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SYNOFSIS

A 7.2 mile section of M 57 east of Greenville, Michigan was recycled
as a bituminous wearing course by using a drum mix plant. The original
bituminous pavement placed in 1956 was 22 ft wide and approximately 3 in.
thick.,

The pavement wag removed and sized by CMI Rotomills. The salvaged
material was then mixed in a Boeing drum plant with various percentages
of new aggregate and additional 200-250 penetration grade asphalt cement,
The recycled mix was then placed back on the grade at a 30-ft width and
3 in. in thickness. There were no major construction problems on this
project. Construction equipment is available to successfully recycle hitu-
minous material by hot mixing,

The appearance and test results of the recycled mixwere similar tothat
of a conventional bituminous wearing course. Coutrol of the asphalt con-
tent is not as goed as with a conventional mix; however, the difference is
not large enough to be considered critical. Variability of the aggregate
gradation proved to be similar to that of a conventional mix. A 200-250
penetration grade asphalt cement rejuvenated the old asphalt cement to the
viscosity of agphall in new mix.

The cost of the recyeled wearing course was $16.72/ton versus $20. 20/
ton for conventional wearing course used elsewhere onthe proiect. A mini-
mum of 210, 000 gal of petroleum products were saved along with approxi-
mately 21, 000 tons of aggregate,



Introduction

The need to conserve diminishing natural resources has become ap-
parent in recent years. Conservation of petroleum products ig of world-
wide significance while the savings of gquality aggregate materials used in
construciion is often of regional importance. Today, any savings in ma-
terials canalmost certainly be tranglatedinto a savings of money. Recycl-
ingasphailt pavements is anidea whose time has come, for it promiges both
an ecological and monetary savings.

There are three basic types of asphalt pavement recycling (1)

1. Hot Recycling,
2. Surface Recycling,
3. Cold Recycling.

It is generally agreed that hot recycling produces a higher quality ma-
terial than the other two types. Except for a small 500-ton project done
last vear that produced a wearing course, Michigan's experience had been
only with surface and cold recycling, producing base and shoulder ma-
terialg., However, on M 57 a high gquality material was considered desiy-
able since the recveled mix was to be used as a wearing course; thus, hot
recycling was considered necessary, To date there are two successfiul me-
thods of hot recycling (1):

1. Drum Mix Method,
2. Heat-Transfer Method.

For the M 57 project the drum mix method was chosen while on 1 94
near the Indiana border the heat-transfer method was employed. It was
felt that the experience gathered from both of these hot recycling projects
would be instrumental in setting the direction of the Department’s recycl-
ing program.

Description of Work

The location of the 7.2 mile recycled portion of the project was on
M 57 between M 66 and Berridge Rd in Montcalm County, east of Green-
ville. The work consisted of removal and reduction of the existing 22 ft
(two 11-ft lanes) bituminous pavement that wus placed in 1956 (Photo 1),
recycling through a bituminous drum mix plant with the addition of asphalt
cement and virgin aggregate, and replacing the recycled material on a 30~
ft roadway (two 12-ft lanes and a 3~-ft paved shoulder)at 330 1b/sq yd. Also
included in another portion of the project was a conventional bituminous
resurfacing,




Preparation of Proposal

A 'Special Provision for Recycling Bituminous Pavement' was included
in the proposal (Appendix A). Section B of the Special Provision required
that 95 percent of the galvaged material must be reduced sothat it can pass
the 2-in. sieve. However, it wag stated at the prebid meeting that if large
chunks of material could bebroken down in the mixing process so they would
not appear in the mat, then this requirement could be waived.

In Section C, waler added to the salvaged bituminous material on the
cold feed belt wus stipulated. One drum mix manufacturer (Boeing) finds
that this improves air quality. However, adding water is not desirable
when using other makes of drum mix plants and should nof have been speci-
fied for all plants. In Section D, if is stated that "... the Contractor shall
submit, prior to the award of the contract, an acceptable proposal for pre-
venting excessive air pollutants.' This statement along with the preceding
one, "... the plant shall at all times conform to local and state air quality
standards, " is sufficient. Otherwise, the plant equipment section would
have to be overly specific or possibly unduly exclusive of certain manufac-
turer’s equipment. The requirement of adding water was discussed at the
prebid meeting and was waived for all but the Boeing plant.

Section G describes measurement and payment. On this project vir-
tually everything was paid for separately--removal, 20AA aggregate, as-
phalt cement, and recycling. It was felt that this would give us more flex~
ibility in changing the percentages of salvaged and virgin material along
with the asphalt cement added. Due to our inexperience with hot mix re-
cycling, we wanted to avoid any conflict in payment if the percentages of
materials used varied substantially from the estimate in the proposal. The
overall percentages for the project in the proposal were 72.1 percent
(16,397 tous) salvaged material, 26.3 percent (5, 980 tons) 20AA aggregate,
1.6 percent (375 tons) asphalt cement. The 20AA aggregate and asphalt
cement quantities were to be paid for baged on the mix design percentages.
Removing salvaged material was paid for by the square yard; this avoided
having toweigh the removed material. Also, removal was paid for depend-
ing on the thickness of the pavement. Since only seven cores were taken,
there was an amount of uncertainty as to the thickness. One 1/2-mile sec-
tionhad been resurfaced and this was thought to bethe only section that was
greater than 4 in. in thickness.

On May 11, 1978, a prebid meeting was held to clarify the proposal
and answer any questions. The meeting wag well attended. Ten different
construction companies and two equipment manufacturers were represent-
ed. On May 17, the project was let to the low bidder, Spartan Asphalt
Co. (see Appendix B for unit prices of items of work).
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Mix Design

The design of the mix actually beganeight months prior to the start of
the project. In January 1978, cores of the existing pavement were taken
{Appendix C). After analyzing the existing bituminous concrete it was de-
cided that a 20AA material (dense graded with a minimum of 40 percent
crushed retained on No. 4 sieve) would be the best virgin material to add
to the salvaged material inorder to produce a suitable combined gradation.
Based on this, 20AA was required in the proposal. The following is the
gradation reguirement for 20AA:

. Total
Sieve .
Percent Pagsing
3/4-in. 160
1/2-in. 95-100
3/8~in. ' 65- 90
No. 8 45~ 65
No. 30 20- 40
Loss-hy-Washing 0- 7

Recovered penetrations of the existing pavement averaged 38, ranging
hetween 28 and 45. It was determined that adding a 200-250 penetration
grade asphalt cement would sufficiently soften and rejuvenate the old haxrd-
ened asphall cement, and thus, it was required in the proposal.

The aggregate base was also considered for it was assumed that in re-
moving the salvaged material some of the aggregate base would also be in-
cluded. The aggregate base is dense gradedwith & maximum 1-in. particle
gsize. It was felt that the inclugion of some of this material would not be
detrimental to the recycle& mix.

Ag soon as the salvaged material (removed by coldmilling) and 20AA
from the source to be used were available, a mix design was run at a 60
percent salvaged-40 percent virgin ratio. It was determined that 2.7 per-
cent new asphalt cement should be added to this recycled mix, making a
combined asphalt content of 5.4 percent (Appendix D),

Constraction

For the recycled portion of the project there was a suitable detour
available. Two weeks prior to the start of construction the contractor noti-
fied the Project Engineer who in fura notified local officials, the news-
papers, and local radic stations. This detouraided construction consider-
ably.



On July 19, 1978, subcontractor Eisenhour Construction Co. began
removing the existing pavement with CMI Rotomills (Photo 2) and stock-
piled the material at the asphalt plant site (located at the job). The parti-
cular model used can remove 9 ft of pavement per pass at approximately
15 te 20 ft per minute. However, maintenance and repairs of these mach-
ines led to a considerable down-time estimated between 40 and 50 percent.
The Rotomill did a good job in reducing the material and left the grade in
excellent condition. Approximately 1/2-in. of the aggregate base was re-
moved alongwith the existing pavement. This was done toensure complete
removalof the bituminous surface. Removal of the existing 22-ft pavement
was accomplished by using two 9-ft passes and a final 4-ft pass. Where
cracking along the edge of the pavement had formed a small disconnected
piece, the Rotomill did not reduce the piece to the less than 2-in. require-
ment. It was, therefore, not uncommon to find pieces up to 8~in. in size
in the stockpile (Photo 3).

Before recycling could start the grade had to be approved for density
and grade tolerance. There were problems encountered in meeting these
requirements.

The contractor on average could only obtain 99 percent density where
a minimum of 100 percent wag the regquirement. The grade appeared to be
well compacted since it was left basieally undisturbed by the Rotomill op-
eration. The 100 percent density requirement limited production for the
first few days of the project and was then later changed to a minimum of
98 percent. It wag considered betfer to do this than to rip up the grade,
add water, and then recompact. The aggregate base had originally been
compacted to 100 percent dengity and traffic over 20 years had further com-
pacted it.

There were also problems with grade tolerances. The existing grade
wag not in exact agreement with the original plan grade. Before the pave-
ment wag removed there were long rolls and dips. Since there were no
guantities in the contract for grade correction, it wasnot up tothe conirac-
tor to make these corrections. Thus, it was decided to try to correct these
rolls and dips as much as possible by varying the depth of the pavement
when surfacing.

The recyclingof bituminous material was done with a Boeing Drum Mix
Plant. The key component to recycling with this type of plant is the Pyro-
cone (Fig. 1). The Pyrocone was designed to minimize the vaporizing and
burning of the salvaged bituminous mixture as it entered the drum. For a
description of the Pyrocone gee Appendix E.
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The following is a general description of how the plant operated for
this project. The salvaged material was proportioned by use of cold feed
bins (Photo 4). The gate was fully open and the rpm of the belt under each
bin was controlled to give the properpercentage of salvagedand virgin ma-
terial. The materials then continue on a convevor belt over a bell weighing
scale (which controls the amount of asphalt cement added) and thenthe ma-
terial is sprayed with water (Photo 5). The water protects the salvaged
bituminous material from high temperatures as it enters the drum. Next,
the material enters the drum where it is heated, mixed, and new asphalt
cement is added. The drum on this plant is 36 ft in lengthand at 11 ft from
the entrance the agphalt cement is added. The material is mixed in the
drum for approximately two minutes., The material then exits the drum
and is Tifted to a surge bin by conveyors. From the surge bin the material
is loaded into trucks and transported to the paver. The entire seguence of
the recycling operation is shown in Photos 2 through 12,

On July 25, the recyeling began. The initial mix was set up to be 60
percent salvaged-40 percent virgin (by aggregate basis) with an additional
2.7 percent 200-250 penetration grade agphalt cement. The mixIooked like
a conventional wearing mix and productionwas 275 tons/hr (normal capacity
of plant), If was decided to let some large chunks of salvaged material
pass through the plant to seeif theywould break up. Upon exiting the drum
there were still some chunks intact; however, after the material hadbeen
in the surge bin, transported in the truck, and delivered to the paver, the
chunks had disappeared or were go soft the auger in the paver completely
disintegrated them. The chunks were of no problem forthe entive job; how-
ever, this did lead to 3 related problem.

Since there was noscreen to scalp-off oversized material (in order to
utilize chunks of salvaged material), any large stone that had inadvertently
gotten into the cold feed bins would be incorporated into the mix. There
were three sources of large stones {2 to 6-in. diameter). The first source
wag the ground around the plant site where, if the loader scooped too low,
stones would be picked up. The second source was a similar situation
where the virgin aggregale was being produced. The third source was the
shoulder adjacent fo the existing road where the Rotomill was removing
material. The first two sources were eliminated by instructing the loader
operators not to scoop so deeply, and the third source was eliminated hy
instructing the Rotomill operators to stay closer to the edge of the pave-
ment.

Experimentation was donewith the mixing temperatures. Excessively
high mix temperatures produced a heavy blue smoke from the stack, where
at low temperatures the smoke was minimized considerably. The optimum
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mix temperature would be the lowest temperature where density and work~
ability requirements could be met. The first day the desired discharge
temperature at the plantwas 270 I. Later it was dropped to 260, 250, 240,
and finally to 230 ", 'The temperature of the mix was approximately 10 to
15 degrees cooler by the time it arrived at the paver. At 230 T the mix
became difficult to work withand 95 percent density was hard to obisin., A
discharge temperature of 240 ¥ proved tobe optimum. This isthe identical
temperature that the Oregon DOT found to be optimum on a recycling pro-
ject constructed last year with a similar plant (2).

Experimentation was also conducted on the percentage of salvaged,
virgin, and new asphalt cement in the mix. This changing presented no
coustruction problem and could be done almost instantly (see Tig. 2 for
strip map showing various mixes). The change of mix percentages did
greatly affect air quality and properties of the asphalt cement. These
changes are dealt with in more detail in the Test Result and Air Quality
sections of this report.

There were a few minor incidents during construction that served as
lessons. One lesson learned by the contractor wus that the salvaged ms-
terial should not remain in the cold feed bins overnight. The next morning
it tookapproximately two hoursto free the bins, for the muterial had reset
and hardened.

Another lesson learned was to avoid the inclusion of large amounts of
patching material in the recyecled mix. One section of road had a 200-f
maintenance patch in an area where bhase seftlement had occurred. The
material appeared to be a very soft cuthack asphalt mix. When going
through the drum, the exhsust from the plant turned very dark and the tem-
perature of the mix suddenly increased 20 F. It was suspected that the
volatile material in the patching mixture ignited in the drum. It is felt that
oil aggregate roads, tar based mnterials, and multiple seal coats would
also produce poor air quality.

A final incident showed the need for complete removal of the existing
pavement when a bond coat is not being used. In the area where the thick-
ness of the pavement changed from 3 to 5 in., the Rotomills left a small
amount of pavement on the grade. When surfaced with the first of two
courses, this area received only 3/4-in. thick pavement (instead of 1-1/2
in.}. Photo 13 shows what happened to this area after a large trailer-truck
combination (loaded with 40 tous of salvaged muterial) applied its brakes,
A poor boud between the old surface and the thin mat caused the m:t to
slide. This area was later removed and repaired.

In general, the constraction went very well with no major problems.
Many lessons were learned from minor problems encountered and some
pradictions were reinforcad.
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Photo 5. Material transported up conveyor :
to drum. Note waterbeing sprayed on ma~
terial.

Photo 6. Pyrocone.
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Test Results

Targe variations in the asphalt content and gradation test results are
undesirable when producing a high quality bituminous paving material.
However, it was suspected, even before the project had started, that there
would be more fluctuations in the test results than found in conventional
mixes. The reason for this was the added variable of the salvaged material.
Any of the following factors can cause this added variability:

1. Variability in original bituminous mix,

2. Variable thickness of different courses (wearing, leveling, or bin-
der),

3. Different construction histories (e.g., one area has had a resur-
facing with a different composition of mix while another area has not),

4. Fluctuations in depth of aggregate base removed with the bitumi-
nous pavement.

Existing bituminous pavements that have wide variances in any of the
first three factors should not be considered for hot mix recyecling for pro-
ducing a weavring course. M 57 was chosen as a suitable project for a re~
cycled wearing course because of its uniformity. Except for a 1/2-mile
sectionthat received a 2-in. resurfacing, the material was uniform through-
out the 7.2-mile project. Factor number four was considerad to be the
most significant on this project for producing variability in the salvaged
material.

As mentioned previously, approximately 1/2 in. of aggregatebase was
removed along with the existing pavement in order to assure a good bond
for the recycled mix. The following table shows the asphalt content of the
salvaged material when various depths of aggregate base are included (as-
suming a 4.8 percent asphalt content in the salvaged mat and a 3-in. pave-
ment thickness):

Inches of Aggregate Asphalt Content,
Base in Salvage percent
0 4.80
1/4 4.43
1/2 4.11
3/4 3.84
1 3.60

- 12



Thus, one can see that a minor fluctuation in the coldmilling operation
can cause a substantial fluctuation in the asphalt content in the salvaged
material.

In Appendix T are the summary sheets for field and laboratory test
results. In Appendix G there are quality control charts for four gradation
sieves and the extracted asphalt content. The average asphalt content for
the entire project was 5.08 percent for the plant and 4. 99 percent for the
laboratory. At the beginning of the job, 5.4 percent was the target, how-
ever, the amount of material passing the 200 sieve was significantly higher
in the actual mix than in the mix design. The reason the P200 was higher
and the combined asphalt content lower than in the mix design was because
move of the aggregate base was removed than had been expected. The la-
bhoratory averaged 6.78 percent P200 {plant values are offen inaccurate due
to less sophisticated equipment), The mixdesign was basedon 5.8 percent
P200. A mix design rule of thumb is that for an increase of 1 percent in
the P200, the asphalt content should drop 0.3 percent.

Cores weretaken fromthe newly compacted pavement and the air voids
were found tobe 3.6 percentat 5.2 percent asphalt cemont. Alr voids will
become less with time as traffic further compacts the pavement. From
experience, 3.0 percent is the desired air voids after traffic has had a
chance tocompact the pavement., However, 3.6 perceat air voidg for newly
compacted pavement is low, thus, asphalt content around 5 percent did not
seem excessively low. Appearance of the mix was good. However, the
percentage of new asphalt added was increased (0.1 percent) to 2.8 percent
for a 60-40 percent salvaged-virgin mix inorder to keep the combined as-
phali content {rom dropping too low. For a 70-30 mix, 2.3 percent asphalt
cement was added; foran 80-20 mix, 1.9 percent asphalt cement was added;
and fora 90-10 mix, 1.3 percent asphalt cement was added. The combined
asphalt content was approximately 5 percent for all mixes.

In order to analyze the variability found in the control charts, a com-
parison to conventional mixvariability is necessary. Standard deviation is
used as theindicator of variability. The following table compares the vari-
abilities for 10 end product (conventional wesaring courses) projects done
over the past three years in Michigan with the variabilities within the M 57
project.

- 13 -



Standard Deviations

For 10 Projects Standard Deviation

For M-57 Recycle

Avg. High T.ow

Plant Asphalt Content G.20 0.29 0.14 0.37
Lab Asphalt Content 0.21 0.30 0.12 0.29
Plant 200 G.69 0.96 0.38 0.52
Lah P200 0.76 1.14 .31 0.51
Plant P30 2.1 4,3 0.9 1.9
Lab P30 2.2 3.1 1.1 1.6
Plant P8 2.3 3.7 1.6 3.1
Lab P8 2.3 2.9 1.3 2.7
Plant P3/8 2.3 3.0 1.8 3.3
1ab P3/8 2.6 4.3 1.7 3.0

It should be noted that all the variability of test results is not caused
by variation in the mix, but also by sampling and testing errors. Although
it is being studied at present, we are not able to separate the mix variation
from samplingand testing errors., Thus, overall variability of test results
is the only available indicator of mix variation.

Standard deviations of asphalt contents were higher for the recyeled
project than for conventiona! mixes. This was expected due to the added
variability of the salvaged asphalt cement. Although variability is higher,
it is believed that the effects on the wearing course will be insignificant.
It should also be noted that a contributing factor to the 0. 37 plant asphalt
standard deviation was the prasence of moisture. Drum mix plants do not
fully dry the aggregate, and moisture in the mix appears to he asphall ce-
ment in plant extraction results. Although moisture corrections were used
on this project, the added variable undoubtedly increased the standard de-
viation for the plant results.

In analyzing the variability of the aggregate gradations, it must be re-
membered that a change in the mix proportion of salvaged and virgin ma-
ferials caused a small change in the percent passing the various sieves,
thus increasing total job variability. Even so, for the No. 200 and No. 30
sieves the standard deviation was slightly lower than average, and for the
No. 8 and 3/8~in. sieves it was slightly higher. It was somewhat unexpect-
ed that the variability for the aggregate gradations proved tobe comparable
to that of a conventional mix. It is felt that the reason for thiswas the fact
that the aggregate base, the salvaged material, and the virgin material all
have similar gradations.
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Recovered penetrations (indicator of viscosity) ofasphalt cement from
laboratory extractions varied depending upon the percentage of salvaged
and virgin used. The following table illustrates this.

Original Salvaged-Virgin, percent
Pavement
From Cores 80-10 80-20 70-30 6040

Average Recovered

s 38.4 41.7 53.9 55.0 68.2
Penstration
High 45 45 83 53¢ 83
Tow 28 36 42 48 55
Number of Samples 7 4 il 11 9

Asg expected the higher the percentage of salvaged material used the
lower the recovered penetration (the higher the viscosity). Recovered
penetrations in the 50's would be comparable to a typical recoveryof a new
85-100 penetration grade pavement where values in the 70's would repre-
sent a new 120-150 pavement. Thus, the 80-20 and 70-30 mixes would
seem to be gimilar to a new 85-100 penetration grade mix, and the 50-40
mix would be similar to a new 120-150 mix. Analysis of the old pavement
showed an average recovery of 38 which indicates that the original asphalt
cement still had some life in it. Recovered penetrations below 25 are
thought to be indicators of a crack susceptible material. It is common to
find badly cracked arcas with recoverad penetrations intheteens. Although
recovered penetrations are nol a fail-safe method of predicting cracking
susceptibility, they are an indicator. Thus, it ig felt that the 200-250 pene-
tration grade asphalt sufficiently rejuvenated the old asphalt cement to the
vigcogity of a new cement, except for the 90-10 mix.

There is a widely accepted theorythat some of the old hardened asphalt
that was absorbed into the aggregate does nol become part of the effective
asphalt in a recycled mix. Thus, the recovered penetrations in a recycled
mix are lower and are not true indicators as to the hardness of the effec-
tive agphalt cement. It is felt that a recycled mix may have a greater ser-
vice life than the recovered peneirations indicate.

Moisture in the mix and stockpiles were monitored. Moisture in the
virgin stockpile averaged 2.5 percent on a dry basis, and 2.0 percent in
the salvaged pile. Anywhere from 1 to 3 percent water was added on the
cold feed belt; however, this moisture had no chance to he absorbed into
the stone and evaporated quickly upon entering the drum. Moisture in the
mix varied with the temperature. At 270 F, 0.05 percent was in the mizx,
and at 240 T, 0.15 percent moisture was measured.
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Approximately twomonths after construction, wet friction coefficients
of the pavement were measured at 40 mph in accordance with ASTM E274.
The average value was 0.584 with a high of 0.57 and a low of 0.49. The
statewide average friction coefficient for initial construction is 0.51.

Air Quality

Particulate emissions were meagsured by Department personnel in or-
der todetermine if the plant complied with Federal and Michigan standards.
Federal standards require that particulate matter shall not exceed 0.04 gr/
DSCF¥* and the plume shall not exceed 20 percent opacity. Michigan stan-
dards require 0.30 1b/1,000 cu ft of gas, approximately equivalent to 0.15
gr/DSCF, and the plume shall not exceed 20 percent opacity.

The following table shows the particulate emissions measured for this
project;

Mix Ratio Particulate Emissions

ate of Sa ] .
Date of Sample Salvaged-Virgin | gr/DSCF (EPA Meathod 5)

August 1, 1978 £20-20 0.20
August 3, 1978 - #1 90-10 0.21
August 3, 1978 - #2 90-10 0.20
August 4, 1978 80-20 0.19
August 10, 1978 - #1 70-30 0.11
August 19, 1978 - #2 60-40 0.09

All six tests were above the 0,04 Federal requirement but two of the
six were below the 0.15 Michigan requirement.

There was no one available trained in measuring opacity; however, at
60-40 salvaged-virgin and 70-30, the plume of the stack appeared as steam
only. At 80-20 a light blue smoke appeared and al 90-10 it became heavy.

Particulate emissions were also measured by Department personnel
on a Gratiot County drum mix recyclingproject that wag done concurrently
with M 57. Three of the four tests passed the Federal requirements (0.09,
0.04, 0.02, and 0. 01 gr/DSCF) and all passed Michigan requirements. The
Barber-Greene drum mix plant used on this project had a baghouse collec-
tion system versus a wet scrubber that was uged on the M 57 project. The
Gratiot County job was running lower percentages of salvaged material (30
to 50 percent versus 60 Lo 90 percent on M 57},

* grains/dry standard cubic foot of gas
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Over the winter, Spartan Asphalt Co. plans to rebuild the exhaust sy-
stem on their Boeing plant that was used on M 57 in order to comply with
Federal standards for particulate emissgions. They presentlyhave little or
no problem with opacity (caused by burning and/or vaporizing of asphalt
cement--generally the air quality problem associated with recycling).

The interest in recyclingand improved air quality are both recent de-
velopments, and a great deal of work is being done to improve them. 'The
Gratiot County project provesthat both interests can be accomplished con-
currently. It is felt that with an improved collection system, the plant used
on M 57 would have also complied with Federal standards.

Energy-Resource Savings

It is caleulated that 190,000 gal of asphalt cement and 135, 600 tons of
aggragate were recycled on thig project. Use of the drum mixer and low
mix temperatures saved an estimated 20,000 gal of drver fuel 0il. It is
also calculated that approximately 5,300 tons of shoulder material were
saved (because of removal of old pavement the top 3 in. of shoulder ma-
terial was not paved over but bladed over to the new edge of pavement).
Quantities are not known, but it is felt that a considerable amount of fuel
wag saved by recycling the aggrepate from the existing roadway. New ag-
gregate had to be hauled 15 miles one way to the plant site where the sal-
vaged material haul was from 0 to 6 miles.

Costs

The bid prices for the various items of work were as follows:

Removal, transport, and crush bituminous

pavement (4-in. or less) $ 1.50/8q yd
Removal, transport, and crush bituminous

pavement (more than 4-in.) $ 1.75/sq yd
Aggregate 20AA $ 4.50/ton
Asphalt cement $95.00/ton
Recycling bituminous material $ 7.20/ton

The final quantities varied somewhat from the estimated quantities.
See Appendix B for calculations of costs. Overall, it cost $16.72/ton for
the entire recycling process. This compares very favorably to the 4.12
wearing course price of $20.20/ton and leveling course price of $18.95/ton
for work elsewhere on the project.
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The cost for 90-10 ratios of salvaged-virgin was not significantly dif-
ferent from the cost of a 60-40 ratio ($16.71/ton versus $16.75/ton, res-
pectively). The cost of Rotomilling on this project was relatively high,
$8.81/ton of salvaged material. On the I 94 project the Rotomilling cost
was $6.60/ton; however, the average thickness of the pavement was greater
(6 in. versus 3 in. ).

For resurfacing jobs in urban areas whers removal of pavement is
necegsary tomaintain curband gutter effectiveness, recyclingis extremely
economical. Ingpeakingwith officials from the Detroit area, they explained
that they pay approximately $8/ton to remove the existing pavement (which
becomes property of the coutractor) and thenpay from $22 to $25/ton for a
new resurfacing. Thus, the cost of this type of operation is approximately
$30/ton, where the recyeling on M 57 was $16.72/ton--a considerable sav-
ings.

As mentioned previously, approximately 5, 300 tons of shoulder ma-
terial was saved. At $3.50/ton this would amount to a savings of approxi-
mately $18, 500.

Recycling has already proven to be economical as far as initial recon-
struction costs are concerned. However, long-term durability is still un-
known; thus, costs amortized on anannual basis are unknown. If the long-
term durability of recycled mixes provesto be similar to that of a new mix,
and if the current trend of material costs increasing at a faster rate than
the average rate of inflation continues (due to finite resources and environ-
mental concerns this should be true), there is little doubt that recycling
pavements will become more attractive in the future.

~18 =



Conclusions

Major conclusions for this project are as follows:

1. Theres were nomajor construction problems on this project. Con-
struction equipment is available to successfully recvcle bituminous ma-
terial by hot mixing.

2. A high quality bituminous wearing course can succegsfully be pro-
duced by hot-mix recycling. Coantrol of the asphall content is not as good
as with a conventional mix; however, this was expected due to the added
variability of the salvaged asphalt cement. A standard deviation of ap-
proximately 0.3 percent for the asphalt cement was encountered on this
project, compared to an average of 0.2 percent for conventional mixes.
The difference in control is not felt to be critical. Variability of the ag-
gregate gradation proved to be similar to that of conventional mixes.

3. A 200-250 penetration grade asphalt cement rejuvenated the old
asphalt cement to the viscosity of a new mix, except for the 90 percent
salvaged-10 percent virgin mix.

4. A considerable savings inenergy, resources, and moneyis realized
through recycling. A minimum of 210,000 gal of petroleum products were
saved along with approximately 21,000 tons of aggregate. Recycled wear-
ing course material was $16.72/ton versus $20. 20 for conventional wearing
course used elsewhere on this project.

5. The plant used on this project did not meet Federal air quality re-
gquirements for particulate emissions; however, a drum mix plant used on
a. Gratiot County recycling project met Federal particulate reqguirements
in three of four tests. The interest in recyeling and improved air guality
are both recent developments, and a great deal of effort iz being given to-
ward improving them.

6. Quantities should be get up for grade correction, for complete re-
moval of the existing pavement gives a secound chance to correct grade de-
ficiencies.

7. There are certain materials that should be avoided when recyceling.
The small amounts of patching material encountered on this project caused
smoking from the mixer. 1t ig felt that oil aggregate roads, tar based ma-
terials, and multiple seal coats would alsoproduce poorair quality. Exist-
ing bituminous pavements that have wide variances in gradation and asphalt
contents should not be considered for hot mix recycling for use as a wear-
ing courae.
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Recommendations

Major recommendations for this project are as follows:

1. Recycling material through a drum mix plant for use as a wearing
course should be considered a desirable alleranative to resurfacing.

2. Guidelines should be developed to aid in the selection, planning,
design, and congtruction of recycling projects. Much of the information
and experience gained in this project and others should be incorporated into
these guidelines. To date there has been much enthusiasm in the potential
for recycling but a general lack of experience in it. Guidelines would help
District personnel inselecting and programming projects, Testing and Re-
search personnel in making a recommendation of procedurs, Design per-
sonnel in preparation of the proposal, and Congtruction personnel to alert
themto the necessary work and inspection required for successiul projects.
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APPENDIX A

FOR M-57 FROM BERRIDGE ROAD TO M-66

SPECIAL PROVISION
FOR
RECYCLING BITUMINOUS PAVEMENT

DESCRIPTION: This work shall congist of removing the existing 22°
bituminous pavement, crushing and vecyecling through a bituminous
Drum Mix plant. Recycled material shall be replaced onthe 30 rcad-
way, a8 shown in the proposal.

CRUSHING: The existing 227 bituminous pavement shall be removed
full depthand crushed so that 95% passes thetwo (2) inch sieve. Over-
size pileces that will adversely affect the recycled bituminous mixture
shall be removed prior toincorporation inthe mix. The salvaged bitu-
minous pavement material shall be stockpiled at theplant site in a uni-
form mixture. If the existing bituminous pavement is removed in two
passes, separate stockpiles shall be maintained and blended through
the cold feed as directed oy the engineer.

COMPOSITION AND QUALITY OF RECYCLED BITUMINOUS MIX-
TURE: Basedon the gradation, existing asphalt content and recovered
penetration of the existing asphalf, the Testing Laboratory will pre-
pare a job mix formula for the recyeled bituminous mixture. The re-
cycled mixture gshall be produced with the addition of 0 to 40 percent
of 20AA aggregate and 0.0 to 3.0 percent of 200-250 penetration asphalt
cement. Water as directed by the Engineer ghail be added to the sal-
vaged bituminous material on the cold feed helt.

PLANT EQUIPMENT: All equipment shall meet Section 7.10.08 of
the 1976 Standard Specifications except a system to prevent direct
burner flame contact with salvaged bituminous material shall be part
of the dryer drum. A water spray bar with a flow meter indicating
gallons and a delivery pump with an on-off switch in the control room
shail be attached to the cold feed conveyor to spray on the salvaged
bituminous material as it is being fed to the dryexr drum. The plant
shall at all times conform tolocal and state air guality standards. The
contractor shall submit, pricr to the award of the contract, an accept-
able proposal for prevenfing excessive air pollutants.

COMPACTIVE EQUIPMENT: Special Provisionfor Compacting Bitu-
minous Pavement (See Attachment) will apply.
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CONSTRUCTION METHODS: Prior to placing of the recycled bitu-
minous material, the existing aggregate base shall be reshaped and
compacted to zonform to the provisions of 3.01.07a.

MEASUREMENT AND PAYMENT: Remeoving and crushing of the
existing bituminous pavement and transporting to the plant site will be
measured and paid forby the square yard. Addition of 20AA aggregate
to the salvaged bituminous pavement shall be paid for separately. As-
phalt cement added to the mixture during the recycling process will be
paid for separately as specified under Measurement and Payment Sec-
tion 1.09. Recycling with the addition of aggregate, hauling, placing
and compacting, will be measured and paid for as specified under Sec-
tion 4. 11 of the 1976 Standard Specification. Quantities shall be de-
termined baged upon mix design percentage of the resultant recycled
material.

PAY ITEM PAY UNIT

Removing, Crushing, and Transporting
Existing Bituminous Pavement

4" thickness or less Square Yard

Greater than 4" Square Yard
Aggregate 20AA Ton
Asphalt Cement Ton
Recycling Bituminous Material Ton
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APPENDIX B
CALCULATIONS OF COSTS

Item of Work Unit Unit Quantities Costs
Price  Used

Remove 4" or less of Bit. Pav't, 5q.Yd. $ 1.50 89,011 $133,516.50

Remove more than 4" of Bit. Pav't. 5q.Yd. $1.75 5,622 $- 9,838.50

Aggregate 20AA Ton § 4.50 6,013 $ 27,058.00

Asphalt Cement Ton $95.00 489.1 $ 46,464 .50

Recycling Bituminous Material Ton $ 7.20 22,773.4 $163,968.48

$380,846.48

Total Cost per ton = $380,846.48 = $16.72/ton
22,773.4
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Control Seciion
REPORT OF TEST |iusiticotion Mb 59022
GENERAL Sob Ho. 126894
Laboroisry Me. 78B-A67 thru 574
Sheet 1 of 2 oo May 19, 1978
Repert on semple of _ BITUMINOUS CONCRETE MIXTURE (Coyes)
Date gemplad January 12, 1978 Date recoivod April 11, 1978
Source of matorial _ Recycled Existing Pavement
Samplad from Pavement (M_57) JQuunN?y reprosonied Core No. 1 thru 8
Submittod by R.N. Shean, Testing Laboratbry Section
latonded v Wearing course 15;.“”,-”,;‘,“ 1976 Std Specs Supp
Courge:
Eab Nusber 788~ 668 669 670 671 672 673
Core Number 2 3 4 5 & 7
Average Thickness 3.2 3.1 3.0 3.2 _5.1 2.8
Moisture in Sample % by wt. .25 .25 .20 . 30 N/A N/A
Gradatien: Cumsimtive % Passing
% in. 100,0 100.0 100.0 100.0 100.0 100.0
¥ in. 96.2 96.5 95.5 24.9 96,1 95.7
8 in. 82.8 78.1 82,5 78.8 83.7 81.9
Ho. 4 51.6 45,1 50.0 45.1 59,2 52.0
No. B 40,2 35.8 38.9 35.6 47.1 4.1
Mo, 16 34,0 31,0 33.3 30.8 8.8 33.3
Ho. 30 29.6 27.8 L 29.5 27.1 32.0 31,4
Ho. 50 20.7 20.6 22,5 19.9 19.5 23.1
Wo. 300 10.2 10.9 11.6 9.5 9.7 11.7
o, 200 5.6 5.3 6.0 5.1 6.0 6.7
Bi tumen % 4,8 4.9 4.8 bob 5.3 5.0
Teats on Recov Asphalt: Penetr, dmm 36 36 45 28 42 45
Courge:
Lab Number 788 674
Core Mumber 8
Average Thickness 3.4
¥Moilsturs in Sample Z by wt. N/A
Oradation: Cumalative % Paaslng
% in. 99,72
Y iq, 95,7
% in, B2.4
No, 4 53.2
Ho. 8 42. 4
Wo. 16 36.6
Ho. 30 32.5
Ha. 50 23.1
Ho. 100 11.9
No. 200 6.5
Bl tumen % 4.7
Teats on Recov Asphait: Penetr, dim 37
REMARES:
See Shestr 2
A
pbr $ignod 4 J{ de’»ﬁ,b\m«&_
Englnoer of Tosting
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Control Sactien
identifieation
REPORT OF TEST Mb 59022
GENERAL Job Mo. 126894
Laboratory No. 78B-667 thru 674
1861 18/715)
Do 2!
Sheet 2 of 2 o May 10, 197

BITUMINOUS CONCRETE MIXTURE (Cores)

Raport on sample of

Date sampled | Date received

Seurce of maverial

Sampled from ]Qunnh’ty roprasontad

Submitted by

tntended use ISpmciﬁcofion

TEST RESULTS

Location: M-57 from M-66 interchange to Greenville City Limits,
All Cores were taken heading easterly from Greenville.

Core Number Location Position
1 1,000" East of Greenvilile Right Wheel Track
2 500" East of Berridge Road Right Wheel Track
3 200" East of Russell Road Right Wheel Track
4 Directly across from Roadside Park Right Wheel Track
5 1,000' Xast of Grow Read Right Wheel Track
6 1,000" East of Derby Road Right Wheel Track
7 1,000" East of Holland Road Right Wheel Track
8 500" East of Collins Road Right Wheel Track

REMARKS : Tested for Information

co:

File

D.F. Malott

D, Moore

R.N. Sheap (2)

pbr

MU Mo

Enginoar of Teating f’

Signed
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APPENDIX D

MARSHALL MIX DESIGN
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REPORT OF TEST

BITUMINOUS MIXTURE
DESIGN DATA

Congrol $octien
ldantification

Mb 59022
Job No. 126894
Labaratery MNe. 788B-3316D
Date August 4, 1978

Type of Mix

BITUMINOUS AGGREGATE yix Design No. . 55

intended Use Surfacing Course (Recycle §20AA)

Date Tested Ju]-_,)_’ 25, 1978

Specification 4:11, 1876 5td Specs Bupp

MATERIALS USED

REMARKS ;

cc.

File

D. F. Malott
J. Norton

J. Marsh

F. Carian (3)

Marshall
Density 1b/ft3

The above bitumen content and sggregate proportions are based on the samples of materials

submitted to the laboratory for mix design as indicated above,

Variations

in the actual

materizls and other field conditions may reguire a2 field correction in the aggregate pro-
pertions snd adjustment of the bitumen content not to exceed 0.2 percent.

Tested for information

Signed

Ly

A

7 W A A e

Apparent Bulk Bbgorp-
Haterial Type Source Pit Specific| Specific tion
Kumbe r Gravity | Gravity | Percent
Asphalt 200250 Trumbull Asphalt Co., Detroit 1.020 -
Recycled Pav't| Bit Concrete | M-57 Greenville, Michigan N/A | N/A | N/A
Dense Graded | 20AA Spartan Asphalt Co., Stockpile N/A | N/A | N/A | N/A
h
AGGREGATE GRADATION
CUMULATIVE % PASSING
Sisve Size DenseA-g(;rnded G::gr;e FAi;; E:at;‘;;ted
L e 100.0 100.0 100.0|
¥4 tnen 100,90 100.0 106.9
Yy ineh 99,1 98.4 98. 6
% inch 86.3 86.8 B86.6
No. 4 68,7 55.8 60.9
No. & 56.7 44.1 49,1
Ne. 16, 45.7 37.0 - 40,4
No. 30 34.4 32.0 33.2
No. 50 16.3 24.0 20.9
Ho. 100 6.2 12.1 9.7
No. 200 4.0 7.0 | 5.8
MIX DESIGN
Asphalt % 2.7
P8 49,1
P 200

150.3 “! Compactive effort of 50 blows

Enginsar of Testing
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APPENDIX E

BOEING CONSTRUCTION EQUIPMENT CO.

e
PYROCONETM - COMBUSTION CONTROL SYSTEM

Boeing Construction Equipment Co. has developed a system tc allow
the direct processing of old crushed asphalt pavement as recyeled hot mix.
The development is called the PYROCONE - Combustion Contrel System.
The PYROCONE can be easily adapted to any Boeing drum mixer without
requiring significant modifications fo the basie plant.

The development of the PYROCONE was started in eaxrly 1975 and has
progressed through a design evolution leading to the processing of over
170, 000 tons of recycle mix during the 18977 paving season. Early in the
development of the PYROCONE minimum performance goals were get for
the system. These goals are as follows:

1. 'The system must eliminate the heavy smoke emissions associated
with recycle production.

2. The system must adapt to existing drum mix hardware.

3. The system must not upset the basic simplicity of the drum mix
process.

4. The system must be able to process high ratio mixes, up to 100%
recycle at high production rates.

During 1977 these performance goals were realized. The PYROCONE
was used on four separate projects varying from 100% recycle to 70% re-
cycle, 30% new material. Four separate plants were used, three existing
units and one new plant.

The PYROCONE makes smoke-free processing of recycled materials
possible by controlling the combustion process and burner flame before the
flame enters the drum. The PYROCONE design was based on a detailed
analysis of the heating process in and around the flame. This analysis
shows that the surface temperature of the aggregate at the front end of the
drum can reach 1500°F oy morve due fo the extreme heaf transfer rates.

* PYROCONE is a trademark of The Boeing Construction Equipment Co.
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The exireme heat transfer is the result of high levels of thermal radiation
and convection driven by the flame temperature which can be in excess of
3000°F.

When the aggregate surface temperature reaches levels above 700°F
the old asphall cement will vaporize, pyrolize and burn, producing a very
dense black smoke.

With the PYROCONE sysatem, the heatl transfer rate in the burnerend of
the drum is controlled to prevent overheating the recyeled material, there-
by eliminating the heavy exhaust smoke associated with hot-mix recycle.

Physically, the system consists of a eylindrical combustion chamber
with a conical heat shield at one end. The unit is installed between the
burner and the drum enirance by moving the burner assembly back on the
mixer frame. The flame volume is contained within the eylindrical cham-
ber where excess air and combustion gases are mixed to produce a lower
temperature, air rich mixture.

The excegs air flows intc the combustion chamber through slots in the
chamber wall which provides wall cooling.

The reduced heating rates with the combustion control system are the
result of three intervelated effects. Fivst, the heat shield acts to veduce
direct radiation by interrupting the line-of-sight path betweenthe flame vol-
ume and the aggregate tobe heated. Secondly, the heat ensrgy entering the
drumis more wniformiy distributed overthe drum cross section. And third,
the system lowers the femperature of incoming gases from over 2600°F to
around 1200°F. The net effect of the system is to lower the heating rate in
and around the flame volume (o a small fraction of ifs normal value.

In summary, the PYROCONE system vepresents a relatively simple
modification to the Boeing dram mizerwhich allows efficient procegsing of
recycled hot mix. The systemwill accommaodate any mixture ratio from all
new material to 100% recycled materials. The PYRCOCCONE has been suc-
cessfully used at production rates over 75% of the normal plant production.
The pollution potential and associated problems with recycled will vary from
job to job depending upon the mixture ratio, asphalt type, mix femperature
and many other variables. However, the PYROCONE system has shown the
capability to adequately confrol pollution over a number of major projects
with a wide variation in mix type, mixdure ratio, and bituminous additives.

Prepared By

Bernard A. Benson

Director of Product Development
Boeing Construction Eguipment Co.
March 10, 1978
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SUMMARY OF BITUMNOUS FIELD & LABORATORY TEST RESULTS
FEOIEET b 59027 - 126894 LOCATION M-66 Greenvilie BITLMINOUS Recyole counse &.11)
CONTRACTg?ya.rtan Asphalt Daving Co. F@{)T—iumm EPROJECT ENGR.David W. Miller INSPECTGR David G. Ranson
sTone 20AA Isabela Corp. Buntz Pit Vestaburg SAND { )
MINERAL FILLER ( y situmen (2004250 Marathon il Co. Detroit 1976 crp cprcs
DATE sAMPLED || 725 7-25 7-26 7-217 7-28 7-28 7-28 7-28 7-31 7-31 7-31 B-1
1978 LaBN] FLD {1aBN] FLD JLaBN] FLD {nasN] Fup luasN] FLD [rasN] Fub liagN] 7LD j1aBN] Fip [LasS] FLp |Lad\] FiLo |LABN] FLD [LABN] FLD
SAMPLE RO.
MIX BIT. % 5.6 5.8 5.1)4.8 5.1)5.1[4.8{5.215.1]3.9]5.3 3.0 5.415.1]5.2]5.3] 5.00!5.0] 5.1 5.0 5.0[5.25
1172
1 100 100 Lod
= 374 100 | 200 100, 88 {100 100 | 100 100 | 200 | 100 | 100 89 | A0O) 100 | 100 | 55 §199.9 100 100 | 99,8 1080] 100
CEAIRY: 97| 97| 96| 94| 95| 94 | 97| 96| 96| 88 | 24 92| o3| 95| 96| g4 | 94| 94| 85| 93 FHIEEE
gﬁ 3/8 86| 90| 89| 85| 85| 85| a5 B3| 84| 76| 84 81) 81] 85 s8] 83| 82| &4 84| 83 g8l S
ﬂi 4 63 62 g1 83 59 62 58 g1 59 55 55 63
Eg 8 51 5l| 49} 49 48| 47 551 5% 48} 43 50 48 471 48 48| 45 441 44 45 éﬁ 50 49
e 18 42 44 43 43 A0 42 40 40 38 37 37! 42
s 30 35| 34| 23| 50 | 35| 33 | 85| 36 33| 31| a5 33| 38 24| 34| 33| 41| 31l 327 "33 36| 34
= 30 22 20 21 17 21 22 21 23 22 21 27 25
100 il i0 il 10 10 1L 1L 12 12 11 12 12
200 5.615.415.90 5.4 |6.4]|5.8|6.3|5.2[8.4]|5.3]7.0 6.2 4.8|7.818.L 7.0 8.0[6.4]8.3] 7.1 7.818.7
wl<] P8
s= 1% [r200
:55 <P
%] r200
.40 P8
-t P200
»| BIT.% 2.7 2,7 1.8 1.8
§§ Ralvaged| 58.4 58.4 78:8 78.6
a1 2044 38.% 38.9 19.6 19.8
BIT. %
%E CA %
;a FA %
FILLER %
§§ 2 | ORIG. 271 348 286 257 56
2E | N | REC &0 71 64 83 (Y 73 83 56 53 47 &1 52
MIX TEMP. F pAAY 260 250 255 250 240
TONS MIX 342 413 2102 1010 1370 1785
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SUMBARY OF BITUKINGUS FIELD & LABORATORY TEST RESULTS
Sheet 2 of 3
FROEST  Mbr 59022 - 126894 o | osATIoN M-66 Greenville | BITUHINOUS pecyele course & 11)
CONTRACTOR o partan Asphalt Paving Co. | ~Sdgif/2fR [PROECTENGR. L i w. Miller NEPECTOR David G. Ransen
stone 2048  1sabela Corp. Buntz Pit Vestaburg - SaMD ()
MINERAL FILLER (3 eitumen 200-250 Marathon Oil Co., Detroif | 137851
DATE SAMPLED g-1 §-1 82 g2 §-3 8-3 8-4 8-7 8-7 3-8 -9 -
1898 LAB FLD {LAB FiD i AaB FLD LaS FLD [LAB FLD jLAR FLD LAB\\ FLD | LAB Fi.D ILAB FLD (LAB FLD [LAB FLD fLAB FLD
SAMPLE ND. -
WX BIT.% 4,9]5.05( 5,0 4.85 (4.2 4.1 |5.1| 5.0 4.7 4.8 | 4.7 5.414.915.4|5,115.015.1 5.5 | 5.3] 5.3 |4.9(5.2 |5.4]5.0
11/2
L 100 28
Z 34 100| 99 (100,100 1100|100 (100|100 98100 (100|100 100|200 100 | 100 100 100 89100 100 (100 1100]100
§§ 1/2 96| 94 961 923 91} 81 921 981 931 96 87T o7 84 97 94 871 B6 | 97 911 54 223 95 961 26
Egﬁ 3/3 871 84 84| 79 7 T8 8L] 83! 82} 85 87, 88, B2 | 87 84 BY7| B2 | B8 Bz| 85 80 | 86 86| 87
w 4 60 58 51 58 : 57 83 &0 60 56 61 58 831
E% 5 471.48 ) 46 41 | 41| 43 1 461 46| 46| 45 50, BO[ 481 481 45| 50} 44 | 47 481 50 | 46| 48 | 49 54
éﬁ 16 49 39 35 39 B 42 4 41 37 41 38 41
ga 30 341 34 33 30 301 31 33, 33 33, 34 351 36 33 34 25: 35| 32| 34 34 34 321 34 341 35
=< 50 22 23 21 23 23 24 22 24 22 21 21 22
100 12 12 10 12 12 13 11 12 12 11 10 T
20 7.4'6.217.1.6.1:6.516.2|7.3 6.5|%.3|6.8 7.4]6.4]|7.1 6.5 7.4'6.82{7.1]6.7 7.0.6.4 |5.518.2 7.0!8.5
wr - i
s= 1 ° [pao0
4= <L
F 1% p200
20 i
w | BIT.% 1.3 1.9 2.3
g% Salvage 88.8 78.5 68.4
o 2044 9.9 192.6 28,8
BIT. %
T<| CA %
EE FA %
FILLER %
Ti | B ORIG. 272 280 241 250 231 762
28 | N rec. 49 50 45 44 38 42 49 42 51 58 49 53
MIX TEMP. F 730 o 225 240 225
ToNsaix | 1isd L 1813 1138 1346 818 2545
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SUMMARY OF BITUMINOUS FIELD & LABORATORY TEST RESULTS

Eheet 3 0f 3
PROJECT LOCATION BITURINGUS
Mbr 58022 ~ 126889%A ) M~56 Greenville Recycie COURSE (4. 11)
CONTRACTOR PLAE_Z N_L_;ZEER E FPROJECT EWGR, A N TNEPEC TOR -
Spartan Asphalt Paving Co. ) David W. Miller David G. Panson
stome (2044 Tsabela Corp. Buntz Pit Vestaburg SAMD ( }
MINERAL FILLER ( ) BITUMEN ( 200+250 Marathon Oll Co. Deiroit 1976 1o specs
DATE SAMPLED 8-10 8§10 8-11 8-11 8-14 8-14 8-15 8-15 8-15 8-18 8-17
LaaNt Feo [Laan] Fo JeaeN] rio JLaen] ruo [LaeN] Fue [LaeN] Fio asN] fip jiae™) Fip Juas™ Fio lLaBN] FLp lias™] Fup jLaen] FLb
SAMPLE NO.
Wi BIT. % 5.615.0/14.915.0 4.314.8]5.215.5(5.0/4.214.814.8 4.7 4.7|4.5|5.0|5.415.1 14.8, 5.2 15.4[5.5
1R
! 100 100 100
= 3/4 59 | 100 [1006 (200 | 99 | 100 | 100] 100 | 100100 | 921100 (100 | 100 [100 [100 2100 [100 {100 100 | 100 (100
Eg 172 041 96 g1 | 94 85 99 4] 56| 895, v 921 81} 92 851 23 961 971 98 914 85 35| 96
Eﬁ 3/8 84| 84t 79| 82| 741 77| 84| 88| B4 85 | 82| 81} 80 84| B3| 87| B6; 885 | 81| B85 | 84| 88
zf_‘ 4 60 57 52 50 58 58 57 57 83 56 64
;% 8 48| 461 45| 48 £1 42 48] 5Lt 48] 47 45 | 45 | 46 47 | 48 521 8L | 50 45| 47 521 53
§ = 6 40 39 35 40 40 39 490 3g 43 as 43
ge 30 331 33| 321 34 298 30 331 35| 34 34 331 23| 34 34 ] 33 371 38| 38 3L 33 35| 38
< 50 22 21 18 22 22 22 23 22 23 71 20
160 11 ig 9.3 i1 il 11 11 11 12 10 8.7
209 6.7 5.616,0:5,%9[5.915.216.8:6.016.8 6.5 16,816.0917.2916.516.7 6.717.216.1 |6.4:16.4 5.6/ 5.5
s ~ P8 *
sZ{“Trm
25 (L1 :
| p20o
.50 P8
=t P200
z 8IT. % 9. 8 2.3 s
25 Salvage 58.3 8.4 58.3
2 20AA 28.9 28 3 38.9
BIT. %
%ﬁ caA %
gg Fa %
FILLER %
T2 | ¢ [oric. 285 332 272 286 208 201
4 ) N | Rec. 59 55 58 58 55 54 57 58 48 56 79
MIX TEMP. F 200 215 250 240 270

TOMS MiX 1111 1729 2346 1985 165




APPENDIX G

QUALITY CONTROL CHARTS
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LABORATORY—"

P ANT

= 4.988
S.DEvV.= .2942

AVG.

= 5.05%%

AVG.
5. DEW.

= ,3696
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20
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EXTRACTION SEQUENCE
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ANFLNOD LTVHJASY

- 53 -
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Quality Control Chart
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Dol

LLABORATORY
AVG = 6.783
S. DEV. = .5087

AVG = 8127
S.DEV. = 5222

< PLANT

8.3

7.8
3

JA3IS 002 'ON ONISSVd LNIJH3d

- B4 -

20 25 30 35
EXTRACTION SEQUENCE
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10

Quality Control Chart



1.8585

= 33.58

5. DEV.

- PLLANT
AVG.
*—LABORATORY
AVG. = 33.29
S.DEV.= 1619
|
20

|
IS

|
Lo

dA3IS 02 'ON DONISSVYd LN3IDHEd

- BE -
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Quality Control Chart
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Quality Control Chart
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AVG =

84.3

5. bEV.
3.334

= 3.031

AVG = 83.14
5. BEV.

dAZIS HONI 8/€ ONISSVY LN3IDH3d

=57 =

20

EXTRACTION SEQUENCE
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Quality Control Chart
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