: Damonstration 2rojacts 2rogram
“‘;3 Technology Transiar
L FHWA-DP-39-28

Novambaer 1930 ! 8 ; !

DEMONSTRATION PROJECT NO. 39

RECYCLING ASPHALT PAYEMENTS

DURANGO, COLORADO

Prapared for
and
Distributed by

U.5.DEPAATMENT OF TRANSPOATATION
FEDERAL HIGHWAY ADMINISTATION

AEGION 15

DEMONSTRATION PROJECTS DIVISION

{000 MORTH 3LEBE AQAD

ARLINGTON, VIRGINIA 22204



L PRSI R T i | e s e .

REPORT NO. CDOH-DTP-R-8&0-7

HOT MIX RECYCLING
DURANGO-HESPERUS
PROJECT C 20-0160-12

Robert F. LaForce

Colorado Department of Highways
4201 East Arkansas Avenue
Denver, Colorado 80222

Federal Highway Adminicustion
Rescoron Library
Fumnes-Fo  hank pogloay ~arch Ch.,
6,40 Geourgotown P
Mclean, VA 22107

Interim Report
May 1980

Prepared in cooperation with the
U.S. Department of Transportation
Federal Highway Administration



e Ty s g r 21

AT 5 TR e

The contents of this report reflect the
views of the author who is responsible

for the facts and the accuracy of the data
presented herein. ‘The contents do not
necessarily reflect the official views of
the Colorado Department of Highways or the
Federal Highway Administration. This
report does not constitute a standard,
specification, or regulation.



[

Technical Report Documentationr, Page

lr 1. Report N - 7 ; . 1:\70 ‘HMTE‘ Rfcrpu“n?‘s Caty’ Aq N
l FHWA-CO-RD-50-7 | ;
4. Title and Subtin e 1 S Keps t Dagee
Hot Mix Recveling © Junc 1980
Durango-Hesperus 6. Perform ng Orgor 2o o ccd- T
! Project € 20-0160-12
! O - ——— e
- e R .8 Peitormirg Oigorzation Repirt Nuo
. 7. Althor v "
! . b CDOH-DTP-R-80-7
! Robert F. lLaForce :
1 9. Performing Organi zation Name and Addiess o o T 10 Work Unit Ne. - TRAIS o
| Colorado Department of Highwavs
‘ Division of Transportation Planning 17, Conrract o0 Grant Na :
I 4201 East Arkansas Avenue 1499 |
. Denver, Colorado 80222 13" Type of Report and Per oc Covere - o
‘T 12, Sponsciing Agency Name and Addres. M :
| Colorado Department of Highways Interim - 6 months :
t N
| 4201 East Arkansas Avenue :
) — S —
! Denver, Col orade 80222 14, Sponsoring Agency Code ;
e I
15, Supplementaiy Norte: |
Prepared in cooperation with the U. S. Department of Transportation.
Federal Highway Administration
16. Abstract
This is an Interim Report covering preliminary mix design, construction
experiences and the first post construction evaluation of Colorado's
third Hot Mix Recycling Project west of Durango. The report contains
extensive mix testing data, air pollution monitoring, and energy, economic,
and natural resource analyses. The post construction evaluation contains
Dynaflect, PSI, and Skid Resistance Measurements four weeks following
construction.
17. Key Words i 18. Distribution Statement ’
‘}
Pavement Asphalt, Recyveling, J
Hot Mix i
| ;
19. Security Classif. ‘of this report) 20. Security Classif. lof this pagel 21. No. of Pages 22. Price i
Unclassificed Unclassified |
e e —— - — o e m e e i ————— e e e SR S S s —————
Form DOT F 1700.7

Reproduction of completed page authorized

1



ACKNOWLEGEMENTS

The author would like to thank all of the Highway Department personnel
: who helped in initiating and in the construction monitoring of this
project.

i
i
i
i

ii



RS R AR 11 s

DURANGO-HESPERUS RECYCLE
PROJECT C20-0160-12

TABLE OF CONTENTS

INTRODUCT ION i e e it et 1
EXTSTING PAVEMENT CONDITION ... .. it e it i i eineinnnns 1
PRELIMINARY TESTING AND DESIGN ... . i iieinnnn 2
A. Preliminary Mix and Road Testing .........cvinernnrenns.n 2
B. Final Mix Design ...ttt it ittt it e e e e 3
CONSTRUCTION EXPERIENCES ittt ittt ie st tneeenaanann 5
EOUIPMENT MODIFICATIONS | . ittt i ettt e e e eans -6
ATIR POLLUTION T 7
A. Stack Opacities ...ttt e e e e 7
B. Ambient Pollutants ... ........ .ttt it 9
PHYSICAL TESTING .. i ittt ittt ettt ettt i e s 11
A. Central Laboratory ... ittt it e e e 11
B. Field Laboratory .. ien e tenienerireennensenansnneas 11
C. Post Construction . ......... ittt einnnnns 11
NATURAL RESOURCES L ittt ittt ittt aetn et onsnennsonesn 16
ENERGY ANALY SIS oottt ittt ittt tes it rnennnsnsnenns 16
A. Process and Delivery of AC-10 ... i iniieinnnne 16
B. Process and Delivery of Modifying Agent ................. 18
C. Pavement Removal ... ...t ittnnrnnronsonnsenrsnaronns 18
D. Crushing and Delivery of Virgin Aggregate ............... 19
E. Burner Fuel .ottt i in ittt it 19
ECONOMICS vttt ittt e st et ettt oo asssassoonassanorensann 21
CONCLUSTIONS AND RECOMMENDATIONS .t v vt i i iitae e e tnnennonnnnns 21
PHO T OGRAPHS i ittt ettt ittt st st s ans oo soanesanonesssonss 24
APPENDIX A-PRELIMINARY TESTING v tive v nennreanscononnnseonsos 30
APPENDIX B-PAVEMENT REMOVAL AND FINAL MIX DESIGN ........cvoennn 37
APPENDIX C~OPACITY DATA DURING PRODUCTION ... viriin i iianrans 47
APPENDIX D-MIX TESTING v i ittt ettt tnnnttnstoenessoonseonnnanans 52
REFERENCES  ............. e et gaeeaecs 58

iii



A A b £ S % s e e a0 ve s e g e e saa

T ST T SN AR P £ s VIR B 05

Hot Mix Recycling - Durango-Hesperus

Project ¢ 20-0160-12

Introduction

Recycling of materials and conservation of energy and natural resources
are becoming increasingly important in the highway construction industry
because of rising costs, scarcity of new materials, and dwindling energy
supplies. The FHWA was encouraging states to construct recycling projects
through financial aid in conjunction with demonstration grants. The
objectives of these demonstration grants were to encourage states to gain
experience and to collect data pertaining to the design, construction, and
costs of recycling, as well as energy consumptions and environmental
considerations such as air pollution and conservation of natural resources.

Colorado has constructed three hot mix recycling projects. The first
project was on US Highway 24, eight miles north of Buena Vista and was
constructed during June, 1978. Here 100% recycled pavement was used for the
lower coarse and new grading 'E' was placed as a wearing course. The second
hot mix recycling project was constructed on Interstate 70 north of Grand
Junction, Colorado. The primary mix on this 52,000 ton project consisted of a
blend of 607% crushed pavement and 407% virgin aggregate. This report addresses
Colorado's third hot mix recycling job, Project C 20-0160-12 on US
Highway 160 west of Durango.

EXISTING PAVEMENT CONDITION

This project begins at the junction of US Highway 160 and State
Highway 140 eleven miles west of Durango and extends easterly for 5.2 miles.
The present 3—lane highway was constructed by widening an existing 2—lane
facility in 1965. This widening was facilitated by building up the outside
lanes with a sand layer to meet the level of the center lane. The resulting
roadway has a 44' width with approximately 3 1/2 inches of pavement on the
driving lanes and 8 inches in the center; passing lane. The driving lanes
have been overlaid once by maintenance forces with a 3/4 to 1 inch mat to
correct severe cracking problems. Since that time, the pavement condition has

greatly deteriorated. The overlay displayed raveling, and numerous thermal



cracks were reflected to the surface. In addition, a great deal of block type
cracking 1is visible, and the entire 5.2 mile project contained numerous
maintenance cold mix patches, some of which show flushing in the wheelpaths.

Because of the poor condition of this roadway, the feasibility of

recycling the pavement was investigated.

PRELIMINARY TESTING AND DESIGN

A. Preliminary Mix and Road Testing

Prior to requesting demonstration funds for this project, samples
of the existing pavement were submitted to the central laboratory for
testing to determine the possibility of recycling the old mat.

Appendix A contains the laboratory procedure used to provide a
preliminary mix design for the hot mix recycling of the old pavement.
Included in the procedure are some of the physical properties of the
existing mat, such as aggregate gradation and asphalt cement penetration
and viscosity. The final mix design was to be based on tests using the
stockpiled pavement, virgin aggregate and modifying agent on the
project. Also contained in Appendix A are plan specifications for the
modifying agent. These specifications were determined from the
preliminary testing on the existing pavement and from previous recycling
projects.

Following the determination that hot mix recycling of the old mat
was feasible, a cost estimate for removing and recycling the top two
inches of the old asphalt pavement, along with the preliminary test data,
was submitted to the FHWA as part of a request for demonstration funds
for recycling. FHWA demonstration funds contributed $2.00/ton of
recycled mix to the project construction funds. Following approval of
the recycling research proposal, members of the Research Section
conducted a preconstruction evaluation of the project. Test sections
were selected in areas typical for the project with good sight distances
and safe access for evaluation. Preconstruction data included
deflections using the Dynaflect, PSI from the CHLOE Profilometer, rut
depths, and cracking and patching surveys. Photographs and visual

observations were also made to document the pavement condition.
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Photographs No. 1 and No. 2 show typical pavement conditions for this
project.

Figure 1 is a summary of the preconstruction evaluation of the areas
to be used for test sections on this project.

Deflections were taken in both the Fall and Spring because some of
the cracking problems were believed to be a result of water in the
subbase, and data was needed to show that the base was adequate even
under saturated conditions found in the spring. These deflections also
show that this roadway has an adequate base strength for the traffic
volume.

A review of the 1977 Colorado Sufficiency Study shows that the

overall PSI for this section of roadway is 3.2 prior to construction.

B. Final Mix Design

Following the approval of this project, final construction plans
were developed. Some changes from the original laboratory testing were
incorporated into these plans. Appendix B contains the special
provisions concerning pavement removal and stockpiling as well as other
aspects of recycling. A review of these provisions shows that the size
requirement for old pavement to be recycled was passing a two inch
screen.

Following the awarding of the construction contract and the start of
pavement removal, samples of the reclaimed pavement, virgin aggregate,
AC-10, and modifying agent were submitted to the Central Materials
Laboratory for a final mix design. The final mix designs were made at
this time because a more representative sample of the pavement to be
recycled could be obtained from the reclaimed pavement stockpile, and the
actual modifying agent (Dutrex), AC—10, and virgin aggregate to be used
on the project were available.

Because of the experimental nature of this project, and the unknowns
concerning air pollution from the dryer drum plant, mix designs using
70%, 60%, and 50% recycled material were made as well as a mix design for
the virgin mix to be used for comparison. Appendix B contains the mix
designs for these various blends.

On the project, mixes were produced using 70%, 65%, and 60%
reclaimed pavement as well as the virgin mix. The success of these

various blends will be discussed later in this report.



Figure 1
Preconstruction Field Data Summary

Project C 20-0160-12
Durango - Hesperus

%

Cracking &

CHLOE Deflection **(mils) Avg. Rut 15 Probe Linear 9 A%ligator 9
PSI  10-4-78  4-24-79  Depth (in) Texture Ft/1000 ft~ Ft~/1000 ft~ F
I-WB 3.0 .673 . 899 .06 25
1-EB 2.6 .758 .875 .15 5 163.0 40.5
1-p 3.1 .975 -- .05 12
2-WB 3.1 1.009 1.119 .09 26
2-EB 2.7 .896 1.083 .10 21 153.6 40.5
2-p 3.2 1.156 - .01 22
2a-WB 2.5 - 1.030 L1 8
2a~EB 2.6 - 1.054 .23 15 196.6 8.5
2a-p 2.7 - - .05 17
3a-WB 3.2 -- .834 13 28
3a-EB 2.2 -- . 782 .23 7 165.8 30.6
3a-P 3.1 -- -= .05 16
3-Ws 3.0 .835 . 866 .19 20
3-EB 2.5 . 869 1.055 .21 13 171.3 17.4
3-p 3.1 1.065 - .03 18
4-WB 2.7 1.041 1.0638 .13 32
4-EB 2.7 . 845 .973 .08 30 165.1 19.1
4-P 3.1 . 989 -- .01 22

KAll data except deflections were taken October 11-13, 1978.

e 4 A o .
Deflection measurements are for Dynaflect Sensor #l, corrected to 70 F. Fiv
readings per section per lane were taken and locations were marked so that
readings could be repeated in the same spot.



CONSTRUCTION EXPERIENCES

Pavement removal began on September 20, 1979. Using a Roto-Mill PR750,
the top two inches of the old roadway were cold planed from this three lane
highway. The Roto-Mill used 5/8" teeth on a 5/8" spacing and removed the
entire two inch depth in one pass. The pavement was removed starting with a
twelve foot pass in the center lane. The center lane was generally milled
until noon, then the other two lanes were completed for that distance on the
same day. Using this method, two inches of pavement were removed from a 36
foot width on approximately 3200 lineal feet of roadway per day.
Photograph No. 3 shows the Roto-mill operating in the center lane and also
some typical roadway cracking; Photo No. 4 shows a typical section of roadway
following planing.

Using the conveyer belt on the Roto-Mill the milled pavement was loaded
on 5 axle dump trucks to be hauled to the plant site and stockpiled.

At the plant site, the old pavement was screened to remove any plus 2
inch material. The plus two inch material (approximately 2% of the total
removed) was used to stabilize haul roads at the plant site and the minus two
inch material was stockpiled to be recycled. Photographs No. 5 and No. 6 show
the old pavement stockpiles before and after screening.

During the week of September 17, a CMI 9' x 36' dryer drum asphalt plant
was set up on the project. Production bagan on the afternoon of September 27
using a blend of 70% reclaimed pavement and 30% virgin aggregate. At this
time, the mix was placed on the road at 240°F using standard laydown
equipment; a Blaw Knox paver and 5—axle trucks for haul. Compaction was
achieved using a large steel wheeled vibratory roller. Photograph No. 7 shows
the start of the paving operation with a 2" x }4' lift being placed over the
milled surface. A CSS—IH Tack coat was used for this project. The mix hehaved
in the same manner as standard Grading E pavement.

In attempts to reduce air pollution from the stack making the 70/30
blend, the mix temperatures at times dropped to 190—200°F. With these low mix
temperatures, it was found that one extra vibratory pass was required to
obtain the desired compaction.

Because of the experimental nature of this project, mixes using various
percentages of reclaimed material were produced, as well as virgin mix using
all new material. Plant stack opacities were monitored for blends using 70%,

65%, 60%, and 0% reclaimed material and samples of these various mixes were
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seut to the Central Materials Laboratory for extensive testing. In add
test sectloas were laid out where these various mixes were placed sc
annoual evaluations can be conducted for at least the next three yee
compare their relative performance.

During the week of October 8, approximately one mile was added i
project on the east end. Milling of the top two inches was complet
October 9, and paving on this project was finished on October 12, 1979
the project, 131,598 square yards of pavement were removed, and 16,251 ¢t
new pavement were placed. Approximately 600 tons of this pavement was -
mix, the remalnder recycled mix; 1.563 tons of milled pavement were nof
in the recycled mix. This unused material was taken by District 5 mainte

forees to be used in cold aix for roadway repair.

EQUIPMENT MODIFICATIONS

There were no equipment modifications required for the rer
screening, and stockpiling of the old pavement. The Roto-Mill d
z2xcellent job of maintaining an even profile removing a uniform two
dosm the roadway. The removal of two inches of pavement eliminaced
irregularities in the pavement surface and the profile both down and :
the road was very even as seen in Photograph No. 8.

The loading of the old pavement was facilitated by the conveyer bel
the Roto-Mill onto 5 axle diesel dump trucks. The removed pavement was t
to the plant site and dumped. Two front end loaders were used to ru
miiled pavement over a 2 inch scalping screen and stockpile the minus twe
mater ial for recyciiag. Since che pavement removed had less than 2% plt
tach waterial, this oversized pavement was used to stabilize haul roads
tne plant area instead of requiring further treatment to reduce its siz

A CMI 9' x 36' dryer drum plant specifically modified to process ¢
recycled or virgln mix was used on this project. This asphalt plant has
teeds to allow separate entry of the recycled and virgin aggregate.
material enters through a scandard drum inlet mnext to the burner
reclaimed material is added Jownstream from the burner, thus elimin
contact with the flame. The Jdownstream entry of the reclaimed aggrega

permitted by use of a tlop gate mechanism shrouded with a metal collar.



gates are opened and closed by gravity as the drum rotates allowing the
recycled material to enter at the top of the drum without centacting the flame
and also not allowing the hot gasses in the drum to escape. Photograph Mo, 9
shows the dual aggregate feed system on this plant.

Another special feature of this plant is special flighting designed to
maximize the heat transfer from the flame to the virgin aggregate as well as
to create a veil of virgin aggregate to prevent the flame from contacting the
recycled material. Following entry of the reclaimed material another zoue in
the drum has special flighting to maximize the mixing of the reclaimed and
superheated virgin aggregate so that the reclaimed material is quicklv heated
and the mix is of uniform temperature. Also in this zone, the liquid asphalt
cement and any other fillers are added to the mix. Following this, the
material is mixed further before exiting the drum.

The above special recycling kit was purchased from (MI and installad by
the contractor at an approximate cost of $128,000.

The only other modification to the plant was done over a weekend
following two days of production. In order to reduce air pollution, several
baffles were placed in the drum between the virgin aggregate and reclaimed
pavement entries so that the virgin aggregate would be retained in front of
the flame longer. This helped create a better veil of virgin aggragata to
shield the reclaimed pavement from the flame and did significantly reduce
opacity from the plant stack.

In addition to these plant modifications, the dryer drum was set up on 2
slope of 1/2 inch per foot. This flatter than normal slope was incorporated
to clow down the flow of material through the drum and help prevent air
pollution. Since the slope was not varied during production, the aff=act of

this variation could not be determined.

AIR POLLUTION

A. Stack Opacities

Meeting air pollution standards has been one of the major obstacles
in hot mix recycling. This asphalt plant was issued a permit by the
Colorado Air Pollution Control Division because of the successtul
per formance of a similar plant on another recycling project (Clifton
West) where a predominently 60/40 blend was used. No stack particulate

sampling was performed on the asphalt plant used west of Durango.



The plant was equipped with a wet scrubber with venturi, and a
10' x 40' stack. Water was trucked to the plant site and circulated
through two ponds during plant operation. For this project, the pressure
drop across the venturi was set at 1l inches of water and detergent was
added to the water to improve its effectiveness.

Production began on the afternoon of September 27 using a blend of
70% reclaimed pavement and 30% virgin aggregate. During production,
opacities were recorded by a member of the Research Section, and certifi-
cation opacities were recorded by a represgsentative of the Colorado
Department of Health, Air Quality Control Division.

Table A of Appendix C lists the opacity readings taken during
production as well as mix temperature, production rate, and blend being
produced.

Stack opacities during the first two days of production varied from
30 to 55% depending on mix temperature and production rate. With the
plant configuration during the first two days of production the major
factor in decreasing opacity was 1increasing production rate. The
increase of production rate increased the virgin aggregate input and
hence the veil protecting the crushed pavement from the burner flame.
Ihe production rate was varied from 400 to 550 tons/hour during those two
days. The average opacity at 400 touns per hour was 507 and the average at
550 rtous per hour was 30%. Figure 1 of Appendix C shows a graph of
opacity versus production rate for these two days. These readings are
well abuve the Colorado Opacity Standard of 20%.

The plant was shut down for the weekend, and during this time some
myditfications were made to the plant. Baffles were put into the Jdrum to
slow the virgin aggregate and help create a denser veil between the
Lurner and the recycled aggregate entry. Additionally, detergent was
zdded to the scrubber water at this Cime.

Production of 70/30 blend continued on October | with a noticeable
tmprovement  in opacities which now varied from 25-40% depeading
primarily oa wix temperature. Figure 2 of Appendix € is a graph of the
relutiosnship between opacity and mix temperature. As cdan be seen from
this graph, production using a 70%Z reclaimed pavement-30% virgin

iggregate blend aever attuined the 204 state opacity standard. 1t was



noted in reviewing the data that any relationship batween production rate
and opacity seemed to be eliminated following the plant modificarion sver
the previous weekend.

In addition to the 707 reclaimed/307% virgin aggregates blend, mixes
consisting of 65%, 60%, and 0% reclaimed pavement were also produced.
The average opacity for the 65/35 blend was 227 with mix temperatures
varying from 200°F to 230°F. Producing a mix from 60% reclaimed pavement
and 407% virgin material opacities were much more acceptable. TFigure 3 of
Appendix C shows the results of opacity versus mix temperature for the
60/40 blend. The mix data shows that mix temperature varied from 200°F
to 270°F and that acceptable emission rates should be attainable for mix
temperatures under 240°F.  The virgin aggregate mix had no problems
meeting the 207 opacity standard with observed opacity values of 3-10%.
The mix temperature for the virgin mix was 275°F.

As can be seen from the above data this plant met air pollution
standards producing virgin mix and 607 reclaimed pavement-40% virgin
aggregate blend. This plant did not demonstrate that acceptable

opacities could be attained with a 65% or a 707 reclaimed pavement mix.

B. Ambient Pollutants

In addition to the opacity monitoring, two Hi~Vol samplers were used

to  eample amhient particulate concentrations 1in the plant aren.
Sampler No. | was set up near the dryer drum approximately 30 feet north
of the main haul road and also 30 feet east of the virgin aggregate feed
belt. Photograph No. 10 shows the sampler No. 1 location relative to the
dryer drum and feed belts. Photograph No. 11 shows the location of
Sampler No. 2 in a vacant area near the test shack.

Figure 2 lists the particulate concentrations measured at this
plant site. As can be seen from this figure, the concentrations at
Sampler No. | are considerably higher than those measured 1t Samplor
No. 2. The prevailing afternoon wind was from the northwest and dust and
particulates generated by the front loader filling the feed bins and also
the feed belts were carried past this sampler location., On days of
little activity, September 26 and 27, particulate concentrations at the
two samplers were comparable. The particulate concentrations measured

on this project are typical to those found at similar construction sites.



Figure 2
Ambient Particulate Concentrations during Plant Operation
Durango - Hesperus Hill Recycle

Hi Vol Sampler #1

Date Number Sample
Removed of Hours Concentration pg/m
9-26-79 23 111
9-27-79 25 127
9-28-79 23 1064
9~28-79 9 2962
10-2-79 23 927
10-3~79 25 2551
10-4-79 23 2394
10-5-79 24 1254

Hi Vol Sampler #2

Date Number Sample
Removed of Hours Concentration ug/m
9-26-79 23 94
9-28-79 22 194
9-28-79 25 172
10-1-79 6 107
10~3~79 25 579
10-4-79 24 621

10-5-79 ‘ 23 730

Lo



In addition to the ambient particulates, ambient carbon monoxide
concentrations were periodically measured in the plant area. An Ecolyzer
was used to check CO concentrations when there was activity in the plant
area. In general, concentrations were from 0—2 ppm while the plant was
in operation. The highest concentration measured was 5 ppm at the scale
shack directly downwind from the plant site. On this day the wind was
forcing the plume to the ground in the scale shack area. This same
strong wind quickly dispersed pollutants generated in the plant area.
There did not appear to be any carbon monoxide problems in the plant

area.

PHYSICAL TESTING

A, Central Materials Laboratory

Pavement samples of each of the mixes produced on this project were
submitted to the Central Materials Laboratory for extensive compliance
testing. Specimans made in the laboratory were tested for voids,
stability, Cohesiometer Value, modulus, and retained strength,
(Immersion-Compression). Viscosity and penetration of the extracted
asphalt cement and aggregate gradation were also determined. Figure 3
lists a summary of the test data and complete test results appear in
Table A of Appendix D. A review of this data shows that all four of the
pavement mixes are adequate and comparable in strength, RT value, and

Index of Retained Strength.

B. Field Laboratory

Standard acceptance testing was performed in the field laboratory
throughout the paving operation. Mix temperatures were recorded at the
plant and as placed on the road. Periodic samples of the paving material
were taken and analyzed in the field for percent moisture, percent
asphalt, and aggregate gradation. Additionally, density and compaction
measurements were taken on the roadway to assure proper placement of the
pavement. A summary of the field laboratory data is listed on Table B of
Appendix D. There were no gradation specifications for the recycled
mixes, but the gradation is fairly uniform and as expected finer than

normal grading E hot bituminous pavement.

C. Post Construction

Following completion of the project, a post construction evaluation

was conducted on the test sections established before construction.

11
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Summary of Central Laboratory Mix Testing

Virgin

70/30 70/30  70/30 60/40 65/35  Mix
5019 5.17  5.27  5.37  5.19  5.86
100 100 100 99 100 100
57 58 70 56 57 44
9.8 10.6 t2.1 10.3 10.5 7.1
44 43 49 45 &4 35
106 106 107 104 103 101
i19 107 104 104 112 100
e 128 - 109 110 85
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Bacause of the placement of the various mixes in the test areas, the
boundaries of the "as constructed" test sectinus were adjusted and the
sections were renumbered to facilitate this and future evaluations.
Figure 4 is a map of the test sections evaluated. The stations of the
preconstruction test areas are listed so that before and after
construction data can be compared.

The post construction evaluation was conducted during the week of
October 15, 1979. 1Included in this evaluation were PSIs using the CHLOE
Profilometer, rut depths, and textures as well as deflections from the
Dynaflect and skid resistance and PST measurements from the skid truck.
CHLOE PSIs averaged 3.7 following construction, and the deflections
using the Dynaflect were approximately 0.2 mils lower than pre-construc~
tion data. Visual observations and photographs were also taken to
document the condition of the roadway and core samples of the various
mixes used on this preject were taken and submitted to the Central
Materials Laboratory for extensive testing. Figure 5 summarizes the
post construction data.

No rut depths or cracking were present in this new project.
Photograph No. 12 shows the finished roadway looking west across test
sections 1-4. '

In addition to the test section data, the Colorado Department of
Highways skid test vehicle was used to rate the entire length of the
project. However, due to equipment breakdown, only the eastbound driving
lane was rated with the skid truck. The skid truck PSI for the length of
the project was 4.0 and the average of eight skid resistance tests at
40 mph was 57.

The finished pavement has good ridability and a good skid resis-—
tance. Table C of Appendix D shows the test data for core samples from
the test sections. In addition, Appendix D Table D shows test results
for a 70/30 mix where the modifying agent was limited to 0.3% by weight
of the reclaimed pavement instead of the 1.0%7 called for in the mix
design. This sample is much stiffer than the other mixes and will
probably be much more susceptible to cracking in the winter. Additional
data from these samples is the asphalt composition analysis which shows
that the asphalt cement extracted from these cores is both similar and
adequate. Table E of Appendix D shows the results of the Asphalt

Composition Analysis from the roadway core samples.
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Figure 4
Pust Constructionr Test Sections
Project C 20-0160-12

Durango - Besperus Hill

s6 1 00 7o+ 50 77 + 50 80 + QG 85 + 00
. ] ‘ ) !
! Sec. 1 { Sec. 2 T sec. 3 Sec. 4 !
Wi i
b 65735 —  myd e - 60/50 — o s ler —virgln pi< o = 70/30
| | |
T f | \
i bS/SSA_J > fe - 60/40—. § ’ﬂf&—‘—' R ‘ virgin. - L ;>k70/30‘m___j%}
| j
1
£ % “
‘ ‘ , _
S ‘ 65/35 — g . 60/40 < yirgin — == - 70730
/
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2
WE ‘1
|< | —virgin e —— 70/30 - LECEND:
Length 1"=250"'
WB Width 1"=10"
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NOTE: In Figure 4 the data is referenced to the predominant mix in each test section.
Cores were taken from the westbound driving lane of Sections 1-4.

The preconstruction test data in Figure 1 is located as follows.
Sec. l-gsta. 70400 to 75+0C Sec. 3a-Sta. 275+00 to 280+00
Sec. Z2-Sta. 75+00 to 80400 Sec. 3-Sta. 280+00 to 285+00

Sec. 2a-Sta. 804—00 o RB40O0 e 2 e - e



Section Mix
Number — Used
! 65/35
2 H0 /40
3 Virgin Mix
4 70730
5 Virgin Mix
) 70/30

* Average of 5 readings per lane/section.

to

70°F (10/23/79)

Smmary of Post Construetion Evaluation Dita

Preject € 20-0160-12

Purango-Hesperus

Eastbound
Driving Lane
iy

ST

[O%]
.

e
.

Deflection

0.705
0.750
J.735
).754
0.645
0.657
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Figure 5

Westbound
Driving Lane

Passing Lane

3.6
3.8
3.6

Deflection

0.605
0.
0
0

716

.767
. 746
0.
0.

653

804

o]

I

~i

Deflection

0.589
0.7835
0.915
0.692
0.796
0,380

Sensar #1 deflection in mils, corrected



Post construction evaluations will be done annually for at least the
next three years to document how the project performs over time. The
laboratory testing will also help determine how recycled mix ages

compared to the aging of virgin mix.

NATURAL RESOURCES

The quantities used for this analysis are the actual quantities used on
the project and were taken from contractor and highway department records.
The total amount of recycled mix produced on this project was 15,638.45 tons.
Figure 6 lists the quantities of each type of material used and the quantities
that would be required for an equal amount of virgin mix.

A review of Figure 6 shows that a savings of 10,041 tons of virgin
aggregate and 811 tons of AC-~10 was realized through recycling of the old
pavement . The modifying agent, Dutrex, should be subtracted from these
savings.

1,563 tons of milled pavement remained following completion of the
paving. This material was taken by District 5 Maintenance forces to be made
into cold mix for pavement patching in other areas. The use of this crushed
pavement represents a further savings in virgin aggregate and also asphalt

cement resulting from this recycling project.

ENERGY ANALYSIS

For this analysis, energy counsumptions and comparisons are presented in
both total quantities and the quantities required to produce one ton of mix.
All fuels are converted to BTU's (Brittish Thermal Units) and then to

equivalent gallons of gasoline.

A. Process and Delivery of AC-10

For this analysis, asphalt cement is considered as a by-product of
the oil refineries and therefore no energy is considered to be inherent
in the material itself. However, the energy required to process the
asphalt and all transportation is included. Values ranging from 587,500
(1) to 3,150,930 BTU/ton(z) have been reported for the processiag

n(3) a value of 1,000,000

BTU/ton
of AC-10. From "Energy in Roadway Construction

BTU/ton will be used ia this report.

)



Figure 6
Javings in Natural Resources
Project € 20-0160-12
Purango - Hesperus

Quantities Used on Recycle Project

10,744.70 ton Crushed Pavement
4,690 tons virgin aggregate
95.88 tons of AC-10
107.87 tons of Dutrex

15,638.45 tons total Mix

Quantities Required for Virgin Mix

14,731.42  Virgin Aggregate
907.03  toms AC-10 (5.8%)

15,638.45 tons total Mix

Quantities saved by recycling

10,041.42 tons virgin aggregate
811.15 tomns AC-10

14.731.4 - 4,690
907.03 - 95.88

17



The asphalt cement (AC—10) used on this project was manufactured in
Sinclair, Wyoming and transported to the project using 5 axle diesel
trucks. It is 560 miles from the refinery to the project and including
adjustment for dead haul, a 5—axle diesel semi-truck uses 1,960 BTU/ton-
mile.(l) Using this estimate for energy consumption of a diesel truck,
560 miles x 1,960 BTU/ton-mile = 1,097,600 BTU/ton was used to deliver

AC—10 to the project.

Fnergy for aspahlt cement (AC-10) at the project

BTU/ton Total BTU's
Processing 1,000,000 X 95.88 tons = 95.880 x 106
Truck Transportation 1,097,600 X 95.88 tons = 105.238 X 106
Total 2,097,600 201.118 X 106

B. Process and Delivery of Modifying Agent

Dutrex, the modifying agent used on this project was manufactured in
Martinez, California, and transported to the project by diesel truck.
Using the same energy consumption as above for diesel trucks, 1054 miles
x 1,960 BTU/ton-mile = 2,065,840 BTU/ton was required for the delivery of
modifying agent to the project.

For this analysis, it was assumed that the same amount of energy
required for processing AC~10 would be required for processing Dutrex;
1,000,000 BTU/ton.

Energy for Dutrex at the project

BTU/ton Total BTU's
Processing 1,000,000 X 107.87 = 107.870 X 106
Truck Transportation 2,065,840 X 107.87 = 222.842 X 106
Total 3,065,840 330.712 X 10°

Paveuweut Removal

Since the pavement was cold milled from the roadway, no pavement
crushing was required on this project. The pavement was removed and
loaded onto trucks using the Roto-Mill, and at the plant site, the old
pavement was screened to remove any plus 2 inch material. From the
contractor's records, 2,271 gallons of #2 diesel fuel was required to
cemoval of 131,615 square vyards (16,251 tous) of old pavement. An

additional 109 gallons of #2 diesel fuel was used to screen and stockpile

I3



this material. Using rthis information, (2,271 + 109) = 2,380 gallons of
#2 diesel fuel were required to remove, screen, and stockpile 16,251 tons
of crushed pavement. Thus, 2,380 gal. #2 diesal/16,251 rons = 0.149
gallons of #2 diesel fuel was required to remove, screen, and stockpile
~me ton of old pavement. The average haul distance on this project was
3.045 miles. Jsing 1,960 BTU/ton-mile for hauling the reclaimed
pavement, 3.045 miles x 1,960 BTU/ton-mile = 3,948 BT/ ton wae nsad for

hauling the raclaimed paviument to the plant gite,

D. Crushing and Delivery of Virgin Agpregate

The wirgin 2garegate wused for this project waz hanled G5 5 oaxds

“rem oy ndit 17072 miles Tregp o mhie plang site friny #ha vama

e
il

snergy congwaption ae for asphalt hanl, 13.R wmidas v 1,940 ATy o

17,043 BT/ ton was ragnived to deliver fhe =irvain aggrapats ro the alans

The wsad £ cruah fhe wirein sosresabe wasg ot oave lable oo
“ho aztimate fvem oan oarlizr oprojcor s ogesd. Thiz sarimare of 0297
ral. #7 discel/ten of aparagate wma falen Feopm Trajoas TROTAFISTH
panhalt FTavemont Recveling, Clifton-Wanat
A Purnar Fuael
Trom tha cantryactors racords, 1A0037 rallona of 7 diaanst cus ooeea
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oy 'y' R R R R SRR NS 7 R b T~ B b \ . i ‘1"’{_’ A R { v i
A4 R For e ;?'4,‘ PR ~ ? s A 2 o oy PR - - -
ey LA R TR DEPR ST v U oan IR IR S aie U
R SO A S AR PA A b D AR LS T s B T e S .
R B gt Seee sva s apsrs s e 5 Is TSP Or BRI ot v 3t
ol aF e (U N
Turmer vqea Fe
rirgin mix © IO




figure 7

Energy for Recycled versus Virgin Aggregate Mix
Project C 20~-0160-12

Durango ~ Hesperus

fnergy to produce one ton of 70/30 Blend

Rewove, Screen, und Stockpile old mat
Crushing of Virgin Aggregate

daul of Virgin iggregace

darner Fuel

Frocess and Selivery of aC-1u

Process and Delivery of Dutrex

Avy. Haul of old mat

Srergy to Produce wie ton orb Yirgin Mix

Jrushing of Virgin Aggregate
daul of Virgin Aggregate
Process and Delivery of AC-10
Burner Fuel

Vs 3 ROns ased [0 Leetis
Lresel Foael F2 P, nug s1u/ gal.
(RIS { LL’E%": 1,) ) ,‘»“;O 3 F‘U"/gdl -

BTU/ton

20,294
39,198
27,048
146,923
2,097,600
5,065,840
5,968

3TU/ ton

39,189
27,048
2,997,800
139,000

EY,
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—_0 0o OO0
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ton
ton
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.0 ton
.005 ton
.007 ton
.0 ton
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ton
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Eval:

BTU Gal. of
14,206 0.1
11,759 0.0
8,114 0.0t
146,923 1.1¢
10,483 0.0¢
21,461 0.1
5,968 0.0¢
218,219 1.7¢
gvalua

B Gal. of C
39,198 0.32
27,048 0.22
121,661 .97
139,000 L1l
326,907 2.62



Comparing the results in Figure 7, energy equivalent to 0.87
gallons of gasoline per ton more was required to produce virgin mix. For
this project, this represents a saving of energy equivalent to 0.87 x

15,638.45 = 13,605.5 gallons of gasoline.

ECONOMICS

The quantities used in the following analysis were taken from Colorado
Highway Department records listing the quantities paid for under the project
contract. The prices used for recycled mix in the analysis in Figure 8 were
taken from the contract bids awarded in September, 1978. Items such as
compaction and priming were not included since they would be required whether
recycled or virgin mix was used. Additionally, the $2.00/ton of recycled mix
from the FHWA demonstration funds was not considered in this analysis.

The comparison price for HBP (Grading E) was taken from the 1978 Cost
Data Book. It represents the average price in the southwest portion of the
state for HBP, Grading E, from an undesignated pit with AC-10 and haul
included.

As can be seen from a comparison of the costs in Figure 8 recycling cost
$4,643 more than a conventional 2 inch overlay or approximately $0.30 per ton
of mix produced. However, in a normal overlay, leveling course is often
required and the use of only 207 tons of leveling course would make the

comparative costs the same for a project of this length.

CONCLUSIONS AND RECOMMENDATIONS

Much was learned from this recycling project. From an air pollution

standpoint, the 70% recycled-30%7 virgin material was never produced with
acceptable opacities. The 60/40 blend, however, did show that air pollution
regulations could be met with recycled mix. Future recycling projects may
reflect this in mix designs. Future research should be aimed at producing
mixes with a higher percentage of recycled material while meeting air
pollution regulations because in many cases a higher percentage of recycled
material will be more economical.

From an economic standpoint, recycling on this project cost
approximately $0.30 per ton more than an equivalent amount of virgin mix.

However, this project was the first recycling job for this contractor and at
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Project C 20-0160-12

Figure 8
Cost for Recycled versus Virgin Mix

Durango - Hesperus

Quantities Paid under Project Contract

Pavement Removal
Virgin Aggregate
AC-10

Dutrex

HBP (Recycled)
Haul

Cost for Virgin Mix

HBP (Grading E)

13

1
15
49

15,638.45 tons x

22

1,615 yd2
4,690 tons
95.88 tons
07.87 tons
,638.45 tons
,481.0 ton-
mile

X
X
X
X
X
X

$ 1.10
$ 4.00
$§110.00
$200.00
$ 9.00
§ 0.40

$§22.48

LI I B

It

$144,776.
$ 18,760.
.80
$ 21,574.
.05
40

$ 10,546

$140,746
$ 19,792

$356,195.

$351,552.

50
00

00

75
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this point recycling is still in the experimental stages. 1Iun the future both
contractors and highway personnel will be more knowledgable about recycling
and the savings in energy and virgin materials should be reflected in the cost
of future recycling projects.

On this project, a savings in energy equivalent to 0.87 gallons of
gasoline per ton of mix was realized. This savings was located in the area of
crushing and haul of virgin aggregate, and also processing and delivery of
asphalt cement. In addition, 10,000 tons of virgin aggregate, and 811 tons of
AC—10 were saved. These energy and natural resource savings should help lower
the price on future recycling projects.

The initial testing of the recycled mixes show that they are comparable
to virgin aggregate mix in strength and stability. Evaluations similar to the
post construction evaluation will be conducted annually for at least three
years. Cores will also be taken annually and analyzed for stability, strength
and asphalt composition. Using this data the aging and durability of the
recycled pavement will be compared to that of standard pavement. The

conclusions on this comparison will be addressed in the project final report.
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Asphalt Pavement Recycling
Durango-Hesperus
Project C 20-0160-12

Photograph No. 1

Preconstruction Roadway
condition. Note: Rich
wheelpaths in the driving
lane and numerous trans-
verse and longitudinal
cracks.

Photograph No. 2

Preconstruction Roadway
condition. Large cracks
with an extremely rich
patch in the wheelpath.




Asphalt Pavement Recycling
Durango-Hesperus
Project C 20-0160-12

Photograph No. 3

Rotomil planning on
center lane.

Note: Cracking and
roadway condition
in foreground.

Photograph No. 4

Typical roadway
appearance following
planing.
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Asphalt Pavement Recycling
Durango-Hesperus
Project C 20-0160-12

26

Photograph No. 5

Milled pavement
stockpile before
screening.

Photograph No. 6

Milled pavement
stockpile following
screening with 2

inch scalping screen.
Samples from stockpile
averaged 6.0% asphalt
cement.




Asphalt Pavement Recycling
Durango—~Hesperus
Project C 20-0160-12

Photograph No. 7

Beginning of paving
operation. Recycled
mix behaved similar
to standard mix.

Photograph No¢. 8

Roadway following
milling of top 2
inches. Profile is
even both across and
down the road.
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Asphalt Pavement Recycling
Durango-Hesperus
Project C 20-0160-12

28

Photograph No. 9

CMI 9' x 36' dryer
drum plant. Note
dual feed belts for
virgin aggregate and
milled pavement.

Photograph No. 10

Hi Vol Sampler #1
located near plant.
Main haul road is
located to left of
picture.
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Asphalt Pavement Recycling
Durango-Hesperus
Project G 20-0160-12

Photograph No. 11

Hi Vol Sampler #2
located in vacant
area away from plant.

Photograph No. 12

Finished roadway has

good appearance,
smooth ride, and good
skid resistance.
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Appendix A

Project C 20-0160-12
Durango-Hesperus

{ EXISTING MAT SPECIMEN |

CRUSH TO MAXIMUM DESIRED SIZE

[ CRUSHED PAVEMENT SPECIMEN |

EXTRACT

1

Ylow sheet of laboratory procedures for designing recycled asphalt pavements.

30

I AGGREGATE | [ ASPilALT CEMENT }
, _y
TEST + SIEVE ANALYSIS | | PEREIRATION at 77°F ]w']'f‘“’r e
| ESTIMATE : 1 TEST
PIRTE  [HSFIALT DIbAND [VISCOSITY at 160°F 0o
DECIDE {"ADD NEU AGCREGATE | [VISC0STHY at 275°F f—aiok
JCIDR
(7DD SOFTEiing AvEnt p—rrelPh
I —
[ TABRICATE T.BORATORY SANPLES |
[ PERTORL AT CEFE)‘}FT;”}?;_S IGH TESTS |
EXTRACT TO CHECK DESIGN VALUES
r{ “AGCHREGATE | ASPHALT CEMENT Jo— =
e o
L IESE [TSVEVE ANALYGRS | PUNETRATION at §7°F Joit |

[Viscosiav ar 16077 Joiol |

[ VISCOSITY ar 275°%
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Appendix A

Projeet C 20 160-12
Durango - Hesperus

Samples of old hot bituminous pavement and gravel from the existing roadway were
tested to check the suitability for recycling.

The following laboratory procedure was used in determining our recommendations:

Procecdure:

Sample received was proportioned by
District Lab approximately as it is
expected to De when 1t is picked up
and stockpiled.

Reduce ctd paveuwent to desired max--
inun size.

Extreclt asphalt cement from exist—
ing mat.

Ageregate: Sieve Analysie

Asplizlt Cenent
Percent asphalt cement in existing
m-atQ

Yenetration at 77°F
Viscosity at 140°F
Viscosity at 275°F

Make decision on how wuch new agpre~
gate will be added to recycled matcr—
dal.

Estimate asphalt demand on cowbina-
tion of existing mat and new aggre—
gate for laboratory testing.

31

Results and/or decisions for this project:

3/4 inch.

The 3/4 dinch size wag used for the con—
venience ¢f the laboratery. In the jilela
the maxinuw size of up to 95% -~ 100% on
the one inch and 100% passing the 1% dnch
screen.

3/4% . . . 1007
/2" . . .. 937
%{8” « ... BOX
ffa . . .« 597
s . . .. A8/
#16 . . . . 397
#50 . [ 3 € 217)
#100 ., . . . 15
200 . . . . 131.7%

5.56 percent
16

13,703

382

kdd 30 percent new agpregate. 30 percent
zppears to be the minimun at which air
pollutioun can he controlled. (From exist-
ing experiments in other states) For
convenience of Lab, new agpregate used

vas local Denver Aggregate.

a. 5.57%
b. 6.07
c. 6.57

d. Run tests on material as crushed with
no addi~ions.



Yake decision 1f softening agent

should be added and how much.

Fabricate samples for laboratory

testing.

Run extroctions and recovery on

3/7

Appendix A

samples fabricated for Lab testing

to check design values.

32

Based on low penetration and high
viscosity test results on the existing
mat, add softening agent to increase
penetration and lower viscosity to
approximately AC-10 values,.

1 set was made with no additions (100%
recycled material)

All otlier samples were made with:
70% Recycled material
30% NWew aggregate
1.6% Cyclogen (M) (softening agent)

5.5%Z Total
707 Recycled Mat
307% New aggregate
1.67% Cyclogen (M)

6.07 Total
707 Recycled met
307% New aggregate
1.67% Cyclegen (J1)
0.5% AC~10

6.5% Total
70% Recyeled wat
30% MHew aggrezate
1.6% Cyclogen
1.07 £C-10

With zbove cembinations the eddition of
new aggrepgate was kept constant. Also
the ratio of old asphzii and Cyclogen

was kepi coustant.

Sec Form DOM 429 (attached) for Lab ve-
sults,

5.5%
Pen at 77°F 107
Vis at 140°F 601
Vis at 275°F 121
6.0%
Pen at 77°F 63
Vis at 140°% 763
Vis at 275°F% 186
6.5%
Pen at 77°F 85

Vis at 140°F% 9106
Vis at 275°F 145
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Appendix A
Based on the results of the Lab tests, it appears that the material is suitable

for recycling.

Final recommendations to be based on material produced and stockpiled.

33
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Appendix A 5/7

DIVISION OF BIGHWAYS Broject ¢ 90-01/0~12  Dist. 5

STATE OF COLORADO Location -

DOH Form No. 429 Field Sample No. .~ 19.05

Revised: February, 1977 Lab Nos. 77/935.2 236-2 237-2 238-2
Date Rec'd 11-18-77

LABORATORY DESIGN FOR BITUMINOUS MIXTURES

Item 43 Grading or Class _E
Preliminary(§> Construction (:)

SU
Asphalt Pavement TEST RESULTS

Pit Identification Denver area Agg.

707 o0ld pavement-307 new agg. Percent Bitumen Plain 5.5 6.0 6.5

Contractor Max. Sp. Gr. of Mix 2.43  2.41 2.39

Asphalt Source Used Sp. Gr. of Specimen 2.36 2.35 2.37 2.38
Conoco AC 10 Voids in Specimen 3.29 1.66 U0.42

st ss Job i Rt Value 101 104 100 92

e Uséjﬁomﬁma Resilient Modulus

INCY

(x 1000) 2632.4 323.4 391.4 372.9
Strength Coefficient  0.44  0.44 0.44 0.44

IS,
7 70%  30%

A
{waL38~ Log L0 Ttem 301 PMBB  0.34 _ 0.34 0.34 0.34
378055 7o 79 IMMERSTON-COMPRESSION
430 52 53
s hi 47 Percent Bitumen 6.0
16 37 37 Specimen PSI Wet 199
oo 20 Specimen PSI Dry 389
#i0O g9 14 1 Absorption by Wt. 0.53
206 6,7 10,5 % Swell by Volume 0.00 -
Index of Ret. Strength 103
% Additive Used L _H ) T -
Asphalt additive Type - -
dboratory 5p. Gr. = e AL

grade, cvotal mix basis, with 7 acceptable additive,
g _added to rhe stockpile (Qro the dey aggrepate ().

cmulsified asphalt, dry aggregate basis.

“he recommended 42 asphalt bas been adjusted 7 for envivonmental factors

issuming VPD, tt. elev. and construction in

SEMARKS: % Addition of 1.6% Cyclogen will result in 5.572 total A.C. content

(30% New Aggregate)

{70% Recycled Mat)

JAN 25,1978

34
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Appendix A

REVISION OF SECTION 411
MODIFYING AGERT
COLORADO PROJECT NO. ( 20-0160-12

Section 411 of the Standard Specifications is hereby revised to

%include asphalt cement modifying agent for this project as follows:
: Subsection 411.01 shall include the following:

k This work shall consist of furnishing an asphalt

cement modifying agent and the application of the agent

in accordance with these specifications and the details

described in the Revision of Section 403, Bot Bituminous

Pavement (Recycled) shown elsewhere in these special
provisions.

Subsection 411.02 shall include the following:
Modifying agent shall conform to the Revision of
Section 702, Modifying Agent shown elsewhere in these

special provisions.
Subsection 411.05 shall include the following:

The accepted quantities for modifying agent, as
described above, will be paid for at the contract unit
price pexr ton.

Payment will be made undex:

Pay Item Pay Unit
Hodifying Agent Ton

35




REVISION OF SECTION

COLORADC PROJECT NO.

Appendix A

MODIFYING AGERT

702
€ 20-0160-12

7/7

Section 702 of the Standard Specifications shall include modifying

agent for this project as follows:

Subsection 702.04 shall include the following:

(c) Modifying agents used to soften aged asphalts in

the recycling process shall conform to the following re-

quirements.

Specification Designation

Viscosity @ 140°F CS
Viscosity @ 275° CS
Specific Gravity

Flash Point C.0.C., °F
Volatility 22 hrs/225°F $ W
Mixed Aniline PT., °F
Asphaltenes

Pclar Compounds

1st plus 2nd Acidifines
Saturates

36

Test Method

ASTM D2170
ASTM D2170
ASTM D70

ASTM D92

ASTM b2006
ASTM N2006
ASTM D20606
ASTM D2006

Reqguixements

100-300
3-32
0.970-1.040
350 min.
1.0 max.
75-125

1% max.

15 Min,

60 min.
20 max.
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Appendix B

Durango-Hesperus
REVISION OF SECYION 202

REMOVAL AND STOCKPILING EXJSYING BITUMINOUS PAVIMENT
COLORADG PROJECT NO. € 20-0160-12

Section 202 of the Standard Specifications is hertby vevised to include
removing and stockpiling of existing bituminous pevement for this project
as follows: ,

DESCRIPTIOR

Subsection 202.01 shall include the following:

This work shall consist of removing a decignsled depth of existing
bituminous pavement, hauling the materiaz) 1o an approved stockpile
area as shown on the plans or established.

CONSTRUCTION REQUIREMENTS

Subsection 202.05 shall include the following:

é.

Removal of Existing Pavement

The existing bituminous pavement shall be vemoved by cold
planing to a depth shown on the plans. The equipment used
for the remcval shall have the cepability of automatic

grade control. The Contractor shzll take @11 necessary
precautions in removing the bituminous pavement to prevent .
dam2ge to the underlying bituminous psvement. 7The resulting
surface of the bituminous pavement shall be reasonably smooth
and free of excessive scarification matks or other demage.
If any leveling or patching of the psvement is requires, as
determined by the Engineer, the naterial will be paid for

at tne contract unit price for ihe material vsed.

Stockpiling

Prior to beginning the stockpiling operation, the Contractor
shall prepare a base for the stockpile. The base shall
consist of a layer of removed existing pavement approximstely
six inches in depth and an area sufficient to accommodate the
stockpile.

The material placed in the stockpile shall pass & 2 inch
screen. Any material retained on the 2 inch screen shall
be reduced in size by an approved method and used.

The stockpile of removed existing pavement shéll be constructed
by layer placing or other approved methods which will prevent
coning or segregation of the material.

-conlinued-
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Appendix B

2

REVISION OF SECTION 202
REMOVAL AND STOCKPILING EXISTING BITUMYNOUS PAVEMENT
COLORADO PROJECT RO. C 20-0160-12

Subsection 202.07 shall include the following:

Pay Item Pay Unit
Removal of Asphalt Mat (Planing) Square Yard

Haul will not be measured and paid for.
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Appendix B

~ REVISION OF SECVION 304
STOCKPILE AGGREGATE BASE COURSE
COLORADO PROJECT NO. C 20-0160-12

DESCRIPTION AND REQUIREMERTS

This work shall consist of producwng. hauling and stockpiling sogregate
materials fo be used for mixing with recycled bituminous pavement as

described in the Special Provision, "Revision of Section 403-Hot Bituminous
Pavement {Recycled).*®

Aggregate shall be stockp11ed by layer placing or other approved methods
which will prevent coning or segregation of the material.

MATERIALS

The aggregate to be added to the recycled bituminous pavement shall
conform to the requ1renents of Sections 401 and 703 and meet Lhe
following.gradation requirements:

Passing 3/4" Sieve - 1001
Passing #4 Sieve - 62 187
Passing 78 Sieve - 47 +8%

Passing #200 Sieve 3%

METHOD OF MEASUREMENT

Stockpiie aggregate base course shall be measured by the ton.

BAS1S OF PAYMENT

The accepted quantities of stockpiled aggregate base course will be paid
for at the contract unit price per ton.

Payment will be made under:

Pay Item Pay Unit
Stockpile Aggregate Base Course {Class 6) Ton

Baul will not be paid for separately but will be included in the work.
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Appendix B

REVISION OF SECTION 403
HOT BITUMINOUS PAVEMENT (RECYCLED)
COLORADO PROJECT 0. € 20-0160-12

Section 403 of the Standard Specifications is hereby reviséd to include
recycled hot bituminous pavement for this. project as follows:

DESCRIPTION
Subsection 403.Q1 shall include the following:

This work shall consist of combining the recyclied pavement

with virgin aggregate, asphait cement, asphalt modifying agent,
and heating, mixing, laying and compacting the recycled mixture.
The work shall be performed in reasonable close conformity with
lines, grades, thicknesses and typical cross sections shown on

the plans or established.
MATERIALS

a. Recycled Bituminous Pavement

The recycled bituminous pavement shall be the material in
the stockpile as described in Revision of Section 202.

b. Virgin Aggregate
The virgin aggregate to be added ‘to the recycled material
shall conform to the requirements of the special provision
"Stockpile Aggregate Base Course."

c. Asphalt Cement

The new asphalt cement shall meet the applicable requirements
of Section 702-Bituminous Materials.

d. Asphalt Cement Modifying Agent

The modifying agent shall meet the requirements of Revision
of Section 411-Modifying Agent and Revision of Section
702-Modifying Agent shown elsewhere in these Special
Provisions.

-continued-
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Appendix B
-
REVISION OF SECTION 403
HOT BITUMINOUS PAYEMENT (RECYCLCD)
COLORADQ PROJECT NO. C 20-0100-32

CONSTRUCTION REQUIREMENTS

The construction requirements shall be in accordance with Subsections 401.07
through 401.20 except as modified herein.

The recycled bituminous pavement mixture shall be processed with dryer-drum
equipment modified to process recycled material and meet air pollution reg-
ulations. The Contractor shall be responsible for all costs necessary to
comply with air pollution reguiations. Plant modifications shall be in
accordance with the manufacturer's recommendations. The plant used shall be
designed, equipped and operated in such a manner that the proportioning,
heating and mixing will yield a uniform final mixture with a temperature
high enough to meet satisfactory laying and compacting requiremenis.

The recycled mixture shall consist of a combination of 70 per cent recycled
material ond 30 percent virgin aggregate. Asphalt cement {AC-10) shall be
added at the rate of 7% [+ 0.5%] by weight of new aggregate. The asphalt
modifying agent shall be added at the rate of 1¢ [+0.2%] by weight of the
Recycled Bituminous Pavement on a daily yield basis. 7The Asphait Cement
(AC-10) and Modifying Agent feed rates shall be interlocked and synchronized
with the system feed rates in a manner to be approved by the Engineer.

A. Modification of the percentages of recycled material, vVirgin aggre-
gate asphalt cement and modifying agent shall be as directed by
the Engineer.

The recommended percentage of asphalt cement and modifying agent will be
based on laboratory tests performed on vepresentutive samples of the stock-
piied material.

The job mix formula specifications for gradation and asphalt content of the
recycled mixture will be furnished for informalion only.

Removal of material from the crushed pavement stockpile shall be accomplished
by working a full face of the stockpile, as nearly as practical.

The Contractor shall furnish a detailed description of his recycling methods
at the preconstruction conference..

~continued-

41
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-3-
REVISION OF SECTION 403
HOT BITUMINOUS PAYEMENT (RECYCLED)
COLORADO PROJECT NO. C 20-0160-12

METHOD OF MEASUREMENT
Recycled hot bituminous pavement will be measured as prescribed in subsection
401.21.

BASIS OF PAYMENT

The accepted quantities for recycled hot bituminous pavement will be paid for
at the contract unit price per ton, compieted and accepted. Payment shall

include dryer-drum processing, placing, compacting the recycired mixture
on a prepared.surface and all other_ incidentals.necessary to complete
the item.

Payment will be made under:

Pay Item Pay Unit
Hot Bituminous Pavement (Recycled) Ton

Asphalt Cement {AC-10) and Modifying Agent will be measured and paid for in
accordance with Section 411.

Haul shall consist of transporting Hot Bituminous Pavement (Recycied) from
the plant sile to the roadway. Haul will ba measured and paid for by the
Ton-Mile in accordance with Section 204.

Vater that may be used in the mixing plant will not be measured and paid
for separately but shall be included in the work.

Virgin aggregate will be paid for in accordance with Section 304,

42
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Appendix B

LABORATORY DESIGN FOR BITUMINOUS MIXTURES
PROJECT C 20-0160-12
DURANGO-HESPERUS
70% Recycled-307% New Aggregate

SEIVE ANALYSIS (7% PASSING)

Recycled Large Fine As
Pavement Aggregate Aggregate Used
; " 100 100 100 100
- 3/4" 100 100 100 100
§ 1/2" 96 52 100 91
§ 3/8" 87 17 100 81
. #4 67 4 85 63
#8 53 4 70 50
1 #16 42 3 60 41
- #50 24 2 28 22
#100 17 2 17 15
#200 13.4 1.4 11.2 11.6
TEST RESULTS
Percent Bitumen 4.7 5.2 5.7
Max. Sp. Gr. of Mix 2.46 2.44 2.42
Sp. Gr. of Specimen 2.31 2.35 2.37
Voids in Specimen 5.94 3.56 2.21
Stability Value 50 46 34
Cohesiometer Value 227 226 258
RT Value 103 102 98
Resilient Mod.(X1000) 659.4 698.5 522.3
Strength Coefficient b4 LA 44
Immersion~Compression
Percent Bitumen 5.2
Specimen PSI Wet 555
Specimen PSI Dry 573
Absorption by Weight 1.31
Swell by Volume .16
Index of Retained Strength 97

Laboratory Specific Gravity = 2.35 at 5.07%A.C.
* Results of vacuum extraction with 0.0 retention factor used
% NOTE: 70/30 Blend with 17 Dutrex added to the recycled material
based on the weight of the recycled material and 1.77 new
AC~10 based on the weight of the new aggregate.
RECOMMENDED ASPHALT CONTENT 5.07% GRADE AC-10
43




Appendix B
LABORATORY DESIGN FOR BITUMINOUS MIXTURES
PROJECT C 20-0160-12
DURANGO-~HESPERUS
60% Recycled-407 New Aggregate
STEVE ANALYSIS (7% PASSING)

Recycled Large Fine As
Pavement Aggregate Aggregate Used
i 100 100 100 100
3/4" 100 100 100 100
1/ 96 52 100 90
38" 87 17 100 79
#4 67 b 8> oL
#8 53 4 70 49
#16 42 3 60 ‘o
#50 24 2 28 21
#100 17 2 L7 b
#200 13.4 1.4 11.2 11.0
TEST RESULTS
Percent Bitumen 4.7 5.2 5.7 6.2
Max. Sp. Gr. of Mix 2. 47 2.45 2.43 2.41
Sp. Gr. of Specimen 2.32 2.33 2.35 2.38
Voids in Specimen 5.86 4.57 3,01 1.21
Stability Value 54 52 36 24
Cohesiometer Value 293 281 238 224
R, Value 107 106 98 89
Resilient Mod. (X1000) 657.2 542.6 516.2 424.8
Strength Coeficient 44 A YA .35
Immersion Compression
Percent Bitumen 5.2
Specimen PSI Wet 499
Specimen PSI Dry 537
Absorption by Weight 1.42
Swell by Volume .17

Index of Ret. Strength 93

Laboratory Specific Gravity = 2.33 at 5.0%* A.C.
* Results of vacuum extraction with 0.0 retention factor used
NOTE: 60/40 Blend with 17 Dutrex added to recycled material based on
the weight of the recycled material and 2.8% new AC-10 based on
the weight of the new aggregate.

RECOMMENDED ASPHALT CONTENT 5.0% GRADE AC-10

LA A

8/10
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Appendix B
LABORATORY DESIGN FOR BITUMINOUS MIXTURES

: PROJECT C 20-0160-12

: DURANGO-HESPERUS

50% Recyecled~-507 New Aggregate
SIEVE ANALYSIS (7% PASSING)

Recycled Large Fine As
é Pavement Aggregate Aggregate Used
g 100 100 100 100
ga" 100 100 100 100
{2" 98 52 100 88
s 87 17 100 77
¥4 67 4 85 60
U8 53 4 70 48
?6 42 3 60 40
go 24 2 28 21
00 17 2 17 14
00 113.4 1.4 11.2 10.3

TEST RESULTS

Percent Bitumen 4.7 5.2 5.7
Max. Sp. Gr. of Mix 2.47 2.45 2.43
Sp. Gr. of Specimen 2.33 2.34 2.38
Voids in Specimen 5.50 4.43 2.19
Stability Value 49 47 37
§ Cohesiometer Value 259 315 251
LR, Value 104 107 99
Resilient Mod. (X1000) 893.7 687.0 470.5
Strength Coeficient b4 A b4

mersion-Compression

AEPercent Bitumin 5.2
f Specimen PSI Wet 470
3Specimen PSI Dry 520

§ Absorption by Weight 1.42
! Swell by Volume .16
Index of Ret. Strength 91

Laboratory Specific Gravity = 2.34 at 5.2%* A.C.
’ * Results of vacuum extraction with 0.0 retention factor
£ NOTE: 50/50 Blend with 17 Dutrex added to the recycled material based
: on the weight of the recycled material and 4.07 new AC-10 based on the
the weight of the new aggregate.
RECOMMENDED ASPHALT CONTENT 5.27 GRADL AC-10
45
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THYISION GF HIGHWAYS
STATE OF COLORADO
DO Form No. 43

JOB-MIX FORMULA MODIFICATION ORDER

Revimac: Aenl 1974
Contractar Hielsons, Inc. Project No. €20-0160-12
Oate . Seotember 17, 1979 Location Hesperus Hi11" o

The Job Mix Formulals) As Defined In Subsection 401.02 Of The Stendard Specifications For Plant 115 &Pavements Based Upon

The Following Reason:__Revisions based on as-produced aggreqate samplos T
15 Hareby Modified From That Shown With The Plans To The Following ';. SRS P
R S
otk @R Layer(s), Grading___GP. € (Includes ___None % Mineral Eiller) ayéqui};é;v
For Construction Mix Design, See 157# __ L5202 Project MNo. Sl e

~_~L_,_.

Project Provisions

Modification No.
- {Mineral Fitler Type, {f Any)

Passing Sieve . % Sieve %
Passing Sieve S % Sieve % -
Passing_ 3/4 Sieve 100" % Sieve 100 %" - 5inclair. Wyeming
Passing Number 4 Sieve Muwﬁz__ﬁ._,% Sieve 92 % :’/ Asphalt Source (Refinery)
Passirg Number 8 Sieve QZ_‘____”% Sieve_Jl“%
Passing Number 50 Sieve SRS % Sieve Asphatt Additive Reguired
Passing Number 100 Sieve . ° % Sieve Yes (X) No ()
Passing Number 200 Sieve B % Sieve M__‘ﬁ________ /
Asphalt by W 7 5.8__hmuMesAddnwe 0.4 Super Concentrate
Asphalt Grade (. AC=10 ) (AC-10__ ) viscosity or Penetration

Temperature of Mixture When Emptied From Mixer. 220-220 °F Spec’s. 401.15

Density (Sp. Gr.) of Lab Spec._234 . Required___93 % Compaction Spec's. 401,17

Top Layer, Grading._Racyeled  (Includes _None % Mineral Filler) 70% Racycled Mat’1./30% virgin a
For Construction Mix Design, See 157 # __CA202 Project No.

Modification No. 1

Project Provisions

{Minerai Filler Type, If Any)

Passing e Sieve %  Sieve %
Passing Sieve % Sieve %
Passing S Sieve % Sieve %
Passing Number 4 Sieve % Sieve % Sinclair, Wyomin
Passing Number 3 Sieve % Sieve % Asphalt Source (Refinery)
Passing Number 50 Sieve % Sieve %
Passing Number 100 Sieve % Sieve % Asphalt Additive Required:
Passing Number 2060 Sieve __ % Sieve . % es (x) No { }
Durex Hodifxing Agent 1.0 1.0 )
Asphalt e bvWe__ 7.4 = ,_17],.___4_lm,lude Additive  §.4 Super Concentrate

(__AS=10_ ) (_AC-10___)Pen.

Temperature of Mixture When Emptied From Mixer_ 220-280 °F Spec’s. 401.15
235

Asphalt Grade

DEHSII\« {Sp. Gr. ) of Lab. Spec Required % Compaction Spec's. 401.17

SN

[(/ ,;,/v,,‘ BN
-y~ 55

CHANGE D|SCUSS D WITH CENTRAL LAB Date
Distribution: D _ )L

Signed L 67 N //7 /7
Authonzed Prmect Engmzer

T I e
ngned,,f{?,hj ///// /{L/f 2 Date ,ﬁ’/‘f",?/"
/Ap oved-Dist. Matenais Engineer L
Z ? i i
ot f“‘ ’
RPCEWPd Date(f /? ?f L

-7,

. . Date

Contractor

Staff Cunstruetion Division
Staff Materiais Division
Distrinrt Office

District Materials Engineer
Resident Engineer

Photo Copy

) Hate L. L. L
Vv LLoL L.,
Pink Copy ... .
Bhie Copy .. ..
Green Copy ...
Canary Copy. . .
FHOW A

siejole

)ntractor s Authorized Rpp




Appendix C - Table A

Opacities Monitored Durimng Production

Project C 20-0160-12
Durango-Hesperus Hill

Start
Time

w N = = O s~
O
o

O WO v W w0t W
(O]
w

e
o o O
M~ ow O
[o o BN e T ]

OPACITY

60
50
42
44
49
55
36
45
31
26
40

31
35
29
22
25
40
40
21
27
26
27
21
22
26
34
36
35
32
39
35
40
36
36

Production  Mix Temp.
Rate (tons/hour) °f
400 225
400 235
400 235
400 235
400 255
400 250
450 220
450 220
550 215
550 215
450 215
400 230
400 230
390 210
400 - 195
400 195
400 240
400 240
420 190
420 225
420 225
420 225
400 195
400 195
400 200
400 235
400 235
400 225
500 220
500 220
500 220
500 220
400 210
310 200

47

BLEND
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30

70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30
70/30

1/2



Date
10/3/79
10/3/79
10/3/79
10/3/79
10/3/79
10/3/79
10/3/79
10/3/79
10/3/79
10/3/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/79
10/4/779
10/4/79
10/4/79
10/4/79
10/5/79
10/5/79

10/12/79
10/12/79
10/12/79
£0/12/79

Start

L W W NN RN RN

11

11:
:20

11

12:
12:
211
116
t45
t52
:17
:29
137
:45
112
125
245
:49
40
136
111

o

L e " AR VS B VS S U S S R A

- pe '__,,_‘
-— D N2 o

Time
12:
112
117
122
140
t45
:50
:55
:08
120
130
:50
10:
10:
10:
:07

25

00
31
40

14

12
20

Appendix C - Table A (continued)

Opacities Monitored During Production

Project C 20-0160-12
Durango-Hesperus Hill

Production Mix Temp.
OPACITY Rate(tons/hour) O F

29 400 220
7 275 275
9 275 275
22 275 275
17 400 230
18 400 230
17 400 230
22 400 230
20 400 230
29 400 220
37 340 230
38 320 230
35 320 235

7 275 275
9 275 275
15 400 230
19 400 245
21 400 255
23 400 220
33 400 260
25 310 200
20 310 200
4 275 250
3 275 250
15 400 200
15 400 220
21 400 220
24 400 200
27 340 230
30 325 210
25 310 210
29 415 210
57 335 255
21 410 220
26 230 270

48

Blend
70/30
Grading E
Grading E
Grading E
60/40
60/40
60/40
65/35
65/35
70/30
70/30
70/30
70/30
Grading E
Grading E
60/40
60/40
60/40
65/35
70/30
70/30
70/30
Grading E
Grading E
60/40
60/40
65/35
65/35
70/30
70/30
70/30
70/30
70/30
60/40
60/40

2/2
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FIGURE 1

ASPHALT PAVEMENT RECYCLING
DURANGO-HESPERUS HILL
60) = % PROJECT C20-0160-12
CMI 9'X36' DRYER DRUM PLANT
NEILSON INC.
50
OPACITY VS. PRODUCTION RATE
9/27/79--9/28/79
% 70/30 BLEND
40
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BEST FIT STRAIGHT LINE
OPACITY= -0.145(RATE)+107.5
STANDARD ERROR= 5,7
CORR. COEF.= -0.84
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APPENDIX C
FIGURE 2

ASPHALT PAVEMENT RECYCLING
DURANGO-HESPERUS HILL
PROJECT C20-0160-12

CMI 9'X36' DRYER DRUM PLANT
NEILSON INC.

OPACITY VS. MIX TEMPERATURE
10/1/79--10/12/79

STRATIGHT LINE
0.306(TEMP)-35.7
STANDARD ERROR= 5.3

CORR. COEF.

70/30 BLEND
I i ] ¥ 1
210 220 230 240 250

MIX TEMPERATURE OF

260

©= CERTIFICATION OPACITY READING
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APPENDIX C
FIGURE 3

ASPHALT PAVEMENT RECYCLING
DURANGO-HESPERUS HILL
PROJECT C20-0160-12

CMI 9'X36' DRYER DRUM
NEILSON INC.

OPACITY VS. MIX TEMPERATURE

60/40 BLEND

o

BEST FIT STRAIGHT LINE
OPACITY= O0.141(TEMP)-14.46
STANDARD ERROR= 2.3

CORR. COEF.= 0.79

Ll ¥

210 220

MIX TEMPERATURE °F

240 250 260

Q= CERTIFICATION OPACITY READING



Appendix D - Table A
Central Laboratory Mix Testing
Project C 20-0160-12
Durango-Hesperus Hill

15% gep 1°% 10k 2™ 10k Virgin
Blend Tested 70/30 70/30 70/30 60/40 65/35 Mix
% Moisture .22 .28 .26 .14 .15 14
% Asphalt 5.19 5.17 5.27 5.37 5.19 5.86
Gradation
% Passing 3/4" 100 100 100 99 100 100
% Passing 1/2" 94 93 97 92 93 84
% Passing 3/8" 84 31 89 82 81 69
%7 Passing #4 57 58 70 56 57 L4
% Passing {8 42 A 54 42 44 35
% Passing #16 34 35 43 33 35 29
% Passing #50 19 20 22 19 20 15
Z Passing #100 13 14 16 14 14 10
% Passing #200 9.8 10.6 12.1 10.3 10.5 7.1
Test Results
Max. Sp. Gr. of Mix 2.44 2.45 2.44 2.44 2.45 2.44
Sp. Gr. of Specimen 2.33 2.35 2.32 2.34 2.33 2.37
Voids \in Specimen 4,45 3.80 4,98 3.90 4.79 2.57
Stability Value 44 . 43. 49. 45. 44, 35,
Cohesiometer Value 311. 338. 304. 276. 263. 303.
RT Value 106. 106. 107. 104. 103. i01.
Resilient Mod. (x1000) 605.6 624.3 692.5 491.1 491.5 409.7
Strength Coeficient 4b. 4h. 4t 44, bt Lé.
Tmmersion~Compression
Sf)ecimen PSI Wet 622. 497. 528. 462, 511. 455.
Specimen PSI Dry 523. 465, 509. 445, 456. 454,
Absorption by Weight 1.27 1.27 1.78 1.52 1.50 1.01
Swell by Volume .10 .05 .21 .30 .07 .10
Index of Ret. Strength 119 107 104 104 112 100
Abson Recovery
Penetration @ 77°F —— 128 ———— 109 110 85
Viscosity @ 275° F —— 164 - 220 181 291
Viscosity @ 140° 7 ———= 586 ———— 717 737 1358



Appendix D - Table B
Field Laboratory Test Data
Project C 20-0160-12
Durango-Hesperus Hill
RECYCLED MIX

Sample % Sieve Analysis (7 Passing)

Number AC 3/4" 3/8" #4 #8 #50 #200
| 1 4.74 100 80 60 46 22 12.3
£ 2 4.77 100 84 61 46 21 11.6

3 5.03 100 81 58 b4 20 10.6
4 5.05 100 81 59 45 21 11.0
5 5.49 100 88 68 53 23 11.6
6 5.01 100 80 57 43 19 10.0
7 5.07 100 77 54 41 18 9.2
8 5.52 100 83 60 45 20 10.2
9 5.51 100 80 60 46 21 10.6
§ 10 5.20 100 80 58 44 20 9.9
11 5.41 100 - 83 62 47 21 10.8
12 5.16 100 79 59 45 20 9.9
13 5.09 100 76 55 42 19 9.4
14 4.87 100 78 58 43 19 9.0
15 5.19 100 78 56 43 19 9.0
16 4.98 100 80 57 43 19 9.4
17 5.30 100 80 59 45 20 10.0
18 5.92 100 78 56 42 19 9.4
19 5.19 100 78 57 44 20 10.0
20 5.11 100 87 66 51 22 10.9
21 4.96 100 81 58 b4 19 9.7
22 5.22 100 83 61 47 21 10.5
23 5.36 100 83 61 46 21 10.7
24 5.53 100 85 63 48 21 10.6
25 5.24 100 84 65 51 23 11.0
26 5.13 100 85 64 49 23 11.7
27 5.16 100 80 59 45 21 10.8
28 5.36 100 79 59 46 21 10.9
29 5.58 100 79 59 45 21 10.8
30 5.06 100 83 59 45 20 10.2
31 5.04 100 79 57 44 20 i0.1
32 5.00 100 75 52 39 18 9.9
AVG. 5.20 100 81 59 45 20 10.4
53




Sample

Number

1
2

AVG.

Design

7

Appendix D - Table B (continued)
Field Laboratory Test Data

Project C 20-0160-12
Durango-Hesperus Hill

Virgin Mix

Sieve Analysis (% Passing)

2/2

AC 3767 378" 7h 78 750 #1200
6.26 100 69 49 38 16 6.5
6.32 100 73 54 42 18 8.8
6.29 100 71 52 40 17 7.7
5.840.5 100 - 52 47 - 6.0

54



Appendix D - Table C

Central Laboratory Test Results from Roadway Cores

Blend Tested

7% Moisture

7 Asphalt
Gradation

% Passing 3/4"
Passing 1/2"

]

Passing 3/8"

9

Passing #4

R

Passing #8

>

Passing #16

&8

Passing #50
Passing #100
Passing #200

™~ e

Test Results

Max. Sp. Gr. of Mix
Sp. Gr. of Specimen
Voids in Specimen
Stability Value
Cohesiometer Value

RT Value

Resilient Mod. (x1000)

Strength Coeficient

Project C 20-0160-12
Durango - Hesperus Hill

70/30 65/35
0.00 0.00
5.75 5.10

100 100
93 93
82 82
59 57
45 44
36 35
20 19
14 14

11.0 i0.1
2.42 2.45
2.23 2,20
7.89 10.17
22. 20.
136. 110.

83. 79.

189.4 114.3

.25 .25

55

Virgin

60/40 Mix
0.00 0.00
5.30 6.46
100 100
92 30
83 74
59 50
45 40
36 33
20 17
14 11
10.3 8.0
2.44 2.41
2.25 2.35
7.71 2.55
31. 23.
163. 225.
92. 89.
183.5 198.9
.40 .35



Blend Tested

Strength Coeficient

Appendix D - Table D
Lab Testing on 70/30 Blend with 0.3% Dutrex
Project C 20-0160-12

Durango-Hesperus Hill

% Moisture 0.00
% Asphalt 4.79
Gradation
% Passing 3/4" 100
% Passing 1/2" 92
% Passing 3/8" 82
% Passing #4 61
7% Passing #8 47
%Z Passing #16 37
% Passing #50 21
% Passing #100 15
% Passing #200 11.2
Test Results

Max. Sp. Gr. of Mix 2.46
Sp. Gr. of Specimen 2.17
Voids | in Specimen 11.64
Stability Value 29.
Cohesiometer Value 196.
RT Value 92.
Resilient Mod. (x1000) 591.4

.40

56



Appendix D - Table E
Asphalt Composition Analysis of Roadway Cores

Project C 20-0160-12

Durango-Hesperus Hill

0.3%

Virgin Dutrex

Blend 70/30  60/40  65/35 Mix 70/30
Penetration @ 77° F 63 136 118 86 27
Viscosity @ 275° F 231 172 165 275 395
Viscosity @ 140° F 1377 587 634 1254 5910

Asphalt Composition Analysis

% Asphaltenes 21.4 22.0 17.6 15.7 24,2
% Saturates 10.5 12.7 11.0 15.7 15.3
% Naphthene-Aromatics 25.1 25.0 11.6 22.4 34.1
% Polar—-Aromatics 43.0 40.3 59.8 46.2 26.4

57
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