0 that 1f a sudden surge of wet or dry sand d1ffer1ng
ffrom rather extreme pre -set low and “high' mo1sture values was

f encountered a s1gna1 wou]d be act1vated to warn the operator

2. 3 4 Plant Output Controls: The 1nstrumentat10n prev1ous]y

descr1bed dealt predom1nant1y w1th rates of product1on. The_un1t'
shown 1in F1gure 12-is-a tota11zer which accumu]ated the tonnage
of wet aggregate that had’passedyover:the belt scale since the

"~ start of production.
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 Figure 12: Digital Totalizer

. Use of‘thfs aggregate tota]izerrreading‘(converted to

a dry weight basis) together with that of the aspha]t totalizer
(converted from bump revolutions to'tons)‘provides a bésis for
calculating both the total daily toﬁnage’of mf£ produced and

its asphalt conteht. Comparisoné'of the fonnage of mix based

~on these contro];console readjngs to the proven weight of material
produced as measured at the sca]ehouséprovides a plant inspecfor.
with a rough_check on the adequaéy of the control 1n$truhenta-
tion dn a daijy basis. For theveight‘tegt days at this particu-
lar plant, such gross comparisons fevea]ed differences between
the contrq]\room and scale-house dai1y toﬁhage which ranged from‘
abbuﬁ 1/2 tb 8 percent (i.e., up to 266 toné).» The apparent
causes for this diépérity_and the effect on the finishéd prOdutt‘

are detailed in subsection 4.2.4.
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2.4.].'Plént“Produdtioﬁ:‘ One of the major advantages of the dryer-

drum -process is its high‘productidn‘capébi1ity‘fe1atiVe‘to_

conventional plants. The total tonnage and the average production

ratevfor“each‘day thé/fu11‘reseafch testing'brdgrém'was'apb1ied

at the'Spprtsp1ex*pr9j¢Ct[aEeipfésented‘1q Table 1.

~ Table 1: Plant Production Data

1
S

Test
Day.

: Mixturé s

Total

'j Hours
Worked

- Total
- Qutput
_ ftons) |

Average

|Production Rate|

N G e W N

o)

Binder -
“ Surface .

~Surface

: Binder

‘Surfaceklv
* Binder o

Surface

- Surfaéé‘k

= 7{33} 
- 8.50
N 8;67 g

- 8.25

1,553
2,955

3,388
2,637

584

Sz
o 3;680

1f,21z

o280
a1

o
353

. Totals

‘Averages

-

Bi?j..mmm_,m —

| 16,593

- 2,766

b .

3%

3Based on tota1'e1apsed time,'inc1ﬁding'moderate‘down-times -

(typically 1/2 hour per day).
overall average production rate of 355 tons/hr

b

Days 6 and 7 excluded.

If down-time is excluded, an
}is inaicated,

(tons/hr) |
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As shown in Table 1, daily production tOr the drum-mix

plaht ranged from 1,553 to 3, 680 tons'and averaged about 2’800
tons. The data for days 6 and 7 was exc]uded since they 1nvolved
Jow product1on, stop-and- go work (e.g., mix for sidewalk areas)
and/or inclement weather. The average tonnage rate for these

six days was about 330 tons/hr.-‘As mentionedbear1ier, a daily
‘high of some,4,500-tons was reportedly achieved during the |
'Sportsplex WOrk In comparison to the average da11y product1on
for a “typ1ca1" convent1ona1 batch type plant 1n New Jersey, o
: ‘;the average output of the drum-mlx plant for the six study days 1

’ represents about a two-fold 1ncrease.

_2,4.2 Mix Temperaturei Mix temperature data obtained'during S

each day of this evaluation is presented in Table 2.

e~Tab1e 2: Mix Temperature‘

Binder Cours_ea Surface,Coursea
‘Mix Temperature (°F) o | Mix Temperature‘(oF)'
;Day Range X ‘ ~ ] Day,.v ‘Range: | % | N
1 |2-270f 2,2 | 7 || 2 |2s0-275| 257 | 6
4 | 230-260f 204 | 16 || 3 |25-305| 251 | 8
© 8 |2s5-250| 24 | 18 || 5 |220-255 | 242 | 12
| 6 | 225 -255 | 240 | 4
7 |225-250 | 239 | 6
9 227 - 242 | 235 | 5
Wtd. AVerages' | 237 | o - | 2s4

. : B
Drum and truck temperatures have been comb1ned s1nce
: no s1gn1f1cant d1fference was observed. =




1.

aTemperaturestuere taken at tWOllocations: ~at the discharge end
of,the drum4mixeriand,fromvtrucks. As shown,tthe»temperaturés o
of the btnder 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
b1nder and surface course was 237 F and 244 F respect1ve1y
The average mix temperature measured at- the drum d1scharge was
about 245°F | R
While mix mo1sture is, of course, not solely a functlon
of d1scharge temperature, cons1der1ng that the average tempera-
tureyof the¥Sportsp1ex°mixes were‘aboutv50°F‘be1ow'that of con-
ventional miX; aysurprisingly 1ow'guantityfofjmoisture mas B
retained invthe_fintshed'mix.f Spectfica]ly,ithebmoisture
content'ofimixture‘sampTes obtained for thﬁs study averaged

0n1Yiab°Ut 1 percent. P ‘ S
| | , o | . ‘
2. 5 FUEL CONSUMPTION - _ L

The energy cr1s1s of 1973 brought to 11ght the necess1ty
’ [
for conserv1ng a1] ex1st1ng forms of energy In 11ne-w1th th1s,

'»the federa1 government‘has encouraged states to adopt appropr1atey
energy conservat1on measures in the product1on of b1tum1nous
mlxtures, ‘As prev1ous]y 1nd1cated in this report, one of the
economtc benefits attributed to the dryerfdrumvprocess'is reduced
fueT’costs. That is, since drum-m1xes are normally produced

at re1at1ve Tow . temperatures compared to convent1ona1 plant

~mixtures, a general fuel sav1ngs is realized.



N A contractor S representat1ve prov1ded ‘the necessary v
""x1nformat1on to perm1t a rough compar1son of the fuel requ1rements
dfor the stud1ed dryer-drum process to those of convent1ona1
5p1ants.- Based on the data prov1ded -- which represented over 20
percent‘(Or'about 56,006 tons of mdx) of the total quantity.of:
‘bituminous concretexrequired for this project —e an average of
1;37519a110ns'of fue1'was consumed for each>ton of:mix'produced;c‘
Informat1on obta1ned from two convent1ona1 plants
indicated a rather ]arge range in fuel requ1rements (1 e., from
1.6 to 2.38-ga1/ton). However, a reduced fuel demand is indicated
for ‘the drum-mix process even when compared to the lgﬁest value
reported for the convent1ona1 plants (1.375 vs 1.6 gal/ton)
.Based on the 1atter comparison then, a conservative: est1mate of
_the fue1>reduct1on would be 0.225 gal/ton. For a moderate day's
| product1on, say 2 000 tons, this would resp]t in a savings of
‘some 450 gallons of fue] - Obviously, the nnd1cated fuel reduct1on
for the drum-mix process reflects part1cu1ar cond1t1ons (e.g.. ’
eff1c1ency>of burner equ1pment amount of aggregate mo1sture,‘mix '
temperatures) encountered at the Sportsp]ex and must be v1ewed |
accord1ngly. The ‘actual rate of fue] consumpt1on by the dryer-drum
process on another proaect can be expected to vary w1th the

'prev1ously 1nd1cated factors.




=53~

2.6 POLLUTION CONTROL

The studied dryer-drum plant complied with both state and
federal government environmental protection criteria. In
New dersey, the spécif{ed maximuﬁ limit for particulate emissions
from an éspha]t plant is 15 pounds per hour. At the Sportép]ex,
‘thj; requirement was satisfied by equipping the drum-mix plant

with the wet scrubber system shown in Figure 13.

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

3.1 GENERAL | |
| The samp11ng and test1ng procedures empToyed in th1s research
were generaTTy the same as standard 1nspect1on pract1ces used at

‘convent1ona1 aspha]t pTants. However, due to the nature of the

“‘dryer-drum operat1on and the part1cu1ar needs of th1s study, some

’non rout1ne methods of obta1n1ng, stor1ng and test1ng sampTes
j;/were requ1red The pr1nc1pa1 purpose of th1s report sect1on is

- to outT1ne those non rout1ne procedures.», ‘

3. 2 AGGREGATE SAMPLING

The raw m1nera1 aggregates were samp]ed and tested for
: gradat1on and mo1sture content as 1nd1v1dua1 stockp11ed mater1aTs
and as-a compos1te bTend e _‘}_ o |

The var1ous stockp11es of sand screen1ngs, and coarse‘
aggregate were. sampTed tw1ce per day (morn1ng and afternoon)

In order to prov1de a d1rect ba51s of compar1son between

. the aggregate gradat1on enter1ng and ex1t1ng from the drum dryer,

the" samp11ng of the aggregate blend enter1ng the dryer was timed -
- to co1nc1de w1th the tak1ng of m1xture sampTes at the d1scharge
end of the drum.‘ GeneraTTy, these two types of sampTes were.

'taken w1th1n severaT m1nutes of each other.
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The,composite aggregate sampTes were obtained using‘the '
adtohatic sampling device éhown in Figures 14 and 15. _This device
consists of a chain-driven sampling trayfwhich intercepts thg
sfream‘ofycomposite aggrégate as it drqu from the bin collector
belt onto the main feed to the dryeredrUm andvdeposits the

sampled material into a receivingrhdpper.

Figure 14: Auﬁbmated Sampling Device

F‘v re 15: Sto~eAétion Photo of Sampling Tray beginning
o ~ to ?ntércept Stream of Combined Aggregates.
Note spray of fines. A

(
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33 MIXTURE SAMPLING

The character1st1cs of the f1n1shed b1tum1nous m1xtures
produced at the SportspTex pTant were determ1ned from tests '
'nperformed on two genera] types of samp]es ' "Drum" sampTes obta1ned
‘at the d1scharge end of the m1xer and "Truck"‘samples from proaect
_de11very veh1cTes. - | | |

Truck sampTes, obta1ned at the rate of one sampTe per 3 to '
4 hundred tons of product1on, are the convent1ona1 bas1s for
determ1n1ng conformance w1th New Jersey s spec1f1ed b1tum1nous o
concrete gradat1on, aspha]t content and stab111ty requ1rements.-
\yJWh11e such sampTes wou]d thus be used to gauge the qua11ty of the

‘product on any future Department of Transportat1on drum-m1x | |
-'prOJect, 1t was fe]t that echus1ve re11ance on truck sampTes SN
| might confound the resuTts of th1s study. That is, since the

character1st1cs of truck sampTes obv1ously refTect the 1nf1uence :

' -f of var1ab1e hon1ng t1mes 1n the storage s1To -- more part1cu1ar1y,

p0551b1e segregat1on and penetrat1on Toss .- such sampTes coqu
obscure the true "as produced" qua11ty of the drum-m1x. The purpose
eof ‘the drum sampTes was to prov1de the most d1rect 1nd1cat1on of
'f'the character1stlcs and qua11ty of the drum-m1x product e11m1nat1ng :
- 1the storage s1To as a poss1b1e var1ab1e | n |
_ Samp11ng at the d1scharge end of the dryer drum is not a
T‘standard procedure consequently, there were no ready-made "J‘
‘prov1s1ons for such work To ensure the safe tak1ng of a tru]y
"representat1ve samp]e, the equ1pment‘and set-up shown in Flgures

) -l 16 and 17 was empToyed F1gure 16 shows the spec1aT (w1de) samp11ng




Figure 16 : Mixture Sampling and Shaping Equipment

~ MATERIAL
FROM
DRUM

TO SILO

Slat
Conveyor

Solid Rod

Figure 17 : Sketch of Supporting Arrangement Used In Obtaining
Mixture Samples at Discharge End of Drum
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Shove1'used Thls equ1pment was W1de enough to 1ntercept the full
t stream of f1n1shed mix d1scharged from the. drum onto the 1ower
~ end of the storage s11o e]evator F1gure 17 shows the s1mple
- set-up used to support the shovel (and thus prevent personne]
',1nJury) dur1ng samp11ng The support1ng arrangement cons1sts of
‘, two stersvof f]at,meta]_stock hinged on a so11dtrodbattached
" to the slatfconveyor eno1osUre. During’sampting,‘the'shovet was
‘sl1d up the f]at meta] supports wh1]e they were in the pos1t1on
‘shown. After samp11ng, the support1ng str1ps were moved as1de |
_ by s11d1ng them a]ong the so]1d rod to the s1des of the enclosure.
Drum samp]es obta1ned by the above-descr1bed procedure

were p]aced on a steel" p]atform, tested for temperature and then

R quartered. Two of these quarters were 1mmed1ate1y mo]ded 1nto :

» =f*conventiona] eXtraction and‘Marsha11'specimens. The third sample

7;fract1on - used to determ1ne the propert1es of the recovered '
iyaSPha1t - was shaped frozen using dry 1ce and stored 1n a

styrofoam chest (F1gure 18)v (On de11very to the 1aboratory, and

- after every 1ntermed1ate stage of " test1ng, these recovery samp]es

"were stored 1n a freezer s0 as to preserve their "as produced"
character ) A onefquart sample of the remaining mater1a1»was

sealed in a‘tared'Can;'weighed and subsequentiy tested for moisture

»content These (non standard) mo1sture content determ1nat1ons were :

"‘fbased on the we1ght 1oss on: heat1ng for 3 hours at 325 F Thei

},latter temperature was selected s1nce 1t is the same as that used
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in the thin-film oven test and thus provides some assurance that
the extent to which volatilized asphalt ié'erroneousiy'reported"

~.as moisture will be minimal.*

Figure 18: Shaping and Freezing of =
" Asphalt Recovery Samples.

*The max1mum a&lowable 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 woula correspond to a maximum loss -of on the order
of 0.05 x 0. 005 = 0 025% by we1ght of mixture.
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‘,'j"PART FOUR: FINDINGS

4.1‘ GENERAL APPROACH 10 THE ANALYSIS OF DATAszV B
| G1ven that the pr1nc1pa1 purpose of th1s study is to

feva]uate the capab111t1es of the dryer drum process, the parameter_

of maJor 1nterest in: certa1n of the subsequent analyses is the
- n1form1ty of the f1n1shed product (1 e., the process standard

dev1at1on) rather than@the part1cu]ar meanf‘est va]ues.. Imp]1cit

‘1n th1s approach 1s‘that 1f the var1ab111tyx_f"m1xtures produced
: by the drum-m1x process and convent1ona1 p1ant systems are com- ,
“parab1e, comp11ance w1th current New Jersey Department of
'Transportat1on acceptance 11m1ts based on the convent1ona1 process

.mlght reasonab]y be expected with normal process contro] (e.q.,

' ca]1bratlon). Th1s is not to say, however, that a compar1son of
“the:project mean test resu]ts to job m1x'va1ues 1s unlmportant |
'Determ1nat1on of the factors caus1ng any observed JOb m1x formu]a
‘"m1ss" prov1des a spec1f1c 1nd1cat1on of requ1red process adJustments.
'. To some extent th1s emphas1s on process var1ab111ty in the
- analysis of data was d1ctated by the fact that the spec1f1cat1ons
ﬁfor the Sportsp]ex pav1ng d1ffered from those convent1ona11y |
, app11ed to New Jersey Department of Transportat1on proaects ‘For';
‘.,examp1e, 1n th1s work the compos1t1on of the f1n1shed product |

~'(gradat10n and aspha1t content) mere]y had to comp]y w1th the
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vDepartment of Transportat1on s master des1gn Timits rather than
'w1th the usual, more restr1ct1ve, Job-m1x formula to1erances
jAdd1t1ona11y, the proaect spec1f1cat1ons~conta1ned none of the
usual Department of Transportat1on provisions for reduced payment |
in - the event of non- conformance w1th the var1ous acceptance
parameters. S1nce the New Jersey Department of Transportat1en _
,acceptance criteria did. not in fact apply, some of the follow1ng
o ‘analyses are of necess1ty d1rected at determ1n1ng 1f the usua]

to]erances‘could be metr

4.2 ASPHALT CONTENT -

~v4.2,1 Nature of SampTe: As indicated in Table 3;vthe asphalt -

content determinations made in this work.comprised tests on a
total of 82 mixture samp]esfobtained’on nine]prodUctibn‘days.

~ Table 3: Summary,pf Mixture Aspha]t Content SampTinQ‘

}TOnnage o T NUmbereof:Samples
Mixture {Daysk‘v Daily 1Tota1 Drum 1 Truck :‘ fota]v
T Tested | - Range : o BT MR
Binder ) 3 | 3700 | 8600 | 24 A B
Surface»v ) : 3,000 11,500% . 25: A 16 ] 4]
TOTALS | 20,100 “,49_n' "l'“335; ‘;a: 82

*On test day 9 only a port1on of the day's product1on was samp]ed
Est1mated fract1ona1 sample 2 000 tons
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 The test days were random]y selected over a three month per1od
Ind1v1dua1 truck and drum samples were obta1ned at an average

. rate of one samp1e per 365 tons from a total of some 20, 000

‘ tons of mix. |

4.2.2 Variability of Asohalt’Content° The mOSt recent
(10)

comprehehsive analysis of the compos1t1ona1 var1ab111ty of
New Jersey b1tum1nous concrete was performed in 1972 At that .
t1me, ana]ys1s of more than,a thousand aspha]t content determina-h
_tions-yielded average'Standard deviations for our bihder ahd'surface
mixtures which’were nearly idehtica] at about 0.26 perceht. ‘The
‘average observed difference between the design}asphajt content‘
and_proddction,mean Was‘0.12vpercehthfor_binder ahd 0.17 percent ]'
dvfor surface mix., ’:} d | | |
Ana]ys1s of the extract1on test results obta1ned in th1s
study:(pTotted in F1gureﬂ19)‘1nd1cates that the percentage of ‘
aSpha]t‘in successive samp]estof-fthished‘drom-mix’is of very
comparablevuniformity‘to‘the,described historical datalfor
"COhvehtioha11y\produced‘simiTar mixtures.v Spec1f1cally, the
standardhdeviattoh of,the combfnedtb(truck-and drum) samp]es of
binder‘c0urse]is about equal to that historically observed for

the "average" conventiohal plant (0.23‘ver$us,0.26%),;whi]e the

*Poo]1ng 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 statistics for
the two types of samples at the 95% conf1dence 1eve1 '
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,Figure 19: Asphalt Content of Finished Drum Mlxtures
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var1ab111ty of the surface mix is only sllghtly higher (0 33

N versus 0. 26%)

It is apparent from F1gure 19 however, that the mean asphalt
icontent of each of the Sportsp]ex drum-m1xtures is s1gn1f1cant1y
1omer thanvthe-Corresponding{job-mixyformu1ar Invparticulari the'
observed differencestbetween the production means and design
vtarget Values‘for‘surface,ahd btnder course (0,40‘andv0.45%,
respectivé]y) are more than two‘and three‘times greater than the
p departure typ1ca11y observed for s1m11ar m1xtures produced by

convent1ona1 plants..

4, 2 3 Expected Conformance with Department of Transportat1on

' Acceptance Cr1ter1a On New Jersey Department of Transportat1on

‘,proaects, the mean aspha]t content of a m1xture Tot is acceptable
‘1f the f1ve-samp1e average is within 0 45% of the design asphalt
content For the Sportsp]ex Job-m1x formula, th1s would mean
that the f1ve samp]e average for a .given lot wou]d have to be at
least 4.25% for the binder and 5.05% for the surface course to
be considered acceptable according to the‘usoalh(Veréus the:actual)
: spec1f1cat1on cr1ter1a. Considertng that the observed'overall
‘average for each of the samp]ed drum-m1xtures e1ther exactly or
,:approx1mate1y cotnc1ded with the respect1ve lower acceptance limit,
it is obvious-that many (rough]y, ha]f) of the sampled 1ots'of
' eachtmiXture woqu‘havehbeen‘considered deficientvin asphalt

>EEQ the Department of Transportation tolerances in fact been.

in:effectﬁ
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S1nce the samples obtalned in this work represent only a

g fract1on of the tota] product1on at the Sportsplex, it is not
possible to.‘jrectlx apport1on the samples into actua1 (1500 + ton)
.acceptance 1ots and determtne the specific extent of non-conformity.
‘Simp1y, giVen the natdre‘of the research sample, it is not pcssibie
to determine with which additional four samples a particular

sample shdu]d be grouped for acceptance pUrposes.

Notw1thstand1ng the above, it is poss1b1e and useful to
_prov1de at least some part1cu1ar1zed 1nd1cat1on of the extent to
which the sampled material departed from the convent1ona1
- .acceptance criteria.' That 1s,'given\thegunifornity of the asphalt

‘cqntent data, it seems‘reasonable to assume that for purposes of
vsinu1atton,‘successive samp1es of each mix might be considered to
be from‘consecutive production days (i.e.,'assuming no time gap
~existed betWeen test days). OnCe'this assumpticn is made, it is
dposs1b1e to apport1on the extraction resu]ts into simulated
acceptance lots by calcu]attng runn1ng averages of f1ve, represent1ng
a]] poss1b1e consecutlve five-sample averages. Using this procedure,‘
N samples y1e1d N- 4 1ots to wh1ch the acceptance criteria may be
app]1ed, ‘ | |

As:shown in Table,4, applying this‘sinulation procedure to
,the Sportsplex asphalt content data indicates that nearly ha]f of
all the 1ots'for eachtmiXture would be unacceptab1y Tow in average
asphalt content As suggested earlier, this result was generally
quite forseeable since the average asphalt content 1evels were soO

close to the Department s lower specification limit. If the
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stud1ed mixtures had in fact been presented for acceptance on a

New Jersey Department of Transportatlon proaect the 1ow asphalt

‘content lots would have been expected to result in payment

reductions of two percent of the bid price.

(New Jersey Department

of Transportat1on spec1f1cat1ons prov1de for three penalty levels

2, 5 and 10%.)
Table 4: Simu1ated‘App1ication of DOT Composition -

’ACCeptance Crtteria to Dryer-Drum Mixtures

-gnmbertog Number of Simulated )
imulate ‘Lots Deficient in . s

Acceptance Lots - Asphalt Content  |Deficient
1 Mixture Truck Drum ‘Total | Truck Drum | Total Percent

Binder 13 20 33 - 8 17 ' 15 45
surface | 12 | 21 | 33 | s no| e 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 dia]) was set to‘achieve the

o design aspha1t'ccntent

Notw1thstand1ng any differences between

the actual/usua] acceptance criteria app11ed to the mix then there

was clearly a shortfall w1th respect to the 1nd1cated and actual

_aspha]t contents.

As will subsequently be shown, this generall

'deficiency in asphalt content was due to apparent inaccuracies in
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both of the key elements of the dryer-drum propoftioning system
(i.e., the asphalt and aggregate delivery Systems). As it turns
out, the other factor affecting the composition of the mix -- the
’mo1sture correct1on factor applied to the wet aggregate -- played
a re]at1ve1y insignificant role.

One overall indication that sOmething was awry with the
proportioning controls at the studied plant was antocCasional,
sighificent_discrepancy between the production tonnage calculated
from control room equipment readings and the proven weight of
material measured at the scale house. |

If a dryer-drum plant is performing exact]y as intended,
the moisture content of the,b1ended aggregate is known and
" corrected fOr,’the weight belt is completely accurate, there are
no losses of the weighed materials during processing*, and the
espha1t pump delivers constant temperature asphalt at the calibrated
rate. Under these conditione,vthe tonnage of finﬁshed mixture
measured at the'plant scales and the plant output based on the

recbrded;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 system: Fines were observed to be lost
from the 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 1osses of weighed material (dust
collector fines) would have a similar, ostens1b1y negligible,

- effect.
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. regard to the,weightfof,residual moisture inbthe finished mix.

: “The ertent to which tﬁeee two measures of daily:production:

| tonnagendiffer thus provides an indication of the extent to whieh

“the process control eguipmentland}procedures depart»fromvtherabove-

described ideal conditions. | _

| Table 5 presents sach,a comparison between the‘input of

raw materials to the dryer-drum (based on contro] cbnsd]e'totalizer

,readingé) and'the output of finished mix (based on the aCcumu]ated‘

deliveries at the scale house). The part{cular compariaon shown,

is obviously the grossest type of check gn proportioning which

‘can be made:}'Inpuf,tonnage is expressed as the simple total of

aaphalt and wet aggregate. with no correction‘fbr aggregate

- moisture. When, as in‘Table 5, such a grossvcheck indicates that

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

producer‘mightvnerma11y be expected to be more than a bit con-

lcerned, When output exceeds abparent.input by more than;250.tohs

' (test day 4), the ﬁime:fo reflect on the equipment calibration

and/or operation has clearly arrived. _ v

| 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»(sca1e house

“.data)'and the}raw'materials (control console data) was made for
‘}the‘eight test days on‘which the‘complete research testing'program
- was appiied; The defailed’calcu]ations invo]ved in this’input-

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

ouTRUT ~ INUT | DIFFERENCE
‘ - Tonnage of | Tohnégevof 1 Output
Test Mix Measured Wet Aggregate Less
| ecie | mOCHewa |
R ~‘1553   1 1526 27
2 | 20 | o 56
3 2055 | 2000 | a6
4 Cass | sz | 26
5 w3 | s | e
6 ss¢ | s,z | 2
7 973 | - f985f‘ NEN TS
8 3680 B9 | 13

of the 0u£put quéntity of the various constituents of the finished |
mix fof'a given_dayféntailed converting the de]ivered»weights 6f
~ (wet) mix to a dry weight basis»USingvrepreséntative}moisture ’
,‘Contents, and apportidning this quantity between asphalt and
aggrégate using the day's eXtraction.test results. Tonnage of
‘ asphéit input‘is calculated by app1ying'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 biended aggregates to the (wet) aggregate tota]izer
readings,. This research test data (rather than the producer S |
~ console moisture setting) is used to make‘the conversion since
such data‘(up}to'g testsvpér day) are believed to be the best
estimate of the'"true" moisture in the bTended aggregate.

- A summary of the appended ana1y51s of the output and
‘input tonnages is presented in Table 6. As 1nd1cated 1n the
tabulation, inaccuracies in both of the proportioning controls --
_the,asphait metering system and the aggregate weigh belt
f}system - apparent]y contributed'to the observed general deficiency
in asphalt content. That is, on 6 of the 8 test days, the
absolute (as well as relative) quantity of asphalt actuaiiy
incorporated in the finished mix is calculated to be less than the
amount shownion the control console totaiizer. On an average
~ basis, the controi console readings for the asphalt input are
indicated to be erroneousiy high by about:3 percent. CompOunding
the problem, the weigh belt tota]izer.is indicated to have

}consistentiy_yieided erroneouSiy lEﬂ readings. Since the delivery

of asphalt to the dryer-drum is keyed touthevaggregatetdeliVery,
these erroneous]y iow readings ("missed" aggregate tonnage)

~ reflected as a concomitant departure'from'the intendedvquantity

- of asphalt in the finished mix. On an‘ayerage basis, theiapparent
inaccuracy of the signal from the:aggregate weigh belt amounted

to aboutv5.6 percent.




L 'T§51é36;f,Summary;Comparison 6f'Tonnage of Mix_ConstitUents A7‘ScaJé HbusefVerSustbntkoimRbombf 

| Scale House _rf ;;;, Control Room 11 :“',:Differehce$‘(bUtpuf-iﬁpht) 1- S

.'Tonnagej{ . CéléulatedfCoﬁstituents'" L e
’ Y S - .Asphalt |~ Aggregate’

b o o e 0 of Mix, Tons
fTest |~ (Wet) p————T———

A Day | Mix | Mix ]

1. | Delivered

{| Tons AC" | Tons Dry ||
water[;';Asphalt”*},‘AggrggateQ’jm -+ | Supplied|| Tons |Percent | ~ Tons |Percent

1 | Binder| 1,553.0 | 16.9 | 69.3 | 1,466.8 | -~ 6s.7 | 1400.7 ‘|| 0.6 | 00 | 57.1 [ 3.9

"‘?:Tégsgb:oa:g  1.0 | 1223 | 22388 f| 127 | 2o || s | cas | osns | 17 |
|   2;9§4f9? ,;;26.4fff'z146.if_jrfi»z;782;4;; §i'rségé:Q;;Vizﬁlsgl,ﬁ7; +é;5‘ 'ff44g4; 'f;f164;31'f 5.9
4 | Binder , §;388.Qf} 2002 | wss | 52240 || 1401   2969;4  ‘ ‘?3;§7ﬁff:72i§jf'I' 314L6v’ffﬂg.s 
s | Top | 2,637.0 ‘26,15' f712§;otf_€ 'i2;481f9 53 133.9 | 2344.4 ;»}.;4;§f . ;43;8 :51 Mi37;$1; v‘S,$'¢"
o | o | ssea | sz | 200 | osees || osns | oss2s | a1 | e | 168 | s
7| top | ez | a7 | oseo0 | 014,04 ;i°"52.§ 1 891;81 'jf-2L§ > i?5§;&’;f*"éz,S'*' 25

8 | Binder| 3,680.1 | 25.6 | 150.9 | '3,503.6 || 160.7 | 3209.4 | -9.8 | -6.5 | 204.2 | 5.8

 ?[£-:

Totals | 18,150.5 | 148,0 | 841.3 ~ |17,161.2 || 868.4 | 16,206.3 || -27.1. | | 054.9

Overall Weighted* Averages -4 | -3,2]+158,9 }:5.6

v S | o | Binder -1.5 ~ Binder 7.0
*Bases of weighting are the scale house quantities, - . o DR | DR Top-_g;4;5v»‘:3 po"4;2_
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» An interesting general basis for assessing the above-
described relative errors in the Sportsplex plant proport1on1ng

contro1s is prov1ded by a recent]y promulgated AASHTO draft.
13)

spec1f1cat1on for the dryer-drum process.( In the'c1ted
- document, AASHTO proposes that the materials deliVery systems of |
dryer-drum plants shou1d‘calibrate tc within 1.0 and 0.5 percent,
respectively, oftthe true quantity of asphalt and aggregates’ |
de]ivery; The relative errors observed here exceed these

suggested 1imitations (and at least by 1mp11cat1on, good practice)
by factors of about 3:1 (aspha]t) and 10:1 (aggregate) " On a

more fundamenta] bas1s, it is 1nterest1ng to note that if a

dryer- drum plant were to be operated within these AASHTO gu1de11nes,
the suggested maximum a11owab1e proport1on1ng system errors would

be expected to affect the average extracted aspha]t‘content of a .

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

The spec1f1c ro]e that the observed 1naccurac1es in the

' Sportsp]ex proportioning system played in the acceptab111ty of the
finished drum-mixtures w111»be addressed 1ater. However, it 1sﬁ‘
'-considered appropriaterat this point'te'note thatvthe‘reader (or
’in future,}a plant inspector) may quicklyfeStimate the influence
of a giVen percentage nroportioning error on the final'asphalt
percentage of the mix by an eas11y remembered rule-of- thumb
,Namely, each + 1% error in g_x of the e]ements of the drum-m1x
proportioning system -- asphalt or aggregate de11very or moisture

content -- will affect the final extracted asphalt content | .
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bercentage by s]fghtly less than 0.01 times the design asphalt
content. App]ying‘this rule -- 111ustrated in Figure 20 -~ to the
respective errons'of Tab]e 6 indicates that theyinaccuracy of the
aggregate delivery system deoreased 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. (Examp1e>ca1cu1ation> |
‘(binder): &% AC = .01 x 4.7% AC x 7% error = 0.33%) In the case
‘ofvthe asghalt delivery system, the inaccuracy indicated in Table 6
reduced'the average AC content of'the finished surface and binder
m1xtures by about 0.25% and 0.07%, respect1ve1y.

Return1ng to the analysis, it is to be noted that the
1naccuracy in the asphalt metering system indicated in Table 6
is only one component of the overa11 asphalt de11very system error.
’ That‘1s, those calculat1ons reflect only the difference between
:the'indicated (totalizer) tonnage and the actual tonnage of asphalt
based on extraction results; they do not address the question of
whether the indicated quantity is in fact‘the required quantity.
In other‘words, not only must’we determine "did the aSphalt pump’
de]iVen the quantity indicated'on the tota]izer?"’but also "what
should the totalizer have read (and delivered) for the measured
quantity of aggregate?" The Tlatter question is reso]ved in
Table 7. | | | o |

In Table 7, the column headed "requ1red“ asphalt tonnage
'represents the quant1ty which should have been registered on the

| asphalt totalizer to yield the design asphalt content for the given
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Flgure 20: Effect of a Unit Error ("'I 0%) ln

_Any Element of The Dryer—Drum

Proportioning System on The Averag_

Asphalt Content of The qushed Mix
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A % ACXO. OIXACDX [Moisture + Pump + Belt % Errors] Where :
o VA%AC =Estimated Overall Departure from Desired Asphalt Content
Moisture Error(%)= True Aggregate Moisture Content(%)-Console Semng(%)

~ Pump E‘rror(°,/o)=

‘True AC Tonnage — Totalized AC Tonnage x 100% .

True AC Tonnage

Belt Error (%) =

True Wet Tonnage

I

Totalizer Tonnage — True Wet Tonnage x 100%

(i




Table 7: Componénts‘of‘Aspha]t.Metering System-lnaccufacx‘

~Tons Dry
Aggregate -

Aspha1tﬂTohnage-

* Asphalt Meterihg‘Errors,

Required

| Indicated

© Actual |

A AC];

Test_.
Day.

,Ca1cu1ated AT

From Totalizer
~Using Console

Moisture Setting B

‘ ACDEX~W

T:’ )

100 - AC,

~ :,Caltu]ated

~From AC

" Totalizer

| 'CaTCuTateqm:, 5
‘ From'Scale ;’"
| House Tonnage

Indicated -
Required

?',£SACH:

2
Actual -

; ?Jindicatédf’

, ’ é)TbtaT:

Actual -
Required

" Tons

}Percent* |- -

Tons

. Tons.

Percent* -

NS o A w N

©

1401.5
22200
. 2625.6
 2895.2
23604
']539.3'
'913.6
© 3280.8

o 69.1

129.2°
152, 8

- 142.8
137,90 |

3.4

53.2

162.2

68.7
127.7

152.6

140.7

133.9
31§3
52.9
160.7

69.3
122.3
146.1
143.8
129.0°
29,9
50.0:
50,9

0.4 |
-1.2
0.1
9

[ s
| 0.2
‘%__2:7
4.0 | 2.9
1.3
-0.6

0.4
- -0.3
1 -5

-006’ -

| -009?' ’

0.6
5.4
G
3.7
_54;9‘"
9

2.9
-9.8 |

1 -6.9
67
1 1o
- -8.9

3.2
1-1.3

0.2 0.3
5.3

4.4
0.7
_ &5

-1.5 4.8
126.0

"7 00“

Tota1$"

16,254.4

878.6

868.4

841.3

-10.2 | -1.2%

_27.1

37.3

*based’on AC required

**yeighted average

Binder.

Top
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‘(a1beft*erroneously1ow) aggregate tdtaliZer readings and.c0nsoie
'moistufe'settings. Comparison of ihese required_amounté’to the
totalizef quantity reveals that the totalizer quantity on 7 of 8
festvdays waé from about one-half to three pertent less than the
quantity actually required to achieve the design Acrcontent.
This instrumehtationierror -- amounting‘to an average of slightly
more than ohe‘péfcent -- when combined with the delivery error = -
" discussed in Table 6;'ke§u1ts in aﬁ indicated overall inaccuracy
in the asphalt metering system of slightly mbre than 4 percent. |

VWhile the described discrepancy between the réquired and
observed aspha1t totalizer-readings alone might be expected to
have a relatively minor oVefal] efféct on}kesu]tant'asphalt con;
tents (rU]e-of{thumb approximation: about 0.05%), it did have a
relatively significantfeffect on the acceptability‘of mix pkoduced.
on partﬁcu]ar déys.(e.g.,ftest day 5). In,any event, such a
discrepancy islc]early undesirab]é.inasmuch as it is symptomatic
of an inherentrintérnal inconsistency in the proportioning
controls. o v | |

~ Another factor generally affecting the quantity of asphalt
incorporated into the finisﬁed drum-mix is the moisture correction
applied to the blended faw aggregates. On thié prdjecf, réasonably
‘}close controlyof the'moisture correction prob]éh -- minimizing
undesirable differences between the console moisture setting and
“the "true" aggregate moistufe 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 ef‘one mix
(surface course), the moisture contents.selectedbfor proportioning
’gehera11y mitigated somewhat the effects of‘other proportioning
‘system inaccuracies. - |
The preced1ng point is 111ustrated by the data of Table 8.
_This tabdlat1on shows the d1fference between the console moisture
"settings for each productibn’day and the observed average moisture
in test sambles, together with'the‘reSu1tant effect of such |
-differenCes on the tonnage of asphalt added to the mix. As indicated
in Table 8, on the five test days onvwhich top course was being
: produced, the moisture settings USed'in‘proportioningfwere on
 the conservative side (i.e., an average of about 1% lower than'the
"true“ aggregate mo1sture content) - In effect then, on those days
the proport1on1ng system was "told" that a fract1on of what was
in fact water was instead aggregate, resulting in the addition
of more than the theoret1ca1]y requ1red quantity of aspha1t belng
added to the mix. On the other hand for the three test days on
‘which binder course Was,be1ngvproduced; the console mo1sture
‘ settings were‘sTight]y'(O.S%) higher than the test sample averages.
On thdse three days then, a quantity-of dry aggregate was "missed"
by the proportioning system (assumed to be‘water); resu]ting in
the addition of 1ess'aspha1t than the quahtity'theoretiéal]y
' requiredvfor'the»measured‘tonnage'of»blended~aggregate.
. 0On an Qvera11‘basis, uSe‘of the:indigated console moisture
settings rather thanhthe "true" moisture contentsvresulted in the

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



~ Table 8:

Inf]uence of Aggregate Moisture Content Correction Factor on the
Quant1ty of. Aspha]t Supp11ed to Mix

v Aggregate Moisture'Content, % ' o : ,

- " Measured _ — : Tonnage of Tonnage of Asphalt
Test Tonnage | o0 Observed O Dry Aggregate “Which Would Have
: f Wet : . Sample ' "Missed" due - f
Day 0 Setting, . ; Been Added If

| Aggregate M, Average, | M, less M. to Moisture Mo=M
: , o : : O (o o
| 145706 4 3.4 -0.6 8.2 0.4
2 | 2308.8 ' 4.9 0.9 -19.0 -1.1
3 2756.9 5 5.3 0.3 7.5 -0.4
g  2982.1 3 2.5 -0.5 2 0.7
5 2440.5 3 4.1 1.1 -25 SN
6 | = 550.1 2 3.3 1.3 -6.8 -0.4

7 ©931.9 3 4.5 2.5 -21.8 a3

g* | 3388.5 3 2.7 0.3 9.6 0.5

*denotes binder course production oo~ | binder -0.5" binder = 1.6

. " Averages top 1.2 __Tota1s top 4.7

-8
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required in the caée of the top course drum-mix and about 1 1/2

tons less than theoretically required in the case of binder.

In terms of the peréent;asphalt in the finished mix, the net
effect of tHe avefégé'console/tkué moisture differeﬁcés was to
cause a relafive'increase of about 0.06% in extracted aspha]t for
the top course and a decrease of about}0.0z%vfor the binder
materials.

In thé.preceedfng discussions of the percentage inaccuracies
of the studied dryer-drum proportioning system, some general
estimates ofithe role which such errors played in the observed
extracted asphalt content were made using a rd]eQOf-thumb
approximation. Table 9‘sﬁmmarjzes,the results of a more precise
analysis in this'kegard and expresses the influénce of the

metering system inaccuracies in a more fundamental and useful

format: Namely, the expéctéd effect of é]iminating particular

~metering errors on the percentage of compliant composition

acceptance lots. (Here again, "acceptability" is based on the
conventional New Jersey Department of Transportation criteria.)
The calculation details involved in deriving Table 9 aré

presented-as Appendix C. In essente, these calcu]atiqns are

~merely a recapitulation of the information previously presented
~in Tables 6 thru 8. For example, 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 quantity'Of,asphalt for the given (erroneous) weight

- belt readings and moisture correctiOn for each day. These
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Table 9: Relative Effects of Individual Proportioning System

Errors on Drum-Mix Asphalt Content Acceptability
A. ACTUAL MIX COMPOSITION

v ' . Average | Estimated %
- Course Diﬁ%fn Extracted ﬁ?g; Acceptable
v AC% Lots
Binder 4.7 - 4.25 0.45 50
Top 5.5 - 5.06 0.44 52.8

B. EFFECT OF PROPORTIONING SYSTEM IMPROVEMENTS
NATURE OF Expected O AC: % of Estimated %
IMPROVEMENT Course Average Expected | Observed Acceptable
AC% - Actual JMF Miss Lots
Eliminate . - ) . ;
Asphalt Binder 4.36 0.11 24.4 86
Delivery
System " Co
Inaccuracy Top 5.34 0.28 63.6 98.5
Eliminate R j
- Aggregate Binder 4,57 0.32 71.1 99.9
Delivery _ '
System . - ‘
Inaccuracy Top - 5.28 0.22 50.0 © 95.6
Use "True" Binder 4,27 0.02 4.4 57.5
Aggregate : * B S0t
Moisture
Content In ‘
Proportioning Top 5.00 -0.06 -13.6 35.6
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*:guantities are shown'in Tab1e‘7 The tabu]at1on of the expected
percentage of acceptab]e 1ots assoc1ated with a part1cu1ar |
/process1ng 1mprovement is derlved from propert1es of the
standard norma] d1str1but1on.

As indicated in Tab]e 9 wh11e an 1mprovement in e1ther |
the aggregate or asphalt de11very system would have improved the
re1at1ve acceptab111ty_of the compo51t1onllots, the aggregate
delivery system genera]1y p]ayed somewhat;the greater role.
Specifica11y, the aggregate metering'error amounted to about
-3/4 and 1/2 of the tota] JMF miss in the case of b1nder and ‘top,
respect1ve1y. The aspha]t de11very error would have been expected
to have eiiminated about 1/4 and 2/3**of the observed,JMF misses

for binder and. top. As a consequence, had the we1gh belt error

~ alone been e11m1nated the Sportsplex binder course would have

been expected to have been complete1y acceptab]evaccord1ng to the

conventional criteria, while the producer's risk of,unacceptable

|
I

*These calculations involve 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 asphalt content. In making such
estimates, it was (conservatively) assumed that the standard
~deviation of the product would not change 1f a particular
proport1on1ng improvement was made.

**The reason that the sum of the percentages of the surface course
JMF miss accounted for by the asphalt and aggregate delivery 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.
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top course 1ots'wou1d have been 1éss than two percent greater
than ﬁormé]. (New Jersey Department of Transborfation acceptancé
criteria are constructed with balanced producer's and cohsumér’s
“risks of 2.5 péfcent.) | | |

Given the previous discugsion‘of the moisture correction

‘ factof, the indicated.effect of‘fhis facfok on overall lot
aCceptabiiity is not surprising. That is, the data of'Table 9
confirmévthat for the cohditioﬁs encountered in this Study,

~ use of the true aggfegate moisture content in proportioning the
“binder would have been slightly beneficial to lot écceptabi]ity,
whereas use of the true mOisture»in prdpoftioning the top course

~‘would have had a detrimental effect.

4.3 MIXTUREiGRADATION‘

4.3.1 Variabi1ity'bf Extra§ff6n Results: The extracted gradations
from 41 sambles of each of the finished»drum-mixtures are shown
in Figures 21 aﬁd 22,

‘The most obvious overa11 characteristic of the finished
drum-mixtures'révealed in these gradatioh’p]ots is their relative
coarseness with reépéct to the intermediate sieve sizes --vpgrticu-'
larly in the case of‘thé surface mix -- as contrasted to their
~ near-perfect conformity with the target values for the top and,
more importantly, the #200 size materials. |

- Only three of the design sieves presented in the gradation
plots *;Vthe numbers;8,>50; and 200 -- are fofmally used for

acceptance purposes by the New Jersey Department of Transportation;




-

o -83-
Figure 21 : Grodahon of leshed Drum MIX
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Associated with those sieves'iﬁ“a tighter (JMF) toléfance than the
.mastér design limits shown and a schedu]e_of payment reductions

for non;conforming results. The Tatter are based on the average

~ and rangé of five samples from a 1SOOt ton lot. The #4 and
1arger‘sie9es are used strictly for control purposes. Whenever

the mixture proportions for these'contr01vsieves depart sighificantly
- from the jdb mix target va]ués, a process change is recommended;

if the departure causes the results to fall outside the master

design limits, a protessing improvemént 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 thén, this non-
conformity would have necessitated a processing‘improvement‘on a
Department of Transportation project.}

A comparison of the uniformity of thé drum-mix.gradations

<10)for‘v

for the acceptance sieves to that historita]ly observed

mixtureé produced in conventionai plants is presented in Table 10.
Note that in the tabulation, the overall "variability"

of the product 1s again expressed in terms of two stat1st1cs

the average standard dev1at1on of the 1nd1v1dua1 test resu]ts

and the average m1ss-from the job mix target value. As alluded

to earlier, the reasph for separately ana]yzing‘these components

of variability i§ thaf while both in fact represent the inherent

"capability" of the process, the standard deviation statistic,

generally speaking, is more indicative of the "controllability"

of the process. That is, if'the-process results are uniform



Table

10: Relative Variability of Drum-Mix Extracted Gradations
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Standard Deviation (o)

‘JMF Miss (A) =

|[Job Mix-Production Mean]|

Standard Deviation
plus JMF Miss (o +4A )**

NJ DOT
Acceptance

Tolerance (+)

" betweeén test statistics at 95%
confidence level.

Mixturé v Acceptance Conventional Dryer- Conventional Dryer- Conventional Dryer- Applied to
- Sieve ~ Plant Drum Plant Drum Plant ‘Drum :
Average Project Average Project Average Project X
: 5
#8 - 2.77 2.23 0.92 2.00* 3.5 4.0 4.0
Binder s :
- #50 1.58 0.94* 1.10 1.70* 2.5 2.5 3.0
#200 - 0.89 0.49* 0.37 0.10* 1.3 0.6 1.4
‘ #8 2.70 3.59* 0.87 4.70%* 3.5 8.5 4.0
Top " #50 1.92 2.00 0.90 2.00% 3.0 4.0 3.0
#200 1.10 0.65* 0.18 0.10 1.3 0.8 1.4
* Indicates significant difference ** All values rounded to account for test precision.
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’(iﬁ terms of stahdard déviation), it>i§ normally not difficult to
make:adjustments.to écﬁieve the desired mean value (e.g., by
varying bin pulls in the caée of gradation or changing a dial
- setting in the case of asphalt cdntént). On the other hand,
achfevihg the.ctherse‘typé of control (reducing the process
standard deviation) generally requires a considerable effort by
the producer. | |

" The New Jersey Department of Transportation gradation
‘acceptante tolerances (shown in theviast column of Table 10)
- are in fact construttéd so as to reflect both of the above
meésureé Qf process variabi]ity. That is, the to]érance for a
particular Sieve is about equal to the sum of the historical
| averége jdb—mix miss and standard deyiatién for that sieve, In
practical éffeCt, use of these toleranCes:means that if a
_ pdeucér‘exércfses‘"éverage“‘gradation control -- that is, if the
overall yéfiabi]ity of his product equals the historical norm --
his risk of lot rejection will be only slightly more than one
'percent. | | | ‘ ‘

Examination of the gradation statistics presented in

Table 10 reveals that, with one‘notable exéeption, the uniformity
of the drum-mix prOduct is comparable to ﬁhat of conventional
plants. That is, except for fhe #8 sieve;results for the surface
mix,vthe average staﬁdard deviations for the acceptance sieves
ére about the_séme'or less than those observed for conventiona]ly

produced surface or Einder course. 'Regarding‘the latter, Table 10



‘shows that the Standard}deviations for thé combined* (truck and
“drum)vsamples of drum-mix binder are 1ess’than the historical
average. Except for the #200 sieve results, however,‘the average
miss fﬁdm the job-mix target values for the Sportsplei hateria]
is aboutltwice-that normally encountered for bindér mix produced
‘at conventioha] plants. The net effect 6f thisvrelatively

10Wer staﬁdard déviation and higher job-mix miss is to cause the
ovefaT] variabi]itonf the drum-mix binder to be similar to thaﬁ
of the "average" conventional plant producf and generally within
the indicated Department of Transportation tolerances.

The most significant boint‘in connéction with the surface
'coukse 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 departurg from the intended design average.‘ This - | ; 

observed high overall variability for the #8 sieve, together with

a greater than average departure from the intended medn 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 the mean or standard deviation of the
truck and drum extracted gradations. Thus, pooling of the two
types of sample results is valid. ' :




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
conventfonal gradation acceptance Criteria, thé simulated
écceptancé procedure (running average technique) des¢ribed
eérliek in this report was applied to the extraction results.

In viéw'of'the general discussibn in the’precedinngub-
section, the résu}ts of this simu1ation (Table 11) were quite
-predictable. That is, the drum-mix binder is indicated to be in

general conformity with the current Departmeht of Transportation
,actéptancé‘criteria. On the other hand, if judged by the
Departhént's'relative]y stringent criteria, the Samp]ed drum-mix
surfacé course would be considered to possess‘mu1f1p1e deficiences:
| NéérTy 2/3,of a11 possible rdnning‘averages 6f five for-the top
course (simqlated accéptance lots) fail to comply with the usual
tolerance for the #8 sieve énd half of these éfé also non-conforming
._with respect to the #50 sieve.
As further indicated in Tablerll, had the sampled surface
| mix‘been,presented for acceptance on a'Départment project, the
:extenf of non-conformity wifh the #8 sieve criteria would not only
- be expected to be cause for freduent rejection, but also the
imposition of:moderate (5%),rathek than slight (2%)ireductions

_in pay.
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Simulated Application of‘DOTiGradation

Table 17:
' Acceptance Criteria to Dryer-Drum Mixtures

A Expected‘Frequency of Non-complaint Lots

Number of Simulated Lots‘Having Non—Compiiant

~ Total _ :
Number of . 5-Sample Averages* for the Indicated Sieve
- Simulated \
Acceptance Lots
. (Truck + Drum) . Percent
Mixture| #8 #50 #200 Rejectable
Binder 33 1 0 0 3
Top 33 20 10%* 0 60
*3 top course lots would also fail DOT range rcqulrcments for the
#8 sieve (Rr;> 13%) .
ok Indlcated lots also failed #8 sieve réquifcments
B:  Expected Scverity of Payment Reductions
Number of Slmulated Lots Receiving
Indlcated Payment Reductlon*
2% | - 5% 10%
: | JME - Xs| = IF - Rel= JMF - Tl
-| Mixture 1.01 to 1.5 L 51 ;() >
‘ | times tolerance o1 102 twice tolerance|
R | times _tolerance S ' : ;
Binder |© 1 0 _ 0
Top | - 11 g ** 0

* In accordancec with DOT criteria; when more than one reduction. due
to nonconformance to the JMF gradation is indicated for a lot, only
- the greater single adjustment is applied. '

%% A1l incurred for #8 sieve results.




4.3.3 Factors Affect1ng Gradation of the Product at Various

Stages of Product1on

._ A. Genera] L1m1tat10ns of Co1d Feed Gradat1on Control

Subsequent d1scuss1ons in this report subsection are

d1rected at assess1ng the effect of var1ous product1on operat1ons

on the gradat1on of the f1n1shed drum-m1xtures and, in part1cu1ar,
‘determ1n1ng poss1b1e sources of the observed re]atlve]y h1gh
var1ab111ty of the surface mix. Wh11e most readers are fam111ar
'w1th the cold-feed method of contr01 in genera1 and its potent1a1
drawbacks in part1cu1ar, it is useful to state at the outset that --
due to 1nherent 11m1tat1ons of th1s type of contro1 procedure --
"the subsequent d1scu551on of factors affect1ng gradat1on must
of necess1ty be of a re]at1ve1y qua11tat1ve rather than quant1tat1ve
nature. That 1s, as a genera] propos1t1on, proport1on1ng controls |
: such as those emp]oyed at the studwed plant (1.e., belt speed

1nd1cators) may not yield e1ther the type or number of measurements

vrequ1red to d1scover or remedy a proport1on1ng problem. In_th1s
'spec1f1c 1nstance,v1t 1s conc]uded that they did not. o
~In the first p]ace wh11e the gradat1on of a b1tum1nous
‘mlxture is des1gned and accepted on a we1ght ba51s, ach1ev1ng the
correct aggregate proport1ons by the cold-feed method of control
,obv1ous1y:depends‘on (and thus_y1e1ds 1nstrumentat1on read1ngs
based on) maintaining correct uoiumetric proportions. The point
here is‘ax10matic:‘ When a probortioning problem occurs, itvcan be

expected to be more quickly discovered and corrected if the data
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~for product1on control and product acceptance are directly on
the same (we1ght) bas1s.
‘Secondly, it is e91dent that when multiple stockpiles -
contribute to the oerCentvpaSSing'a giVen sieve and there is
only one’direct‘heaéure for determining if the‘intended multiple
combination is in -fact achieved (i.e., the extraction resuTt), one
vcan‘exoect more than occasional difficulties in isolating the
specitic cause of any subt]e discreoancy hetWeen the desired and
obserred proportions; S1mp1y, in the case of three stockp11es
with overlapping gradatlons, there are three unknowns (stockp11e
contr1but1ons) and only one equation (extract1on result)' WhiTev
}var1ous algebra1c and graph1ca1 methods are ava11ab1e for exam1n1ng
more than one or a]] of the sieve results so as to assess the
’source of a proport1on1ng problem, such methods are known to be '
1abor1ous.andvoften only approximations. ‘Consequently, they may
yier only one of sereral possible aggregate combinations resuiting
in the prob1em’e2tracted gradation. Further, while afterethe-fact
calibration Checks wouldfbe appropriate,‘such might not detect
certa1n prob]ems such as aggregate bu1k1ng or other emEorarx inter-
ference W1th bin flow.
' ' If a dryer—drum p1ant is f1tted with a belt samp11ng device
which yields representatlve gradat10n~samp1es, such samp]es wou]d
4provide an additTOnal (or:athteast,‘more rapid and direct)

indication of the accuracy of the aggregate delivery system.
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’However, as w111 be descrlbed later, the part1cu1ar belt sampling
device used on th1s proaect apparently did not yield representat1ve .
samples.
| In the context of any futurehdryer?drum installation, it is
1mportant to note that the shortcomings of a stra1ght volumetric

‘co1d feed contro] method can potent1a11y be overcome by equipping
the dryer—drum plant ‘with add1t1ona1, commerc1a11y available

o weighing‘equipment (10ad cells) and'assogiated,contro] console

readouts. One possible layout for such an installation is shown
lin the'sketCh of‘FigUre 23. As indicated‘in the sketoh'
1nsta11at1on of several* such belt scales beneath the co]d feed
b1ns wou]d provide d1rect checks on the b1n proport1on1ng on both -

.'a cont1nuous bas1s (from- a rate meter d1sp1ay 1n tons/hour for |

each b1n) and an overa]] bas1s (from bin tota11zer d1sp1ays)

Wh11e such d1rect measures of the relative we1ght of aggre-

- géte from edch bin, of course, will not Jn‘themselves GHSUre
échieyement of a consfstently acceptable product, the ndmber and

type of measurements yielded by the additional ]oadfcelTs c1ear1y}

~would give the;nrodooer a better oEEortdnjt¥ for maintaining

proper gradation cohtro].; Interestingly, severalistates presently

*While the part1cu1ar 1nstrumentat1on set-up shown in Figure 23 is.
considered most desirable, there are obviously alternative arrange-
ments. For example, if (as on this project) bins 3 and 4 contain
the same coarse aggregate, a lower-cost option would be to eliminate
“load cell 4. °In that case, the relative proportion of total coarse
aggregate would be indicated by load cell 3. This change might
reduce the producer S add1t1ona1 plant 1nvestment by about $10,000.



F‘ig'ure 23 :Sketch of Alternate Instrumentation for’ Caiid?feed Comrdl'

BINI  BIN2

' W%Wé'ig',ht of aggregate

W
flow, tons/hour

~l'

\ g | | feeder belt
(o:o (o—_—_o (o (o:—_cz’?/conecsor belt

L L L :
? 2 ? 3. f 4L Iocd cell (belt scale )

, main
y ~ feed belt - ‘ ‘—{ , {R |
. ; TR, =W+ W t W, [ R EWt W, R AW, | Ratemeter display tons/hr.
- : 2" 2T V3T Vg 33" Vq 4 "4 2 TONS
RT"W'»1'WZ1'W3+W4 ¢ ; , ‘ ; : ‘
} ' | ' ' ‘ T=Totalizer dis la
— - = = : - : play, tons
T=Rox o T,=R, %t T3=Raxt| 7T4 R4xt t= time, hours
‘Calculation of Bin Pulls Using Displayed Data
BIN | | BIN 2 BIN 3 BIN 4
_ R.-R | - Rs-R R
P, =-L—2x100% 'P2=R2 Rsxuoo%-% 3 100% |B==1-X100%
T Ry RT , R
or. or or’ or
L—TLXIOO% ’=M§—xiloo% : 2=@-xaoov% ’ ’-Iix 100%
TT ) TT L ‘ o TT‘ TT :
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féquire at least certain of the described additional weighing
equipment and readouts (bin rate meters exbressed in tons/houf).
Further, in their reSponseé‘to é survey questionnaire, several
states which do not currently require belt scales beneath the bins
suggest that such would be high]y deSifable; Perhaps most
persuasively, NAPA (]4)repofts that ét Ieast}as early as 1974; a
number of contractoré --'apparently at their_oWn optioh -= equipped

their plants with multiple weigh belt systems.

B. Stockpile Gradations

As indicated in the preéeeding subsectidns, the prob]éms
with the as—produced drum-mix proportions primarily involved only
the surface mixture and three sieves: the #4 contro] sieve and,
more importantly, the #8 and #50 acceptance siéves. 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 va]ue‘fof the surféce coukée may at least in
~ part be a reflection of re1étive1y High variability and/or a
departure from the design gradations of the 3/8" stone stbckpile.

Table 12 presehts a comparison of the stockpile gradations
~used for mixture design and those observed in eight days of plant
testing;v The,tést ré5u1ts shown representvwashed anaiyses
(ASTM C-117) perforhed on two ﬁamples per day frdm each of‘the
three stOckpi]eé being used on that production‘déy.' |

(



‘TABLE 12: Variability of Stockpilé Gradations

PERCENT PASSING INDICATED SIEVE
SAND SCREENINGS 3/8" STONE ' '3/4" STONE
v Désign Actual o 'DeSign . Actual Design ‘Actual o Design. Actual g
Sieve -Mean Mean . | - Mean Mean Mean Mean Mean Mean
o 100 100 0 100 | 100 - - - 100 100 0
1/2" 100 99.9 0. 100 |  99.2 100 99 0 43 52.3 4.8
378" | 100 99.8 0. 100 | 98.7 84 83.8 a0 [ -- -- --
#4 98.7 | 98.4 0. 100 | 97.7 16.5 18.9 s.o | 2.8 | 6.8 2.5
#s 92.3 91.7 1. 80.5 | 80.7 7.3 9.6 3.7 || o 4.4 2.1
#50 21 15.9 | 3. 33.1 | 38.9 2.9 5.3 1.8l o 3.7 1.2
#200 2.3 2.9 1. 19.0 23.8 1.8 4.2 1.5 || o 2.9 1.2
Number of Tests 16 16 10 6

-96-




;97; h

| As'indieated in Table 12, therstandard deviations of the
‘-#4'and 48 sieVe resu1ts‘foh the 3/8" stone stockpile are géneré]ly
greater than'those'for‘the correeponding resu]ts from.the other
’etockpiles, Indeed the standard deviation of theu#4 steVe is
greater than that for any of the other stockp11e sieve resu]ts.
: Wh11e it obv1ous]y wou]d be of cons1derab1e 1nterest at this
point to know whether the 1nd1cated_var1ab111ty of the studied
“stockpije gradations:is'"typiCal",‘simiTar data for cnnventional
- plants, unfOrtUneteTy,'is’not tabu]ated by the New.Jersey
Department of‘TranSpontatien. fHoweyer; fromethe,data we do'have,
it does appear that the 3/8" aggregéte,stockpile was in fact a
| major source of the high variébi1ity observed for the #4 and #8
~sizes in the f1n1shed mix. |

Wh11e the var1ab111ty of the raw mater1a1s apparent]y
contributed s1gn1f1cant1y to one component of mix acceptability
~ (the standard dev1at1on of the f1n1shed surface m1x), stockplle
‘gradat1on apparently did not~p]ay the maqor 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’bercentjpeesing the #4 and #8 sieves, Table 12
shows that each of the Stockpi1eSvCOnta1ned sufficient,of these
Sizesf(the_actua]‘average stbckpi]e ghadatidns;c]oseTy conform to
| the designvgradations). -Thistis:also;the case.for the binder
codee raw materials. In fact, whi]ejthe;finished binder was

somewhatv1ow in the average percent passjng the #8 sieve, the
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: stockpiles actual]y‘eohtained‘more»of this:size fraction than'waS'_
- contemp]ated‘in'the stockpile design gradetion. In other words
then,Vit'generally”appears that the shortfaTlstih averege percent
passing the #4’and-#8,Sieves in the ftnished mix were not due to
a'probtem of knowinnghat'was delivered to the bins (the average
-percent passing), but rather to e problem in metering the binned
materials in the correct proport1ons _

The effect of the stockpile gradat1ons on the acceptab1]1ty
of the surfaceimix with respect to the #50 sieve are not so readily
apparent from Tab]e 12. While the stone stockp11es conta1ned
- somewhat more minus #50 material than the des1gn stockp11e grada-
tion, the sand conta1ned-an average of 5 percent Tess than the
deeign mean for the minus #50 fraction and the screenings,

6 percent more than‘the'design}va]ue; The extent to which these
essentially equal high and 1ow‘ya1uesecompensated fbfteach other --
and thus, did or did not contribute to the’unacceptabty Tow

percent pasSing the'#SQ in the finished sdrface»courSe -- obviously
~ would require consideration of‘the relative probortions of each
‘material used | |

An attempt to prov1de a more spec1f1c 1nd1cat1on of the
part the stockp11e gradations played in the gradat1on of the f1na1
product is presented in Table 13. The columns headed "Theoretical
‘_Combination" in Table'13 respective1y show the'gradation mean and SR
standard deviation which would have been expected for eight days |
of p]ant test1ng had the project materials in fact been combined

in the proport1ons originally contemplated (design bin pu11s)}
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Table 13} Comparison bf Expected aﬁd Observed Drum-Mix Extracted Gradatiohsb

-

MEAN GRADATION (% PASSING) -

STANDARD DEVIATION

Sieve

"Design

Target

Extracted |

Theoretical Combination

A

JJS:Extracted

Design Pulls

Actual Pulls

. less

~Theoretical¥|

Extracted

- Theoretical™
Combination. |

44

. Binder

© #200

/27|

1g |

#50

100
68
o
'l37.v»
12
4.9

100
70.1
41.8
135.0
10.3
4.8

1100
721
45.9 |

- 39.2

100
70.4

42.8

37.2

0

-1.0
-2.2

-1.1
-.8

-0.3

(=

(93]
(o]

#a

#8

Surface Course

#200

1/2‘11 .
3/81- o

60

#50- |

- 100

92

49

6.7

99.8

90.1

1 99.2
92.4
615
50:.4
17.3

9.6

99.1
92.6

62.8

16.8

0.7
-2.5
7.4

8.1

-3.4

—2 .6

Mix

Pull

Screenings

- Stone

Bin Pulls(%)

Binder |

Design |

23

57

‘Actual i

14.2

" 60.5 |

Top

Design

28

47 |

Actual

557

—45.7

'fff"»*‘Béséd on actual (W§ighted'aV§}age)pulis o

- -66-
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't,or according to the modtfieddproportiOns used in'praotice (actual
tbin,pplls),t These'calculations‘indicate whether successful
_ combination of the given raw materials according to either the“
| origina1 orvmodified‘proportioning formula would have been
_expected'to'resu1t»in an aceeptable mix'gradation or at least a
more acceptable gradation than’that actually produted.~‘The '
" extent to which the theoretical mean-gradation ca]culated using
- the actuai bin‘pulls‘(console dial settings) differs‘from the
‘1actua1 extraCtedtgradation prorides a general measure of the overall
~inaccuracy in the cold-feed meter1ng system. - |
| The calculation deta1ls 1nv01ved in deve]op1ng Tab]e 13
g‘are'not presented. As is general]y we]l-known, for a particular
‘isieve, the expected‘mean and standard deviation of an aggregate '
V hcomb1nat1on is der1ved by welght1ng the stat1st1cs for the ,
- 1nd1v1dua1 stockp11es, the respective bases of we1ght1ng be1ng the
bin pu11s_(for %) and the square of the bin pu]]s (forcr). In

this work, the daily stockpile gradation results and the actual

b1n pulls were add1t1ona11y weighted on the basis of da11y productlon _

‘;’tonnage. The "actual bin pul]“ data were obta1ned by convert1ng
recorded control console d1a1 settlngs (potentiometer readings)

to an equ1va1ent proport1on1ng percentage us1ng a formula furnished
:by the producer. B ' | |

| As indicated in Tab]e 13, wh11e the average extracted

f gradat1ons for both m1xtures were coarser than the des1gn target

"comb1nat1on of the stockp11ed aggregates using the design bin pu]ls
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would have resulted in both mixtures being-finerrthan the
desigh for a11 but the respective top Size sieves. In the
case of the binder course, such a gradation would have been

expectedvto_beeunacceptabTy'fihe. That is, as a consequence -

of an ekcess of mihus #200 in certain of the stockpiles
(notably, the screenings), use of the design bin pulls would. o
have,resuTted in a fihished mix having a hinus #200 fraction
outside the master design band. The gradation of the theoretical
combination for the actua] binder ccurse-hin pulls ref]ects
a successful effort by the producer to. avo1d ‘this excessive
.f1nes s1tuat1on

7 A somewhat similar situation is indicated for the surface
course. That is, except for the #200 s1eve, ach1evement of the
theoretical comb1nat1on correspond1ng to the design bin pu]ls
would have been expected to result in gradation means which .
were considerably closer‘to the design target'than thetextracted
means. In the case of the #8 and #50 acceptance s1eves, such
a reduct1on in the JMF miss wou]d have substant1a11y mitigated
(but not eliminated) the observed non-conformance with the
Department of‘Transportat1on.acceptance criteria. 0n the other.
hand, as in the case of the binder course, use of the des1gn;,, .
pu11s wcu]d have created a problem of‘unacceptable #200 sieve .
'resu1ts;’the expected_(9,6)‘percent passing forvthis sieve would
again border}oh the upper design limit. ‘Suéh an inordinate]y large
JMF miss (i.e.,O= 2 9%) would in itself resu1t in essent1a11y

a 100% reJect1on rate if the Department of Transportat1on acceptance
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""ékitekiakfof the #200 sieveiapp]ied,(tolefance: vt 1.4%).

I»Further,‘ﬁéd,the broducer'in faCt:achieved the gradafion“ |

' cofreéponding to the}éctua1'bin pulls set on ﬁhe control console,
the material would sfi11‘have been exéessiVe1y fine,with respect |
to the #200 and a new problem of excessive fineness would have
|  beén created for’the,#s; o | i
o ‘*The'reasoh'that this situation didinot.ih-fact materié1ize
s evident from the tabulation: For both mixes and for all
“sieves below the 1/2", there was a canisfent shortfall
.'(deficientyfin percent paséing) between thé<extracted_gradation'
‘and that expécted'from the actua1 bfn pu11isétting$;. In the
case of -the bindek; this greater rélativé éoarsenesé.of the.
éxifacted gradations was relativély.uniform‘at’about one percent
‘passing, whefeas in the case of the surfacé}mix, the apparent
‘metéfing errorrrange‘from about 2.5 to S‘perCent pasSing,

Now, thlé if wou'ld be possible to make some further

“analyses of the tabulated gkadation’results}(e.g.,'a determination
of the'bin pulls which migng_havé yielded the design values or .
the bin»pql]sfwhichiggglg_have_resulted;in'the7prob1ém.gradafidns),
rsuch,wou1d §ﬁear]y be mere sbecy]ation, Simply, as suggested at '
the outset of this‘repbrt subsection;‘the cold-feed control-:
insthmenfationiused on this project did.ggg yield the data
" needed to determine which specific bin(s) chtrbeted to the

: disparityzbetwéen the expected and observed aggregate proportions.
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Admitted]y, it'isvpoésible that if a producer were fequired

to conform to more stringent’gradatfon acceptance criteria fhan
imbosed‘on this project, he might'be'able to remedy a gradation
control problem suchras observed here by performing'appropriate
process calibratfon checks. However, in the writef'S'view;

it appears equally likely that'absent;a continuous, positive
indication of thevtdnnage of maferial from each bin (such as
wou]d be‘provided by the_additiona] 1oéd cells described}éarlier),
this wou]d‘be’a very difficult task. In-such case, the‘producér
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. |
v Abéft from the informatidn fegardihg gradation méans, a
 fur£her point of interest in connection with Table 13 is fhe

~ tabulated standard‘devfations. It is to be noted that}the

| indicated Standard deviations for the theoretical combinations‘

. are based on a}re]étive]y'sma11‘nUmbek of;sémp]es and thus are

’very much‘onTy estimates of the true sfandard deviation. 'Nonetheless,
these statistics do pfovide some particu]arizedvinformatibn

regarding the re]atiVe‘cbntribution made by the raw agjregﬁtes

to overall mixture vdriabi]ity. Specifically,-notice that the
stahdafd deviations which wou]d‘be expécted for the #4, #8 ahd

#50 sieves in the surface mix:dué solely to the variability of the
raw méterials 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;-1tvappearsvthat the relatively

3ﬂ,greater var1ab111ty of the surface mix raw. mater1als was 1ndeed

'i»a reason why the f1n1shed surface mix. wou]d fail to comp]y
}5w1th current Department of TransportatJOn gradation,acceptance

criteria.

f C. Belt Gradat1ons

A total of 48 samp]es of the b]ended aggregates feed1ng
d'the dryer drum were obta1ned in th1s study The pr1nc1pa1
obJect1ves in samp11ng at thts point in the product1on stream | f
were. to determ1ne the accuracy of the aggregate meter1ng system
"per se (1 €., “the as- blended aggregate proport1ons) and to
,prov1de a bas1s for determ1n1ng the nature of any gradat1on

changes wh1ch m1ght occur in the drum-m1xer. That gradat1on

' ‘_,changes may 1ndeed occur on process1ng was recent]y conf1rmed

ina research study conducted by the State of Ma1ne(12). In the

“c1ted study, the gradatlon of m1xture samp1es obta1ned at the
1_drum d1scharge were observed to be "severa] percent finer“ than
'.the mater1a1 tested from the main feed be]t The 1ncrease in

. f1nes was attr1buted to the effect of "wear, abras1on and heat
spa111ng“ dur1ng the heat1ng and m1x1ng cycle. Unfortunate]y,
1t Egear that the part1cu]ar automated belt samp11ng device
used in our research y1e1ded non-representat1ve samp]es, “and
thus little usefu] 1nformat1on regard1ng the as- blended aggregate ’

proport1ons. o
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“The results of washed gradation analyses performed on
~ the binder and surface mix belt samples (23,and 25 samples,

- respectively) are presehted in Table 14. As indicated in this
tabulation, the averagefpercentage passing the #4 and #8 sieves
in the belt samples is about 3 to 6 percent lower than the
correspond1ng extraction results for each of the f1n1shed
mixtures. On the other hand, in compar1son to the extract1on
results, the belt samp]es display about thevsame or more
material pa551ng the #50 and #200 sieves.

wh11e the reason for the indicated greater coarseness
of the belt samples relative to the extracted gradations for
“the plus #50 materia1 is not knoWn, such difference is consisteht
with a loss of larger sand sizes during sampling. ‘As previously
~ shown in Figure 15, fines were observed to spray off the samp]ingv
tray during the belt sempling operation. For the particular
sample size ueed in thisdwork, a relatively small loss of such |
"sprayed“'fines (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
eompared to the extraetion samples,éuggests that the belt samples
are indeed non-representative. If the a]ternate hypdthesis were

correct -- that is, if the belt samples were in fact representatlve

and the belt eXtract1on gradat1on differences were merely due to
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Table 14: Comparative Aggregatc Gradations of
Extraction and Belt Samples

MEAN GRADATION (% PASSING)
A
o Extracted
Sieve Extracted] Belt less Belt
1" 100 iOO e
1/2 70.1 66.0 4.1%
#4 41.8 36.1 5.7%
o ‘
'% #a 35.0 30.0 4.4%
= #50 10.3 10.1 0.2
#200 4.8 5.4 -0.6*
1/2" 99.8 99.7 .0.14==
3/8" 90.1 89.0 1.1
g #4 55.4 51.7 3.7%
§ #e 43.9 41.1 2.8%
t§ #50 13.4 14.8 ~-1.4%
'(g 1200 6.4 8.0 -2.2%

* Indicates statistically significant
difference at 95% confidence level.
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3 aggregate breakdown - the extractlon samp]es wou]d be expected

”‘ to reflect -any such degradat1on by d1sp1ay1ng at 1east the same

,degree of f1neness as the belt samples for the smal]est 51ze

s1eves and certa1n1y not 1ess as is- 1nd1cated for the actua]

- situation,

}An'automated\be]t sampTingﬂdeviceiis,a highly‘deSirable‘
'ffitemeof.equipment at a;drum-mix”plant, stnce,it provides avsafe
means of obtaining aggregate for both,moisture and gradation
control purposes. It appéarsnfrom this’work* however, that
g if belt samp1es were to be depend<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>