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This report covers the Jdesign and testing of a hot mix recycling
process.  The process Involved the removal of existing pavement by the
cold planing process and production of the hot mix recycled paving mix-
ture utilizing a porticn of the salvaged material. The mix was produced

by the heat transfer method of production.
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The field testing includes condition surveys and post construction

analyses of the paving mixture and pavement structure.
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sults indicate an acceptable asphalt concrate mixture
can be produced utilizing the heat transfer method of production. Fuprther

field evaluations will be necessary in order to draw definite conclusions

h regard to long-term pavement peprformance.
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PURFOSE AND SCOPE

The purpose of this study was to evaluate the hot mix recycling
procaess by collecting data relative to the gquality of construction and
performance of the roadway.

The vroject 1s located on State Road 30 (US 98) in Panama City,
and consists of a four-lane section 3.276

4

Work on the project included milling phalt pavement

to varying depths (L to 3.5 inches) to restore the pavement surface to
a uniform longitudinal profile and cross-sectlion. The millea su face

was then resurfaced with a one-inch leveling course of standard vepari-
ment of Transportation Type 11 asphalt concrete which lncorporated 30
percent of the material milled from the old pavement. A one-inch asphalt
concrete friction course (FC-1) was then placed cver the recycled layer.
This resultaed in a finished riding surface which was not more than one-

nalf inch above the lip of the existing gutter

FRELIMINARY ITNVESTIOATION

Cescription of Existing Pavement
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material.
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expanding the roadway to 49 faoet In width and the addition of curt and

gutter.

+

The portland cement concrets pavement was left in rlace on the

western portion {(1.688 miles) of the

using a shell base. This section of a sand

arphalt hot mix (SAHM) and re with a Tvpe 11 asphalt concrete

one inch thick and con-

mixture. The Type 11 surface was approximatels

ted of 56 percent mollusk shell, 3% percent local sand, and 6.0 per-

o)

si:

r

cent asphalt cement {penetration grade 85-100).

In 1%t4, the entire project (3.276) was again leveled and resurfacec
using a Type II asphalt concrete mixture consisting of mollusk shell and
local sand. The asphalt cement used was penetration grade 85-100.

Due to the difference in the construction history of the eastern and
western portions of the project, the roadway was divided into two general

areas for evaluation purposes. The west end of the project from Milepost

6.332 (Harrison Avenue) to Milepost 8.020 (Sherman Avenue) was designated

as one test area containing Section 1A in the eastbound traffic lane (EBTL)
and 1B in the westbound traffic lane (WBTL). The east end of the project
from Milepost 8.020 (Sherman Avenue) to Milepost 9.628 (Cherry Street) was

designated as the other test section area and contains Section 2A in the

: ERTL and 2B in the WRBTL.

Traffic Volumes

Traffic records show the average dally traffic (ADT) to be 12,600.

Friction Numbers

Preliminary friction measurements were made at 40 mph in accordance
with ASTM E 274~77. Average friction numbers at 40 mph (FNuo) of 34.2

2
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and 4.6 were obtained and considered to be representative of Sections 1A

ang LB, respectively. Average values of 3%9.4 and 39.2 were ohbtained and
B J 5 A - ned

~

considered tTo be

of Sections 24 and 2B, respectively (Table

Index Values

¢

The prellminary Present Serviceability Index values, based on slope
N

variancs only (PSI;VJ, were Jetermined using the Mays Ride Meter. Results

indicated a rating of 2.38 in Section 1A and 2.24 in Sec-

tion 1B. A rating of 2.2%8 was obtained in Section 24 and 2.24 in Section

7B (Tabls 1}, ALl tests were performed in accordance with Florida Method

e ne: FM 5-509.
St
sl e

weasurements were made at Z00-foot intervals in the cutside

wheelpath (OWP) of all test sectlons. HMeasurements varied from 0.00 inch

o ULG0 Inch, with average measurement for each of the four sections

-

200-foot inter-

Y
t

ceflections nmeasurenents wore ade

il 1w e ingide path (IWF) and OWP of the four test sections.
Tz medlurcments varlaed from 004 o 07 Inch in the

4n averase of 025 Inch. The IWP

=}

T wWith an average

From G077 inch £o L3047 inch in the OWP of

1 L0t inen, and From L0077 ro L4272 inch in

1).



L0088 1nch to 007 Ilnch with an averacres

005 inch te 051 inch with an average of 020 Iluch.

Urements are Surims

The average deflectioc

o

of Clase il and Class 111 cracking in Sections 14 and

%
, feet per 1,000 sguare feet In Sections 1B and 2B (Table 1.
: Fesults of koadway Cores

Prior to recycling, €-inch cores representative of tne rour teot

sections were obtained from the ewxlsting pavement for evaluation in the

laboratory.
Only the portion of the cores representing the areas to be milled

and recycled was used 1n the laboratory evaluation.

The top 3.5 inches was separated from the corec obtained fyom
tions 1A and 1B and 1 Inch from cores cobtained from Sections 24 and 2.

The average asphalt contents and aggregate gradations determined

from the roadway cores are prosented in Table 2.

The average asphalt contente and aggregate gradations

from the milled material are also present=d in Table 2 to

change in gradation after milling.

T

The Abszon method of recovery (FM 1-7

asphalt cement from the roadway cores. Penetration at 77 D, visoo:

& - . - P
at 1407F and 77°F, and complex flow determinationc fron the

in Table 3. The higher viscosity and lower penctratlon




values found in Sections 1A and 1B were to be expectad since the leveling
and surface courses placed in 1954 and 1964 were both included. Only the
l-inch surfacs coursze which was placed in 1364 was included in Sections
2A and 2B.

The milled material from the two sections was not handled separately
during production of the recylced mix. It was anticipated that the 4if-

4

n

-t

asphalt cement in the two sections would

6}

ferent characteristics of
not cause significant non-uniformity in the recycled mixtures. This
assumptlon was based on the fact that the asphalt in the milled mate-
rial only comorised about one-third of the total asphalt required In the
nixture, and that the milled material from the two sections would alszo

undergo a considerable amcunt of mixing during handling prior to processing.

Indirect tension tests were performed on 4-inch cores taken from

)

the Ffour sections to determine the tensile strength of the existing pave-

U
Q3

ment. The results of rhese tests are presented in Table 4.

The seuien of recyclad asphalt mixtures cons
and obld materlials to provide gultable Jdesign properties.  The amount
of alvaged cavenent materials that can be used in a recycled mixture
Lo somewhar limited when processing with a bateh plant due o the heat
franster that 15 vegulred from the unccated aggregate to the milied
material.

Zased on freviens experience, It was anticipated that the use of
1 s

2) pereent milled material in ohe mix would alleow an adequate heat ftrans-

fer Jduring mixings.
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Virgin agprepates were then selected and blended with the milled
material in the proper proportions to provide a composite gradation
within the design range gpecified for a standard Florida Department of

Trancportation Type 11 asphalt concrete mixture.

Jre

The hot mix design date was determined using the standard Marshall
method of test (M 1-T 245).
Lxtraction tests were conducted on specimens that were considered to

be at optimum to determine actual asphalt content and aggregate gradations.

The azphalt content previously determined in the milled material was sub-
tracted from the extracted value to determine the optimum amount of new

asphalt to be added. The aggregate gradation determined from the extrac-

tion of the recycled mixture was recorded as the job mix formula.

The desipgn blend and Lot nix design data for the Type I1 recycled

asphalt concrete mixture 1s presented in Table 5. The mixture consists
of 30 percent milled pavement material, 37 percent gravel screenings,
and 38 percent local sand. The optimum asphalt content for the combina-
tion was determined to Le €.4 percent by weight of the total mixture.
The amount of new asphalt cement required was found to be 4.5 percent
with the remaining 1.9 percent obtained from the salvaged mix.

The design blend and hot mix design data for the asphalt concrete

given in Table 6. The mixture consisted of

e
[
n

friction course (FC-1;
60 percent slag screenings and 40 percent local sand. The asphalt cement

& £

content was 5.5 percent by weight of the total mixture.

Milling of Exicting Pavement

A Barber-Oreene cold planing machine, equipped with material pick-up

and load out conveyors, was used to remove the existing asphalt concrete
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automatlically controlled by 3 reference

it

cut and transverse slope of the

v

1 -
—
o
D
e
3
"o
+
o
(w
n

LT [ o .
Klgy WIS Used To contro!

n the &-foot cutter drum were properly

a desired gradation for

handling.  The maximum cize of the pieces of milled pavement was controlled

£ the ftopwapd

of the machine and depth of cut.

by oadiustme
The machine lncluded a water spray Jdust control system that performed

satisfactorily from an envieconmental standpoint.

The surface provided a good texture for bonding of the over-

immedliate traffic use (Figure 2).

Layoand was

of the existing pavement was milled

spproximately 47,278

inches from the wastern portion of the project, and

BIG

roximately 19,034 sgquare yards to a depth of 1 inch was milled from the

) -

castern porcion of the project.  The production rate averaged approximately

Ly Sut sqngre vards per Jday during the 33 working days required to complete

Liled marerial was rransported £o 2 nearby plant site and

woilved into truckioad stockpiles.  The purpo

e of the‘small

isn and re-cenentation of the

~yracity Heatherington 2 Burner (H & B) batch plant

Sed Pl o mixture was owned and operated by Florida
N Flerida (Figure 4). The necessary

By led material were manufactured by

e AAE Company and lunstalled on fhe plant by FPlorida Asphalt Paving.
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As shown in Figures 5 and 6, the attachments included a cold bin,
material elevatér, surge hopper and drag-out belt. The drag-out belt
was controlled by a variable speed motor so that the milled material
could be fed from the surge hopper into thes weigh box in the proper
% proportions. The uncoated aggregates were fed through the dryer, heated
to approximately 45OOF, and processed through the hot bins before being
deposited into the weigh box with the milled material.

The combined materials were then moved to the pugmill and dry
mixed for approximately 15 seconds. After the asphalt cement (AC-20)
was added, mixing was continued for about cne minute to complete the

mixing cycle. The extended mixing period was required to provide time

f

, for adequate heat transfer from the uncoated aggregate to the milled
material. This approach resulted in the temperature of the recycled mix-

J ture when discharged from the pugmill being approximately 290°F,

A summary of the mix temperatures monitored at the plant during each

day's production is included in Table 7.

The dust collection system on this plant, which included a primary
collector and bag house (Figure 7), was well suited for the abnormally
high temperatures of the uncoated aggregates. The dust temperature
was reduced from approximately 450°F to approximately 250°F in the
primary collector before entering the bag house, thus protecting the
bags from the high heat.

The average production of the plant when producing the recycled mix

was approximately 100 tons per hour.

The guality control at the plant was based on results of the extrac-
tion testsperformed in accordance with FM 1-7 184. Results of the extrac-
tion analysis as determined at various intervals of production are included

in Table 8.

[4a)




Samples of the recycled mi;ture were taken from the trucks and com-
pacted at the plant for Marshall stability, flow, and density determina-
tions in accordance with IM 5-511. Results of these tests, representing
each day's production, are included in Table 9.

Samples of the recycled mixture were also compacted at the plant for
immersion compression tests to determine the effects of water on cohesion
of the compacted mixture. The tests were conducted in accordance with
AASHTO T 165-77. As shown in Table 10, the average retained strength
was 144 percent after 2U-hour immersion in water at 140°F.

Samples of the recycled mixture were also taken each day for recovery
of the asphalt cement by the Abson process (FM 1-T 170). The physical
characteristics of the recovered asphalt are summarized in Table 11.

The amount of milled material in the mix was increased from 30 to
35 percent for a brief period during the second day of production. This
was done in an attempt to establish the maximum amount of milled material

that could be processed effectively.

.

\

The coating of the mixture was found to be poor at 35 percent. The
poor coating was believed to be a result of an insufficient transfer of
heat to the milled material. The heat of the uncoated aggregates could
not be raised to improve the situation due to the high moisture content
of these aggregates. Moisture contents determined from the aggregate
stockpiles showed 10.5 percent in the gravel screenings, 15.0 percent
in the local sands, and 5.1 percent in the milled material.

It is believed that the amount of milled material could have been
increased possibly to as much as 40 percent if the cold materials con-

tained lesser amounts of molisture.

S
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The friction course (FC-1) mixture used on this project was produced
using conventional methods in accordance with the Florida Department of
Transportation's 1978 Quality Assurance Specifications for Bituminous
Mixtures. The quality control and acceptance test results were all
within the allowable tolerances.

A summary of the mix temperatures monitored at the plant during
each day's production is included in Table 12.

The asphalt contents and gradations of the extracted aggregates
are presented in Table 13.

The density, air voids, Marshall stability, and flow values deter-
mined from specimens compacted at the plant are‘included in Table 1lk.

Characteristics of the asphalt cement (AC-20) recovered from the

friction course (FC-1) mixture are recorded in Table 15.

Paving Operations

Prior to placing the recycled pavement, the milled surface was
broomed to remove any fine material left by the milling machine. An
asphalt emulsion tack coat (RS-2) was then applied at the rate of approxi-
mately 0.05 gallon per square yard.

The l-inch recycled asphalt layer was placed in two one-half inch
lifts. The first 1lift was placed with an asphalt spreader mounted on a
motor grader (Figure 8). The second layer of recycled mix was placed
with a paving machine (Barber-Greene - SB 140).

A method specification was used for oonpaction of the recycled mix,
in that a =tandars rolling patrern was adort=d Tov oeach 110t. Freahdown
rolling was done in'a single pass by a tandem steel-wheel roller. Five
passes were then applisd with a4 pneumatic-tired roller. Finish rolling

- r -

was done with two rasc:s of a stecl-wheel rallier.



The l-inch friction course was placed with a paving machine in a
single pass. Rolling was accomplished with the same equipment used on
the recycled mix. The rolling sequence was established by the control
strip method in accordance with the Supplemental Specifications to the
1977 Standard Specifications for Road and Bridge Construction. AThe in-
place density for acceptance was determined by the use of the Nuclear
Density Backscatter Method as specified by I'M 1-T 238 (Method B).

The control strip density achieved was 99 percent of the laboratory
value. The acceptance test values obtained were all above the required

minimum of 98 percent of the control strip.

POST-CONSTRUCTION PERFORMANCE

When the project was completed, four one-half mile sections con-
sidered to be representative of the total project were selected from
the east and westbound lanes of the project for all future in-detph
studies. The locations of these sections, designated as Sections 1A,

1B, 2A, and 2B are shown in Figure 9.

Friction Numbers

Friction measurements at 40 mph (FNHO) were made following com-
pletion of the project. 1In Section 1A, an average friction value of
41.5 was obtained, and a value of 41.3 was obtained in Section 1B.

In Section 2A, an average value of 42.6 was obtained, and 42.7 was
obtained in Section 2B. £s shown in Table 1, there was an approxi-
mate 10 point improvement over the previously existing pavement surface

throughout the project.

12
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The POlem values for the completed ent werc deterniteed uodirs
oV -

the HMays Ride Meter. The values cobtainsa o

xpected for a conventional overlay in a municipal curl and gutter

section. As shown in Table 1, there waz a substantial Improvemsit in

the pideability as comparsd witn The rormer

ment after it had

Fut depth checks were made on the con
been opened to traffic for more than one month. There wis no measurables

rutting during thic period (Table 1).

Benkelman Beam Deflections

Benkelman Beam deflection measurements were aloo made on the com-
pleted pavement after being opened to traffic for approximately one month.
The results of these tests are shown in Table 1.

In general, the deflection measurements cbtained in Sections 1A and

B increased, while those obtained from Sections 24 and 2B decreased.

The average values of the deflection measurements in Section 1A and
1B are somewhat higher than those obtained in Sections 24 and Z2B. However,

~F

all values are within the range considered to be normal for this type of

pavement facility.

The initial crack survey of the completed pavement waz made after
I,

the roadway had been opened to trafflic for one month. Az would be

expected, there were no visible crachs ¢t that time.



Results from Roadway Cores

Following completion of the project, 6-jnch cores were cbatined from
all test sections for evaluation in the laboratory.

The l-inch friction course (FC-1) and the l-inch recycled mix were
separated from the cores and tested separately for evaluation of the
asphalt content, gradation, unit weight, air voids, and rheological
characteristics of the recovered asphalt.

The asphalt content and gradation results obtained from the recycled

mixture are presented in Table 16.

Unit weight measurements and alyr void contents for the recycled
layers are included in Table 17.

Characteristics of the asphalt recovered from the recycled layer,
which include the penetration and rheological properties, are shown in
comparison to properties in the previously =xicting pavement (Table 3)

The asphalt content and gradation analysis of the friction course
(FC-1) are presented In Table 13.

nit welght measurements and alr veold contents arve included in
Table 19.

The penetration and rheological properties of rhe asphalt recovered

“yom the frictlion course are summarized in Table 20,

it

rmed on 4-inch cores raken from

Indirect tension t«

bined

the test sections to Jdetermine
pecycled and friction course layers. Fesults of the indirect tension

tests as compar:l to the exisring cavenent are shown In Table b,



COST ANALYSIS

Conservation of Natural Resources

The 30 percent of recycled material that was incorporated into the
Type Il mixture on this project was considered to be the only differernce
between a conventional equivalent method of reconstruction and recycling.

A Type II mixture, which would have been used under z conventional
method, would have included 60 percent gravel screenings and 4L percent

local sand. Therefore, it was determined that the 30 percent recyvcled

+

material used replaced 28 percent of the gravel screenings and 2 percent
of the local sand. Use of the recycled material also decreased the
demand for new asphalt in the mix by 1.9 percent.

The actual quantity of virgin aggfegates and asphalt that was
replaced by the recycled material is computed in Table 21. Based on
these computations, 1,521 tons of gravel screenings, 109 tons of local

sand, and 25,953 gallons of asphalt cement were conserved by using the

recycling method of construction.

Economic Analysis

The estimated cost of the aggregates and asphalt that was replaced

by the recycled material is computed in Table 21. Based on thessz

$2b

770,47 lecs

figures, the recyling project was constructed for s
than estimated for a conventional eguivalent method.
Considering that the cost of materials regulired for a conventional

Type II mixture was estimated to be $73,990, there was a reduction in

the cost of the recycled layer of approximately 3¢ percent.

b
o



ENERGY REQUIREMENTS

The amount of energy required to produce and haul the aggregates

=l

and asphalt that was replaced by the recycled material is computed in
Table 22. Based on these computations, a total savings of 712,756,698
8TU's was provided by using the recycling method.

Conslidering that the energy required to produce and haul the aggre-

gates and asphalt for a conventional Type II mixture was estimated to be

2,107,357,260 BTU's, use of the recycling method provided an energy reduc-

ion in the recycled layer of approximately 34 percent.

SUMMARY AND CONCLUSTONS

The overall results of this project proved to be very =zatisfactory.
The milling opevation and production of the asphalt concrete mixture
utilizing the salvaged material was acceptable, both from an environ-
mental and quality standpoint.

maeasuraed

3]

There was a substantlal improvement In the ride quality a
oy the days RKide Meter. In additlon the construction operation Jdid not
isrupt the existing drainaege system. In fact, rthe pavement level was

coconeed in the ourk line and resulted in increased drainage capacity,

e rriction l2vel increased substantially over rhe existing rave-
ent.  The Llevel of the lmprovement wag approximately 33 nercent 38 com-

fared to the surface prior to reconstruction.

milntenance of fra on the milled surface in the municipal

production schedule was actually found to




Tne tonnage production rate for the recycled asphalt concrete
mixture wag at a level that 1s consistent with the production rate
normally maintained with a conventional mix when similar field leveling
operations are conducted by the Depavrtment. It was therefore concluded

that the production of the recycled mix did not restrict the contractor's

The reduction in cost of the salvaged layer and the reduction in
energy consumption of the salvaped mix production was In the range of
30 to 40 percent which is consistent with the savings found in other
studieeg previously conducted by the Department.

The high molsture content in the various aggregate components
restricted vhe amount of salvaged material that could be used under
the heat transfer process. [uture studies will be necessary to deter-
mine 1f the 30 percent maximum salvaged material is the limit when
using the heat transfer process under conditions exieting in Florida.

There were no problems encountered in controlling the uniformity
of the recycled asphalt concrete mixture, both from the standpoint of
gradation and asphalt content. The contractor was able to meet the
standard Quality Assurance Acceptance Specifications used by the

Department.

Although the phvsical properties of the asphalt cement In the

Performance evaluations in the fileld will be necessary to deter-

mine 1f there 1s an offect on the service life as a result of the



conditions of the asphalt cement. There was no asphalt cement modifier
used in conjunction with the production of the mix, and previous studies
have shown that use of an asphalt modifier would restore the properties
of the asphalt cement to the range normally obtained with a 100 percent
virgin asphalt cement mixture. Further studies are planned in which
modifiers will be utlliized ip conjunction with the heat transfer pro-
cess in order to compare the performance of a mix with and without the
modifier additive.

To date, flexural fatigue test results are not available; however,
this testing 1s scheduled and the results of the tests will be included

in future reports.
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TABLE 1

SUMMARY OF FIELD EVALUATION

Existing Recycled Pavement
. Pavement
Test Location .
Before After Six One Two Three
Recycling Construction Months Year Years Years
FNMO Section 1A ERTL 34,72 bi.n
1B WRBTL 24,6 ul.3
Section 2A CBTL 39,4 42,6
2B WRTL 39,3 u2,7
PSIOV Section 1A EBRTL 2.38 0,18
” 1B - WARTL 2004 L.02
Section ZA ERTL 2.38 4,31
2B WBTL 2.24 b,33
Rut Depth Section 1A - EBTL - "WP G.32 0.00
(inch) 1B ~ WBTL - QWF 0.32 0.00
Section 2A EBTL OWpP 0.32 0.00
2B WETL OWP 0.32 0.00
Benkelman Section 1A - EBT OWE 024 oLl
Beam TWE .021 .030
(inch) 1B - WRTL - OWF 025 034
WP .020 L0172
Section A ERTIL. OWP 024 .020
IWp 021 L0115
2B WRTL CWE .025 .o2u
WP .020 .018

(continued)
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TABLE 2

ASPHALT CONTENTS AND AGGREGATE GRADATIONS
(Existing Pavement Refore and After Milling)

- s Asphalt Gradation - Percent Passing
Sample Sectlion
Description Number Content
v o (%) 1/2" 3/8" No. 4 No. 10 No. &0 No. 80 No. 200

Roadway Cores
(Top 3% Inches) 1A 7.0 100 98 g0 89 6l 13 5.2
Milled Material
(Top 3% Inches) 1B 5.6 100 99 88 59 ue 24 10.5
Roadway Cores
(Top 1 Inch) 2A 5.0 100 ag 74 43 30 19 6.7
Milled Material
(Top 1 Inch) 2B 5.3 99 85 57 37 22 10 6.3




TABLE 3
FENETRATION, VISCOSITY (140°F  and 77OF), AND COMPLEX FLOW

DETERMINATIONS FROM ROADWAY CORES

Existing Recycled Pavement
e Locat ic Pavement
-est peation Before After Six One Two Three
Recycling Construction Months Year Years Years
Penetration, Section 1A - EBTL 1€ 35
1/10 mm 1B - WBTL 15 35
(77°F)
Section 2ZA - EBTL 20 30
2B - WBTL 20 32
Viscosity, Section 1A - EBTL 442,895 9,230
poises 1B - WBTL 338,086 9,054
(140°T)
Section 2A - EBTL 195,611 12,954
2B - WBTL 90,575 10,470
Viscosity, Section 1A - EBTL 24,67 10.97
meg%poises 1B - WBTL 12.94 12.56
77°F . N : -
( ) Section ZA - EBTL 11.07 5.36
2B - WBTL 13.10 9.81
Comglex Flow Section 1A - EBTL 0.68 0.75
(77°F) 1B - WBTL 0.61 0.74
Section ZA - EBTL 0.49 0.76
2B - WBTL 0.61 0.74
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TABLE 4

INDIRECT TENSION TEST RESULTS
(Tensile Strength, psi)

Location
Section 1A - EBTL
1B - WBTL
Section 2A - EBTL
2B - WBTL

Existing Recyclied Pavement
Pavement
Before After Six One Two Three
Recycling Construction Months Year Years Years
162 120
- 100
--- 11e

140 107




DESIGN BLEND

TABLE 5

TYPE II RECYCLED ASPHALT CONCRETE

(Lesign Blend and Marshall Design Data)

Milled

Gravel al Sk
o - . prave. Local Job Mix Specification
Sleve Pavement Screenings Sand Tarset Range
Size Material Che 5 & anama Clty & .
ize Dtéi,a (u}dttgézochec) (Paramaatlty) Valae (Percent Passing)
30% 2% 38%
1/2v 77 100 100 100 100
3/8" 71 100 100 100 90-100
No. 4 52 g0 100 95 80-100
No. 10 31 76 99 84 B4-30
No. Lo 1z 21 70 L8 24-60
No. 80 4 4 33 22 10-40
No. 200 U7 1.4 12.1 8.8 3-12
MARSHALL DESIGN DATA
.
Air Voids in
Asph . . eq s
Ciiiiiz Voids Mineral Stability Flow
; Content Aggregate (ibs.) (.o1m)
(%) ; Bre
(%) (%)
ST 5.4 16.38 1,040 g

“Actual gradation of milled pavement material.

Composite gradation determined from extraction of specimens used in design.

""30% Milled Pavement Material @ 6.3% = 1.9%
Additional Asphalt Cement (AC-20) Added = 4.5%
Cptimum Asphalt Cement Content = 6.u4%
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TABLE ©

ASPHALT FRICTICN COURSE (FC-1)
(Design Blend and Marshall Design Data)

DESIGN BLEND

Slag Local

- - 7 n Job Mix Specification
Sieve Screenings Sand Tarpet Range
. N . FeT AT1E
Cize Tennessee ) (Panama City) Vaf;e (Percent %assing)
60% 4CS - o i
1/2" 100 10G 100 100
3/8" 100 100 106 -
No. W 97 100 G2 -
No. 10 55 100 73 55-85
No. 40 16 57 32 -
No. 80 9 27 16 —-——
No. 200 5.0 9.2 £.7 2-8

MARSHALL DESIGN DATA

Asphalt Alr Voids in
S Voids Mineral Stability Flow
oy Content Aggregate (1bs.) (.01™")
( © ) < o
(%) (%)
5.5 12.0 L.k 617 g

25



TABLE 7

TYPE II RECYCLED ASPHALT CONCRETE
(Temperature of Mixture)

Tons Minimum Maximum Average

Date Produced (°F) | °F) (°F)
5/30/73 265 250 280 263
5/31/79 661 265 370 286
6/ 1/79 1,024 260 310 291
6/ 4/79 504 275 320 289
6/ 5/79 888 250 330 287
6/ 6/79 955 250 375 299
6/ 7/79 364 270 350 292
5/ 8/73 OL6 270 350 295
Target 230

Note: The mix gemperature tolerance from the Job Mix Formula
was T 257F for any single measurement, and t 15°F for
an average of any five consecutive measurements.

o
[833
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TYPE IT RECYCLED ASFHALT CONCRETE

TABLE 8

(Asphalt Content and Gradation of Mixture)

Tons %sphalt Gradation - Percent Passing
Produced Content
(%) /2" 3/8" No., 4 1 40 No. No. 200

HO 6. 100 100 a5 25 h1 19 5.8
280 S 100 100 gu 83 L2 22 7.8
1,026 6.5 100 100 92 82 40 21 £.3
1,350 6.3 100 100 qu 84 Lo 18 6.1
2,120 6.8 100 100 9b REG Ly 21 7.2
2,323 6.5 100 100 94 85 Ly 13 5.9
2,534 6.5 100 100 9y 86 Uz 19 6.7
2,620 6.3 100 100 95 87 bqu 17 6.6
3,441 6.2 100 100 93 85 Ly 22 7.8
3,819 6.2 100 100 Sy ]3 45 21 6.3
4,059 6.3 100 100 gu 85 54 21 8.6
;396 6.3 100 100 92 82 42 20 6.1
4,703 6.3 100 100 a3 8L L5 28 11.8
5,220 ©.3 100 100 Su 85 43 20 6.1
5,360 6.6 100 100 95 86 4y 21 6.9
Average 6.4 100 100 9y 85 L3 21 7.1
Job Mix 6.4 100 100 95 8u ug 22 8.8

Formula




TABLE 9

TYPE II RECYCLED ASPHALT CONCRETE
(Marshall Properties of Specimens Compacted at the Plant)

Air

Density . Stability Flow
Date (pcf) V?%is (1bs.) (.o
5/29/79 134.7 10.0 710 9
5/30/79 134.5 10.0 820 11
5/31/79 , 136.2 8.9 808 11 §
6/ 1/79 133.1 7.5 370 12
6/ 4/73 137.5 8.5 318 12
6/ 5/79 136.0 9.5 608 12
6/ 6/79 137.6 8.4 378 | 11
6/ 7/79 138.2 8.0 l,067 11
6/ 8/79 L34, 2 10,7 o3 3
Average 135.4 9.1 516 11
Design 135.5 9.4 1,040 3

28



TABLE 10

IMMERSION COMPRESSION RESULTS
(Recycled Material Compacted dt the Plant)

Marshall Stability (1bs.)

Sample Retained
H oy B Strength
Z Number Standard 24 Hogr (%)
2 Immersion
¢ 1 946 1,341 142
:
i 2 790 1,341 170
3 900 1,258 140
4 1,081 - 1,534 1u2
5 1,029 1,414 137
& 1,092 1,502 138
Average 973 1,398 lab
;
- 29

I



TABLE 11

TYPE II RECYCLED ASPHALT CONCRETE
{Characteristics of Asphalt Recovered from Mixture During Production)

' Fenetration Viscosity, Viscosity, Complex Viscg;ity Complex
Date 279 i lup F 77 F Flgw, 41 E Flow,
(poises) (megapoises) 77°F (negapoises) 41°F
5/36/73 45 6,389 3.72 0.78 37.2 0.51
5/31/73 | 32 12,847 5.94 0.73 35.9 0.70
o/ 1/79 40 7,430 4.,49 0.78 66.3 0.59
o/ &/79 L5 0,114 4,25 0.8u4 64.5 0.62
o/ 5/79 b5 6,092 4.29 0.84 100.6 7.68
v/ /73 L0 7,595 5.83 0.91 123.5 0.67
o/ 7/73 Ly 5,104 4,21 0.80 132.0 0.73

o/ 38/79 35 11,916 6.09 0.75 184.9 0.70
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TABLE 12

ASPHALT FRICTION COURSE (FC-1)
(Temperature of Mixture)

Date Tons Miq}mum Maﬁémum Av%;age
Produced ("F) (°Fr) ("F)
8/ 1/79 202 300 325 315
8/ 2/79 1,227 250 350 300
8/ 3/79 1,060 260 325 283
8/ 6/79 81y 250 300 283
8/ 7/79 865 275 350 303
Target 285
Note: The mix temperature tolerance from the Job Mix Formula

o - o]
was 1 25°F for any single measurement, and 1 15°F for
an average of any five consecutive measurements.



ASPHALT FRICTION COURSE (FC-1)

TABLE 13

(Asphalt Content and Gradation of Mixture)

o Asphalt Gradation - Percent Passing

%ftcd Content

reste (%) 172" 3/8" No. & No. 10 No. 40 No. &0 No. 200

8/1/79 5.5 100 100 95 74 41 20 7.3

8/2/79 5.9 100 100 96 75 40 20 7.9

het

§/3/79 5.3 100 100 96 75 40 19 7.3

8/6/79 5.8 100 100 96 78 43 21 8.0

8/7/79 5.8 100 100 95 67 3y 17 7.3
Average 5.7 100 100 96 7 40 19 7.6
Job Mix 5.5 100 100 g5 73 32 16 6.7

Formula
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TABLE 14

ASPHALT FPRICTION COURSE (FC-1)
(Marshall Properties of Specimens Compacted at the Plant)

ate

g/ 2774

8/ 3/74

8/ ©/79

8/ 7/79

Dencity

(pet)

134,

133.

-

)
£ .

1.

12.

Stability
(1bs.)

713

~1
[O%
~J

784

Flow
(.o1m™)

11

11

11

Average

o]

806

10

Design

617

33



ASPHALT FRICTION COURSE (FC-1)
(Characteristics of Asphalt Recovered from Mixture During Production)

TABLE 15

\ . Viscosit
. Penetration, SeUgItY,
Date 7qoP 14071
[ .

{(poises)
3/ 17793 53 4,853
5/ 2/79 4 4,756
g/ 3/79 56 4,167
8/ ©/79 G4 5,528
87 7/ 62 2,825

Viscosity, Complex Viscosity Complex
o) o)
77°F Flow, 41°F Flow,
. . -0 C o

(megapoises) 77°F (megapolises) 41°F
3.35 0.92 63.06 0.68
3,14 0.87 71.1 0.73
.27 0.87 84,4 .73
4,89 0.88 175.7 0.81
2.47 0.92 46,3 0.8l
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ASPHALT CONTENTS AND AGGREGATE GRADAT
(Recycled Pavement After Construction)

Asphalt Gradation - Percent Fassing
Location Content
(%) /2 3/8" No. No. 10 No. 40 No. 80 No. 200
Section 1A - EBTL 6.8 100 100 93 80 b6 20 7.0
1B - WBTL 6.4 100 99 gu 82 L7 22 8.0
Section 2A - EBTL 6.5 100 99 93 81 b5 21 7.5
2B - WBTL 6.7 100 100 a5 85 e 21 3.7




TABLE 17

UNIT WEIGHT AND AIR VOID MEASUREMENTS
DETERMINED FRCOM ROUADWAY CORES

Recycled Pavement

Test Lozation .
= ation After Six One Two Three
Construction Months Year Years Years
Unir Weight Secrion 1A - EBTL 136.7
(pet) 1E - WBTL 136.8
Section ZA - EBTL 1 3
2B - WBTL 136.9
Air Voids Section 1A - EBTL 7.6
(%) 1B - WBTL 8.5
Section 2A - EBTL 7.9

2B - WBTL 7.9
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TABLE 18

ASPHALT CONTENTS AND AGGREGATE GRADATIONS

(Friction Course (FC-1) Pavement After Construction)

Location
Section 1A - EBTL
1B - WBTL

Section 24

2B -

EBTL

WBTL

Asphalt
~ontent

(%)

Gradation - Percent Passing

/2" 3/8" No. 4
100 100 93
100 100 97
100 100 97
100 100 95

No. 10

75

No. u0 . No. 80 No. 200
33 16 .2
a7 18 7.6
249 19 7.6

jo3)
~J

17

~J




TABLE 19

UNIT WEIGHT AND AIR VOID MEASUREMENTS
DETERMINED FROM KROADWAY CORES
Friction Conrse (FC-1) Pavement
TesT Location - .
o ation After Six One Two Three
Construction Months Year Years Years
Unit Weight Section 1A - EBTL 131.4
(pef) 1B WBTL 133.8
Section ZA EBTL 132.7
2B WBTL 129.4
Alr Voids Section 1A EBTL 14.5
(%) 1B WBTL 11.9
Section ZA EBTL 13.1
2B WBTL 14,9




TABLE 20

PENETRATION, VISCOSITY (lHOOF and 77OF), AND COMFPLEX TLOW
DETERMINATIONS FROM ROADWAY CORED

Friction Cowrze (FC-1) Pavement

+1 . .
Test Location After Six One Two Three
Construction Months Year Years Years
Penetration, Section 1A - ERTL 36
1710 mm 1B - WBTL 32
(77°7) : 37
Section 24 - ERTL 37
2B - WRBTL 32
Viscosity, Section 1A - ERTL R,8ut
roizes 1B - WBTL 17,7u8
2 :
(140°F .
B ) Section 24 - EBTL 8,867
2B - WRTL 10,259
Viscosity, Section 1A - EBTL 7.54
meggpoises 1B - WBTL B.76
77T .
(77°8) Section 2A - EBTL £.91
2B - WBTL 9.81
Csmglex Flow Section 1A - EBTL 0.83
(77°F) 1B - WBTL 0.76
Section 2A - EBTL 0.86

2B - WBTL 0.74




TABLE 21

SUMMARY CF QUANTITY AND COST OF RECYCLED FAVEMENT

Quantity of Materials that was Replaced
by the Recycled Pavement

28.0% Gravel Screenings x 5,433 Tons = 1,521 Tons
2.0% Local Sand x 5,433 Tons = 109 Tons
0.3 T 24,001 .
1.9% Asphalt x 5,804 Tons = & gni X 2,099 5 593 Gallons
Cost of Materials that were Replaced
by the Recycled Pavement
1,521 Tons of Gravel Screenings U $10.00/Ton = $15,210.00
109 Tons of Local 3and @ 31.3%/Ton ER 147,15
25,953 Callons of Asphalt @ $0.u44/0allon = S11,419.32

SE6L,TT6 . T



TABLE 22

ENERGY REQUIKREMENTS OF MATERIALS THAT WERE
REPLACED BY THE RECYCLED PAVEMENT

Manufacture Asphalt Cement

Haul 120 Miles x 2 @ 1,960 BTU/TM

Produce Gravel Screenings

Haul 78 Miles = 2 @ 1,960 BTU/TM

Produce Local Sand

Haul 18 Miles x 2 @ 5,840 BTU/TM

Asphalt

1.9% @ 1,057,900 BTU/Ton (5,804 Tons)

Gravel Screenings

28% @ 375,760 BTU/Ton (5,433 Tons)

2% @ 225,240 BTU/Ton (5,433 Tons)

41

i

587,500
470,400

1,057,900

70,000
305,760

375,760

15,000
210,240

225,240

116,660,980

571,621,140

24,474,578

712,756,698

BTU/Ton
BTU/ Ton

BTU/ Ton

BTU/ Ton
BTU/ Ton

BTU/ Ton

BTU/ Ton
BTU/ Ton

BTU/ Ton

BTU

BTU

BTU

BTU =

Total Energy
Saved



FIGURE ;3

Milling Machine ip Operatiop

FIGURE 2

Milled Surface
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FIGURE 3
Milled Material Stockpile

FIGURE 4

Batch Plant Used to Process Recycled Mixture

43



FIGURE 5 FIGURE ©

0o

Attachments Used for Recycling Surge Hopper and Drag-Out Belt
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