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© o INTRODYETION

Inflation, the decreasing availability of good quality
aggregate, the possibility of a severe asphalt shortagr
if another petroleum embargo occurs, and the pressure
to use gasoline tax funds for efforts other than road-
Way construction, rehabilitation, and maintenance have
all contributed to the current critical problems
regarding highways. If a substantial portion of the
existing pavement exhibiting major distress could be
recycled, this would alleviate, at least to some extent,
these problems in that recycling old worn-out pavement:
potentially can save money, consz2rve resources, and
reduce energy consumption.

Several processes have been developed and are now being
used to recycle asphalt concrete pavement. In an attempt
to acquire some experience with hot, central plant
recycling of asphalt concrete, the AC shoulders and ramps
on a twenty-four mile length of Interstate 80 on the
western side of the Sierra Nevada mountain range were
recycled during the summer and fall of 1978. This report
contains the results of the preliminary laboratory mix
design work as well as a description of the actual
construction process used and the results thereof.



California's first attempt at "hot mix" asphalt concre:
recycling appears to have been successful from the star
point of production and construction., A few test resu?
indicated some of the recycled mix had low stabilometer
values due to excess asphalt; however, from the standpo
of performance, the additional asphalt may eventually
Prove to be an asset. This mix was placed in the shoul
area (some in ramps). Due to a lack of continuous traf
the durability and 1ife span may actually be enhanced by
higher asphalt contents. Oxidation and hardening of the
asphalt film i usually more rapid in shoulders dye to
the lack of traffig sealing. Also, due to the lack of
sustained traffic, it 1s doubtful that rutting or pushin

will occur.

In general, the following observations and conclusions
have been drawn from this experimental project:

(1) The c.M.1. method of conversion of the dryer-drum
for recycling appeared entirely adequate.

(2) The cost of production compares favorably with a
conventional dryer-drum mixing nrocess.

(3) Final mix temperatures of 260-300°F can be obtained
without undue air pollution if outside California non-
attainment areas.

(4) The hardness of the asphalt in the recycled mix was
considerably less than that of the asphalt in the salvage
AC (pen. was increased from 16 - 36 with addition of
AR2000 with the virgin aggregate).



higher than 10' will prevent consolidation prior to use
when fairly hard salvaged AC is stored for & short time
in a moderate climate.

(6) The addition of water to the salvaged asphalt
concrete during production at the plant appeared to
reduce the air pollution slightly.

(7) Both the 50-50 mix and the mix with 70% salvaged
asphalt concrete and 30% virgin aggregate mixed and
placed well and visually appeared to be identical. The
appearance of both was identical to that of conventional

mix.

(8) The Roto-Mill cold planer does an excellent job of
removing asphalt concrete. The conical shaped tooth
proved far superior to the wedge type of tooth. About
10% oversize (+1") material was generated by the Roto-

Mill process.

(9) Placing and compacting recycled mix can be accom-
plished using the same machines and procedures used for
a conventional mix.

(10) At temperatures below 250°F, the recycled mix was
extremely hard to rake (gummy) and resulted in the
occasional formation of poor joints.

(11) The skid properties and density of recycled AC
compare favorable with those of conventional mixes.



(12) It appeared that some degradation may have occurred
1n the field, either in the virgin aggregate or the
recycled mix. Most field data indicates more material
passing the #200 sieve than was indicated in preliminary

desian tests,

(13) The amount of "new" materials used can be decreased
by recycling. This results in a savings of asphalt, virg
aggregate, and the total fuel 0il needed to produce and d

virgin aggregate.

(14) A construction energy savings of approximately 15%
is possible when recycling existing AC as part of a
remove-and-replace operation.

(15) There is a need for additional studies comparing
Tab mixing procedures with actual field test results
for recovered asphalt properties,

(16) A requirement of a standard form for fuel supplies
and consumption should be included in future contracts
involving recycling research to permit more accurate

energy calculations,



o IMPLEMENTATION oo

Central plant recycling appeared to be successful. The
concept using a dryer-drum appears feasible. With some
refinements concerning production and air pollution,

it should be considered in future recycling studies as
a viable method of recycling. Further experimental use
of central plant recycling is recommended.
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(A) Preliminary Investigation

This project (Contract No. 03-205404) was located in
Caltrans' District 03 with headquarters in Marysville
The existing highway was constructed in the late 1950
and early 1960's under several different contracts.
The highway was constructed to freewav standards and
generally consists of 4 lanes of PCC pavement with
10-foot outside and 4-foot inside AC Shoulders. The
median varies in width, and in some areas the roadway
is split, forming two roadways. Specifically, it is
in Placer and Nevada Counties, about 18 miles east of
Colfax, from 0.4 miles west of the Gold Run Overcross
to 0.7 miles west of the Hampshire Rocks Undercrossin:
Interstate 80. The identifying post miles are: Pla-§¢
41.0/R58.7, Nev-80-R58.7/R62.7, and Pla-80-R62.7/R65.!
The total length of the project was 24.5 miles.

The project is located in the snow belt of the Sierra
Nevada Mountains at an elevation of about 3000' at the
lTower (west) end and 5000' at the upper (east) end.
The pavement is subjected to air temperatures of from
T0°F+ in the winter to 90°F+ during the summer. The &
annual snowfall within the limits of this Job varies
from 24"+ at the west end to 200"+ at the east end.
During the winter months, traffic uses the shoulder ar
frequently for applying and removing tire chains. The
design traffic for the project was:

1]

1976 ADT
1996 ADT

17,200 Trucks = 3%
32,300

H

&



0.33' CT8, and 1.0' of aggregate subbase (ASB) on the
traveled way, and 0.25' AC, 0.5' CTB, and 1.25" ASB on
the shoulders. Although CTB is not generally used
beneath AC shoulders, it was used in this case because
it was anticipated that more traffic than usual would
be using the shoulders due to frequent chain require-
ments at this location. The on- and off-ramps were
constructed with 0.25' AC, 0.75' AB, and 1.0' ASE.

As of 1977, the shoulders and ramps were suffering‘from
deterioration (Figure 1) and were requiring extensive
maintenance efforts. This was due to the adverse environ-
ment, loading from snow removal and other maintenance
equipment (particularly in wet weather) and age. Major
structural damage was occurring which resulted in cracking
in the outer shoulder and cracking and wheel-track

rutting on the ramps. Pavement deformation was also
occurring on the inner shoulders. A PSR rating of 1.9-
2.0 was estimated by Mr. Harold Schmitt of the FHWA
(California Division). Pavement deflection was measured
with a Dynaflect and these measurements then converted

to equivalent Deflectometer deflections. The average
"equivalent" deflection for the eastbound outside

shoulder was 0.011 inch with equivalent values ranging
from 0.001 inch to 0.031 inch. Equivalent deflections

on the westbound right shoulder averaged 0.007 inch and
ranged from 0.001 inch to 0.024 inch (tabulated data is
located in the appendix - Table A-1).



Deteriorated Shoulder to be Recycled
Figure 1

A preliminary comparative cost analysis was completed

to estimate the potential savings of mandatory recyclinc
of a portion of the distressed AC. For the recycling
analysis, it was assumed that 40% of the recycled mix
would consist of salvaged AC and 60% would consist of
new aggregate and asphalt. This comparison is shown
below:



60% New AC

and
100% New AC 40% Salvaged AC
(Estimated (Estimated
Process or Material Cost per sy) Cost per sy)
Remove and dispose @ $6/cy $0.50 $0.30
Salvaged AC
Removal @ $3/cy - 0.10
Transport to nlant
@ 15¢/ton mile - 0.19
Crush @ $2/ton - 0.13
Mix, haul, & place
@ $14/ton - 0.90
New AC @ $18/ton 2.88 1.73
Tack coat 0.12 0.12

Total $3.50 per sy $3.46 per sy

The results of this analysis indicated that no substantial
savings would be realized by recycling a portion of the
distressed AC. However, the results also indicated that
recycling would be competitive, and that if a 50:50
combination of new aggregate and salvaged AC were used,
the potential economic advantage of recycling would
increase somewhat. Because the results of research
reported by other agencies indicated that a 50:50 biend
would provide sufficient virgin aggregate for the
necessary heat transfer to the salvaged AC in the mixer,
the decision was made to require recycling using a
(nominal) 50:50 blend.
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Numerous cores were taken from several Tocations withi
the job Timits to encompass all of the six contracts
included in the original construction., This asphalt
concrete (hereafter referred to as the salvaged AC) wa:
checked for gradation "as received". The asphalt conte
of the salvaged AC was measured. Also, some asphalt fy
the mix to be recycled was recovered and tested for
viscosity.

The use of recycling agents in liey of or in addition t
Paving grade asphalt was considered. Due to the additi
cost and, in some cases, the additional complexity of
using recycling agents, the'preliminary mix design work
was completed using only paving grade asphalt. Use of
the softest conventional AR grade of asphalt (AR-1000)
seemed to offer the best possibility of softening and
rejuvenating the aged asphalt in the salvaged AC. Howey
reports from Oregon and Others indicated the lightest
grade that could be used without running the risk of
eéxcessive smoke and air pollution would be AR~2000.

In addition, AR~2000 is sometimes used for fall paving
in the Sierra Nevada Mountain regijon. Thus, the grade
of asphalt selected for this project was AR-2000.

Findings from recycling projects in Other states such
as Washington and Minnesota(1,3) revealed that ajr
pollution problems could probably be minimized if
heating of the salvaged AC was done via heat transfer
from hot virgin aggregate. Thus, because experience
reported by others seemed to indicate that at least
50% virgin aggregate would be required for this heat
transfer if 3 batch plant were used, a recycled mix

10



_consisting of 50% salvaged AC and 50% virgin aggregate
was selected to permit the use of a batch plant or a drum
mixer, The gradation selected for the virgin aggregate
was a 1/2" max. medium grading per the January 1978
Standard Specification of the California Department of
Transportation, This size was selected because it had
been used with success in other (surfacé) recycling
activity and the grading provides the dense surface
considered desirable for shoulders. Aggregate complying
with this gradation from a source in the Sacramento area
was used for the preliminary mix design work.

The asphalt demand of the virgin aggregate was
established using standard design methods and then
adjusted for the recycled mix in relation to the amount

.\&.@

of virgin aggregate proposed for use. It was felt that
heating salvaged AC in the lab and mixing this material
with hot virgin aggregate in a manner somewhat similar
to actual field operation would be the most appropriate
mixing procedure so laboratory mechanical mixers
(Figure 2) were used. This also made it possible to
observe any mixing difficulties. The following labora-
tory procedure was used for the preliminary mix design
work:

Mix

(1) Heat virgin aggregate to 400°F

(2) Heat asphalt to 300°F

(3) Preheat mechanical mixing pots to 300°F
(4) Maintain salvaged AC at room temperature

11



oAb} Place heated aggregate and salvaged AC

in preheated mixing pot.
(6) Add desired amount of new asphalt
(7) Mix for 2 minutes
(8) Place the loose mix in a 1"x7"x11"
pan and cure at 140°F overnight (15-20 hrs).

(B) Compaction Procedure
(1) Remove the mix from 140°F oven after
the overnight cure and place in a 230°F oven for

1-1/2 hours.
(2) Compact using the kneading compactor-

with a foot pressure of 500 psi (150 blows)(Figure 3).
(3) Apply a static 1000 psi load for levelim

the specimen,

(C) Testing

Stabilometer and - Heat at 140°F for

Cohesiometer Tests 2 hours prior to
test.

Modulus of - Remove from mold ar

Resilience (Mr) & set overnight at rc¢

Specific Gravity temperature. Test

(sp. gr.) room temperature

(78° +2°F).

12



Laboratory Mechanical Mixers
Figure 2

California Kneading Compactor
Figure 3

13



mix, several samples were prepared., Having already
established the asphalt demand of the virgin aggregate
using tonventional Caltrans Procedures, a starting poi
Was established for the amount needed for the entire
recycled mix. Additional samples containing asphalt
contents above and below this starting point in 0.5%
increments wepe Prepared and tested, The test results
were studied along with visual inspection of each test

The 50:50 mix worked very well in the taboratory. 1In
general, the laboratory test results indicated that the
optimum asphalt content (new asphalt) for the 50:50 mi x
was 3.7% when using 1/2" max. salvaged AC and 2.7% when
using 3/4" max. salvaged AcC. This resulted in total
asphalt contents of approximately 5.9% angd yielded mixes
With stabilometer values of 40-41] and void contents of
4.7%+.

The design criteria was based upon the philosophy that
the selected process would ulTtimately be used to design
Pavements for the traveled way, Thus, although the
recycling on this project was confined to ramps and
shoulders, the basic requirements, as far as stability
and other conventional AC pavement design requirements,

were adhered to,

(c) Construction Specifications

Based upon the considerations and test results presented
above, contract specifications were prepared containing
the following features:

14



1. The recycled AC shall consist of & mixture of
cold salvaged AC, hot 1/2" max. mediun Type b A( agagregate,

and hot AR-2000 paving grade asphalt,

Z. The gradation of the salvaged AC shall be

reasonably uniform with 1007 passing the l-inch sieve.

3. The recycled AC shall be mixed in either «

batch piant or a dryer-drun type plant.

4. The amount of new aggreqgeate shall be bLetween
45 and 55 percent of the total weight of the combined

mateviai.

5. 1f a batch plant is used, the preheated hot
new aggregate shall be mixed dry with the cold salvaged
AC for a minimum of 20 seconds followed by the addition
of the AR-2000 asphalt and a subsequent mixing period
of 30 seconds minimum.

6. If a drum mixer is used, the salvaged AC shall
be introduced into the dryer-drum and combined with the
new agaregate in such a manner that the salvaged asphalt
concrete is protected from direct contact with the
burner flame by a positive protective device such as a
shield, separator, second drum, or other device acceptable

to the engineer,

7. The first breakdown coverage by the raller
shall be performed when the temperature of the mixture

is not less than 230°F.

See the Aopendix for a copy of portions of the actual

snecial provisions for this contract.

—
[



A bid summary including the engineer's estimate is

presented as Table 1. Analysis of these bids indicat
that the cost of using salvaged AC in recycled AC in
lTieu of 100 percent new mix resulted in a savings of
approximately $169,000 for the 43,365 tons of recycle
AC placed on this project. This was based on compara
costs of $12.91 per ton for recycled AC containing 3.
new asphalt (by weight of new aggregate plus salvaged
AC) versus $16.81 per ton for new AC containing 6%
asphalt. Those values were calculated as follows usi
bid item costs from Table 1: '

Cost Per Ton of Mix
Material Recycled AC New AC
Aggregate (0.965)($9.75)= § 9.41 (0.94)($11.50)= $1
Asphalt (0.035)($100.00)= 3.50 (0.06)(%$100.00)= .
Total $12.91 $1

A preconstruction conference with the contractor was
on June 13, 1978. C(Cold planing was started on June 1
1978, and the first mix, a conventional 1/2" max. all
virgin aggregate mixture used as a control, was place:
on August 11, 1978. The first recycled mix was produce
and placed on August 15, 1978. Paving for the project
was completed in October 1978.

(D) AC Removal

The contractor elected to use the CMI cold planer (Rot
Mill) for removal of the top 0.1' of the 10-foot wide
shoulder (Figure 4). The Roto-Mill used was a Model

PR-750 which has a 12.5' wide mandrel. However, only

16
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9' of the 10' wide shoulder was to be processed (remo
to within 6"+ of the concrete slab to avoid the Petro
elastic crack sealant, and to within 6"+ of the AC
drainage dike). Consequently, to avoid contact with
PCC pavement, it was necessary to remove teeth from t
mandrel for about a 42-inch width. The toothless are
on the mandrel was then permitted to ride over, but n
on, the PCC slab in order to facilitate the desired 9
shoulder cut (Figure 5).

Roto-Mil1l PR-750 Cold Planer
Figure 4

18



Drum, Minus Teeth, Overhangs P.C.C. Slab
Figure 5

Most of the cuttings were loaded in a continuous opera-
tion via a conveyor belt into trucks (bottom dump) for
transportation to the plant site for stockpiling (Figure
6). As a result of tooth removal, some fine cuttings
were deposited about 1/8 to 1/4 inch deep in the mandrel
overhang area on the concrete stab (Figure 7) and also
in the processed area behind the Roto-Mill. A power
broom was required to sweep the accumulation of cuttihgs
from the cong¢rete slab back into the shoulder area
(Figure 8). Water was used to cut down on dust and to
cool the teeth. In spite of the added water, however,
an occassional odor of burning asphalt was noted due to
the heat generated.
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Stockpiling Salvaged AC Cutting Deposit on P.C.C.
Figure 6 Figure 7

Pavement Sweeping

Figure 8
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The speed of operation varied from 20' to 35' per
minute, with the majority of the work performed at or
near 35' per minute. 1In spite of this, however,

during the first week of operation a distance of only
one mile per day was realized. During this time it was

necessary to change cutting

teeth as often as twice

daily. The cutting teeth had Tungsten-Carbide tips but,
unlike the conical teeth previously used with the Roto-
Mill, they were wedge or chisel shaped (Figure 9-right).

A notch in the shank of the
rotation, and thus may have
rate of tooth wear. It was
change of these wedge teeth

wedge tooth prevented
contributed to the accelerated
necessary to have a complete
approximately every 4 hours

at an estimated cost per change of $1,400.00 (each tooth

cost about $7.00).

Tungsten-Carbide Tipped Teeth for

the Roto-Mil1l,
Figure

21
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In order to inCPe3§§_Effi&i§ﬂ£¥4mihﬁmuedg%4£ee%ﬁwaﬁf

12.5' mandrel were replaced with conical teeth (C-3,
a 9' mandrel, Improvement was immediately realized.
The teeth required replacing only about every 2-3 da
and the shorter mandrel] resulted in a cleaner operat

In some areas, delamination 0ccurred where the origi
AC had been placed in a layer only 0.15'+ thick. Gr
off 0.1' Teft only .05' and in sonme small isolated s
the remaining AC spalled. This resulted in some rati
large pieces (3") being included in the stockpile.
total amount, however, was minimal and no processing
problem with the stockpile occurred.

While the Roto-Mill continued to remove the AC (0.1')
needed for recycling, the second stage of the removai
operation began. This phase consisted of removing

a four-foot wide section adjacent to the edge of the
PCC pavement. The depth of this additional cut was
approximately 0.15'., A1l the AC in this area (referr
to as the trench section) was removed down to the
underlying cement treated base. A motor grader with ¢
small cutting wheel attached was used to make a clean
longitudinal cut 4-feet from the edge of the PCC
(Figure 10). The AC was then ripped, scooped up, plac
into trucks and hauled away. The chunks thus obtained
were 5" to 15" in size. Because crushing to meet the
job requirements for recycling would have been necessa
this material was discarded. Also, in ripping the
material, it was discovered that considerable damage w
being done to the CTB. Therefore, a smaller model Rot
Mill (Model PR-225) was tried. Although it was now
necessary to get close to the PCC slabs and thus inciu«
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the removal of the Petroelastic crack sealer, this created
no problem for the Roto-Mill and the job was accomplished
effectively. Due to the hazard created by the 0.25°
drop-off at the edge of the pavement after excavating

the trench section, replacement of at least the 0.1%°
thickness was required during the same shift.

Small Cutting Wheel Used to Scribe Edge
for Trench Section

Figure 10

(E) Plant Operations

The hot plant, (a CMI converted dryer-drum}, the aggregate
crushers for the virgin aggregate, and, of course, the
stockpile for the salvaged asphalt concrete were located
just off the freeway at the Gold Run Overpass. The
salvaged asphalt concrete stockpile was kept to a maximum
height of 10' (Figure 11) to avoid segregation and to

avoid consolidation during warm weather that may have

,\
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made removal from the pile difficult. The Stockpile
formed by first dumping the salvaged AC from bottom «
trucks into windrows and then using a front end load«
t6 place this material in the stockpile. The virgin
aggregate was hauled 9 miles from the Bear River and
was predominately 3"x3/8" quartz although some partic
as large as 6" were Processed (Table 2). At the crus
site, the raw aggregate was stockpiled over a8 tunnel
housing -a conveyor, which transported the aggregate t

& separator (Hewitt~Robins~Figure 12). The various ¢
were then belt-conveyed to one of two Symons cone
crushers (Figure 13) which Crushed to a given size.
éggregate was then stockpiled according to size,

Stockpile Height Kept to Sieve Separator for Remove
10" Maximum of Large Aggregate for
Crushing
Figure 11 Figure 12
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TABLE ¢

GRADATIONS

78-1430 78-1355 71310 L 1 - !
VIRGIN L33R | VIRGIN AS5R 1 SALY AC a £
SIEVE PIT FPUN CRUSHE O | Treto e ST
SIZE ‘ ' .
© 9 A
k | ;
. V,J L ; B N
215 73
2 60 ! . - ‘

100

10¢

9

PUBERUINE S R USSR SR

Lo % g7 i 7
34 i be ! b: R
4 12 b I{ ot

T

PR §

[ 47 ; 4t I .
16 I 3 ' 37 S
30 A 21 1 28 o

50

1oC

20C

1
£
of
AR G RS 8

*As used for recycled AC



Symons Cone Crusher

Figure 12

With the use of a front end loader (Figure 14},
Processed aggregate was loaded into metal storage
(Figure 15) from which it was transported to the ¢
mixer using another conveyor belt.

th

Front End Loader
Figure 14
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Cold Storage Bins

Figure 15

The salvaged asphalt concrete was removed from the stock-
pile with a front end loader and placed into a metal
bunker. It was discharged via a bottom slot onto a
conveyor belt and transported‘to a set of sieves for
removal of the oversize (Figure 16). (It was estimated
that 10% oversize was rejected; however, later some of
this oversize was broken down for use by driving over
it with a D8-Caterpiller Tractor). The mix was then
placed by conveyor belt into a cold storage bin. From
the cold storage bins, both the salvaged AC and the
virgin aggregate were fed to the plant.
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Removing Oversize Salvaged AC
Figure 16

Shortly after the "construction" of these stockpiles
began, samples of the new aggregate and salvaged AC
were obtained and used for additional mix design wor
to provide the basis for final recommendations regar
the amount of AR-2000 asphalt to use. Table 3 conta
the results of this testing. Based upon these resy]
the optimum asphalt content for the recycled AC appei
to be 3.5%. The design properties agreed quite well
with those of the preliminary testing and indicated 1
a mix having stabilities of 41+, void contents after
kneading compaction of 4.5%, and a 67 pen. binder was
attainable.

Additional laboratory testing was also completed to
determine the effect of increasing the amount of salv
AC in the mix to the upper limit of 55%. The results
of this testing, which are included in Table 4, indic
that the optimum asphalt content would not change.
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TABLE 3

I-80 RECYCLE PROJECT

03-205404,502

LAB TEST NO. 7813188

ASSUMED S0ASPHALT IN SALV. AC.
USED o' B MED “RADING FOR VIRGIN AGGH.
VIRGIN AGCF | o | € 50 | 50 | 50 | 50 | 50 | 50 | 50
SALV AC  USED]| 100 50 50 50 | 50 50 50 50
AR 2000004 ADDEDIOG | O o | 20 | 25 | 30 | 35 | a0 | af
TOTAL ASPH ™ M4 | 50 25 45 50 | o5 60 65 7.0
T 3
%%Mg%[mqgm CALIFORNIA KNEADING ¢ A= aCTOR
R - Y T ’ I ) 1 T
STAB VALLE 44149 45147 |4z (a2 |0 laz 4zi4z 4z 40|30 29 | 1718
. . , R -
SPEC GRAVITY 226 Ezzb 214 lz.lfv 223|223 |224 I2,256 228|128{23] |12?>! Z»Bsz% 2341234
VOIDS 1575 /5‘771/&1 97147 6,6;52 az{bZ 45 iuf 3329|2412
COHESION 5‘;01404 86 207 |208,199 [229 b3 |29 245|202 a0 4o 41 | 406 515
F ABRAS — — ~ ; ) — ]
SUR BRA m08) | . 204 g
= ) |
Mg X105 133707 |~ |- | == | -1 |- - 33013.34 : i -
l T T
STAB 5 140 | | - - ,1‘” AR PV B B
MVS | SP GK 2,25[2.7.7 - - ; I ; I ;,N 229 |28 "T, b
: ; ! + + f
COHES  |aawoo |~ ' - |~ |~ | =1~ | -1~ soe 598 T 1 | 1
RN ! i | ‘ T
MO‘ST(QU) 1.0 | f _»! -~ 17 E I | B !"’” 04 !04 - ; i
RCCOV.ASPUPCN. | 14 | — | — _ — w7 — )
Mor , -
FLUSH NoNE | Nowe | Nowe NovE | nomg :f%if Hfévr HEAVY
OPTIMUL' ASPH 90| — - . ~ - % _ .
EXTRACTIONDATA @ CPT ASPH CONT
L “ i {O’:’ASPH ¥
SIEVE SiZE Ya |V 1% sl s | 6 {30 |50 {oolecol 728~
% PASSING o |94 |85 |66 |50 |36 |27 | 18 |12 |82 59
LO/O THEORETICAY 1y ‘q4 84 | b6 | 4p |2 | 24 | 1o (1| T | @O
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TABLE 4

[-80 RECYCLE PROUECT
03-205404 £z,

‘vfﬂ‘

DGt
LAB TEZST NO. /8 /3/& .
ASSUMED S08ASPHA LT IN SsaL v, AC.
USED,K B MEL FRAUWK}F”P‘WRGW AGGR,

VIRGIN AGGR | o, | ¢ 45 [ 4% | 45 [ 45 4%
SALV AC {Lsg: 100 55 | 55 | &5 55 [ 55 5%,
ARMOODOHADDED(%} C o 20 25 | 30 } 35 [
TOTAL ASPH Iy 1104 | 50 | 25 | 45 | 50 { 55 6.0 J 65
Covaali, DHUFOFNIE KNE ADING COMPAC:OE
STAB VALUE WME“LK r..“; 7_% l4 41@]55}3;[;4 ,rz( |
SPEC GRAVITY ‘m ] ’ 2,27!217 2392 3()' 2%;}231]235"233j
VOIDS 7;7:%? REE ;70155 ,93]4, j4 [z 924 |
C{OHESION 540 ;404 J { 305!27@ 309], lb]é}g? 447.’4(71 4p0
SURF ABPAS{M%BF‘ML‘ — - | w1y |
Mg X102 13 fm[ , f - f -~ [zegl’z,%[ ~ 1
S 2 T O Yy e
MVS | SP Gr 3,25?2,27 f ; ~ ;~ - ;» ]zzsfzm[ ﬁ’ _
COHES [ o T HENEE e4ofs4oj -
MOIST (%) /‘0:/,/ 1 ; ! { ~f - - g* Io& ,"041 - : -
RECOvAser Pz | iy | L= | = e o
FLUSH NoNE ’ ‘uoué NONE f;c;” ﬁf;fu?
OPTIMUM A4SPH o] 1 !

% THEORE Tu-fwo*qs f?” [“51

*Questionable
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The dryer-drum plent used for the hesting and mixing
(Figure 17) was converted to previde & hest shield that
prevented the flame from coming into directi contact with
the sailvaged AC (Figure 18). The virgin eugregate entered
near the flame in the front of the drun and wes heated
first. MNear the midpoint of the drum, the selvaged AC
was introduced and thus was mixed with the heated virgip

oo

aggregate. Seconds after this mixing, 3.2-3.5% (by
weigint of total mix) new asphalt was adcec vie & -
diameter pipe tha%t entered frow the reav or outlet of
the drum. The final recvcled mir ws: then dischargec
into & hot elevator at the rear of the drum end trans-
ported up intc a storage silo. The temperature of the
final mix was monitored by a sensor st the discharge of

the mix from the drum.

Ct1 Dryer-Drum Used for Heating
and Mixing

Figure 17



Heat Shield Inside Dryer-Drum

Figure 1¢&

The plant, labeled a "Roto-Cycler", was equipped with
a cyclone and a wet tube scrubber to eliminate air
pollution. Although considerable steam was in eviden
(Figure 19), the pollution standards for Placer Count
were reported to have been met. Opacity readings ran
from 5-10% were reported. It was also discovered tha
a slight amount of water added to the ccld salvaged A
at its point of entry into the drum mixer reduced pol
tion somewhat when, on occasion, dust did appear to b
in the steam leaving the stack (Figure 20).

L0
™o



Emission From Dryer-Drum Mixer

Figure 19

Emission After Water Added at Dryer
Figure 20



ATthough the ambient temperatures seldom exceeded 90°F
the temperature in the top 6" of the salvaged AC stock
pile reached 120°F. Although no problem with consolid
tion was noticed in the stockpile, an attempt to prelc
the storage bin the night before operation resulted in
consolidation or compaction within the bin. Considers
difficulty was encountered loosening the material

sufficiently to proceed. Preloading was thus disconti

Sampling devices were provided by the contractor for
obtaining samples of the virgin aggregate, salvaged A(
and recycled mix. Although somewhat difficult to oper:
they did meet the requirements,

Samples of the mixture, after extraction, constantly

produced a gradation with more material passing the #2(
sieve than was present in laboratory prepared samples.
The cause was attributed to some aggregate degradatior

in the dryer-drun.

The recycled mix leaving the plant was generally 270°F
or more and appeared to be an excellent mix. However,
reports from the street indicated that the recycled mix
had a "gummy" characteristic that made hand raking
difficult even though mix temperatures were fairly high
(Table A-4). Later, when the small spray of water was
added to the salvaged AC at the point of entry into the
drum, some of the alleged "gumminess" reported on the
street appeared to disappear; however, at "street'
temperatures less than 250°F, the mix remained very
difficult to rake.
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(F) Street Operations

On the street, the project was divided into two general

categories:

(1) Conventional Asphaltic Mix

A conventional 1/2" max. (medium grading) mix
was placed as a control to compare with the performance
of the recycled mix. This was placed in the eastbouncd
shoulder from P.M. 42.50 tc P.M. 43.44.

(2) Recycled Asphaltic Mix

(a) Except as noted on (1) above and 2(b)
below, a 50/50 recycled mix was placed on the entire
project. In addition, Petromat was placed on the
shoulders and some ramps prior to paving at the loca-
tions shown below in an attempt to retard reflection
cracking (Figure 21).

Placing Petromat

Figure 21
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The aress selected for Petromat were severly cracked

e B M A M D Re BN R

Rather than remove the entire depth, it was decided
try fabric reinforcement on an experimental basis to
retard or eliminate reflection cracking. Immediatel
prior to placing the fabric, a tack coat (0.25 gal/s
of AR-2000 paving asphalt was applied.

PETROMAT LOCATIONS

PH Lo PH Direction PH to PM Dire:
47.50 47,58 EE 42.81 42.96 W:
42.63 4z.9¢ : 43.87 44 .02 ‘
43,33 43,34 ! 47.45% 48.60 ‘
43.50 42.54 ; 51.91 52.76 ’
44 ,9¢ 45 .03 . 52.81 53.00 ’
45.1¢ 45,35 ! 53.16 53.24 '
45,56 45,71 ! 55.93 56.19 ‘
47.65 47,73 ! 60.95 61.20 !
47.91 48.068 ; 61.36 61.76 ;
50.72 51.02 ! 62.43 63.24 :
51.12 51.2¢2 : 64.06 64.20 !
52.38 53.23 " 64.27 64.36 :
53.51 53.61 : 64.55 64.88 !
55.93 56.05 "

56.79 56.95 "
57.29 57.42 "
5€.23 60.05 !
60.16 60.13 "
62,24 62.70 !
64.32 64.48 "
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(b) A 70/30 recycled mix was placed from PM
52.40 to PM 52,60 W8,

(c) A "rich" 50/50 recycled mix was placed on
the Nyack WB "on" Kamp (3.5% new asphalt for the N. lane
and 4.07% for the S. lane)

Prior to paving, a prime coat or tack coat was applied
(Figure 22). An M(C-250 was used for the prime and was
placed wherever CTBE was exposed. When the CM!I Roto-Mill
(Model PR-225) was used to excavate the trench, a thin
layer of AC was left over the CTBE and in these areas

an AR-2000 was used for a tack. In both cases, an appli-

cation rate of .05 gal/sg yd wes used.

T AT T ——

Tack Coat Prior to
Placing Recycle Mix

Figure 22
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The first mix placed was in the trench section usirn
special attachment (Figure 23) and then compacted u
a Hyster Model C-3504 roller. Later the trench sec
and the entire shoulder were overlaid with 0.1"' thi

recycled AC.

R

%
e
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’

Special Spreader Attachment
Figure 23

Visually, the recycied mix placed in the street appea
excellent (Figure 24). It appeared to be well coated
and to contain the Proper asphalt content. There wer
no lumps of old AC visible. HNo difference between th
conventional mix and the recycled mix could be detect
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e

Completed Recycled AC Shoulders
Figure 24



~HYpon-comptettonof-att paving, a RecTamite construction

seal was applied at the rate of .05 gal/sy from the edge
of the concrete pavement out 4' with the following
exceptions:

(1) A1l ramps and gores were excluded.

(2) At the following locations, the full 10' wide
shoulder was treated:

PM 44.95 to 45.35 WB
PM 45,87 to 46.10 WB

(3) The locations skipped (no Reclamite) for purposes
of future field condition evaluation were:

PM to PM

43.38 43.80 EB
60.47 60.97 EB
44,30 44.80 WB
62.20 62.70 WB

(G) Testing of the Recycled Mix

A problem extracting the salvaged asphalt concrete using
the vacuum extractor (Calif. TM 362) was reported by the
project Lab technician almost immediately. It was
reported that excessive time was required to complete
this extréction because of the aged asphalt in the mix.
Testing speed was essential because the use of salvaged
AC required approximately twice the testing normally
required due to the need to measure the asphalt content
of the salvaged AC (in the recycled AC). At
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each sampling, both recycled mix and salvaged AC
(sampled just prior to mixing) were obtained. The
asphalt content of the salvaged AC was then sub-
tracted from the amount obtained for the recycled

AC. The difference in asphalt was a check on the
quantity of new asphalt being added. A minor modifi-
cation in the rinsing portion of the test procedure
resulted in a reduction in the time required per test
to that required when testing new AC.

Another problem, however, that was also associated with
the extraction testing was not easily resolved. Thic
problem involved attemnts to obtain a representative
sample of the continually changing salvaged AC. A close
inspection of split (quartered) samples often revealed
3/4" size particles that were essentially asphalt and
fines, while other pieces of'similar size consisted of

a single larger aggregate particle. Consequently, it

was necessary to perform several extraction tests (as

many as possible) and then average the results. Variations
of as much as 1.0% in asphalt content were encountered

in spite of the efforts to obtain representative duplicate
samples for testing on the job and in the Sacramento
laboratory. It is anticipated that the recycled mix will
thus reflect these variations in asphalt content due to
the variables inherent in the salvaged AC (See Tahle 5).

The Sacramento lab test results in general indicate the
overall Hveem stability of the recycled AC to be about

34 as compared to the value of about 40 obtained during
design (Tab?és 6-11). To increase the very low stabilo-
meter values of 14 and 11 that were measured for sample
number 782-132 (Table 6), the amount of new asphalt being
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TABLE &

TEST RESULTS ON RECYCLED
RO , | . ASPHALT CONCRETE

(Job Control)

VACUUM EXTRACTION TEST (CA-TM-.

DATE EXTRACTED ASPHALT CONTENT (%¢)
SAMPLED | SALVACGED [RECYCLED DESIGNED ACTU/
ASPH. CONC. [ASPH. CONC.
8-15-78 57 67 3.5 35
D678 6.2 70 35 FG
8-11-76 57 el 35 < 3E
81276 57 60 35 ¥
62278 55 70 34 4z
B-22-764M 60 &4 35 34
T M 6.0 65 35 3e
574.79 M 55 6! 35 32
2578 62 46 35 27
82878 50 51 35 ze
6-29-76 59 B ¥} 35 3
§-31-76 50 59 35 34
9-7-76 5.1 54 32z 28
778 1 54 53 3.2 26
3678 56
9-11- 7% AM 53 54 32 25
9-11- T9AM 50 62 3z a7
9-13-7p 49 54 32 2.9
9-13-7% 40 57 3.2 34
9145 62 54 32 23
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TABLE 5 (Cont'd)

TEST RESULTS ON RECYCLED

(Job Control)

VACUUM EXTRACTION TEST (CA-TM-362)

DATE EXTRACTED ASPHALT CONTENT (%)
SAMPLED | SALVAGED QEC“(CLED DESIGNED ACTUAL
ASPH CONC, |ASPH.CONC
9-14.78 M 43 6> 3z 4.
9-15.78AM 55 56 ¥a 286
9-18-78 54 £2 3.2 e Z5
G-19-T8 M 5 | 57 3.7 EY)
1-19-78 51 52 3.2 27
q- 20-79 Koo 546 57 3.2 Zy
32176 62 59 32z 2.8
§.11.78 6.4 575 Z.5%
9.25.78 6.4 59 2.9
71578 M 59 -3 A 33
727 am 56 3 %2 32
12778 4.9 6.0 2.2 36
9-28-79 57 bo 32 3.2
729.78 bl 59 32 29
lo-21% 56 5.4 . 3L 26
10-3.7% 5% 5% 32 20
10-1- 78 4% 5.4 30
/9578 | 5.6
[0-b- T 5.8‘
(0-9-7 5352
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TEST RESULTS ONRECYCLED

TABLE 6

ASPHALT CONCRETE

k.97 S : 3,5% AR200 C DOH ADDED
SAMPLE 1 782-103 | 782-104 | 787-106 | 762-131 | T62/3L | 762129 | 78
NO. ’Cg\rgrﬂ/ ! Recy. AL ‘L Recy. 4 . i Recy AC. | Kecy AC | Keey A | Ke
GR‘ADAT’ON AFTER EXTRACTION
SIEVE SIZE et cwf R e rypaso/émc PASSING | PASSING P2
S 100 100 $00 oo 100 100
'/ZH 98 g7 100 98 97 95
Ve’ 86 & 92 89 % 85
4 64 p 73 2 ¢ o4
6 44 47 54 5 50 e
& 20 34 Yo 37 37 35
30 | 2l 25 28 27 27 25
50 |4 18 20 /9 2 19
100 10 13 14 14 14 4 _
200 72 9. 10.0 96 10.0 9
7‘&@5“,?5?1 50 59 | 653 63 6.7 60 6
TESTS ONMIX B
STABILITY| 41/28 I 28/20 B 26/2¢, /il | 28/7 3
COHESION | 235/265 : 486/age | 4%/490 3470/37(; 326/250 | 40/ | M
VOIDS 65/67 | 28/28 | 2721 | is/t5 | 08/os 1.8/1.8 Py
SURE.ABR! — © apy | i75g | 79y | 595 | oy |
MR X10°> — | 490493 | 3T2/3c | 430/286 | 40B/472 | 348/3%0 r—jé
s STAS ! — 24/30 26/26 18/26 /31 = 4z | )
MOIST.| i 02/0.2 02/0.2 02/0.2 pz/o.2 | o3jo.z | Y-
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TABLE 6 (Cont'd)
=~ e ~ N r— \, ———
TEST Pn..vv_._u'v \,i\l RLC’CLLLJ
' ‘T’ —~NN ST T
ASPRHA_T CONCRETE
_{ N »"-“’_;( , G o e e e e e & l—" SE o T AN - - T R «pi
SAMPLT  TBINS | 782104 TR 106 | TEC /3 782 /3% Eo13dy TE g
NO. EEcy’ AT JKey AC Keoy AL keoy AC Ee’gy A Koy Al
TESTS OMN RECOVEREID ASPHALT
VISC. €40 F 2 200 el 1465 00se| 11816 pose | <873 pone | 12757 pme | Fosin el G pors
VISC.eZ75 F  Heul i 9 e csr | Bolar | jvis est et | JAres
2
PEN. G77: i 75 237, 3 35 30 T P
SOFT PCiNTi IT1F L o sacp | 37 ErS 1234°F 140°F
DUCT! L'! T Y } /()UT o G5 opr [00+cm JO0T S 7'-? vy JCC e TE cm
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TRELE 7
TEST RESULTS ONREC
ASPHALT CONCR

3.5% AR-2000 Added

M <

!
§
SAMPLZ  [782-155 T8 I56 1782 15T | 7871564 CTBL 159 1 782 60 |
NO. ; Kecy AL ‘;R&;y’ A ‘{,‘:},qu AL ﬁe'_y AC i Q@(y AN ;{Egt\/ A ,f
GRADATION AFTER EXTRACTION
N A I f 9 2 KA 7
SIEVE s1z- ASSINGIPASSING PAsstG;PASSfNG FASS:NG?F?ASQNG!F
RVNE ! :
44 , 100 { 100 10C 100 100
N o R
) o8 96
B4 &8 &t 83
68 b6 65 62
50 50 46 4e&
37 26 36 34
27 26 27 24
= 16 1& i7
D S S
13 12 12 1Z
| " 9.0 Q5 84 2o 85
2. EXT=A : ’
ESXPTHAEI«'E% 6l s 58 58 6 s6 |
TESTS ON M X
, :
STABIL ;Tyf 31/30 I 2oz 38/35, 39/3¢ 29/26 [ 32/30 34
S i i 4
COHESION | 494/57, | 483/509 | 4837 [ T7/465 | 49 /54 s502/502. | 510
e N ] !
VOIDS { 2520 i 34/34 37/37 29/29 36/36 | 37
-——————..M,_%M___A“
SURF".ABP..l 789 | 2169 24:
MR X[0= 356/309 é 36827 30 4.16)
T ““‘ [ — ) ;
/5/// ’ 35//5»7 Z // 34/’3
Mvs[STAB | 2« sy /
Mom‘[ 03/07 | 53/05 % 0.2,
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TEST RESL!

TABLE 7 (Cont'd)

SU_TZ ON REC
ASPHALT CONCRE

(3.5%

AR-2000 Added)

SAMFLEC - 782-155 |782 I5b V72 157 | TBZ-1B8 | TAL 159 (T1p2 160 1IBZ-16] |

NO. !Ra:y AC Rcay Kecy AL 1 Kecy AC | Keey ACHLecy AT | Kecy ACT
TESTS ON RECOVERED ASPHALT

)

11411 poise !

11282 poise

VISC. el40F | B6nl pone] 10427 porse | 15672 porse
VISC.oZ7SF 63 | 745 cor | 975 cor | esder | - %00 5T
PEN. 2777 { 50 38 53 36 - - 41
SOFT POiNT“| 23°F | 13T 2°F 154K - - 140°E
DUCTILITY fl 100t | 6B om 54 com 65 o - - 59 om
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f

ASPHALT CONCR

{3.7. AR-2000 Added)

Y
E

i

-

CLED
{

SAMPLE [ 782162 | 782 tod 1762170 L Tezgme | TEZATE | T2 173 T
NO. i Reoy AL | Reco AL g ooy A ; Ceey A < 1 ooy AL | Keey AC | e
GRADATICON AFTER EXTRACTION
SIEVE SIZT At o inG PALSING PALEING PASSING |PAS 2ING PASSINGIFAS
< J s} J T D THING ol
3/44 Ti oc 100 100 100 100 I00 I
I/ 2” % e ar a5, % 95 S
e’ g 52 B0 se 6 6o ¢
4 &% 62 o! o6 o0 5 ;
8 45 45 4% 48 44 4, 4
16 33 33 3 34 32 5 z
30 24 24 25 7e 24 23 2
S0 I 17 12 [ 6 17 2
100 12 iz 14 1% 12 iz L
200 87 8.8 G0 8.0 84 86 9
%Esgjﬁ ET;D 54 52 55 56 56 55 X
TESTS ON MIX |
STABILITY| 4240 340 | 39/3 47/39 36/40 775 2
COHESION | g5, 500 | s86/p0e | 550/566 | 22 sgysez | ssqlses | 50
VOIDS %8/36 | 34/57 50/34 40/22 28/20 30/3.0 29
SURE ABR.| 179 g 1 - 2024 | 2044 199 4 9.
Mg X102 4 < — \smsieza | Anasz | 424 | se7l50 |
MVS STAS 3@//25‘_,, ’I - - #4) 31/34. 29 3
MOIST.| 43/03 - M/M 0392 0.% o




TEST

‘e i

TABLE 8

{Cont

H [ T e~ —~
} t £ e ¢
\ L RN S AN

ASPHALT CONC

'd)

N R

sl

(3.2% AR-2000 Added)

~i.c 78216l 1y 782165

Eecy, AL

i

B2 17!
Keey AL

78z 72
172 -
Loey £ ¢

782174
I-:&néf(_y/ A I

!
S ON RECOVER

ED ASPHALT

VISC. el4C T ! 11,08 poise |

9200 porse

7676 porse
/

12733 porse?

6T Pmy

. 1
VISC.eZ275 £ . 780 cs1

TEST
i
|

77/ s

747 st

G26 csT”

- I A
PEN.e77F 30 - 34 44 42 57 e
SOFT PCNT: 139 | - 139 13¢°F /35 s o |
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TEST RESULTS ONRECYCLED
ASPHALT CONCRETE
(3.2% AR-2000 Added)
' SAMPLE | T8Z2-175 82 VTT 162195 [ XUBL 194 XN 195 T8 146 el
©NO. | Keey AC | Rey AT Recy A [ Kooy AC | Loay ae [0y 10 Ry
GRADATION AFTER EXTRACTICON
SIEVE SIZE lPA;/‘SlNG PAgoSlNJPAgﬂSING PAS%SING PAg/élNG PAgélrJG PAé/E
3/‘4” 100 j0O (00 joo T I 100
Yo" g7 77 o7 a1 . oy ,
¥’ &4 82 74 & &2 o il
4 b4 6! 6l b e e of
° 46 44 44 4 47 a5 ¥
16 24 33 A3 3 35 32 3¢
30 25 24 25 24 28 23 25
50 18 (7 17 )7 6 7 1
i00 13 12 { 1Z 1% 12 3
200 93 88 8.0 82 24 62 Be
7’55@@5‘5@ 57 54 5.8 55 6.0 54 55
TESTS ON MIX -
STABILITY| 42/44 40/42 37 4/ 32 45
CORESION | =75% | soaipss | a9 424 L e w5
VOIDS 34/a4 28/38 34 4.1 18 7 4
SUG::‘F:~ ABR.| zze4 200 4 204 g 254 4 2384 154 | KE
Mg X102 508568 | £95/479 1 50 4oz 5.4 59 5 b
Mys | STAB. 37 B | 58 30 37 3
MOIST | ot 0303 53 0.4. 0.2 03 oL

*3.2% AR-2000 DOH Added
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TABLE 9 (Cont'd)
TEST RESULTS ON RE

CY
ASPHA_T<TJ NCKE

CLED
TE

780 175

(3.27 AR-2000 Added)

SAMPLE 782- 177 762195 187194 782195 T8 196 L 0219

NO. | klop A G| Reey AC ] Leey AC| Keey AC | Kewy A < Keey A C | Kecy AL
_ TESTS ON RECCOVERED ASPHALT

'ViSC, 3[40";" ! /< Sé%pmge /6, L«;Lw/w,;g 216 pose | 2o, ETL poe | 11203 porse | 6,67 0posc | B4 47 pose

VISC, 0'275)F. ? (127 ¢sT | comasT | 855 o | Lopz o BB car T30 cer | 690 csT

PEN.e77F 'L 30 30 3 27 43 5z 40

SOFT PCINT| e 1437 = 1455 N /32 136°F

DUCTILITY | yp=om 8B5S o | 795 0. 0cni | €2 S |\ jpps i | 100+ m
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TABLE 10
TEST RESULTS ONRECYC
ASPHALT CONCRET

LED
E

9% AEcx

!«— 32 %A APDED ] 75*4&2’/[,:;, i RInAG2ecc  ADDE T
SAMPLE | ZE7-198 (782199 T2 20C | ez P00 VTl 4l el
NO. i [:P AL ;2(1"-;" Al ‘L':/Efo;’ AC e o B r'«/ru v bl ; /Lii\it:.<‘;\,/ A [
GRADATION AFTER EXTRACTION

Wi % Ve

A o o o :
SIEVE SIZE LDASSiNG PASSING IPASSING|PASSING |PASSING IPASSINGIPAS
3/24 10 00 Jor Voo e i

i

vz 97 % % a o %
=73 gt & B g6 89 22

4 67 & 66 61 61 =
F

| & 48, 47 4¢ 52 50 at

16 3 35 36 40 35 3

30 20 26 2 30 27 Ze

S0 (£, 9 16 o E; &

100 13 1z 1% 5 14 /3

200 b 8.6 9.0 105 16,0 ar

REXIRCTED o4 49 55 a0 55 s

STABILITY| 4! 40 22 26 e 54

_COHESION | o1 639 564 489 b4 7oz 4
voIDS 47 24 3.8 3.0 42 38
SUFS@’-“. ABR. 2004 | 2624 26449 | 557y #9, 3.0 2
Mg XI0> 624 | 48 3,84 - 713 £

STAB | 22 | # 50 2 -
MOIST 0.2 0z 0.2 - 0.b 0.2

MVS
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et ] g

SAMPLE
NO.

TABLE 10 (Cont'd}
TEST RESULTS CN
ASPH/"‘L_,’

379 AR IOOU

F-

;
ez
i A, (’ J/
4

,Au,_“t\] }o,, ALV,

3 A
Aok

AOPET

JR—Y

I3 244

KCJ .\{’ f‘\ L

VISC. 214CF |

12, Bl pore.

Ho fone | 20,070

i"/I‘" [ poi”
.

o s

i
VISC.e27= r ‘ S T e o 44 o7 Lo2f o T 72
F—
PE N. Q77F i =4 E I 27 27 S 7e .

SOFT PONT, ovr | tacr | ror | iair

{

190

DUCTILITY { TCTS om 77 Eem 1004 o G2 0 o

T2.0 e
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TABLE 11

TEST RESULTS ON RECYCLED
ASPHALT CONCRETE

o AR oo {AO% Akico: +57.AK Lo 359 -
329 AR 2oos PR AR 200

ADPED A

ALYeED ADED
SAMPLE | 762-745 | 787 746 82-247 | 782 748 ,
NO. !,@_(\/A Ot Reay AC Recy A-C. Kecy A-C. {
i
GRADATION AFTECR EXTRACTION
-, %: % %o Yo l Ye % ! % %
SIEVE sSizc ASSINGIPASSING|PASSING PASSING |PASSING IPASSING PASSING
3,4]” foc 100 /00 106
77 )
Rz a % % 97
Rz & g 9 9
4 65 66 1 ©7
8 47 S0 52 44
16 2 37 gl 37
30 27 26 29 27
S0 | /9 20 21 9
100 (4 5 /5 14
200 28 ) D6 78
% ESXJ&EP £9 : 67 75 54
TESTS ON MiX
STaBILITY] = | - ) 2
' COHE SION (49 29¢ 270 560
VOIDS 26 07 6.0 ¢5
SUF?F:-ABR, .7 4 B, 204 4 %44
Mg X102 £4¢ 474 45/ £ 1
[
MysISTAB. | % — 6 3
MOIST. 03 = 0.2 £3
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TABLE 11 (Cont'd)

TEST RESULTS CN RECYCLED
ASPHALT CONCRETE

#U% A2cca

L5 AR 200

359, AR Looc:

'327,’ AR Coa fraaiy S
SAMPLE | 78t 245 V782246 | 752 247 | 762 248
NO. i(ecy’ AC |Bey ni | Pecy AC | Beey Al
TESTS ON RECOVERED ASPHALT
VISC. 40 F | 588/ pose | 6794 puse | M2 pose | 4927 porse
VISC.oZT5F | 577 s | woocst 504 csr | L3 st
PEN.s77E 36 30 57 3]
SOFT POINT| /33~ 135 °F 132°F 136°F
DUCTILITY | oo+ | iorem | 1ot em | o0+ con
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added was decreased from 3.5 to 3.2%. However, later
test results for samples of mix placed just prior to
making this change indicated that stabilities in the low
30's had again been achieved even with the continued
addition of 3.5% AR-2000. No visual change in the mix
was noted when this change in asphalt content from 3.5%
to 3.2% was made.

The hardness of the asphalt in the recycled mix will, of
course, basically depend on the hardness of the old
salvaged asphalt and the amount and type of asphalt or
additive used for recycling. The asphalt hardness will
also depend upon many other variables, some of which are
not easily controllable. One of these variables is the
type of field mixing units (an uncontrollable variable
at this time) such as pugmills vs. dryer-drums. Produc-
tion variations will also exist within each method caused
by such items as the condition of the mixing equipment,
time of mixing, mixing temperatures and character of the
asphalt, crack sealers or other bituminous material in
the salvaged AC.

Variables in the Laboratory (TransLab) operation may also
influence the decision on the amount of new asphalt and/or
recycling agent recommended for use. One variable is the
procedure used to combine these products with the salvaged
AC. One approach involves combining the additive with

the salvaged AC. Another approach involves combining the
additive with asphalt recovered from the salvaged AC.
Using the second procedure decreases the number of recovery
tests required. However, this method also relies heavily
on the accuracy of the asphalt extraction test results.
Thus, an error of 0.2 to 0.3% in extracted asphalt content
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can influence the final properties of the binder in the
recycled AC. Because of this concern, all testing was
done by combining the new asphalt or recycling agent
with the salvaged AC and virgin aggregate and then
recovering the combined asphalt binder.

Another variable it was felt prudent to study was the
effect on asphalt hardness of the laboratory mixing
equipment used. Thus, a small program to observe which
of two laboratory mixing methods currently used by
Caltrans most closely correlated with recycled mix
obtained from the field was included in this study.

The standard method of laboratory mixing at TransLab has
been to use the mechanical mixers shown in Figure 2 (page
13 of this report). These units, which are also
available in each Caltrans' district, are used to
individually mix samples up to 1500 grams. Table 12
contains the results of some jnitial tests of asphalt
recovered from mix prepared in the laboratory using
ingredients from the job. The lack of agreement between
the results for Nos. 2 and 3 resulted in test number 4.
Test No. 4, although closer to the results for the mix
from the job, still suggested that the "aging" during
laboratory mixing was not hardening the binder as much
as the aging occurring in the drum mixer. The asphalt
recovered from the field-mixed AC did, however, have a
penetration of 33, which indicates an asphalt softer
than that in the original salvaged AC (average pen. of
16) was being achieved. This was following the solvation
and distillation process that is part of the Abson
recovery operation. One significant question arising
from this type of recycling in general is that of
blending of the new, added asphalt or softening agents
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and the old, hardened asphalt. Does it actually happen
in the mix? Or do results of tests on the recovered
asphalt merely show what would happen if they did blend?

Occasionally at TranslLab a larger commercial "Hobart"
mixer has been used for mixing when samples of 5000 to
7000 grams were desired. Thus, it was decided to compare
the Hobart with the conventional mixing units for ability
to produce a final mixture with an asphalt hardness
comparable to that obtained in the field. The mix pre-
pared for this hardening study consisted of 50% salvaged
AC (with an average asphalt penetration of 16), 50%
virgin aggregate, and 3.5% new Douglas AR-2000 asphalt.
After an Abson Recovery, the asphalt was tested for
penetration with the following additional results

(Nos. 5-7):

TABLE 12
Test No. 1* 2 3 4 5 6 7
Mixing Unit** - Drum Pot** Pot Pot Pot Hobart
Mixer
Mixing Time(Min) - ? 2+ 2+ 2 10 1.5
Penetration 16 33 165 67 57 58 44

*Salvaged AC

**Pot test refers to mechanical mixer used in Calif.
Test Method 304, Figure 2.
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Again, the hardening in the laboratory with either mixer
was not as severe as that in the drum mixer. Thus, it
would appear that some additional studies arve needed

to more closely relate actual lab mixing with field mixing
in terms of asphalt hardening. However, the decrease in
hardness that was measured (increasing the penetration
from about 16 to 33+) indicated that a definite improve-
ment was achieved if similar blending of the new asphalt
and the asphalt in the salvaged AC actually occurred in
the pavement.

Even though the test results indicated that a satisfactory
recycled AC was peing produced and that the asphalt
recovered from the recycled AC was softer than the asphalt
recovered from the salvaged AC, it was felt that additional
softening of this aged asphalt might be beneficial.
Consequently, some laboratory testing was completed using
various amounts of Cyclogen M and Chevron Heavy recycling
agents to determine: 1) the optimum amount of each
recycling agent using normal mix criteria and 2) the
softening effect of these recycling agents on the aged
asphalt. Both these recycling agents supposedly contain
not only components to soften aged asphalt but also those
components required to satisfy the asphalt demand of the
new aggregate (and any unsatisfied demand of the salvaged
AC). The results of this testing are presented in the
Appendix as Tables A-2 and A-3. It can be seen that the
optimum amount of these recycling agents, based upon
ctandard mix criteria, was 3.5% (by combined weight of

the aggregate and salvaged AC) and that, as expected,

use of the recycling agents would soften the aged asphalt
more than the same amount of AR-2000. However, the cost
of these products was more than that for the paving grade
asphalt. In addition, the extreme softening indicated
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by the use of Cyclogen M seemed questionable. Although
this suggested that a lesser amount of Cyclogen M would
be appropriate, this would have resulted in undesirably
higher design void contents of 5.5% or more (Table A-2).
Because the paving was nearing completion and because

of the lack of a clearly demonstrated potential for a
cheaper and/or superior product if a recycling agent was
used, no attempt was made to substitute either recycling
agent for the AR-2000 in the field on this project.
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